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PREFACE

This manual describes general concepts, functions, and specifications for use of the Advanced
Scientific Library (ASL) C interface.

The manuals corresponding to this product consist of seven volumes, which are divided into the
chapters shown below. This manual describes the basic functions, volume 6.

Basic Functions Volume 1

Chapter Title Contents
1 Introduction Explanation of the organization of this manual, how to view each
item, and usage limitations.
2 Storage Mode Explanation of algorithms, method of using, and usage example
Conversion of function related to storage mode conversion of array data.
3 Basic Matrix Algebra | Explanation of algorithms, method of using, and usage example
of function related to basic calculations involving matrices.
4 Eigenvalues and Explanation of algorithms, method of using, and usage example
Eigenvectors of function related to

the standard eigenvalue problem for real matrices, complex
matrices, real symmetric matrices, Hermitian matrices, real sym-
metric band matrices, real symmetric tridiagonal matrices, real
symmetric random sparse matrices, Hermitian random sparse
matrices and

the generalized eigenvalue problem for real matrices, real
symmetric matrices, Hermitian matrices, real symmetric band
matrices.

Basic Functions Volume 2

Chapter Title Contents
1 Introduction Explanation of the organization of this manual, how to view each
item, and usage limitations.
2 Simultaneous Linear Explanation of algorithms, method of using, and usage example
Equations of function related to simultaneous linear equations correspond-
(Direct Method) ing to real matrices, complex matrices, positive symmetric ma-

trices, real symmetric matrices, Hermitian matrices, real band
matrices, positive symmetric band matrices, real tridiagonal ma-
trices, real upper triangular matrices, and real lower triangular
matrices.




Basic Functions Volume 3

Chapter

Title

Contents

Introduction

Explanation of the organization of this manual, how to view each
item, and usage limitations.

Fourier Transforms
and their applications

Explanation of algorithms, method of using, and usage ex-
ample of function related to one-, two- and three-dimensional
complex Fourier transforms and real Fourier transforms, one-,
two- and three-dimensional convolutions, correlations, and power
spectrum analysis, wavelet transforms, and inverse Laplace
transforms.

Basic Functions Volume 4

Chapter

Title

Contents

1

Introduction

Explanation of the organization of this manual, how to view each
item, and usage limitations.

Differential Equations
and Their Applications

Explanation of algorithms, method of using, and usage example
of function related to

ordinary differential equations initial value problems for
high-order simultaneous ordinary differential equations, implicit
simultaneous ordinary differential equations, matrix type ordi-
nary differential equations, stiff problem high-order simultane-
ous ordinary differential equations, simultaneous ordinary dif-
ferential equations, first-order simultaneous ordinary differential
equations, and high-order ordinary differential equations, and
ordinary differential equations boundary value problems
for high-order simultaneous ordinary differential equations, first-
order simultaneous ordinary differential equations, high-order or-
dinary differential equations, high-order linear ordinary differen-
tial equations, and second-order linear ordinary differential equa-
tions, and

integral equations for Fredholm’s integral equations of second
kind and Volterra’s integral equations of first kind, and

partial differential equations for two- and three-dimensional
inhomogeneous Helmholtz equation.

Numerical Differentials

Explanation of algorithms, method of using, and usage exam-
ple of function related to numerical differentials of one-variable
functions and multi-variable functions.

Numerical Integration

Explanation of algorithms, method of using, and usage example
of function related to numerical integration over a finite inter-
val, semi-infinite interval, fully infinite interval, two-dimensional
finite interval, and multi-dimensional finite interval.

Interpolations and
Approximations

Explanation of algorithms, method of using, and usage example
of function related to interpolations, surface interpolations, least
squares approximations, least squares surface approximations,
and Chebyshev’s approximations.

Spline Functions

Explanation of algorithms, method of using, and usage example
of function related to interpolation, smoothing, numerical deriva-
tives, and numerical integrals using cubic splines, bicubic splines
and B-splines.




Basic Functions Volume 5

Chapter

Title

Contents

Introduction

Explanation of the organization of this manual, how to view each
item, and usage limitations.

Special Functions

Explanation of algorithms, method of using, and usage example
of function related to Bessel functions, modified Bessel functions,
spherical Bessel functions, functions related to Bessel functions,
Gamma functions, functions related to Gamma functions, elliptic
functions, indefinite integrals of elementary functions, associated
Legendre functions, orthogonal polynomials, and other special
functions.

Sorting and Ranking

Explanation and usage examples of function related to sorting
and ranking.

Roots of Equations

Explanation of algorithms, method of using, and usage exam-
ple of function related to roots of algebraic equations, nonlinear
equations, and simultaneous nonlinear equations.

Extremal Problems
and Optimization

Explanation of algorithms, method of using, and usage example
of function related to minimization of functions with no con-
straints, minimization of the sum of the squares of functions
with no constraints, minimization of one-variable functions with
constraints, minimization of multi-variable functions with con-
straints, and shortest path problem.

Basic Functions Volume 6

Chapter

Title

Contents

1

Introduction

Explanation of the organization of this manual, how to view each
item, and usage limitations.

Random Number Tests

Explanation and usage examples of function related to uniform
random number tests, and distribution random number tests.

Probability
Distributions

Explanation and usage examples of function related to continu-
ous distributions and discrete distributions.

Basic Statistics

Explanation and usage examples of function related to basic
statistics, variance-covariance and correlation.

Tests and Estimates

Explanation and usage examples of function related to interval
estimates and tests.

Analysis of Variance
and
Design of Experiments

Explanation and usage examples of function related to one-way
layout, two-way layout, multiple-way layout, randomized block
design, Greco-Latin square method, cumulative Method.

Nonparametric Tests

Explanation and usage examples of function related to tests using
x? distribution and tests using other distributions.

Multivariate Analysis

Explanation and usage examples of function related to principal
component analysis, factor analysis, canonical correlation analy-
sis, discriminant analysis, cluster analysis.

Time Series Analysis

Explanation and usage examples of function related to auto-
correlation, cross correlation, autocovariance, cross covariance,
smoothing and demand forecasting.

10

Regression analysis

Explanation and usage examples of function related to linear
Regression and nonlinear Regression.




Shared Memory Parallel Functions

Chapter Title Contents

1 Introduction Explanation of the organization of this manual, how to view each
item, and usage limitations.

2 Basic Matrix Algebra | Explanation of algorithms, method of using, and usage example
of function related to obtain the product of real matrices and
complex matrices.

3 Simultaneous Linear Explanation of algorithms, method of using, and usage example

Equations of function related to simultaneous linear equations correspond-
(Direct Method) ing to real matrices, complex matrices, real symmetric matrices,
and Hermitian matrices.

4 Simultaneous Linear Explanation of algorithms, method of using, and usage example
Equations of function related to simultaneous linear equations correspond-
(Iteration Method) ing to real positive definite symmetric sparse matrices, real sym-

metric sparse matrices and real asymmetric sparse matrices.

5 Eigenvalues and Explanation of algorithms, method of using, and usage example
Eigenvectors of function related to the eigenvalue problem for real symmetric

matrices and Hermitian matrices.

6 Fourier Transforms Explanation of algorithms, method of using, and usage exam-
and their applications | ple of function related to one-, two- and three-dimensional com-

plex Fourier transforms and real Fourier transforms, two- and
three-dimensional convolutions, correlations, and power spec-
trum analysis.

7 Sorting Explanation and usage examples of function related to sorting
and ranking.

Document Version 3.0.0-230301 for ASL, March 2023
Remarks

(1) This manual corresponds to ASL 1.1. All functions described in this manual are program products.

(2) Proper nouns such as product names are registered trademarks or trademarks of individual manufacturers.

(3) This library was developed by incorporating the latest numerical computational techniques. Therefore,
to keep up with the latest techniques, if a newly added or improved function includes the function of an
existing function may be removed.
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Chapter 1
INTRODUCTION

1.1 OVERVIEW

1.1.1 Introduction to The Advanced Scientific Library ASL C interface

Table 1—1 lists correspondences among product categories, functions of ASL and supported hardware platforms.
Interfaces of those functions that have the same name and that belong to the same version of ASL are common

among hardware platforms.

Table 1—1 Classification of functions included in ASL

Classification of Functions Volume

Basic functions Vol. 1-6

Shared memory parallel functions | Vol. 7

1.1.2 Distinctive Characteristics of ASL C interface
ASL C interface has the following distinctive characteristics.

(1) Functions are optimized using compiler optimization to take advantage of corresponding system hardware

features.

(2) Special-purpose functions for handling matrices are provided so that the optimum processing can be per-
formed according to the type of matrix (symmetric matrix, Hermitian matrix, or the like). Generally,
processing performance can be increased and the amount of required memory can be conserved by using

the special-purpose functions.

(3) Functions are modularized according to processing procedures to improve reliability of each component

function as well as the reliability and efficiency of the entire system.

(4) Error information is easy to access after a function has been used since error indicator numbers have been

systematically determined.



1.2 KINDS OF LIBRARIES

Numeric storage units of ASL C interface is 4-byte.

Table 1—2 Kinds of libraries providing ASL C interface

i iabl Declarati
Size of variable(byte) eclaration Kind Kind of library
of arguments
integer real
4 8 int 32bit integer Double-precision
double function
32bit integer library
(link option: -lasl_sequential)
4 4 int 32bit integer Single-precision
float function
8 8 lon 64bit integer Double-precision
double function
64bit integer library
(link option: -lasl_sequential i64)
8 4 long 64bit integer Single-precision
float function

(*1) Functions that appear in this documentation do not always support all of the four kinds of functions listed above.
For those functions that do not support some of those function kinds, relevant notes will appear in the corresponding

subsections.

(*¥2) For compiling the program with functions in the 64-bit integer library, the option “~DASL_LIB_INT64” must be
specified (See the Note (2) in 1.5).



1.3 ORGANIZATION

This section describes the organization of Chapters 2 and later.

1.3.1 Introduction

The first section of each chapter is a general introduction describing functions corresponding to each functions.

1.3.2 Organization of Function Description

The second section of each chapter sequentially describes the following topics for each function.
1) Function
2) Usage

3) Arguments and return value

5) Error indicator (Return Value)

(

(

(

(4) Restrictions
(

(6) Notes

(

7) Example

Each item is described according to the following principles.

1.3.3 Contents of Each Item

(1) Function
Function briefly describes the purpose of the ASL C interface function.

(2) Usage
Usage describes the function name and the order of its arguments. In general, arguments are arranged

as follows. When an argument is an address-passing variable, & is appended in front of the argument name.
ierr = function-name (input-arguments, input/output-arguments, output-arguments, isw, work);

isw is an input argument for specifying the processing procedure. ierr is a return value. In some cases,

input/output arguments precede input arguments. The following general principles also apply.

e Array are placed as far to the left as possible according to their importance.

e The dimension of an array immediately follows the array name. If multiple arrays have the same
dimension, the dimension is assigned as an argument of only the first array name. It is not assigned

as an argument of subsequent array names.

(3) Arguments and return value
Arguments and return value are explained in the order described above in paragraph (2). The explanation
format is as follows.

Arguments and return value Type Size Input/Output Contents

(2) (b) (o) (d) ()




Contents of Each Item

(a) Arguments and return value

Arguments and return value are explained in the order they are designated in the Usage paragraph.

(b) Type

I

D
R
Z
C

Type indicates the data type of the argument. Any of the following codes may appear as the type.
: Integer type

: Double precision real

: Real

: Double precision complex

: Complex

There are 64-bit integer and 32-bit integer for integer type arguments. In a 32-bit (64-bit) integer type

function, all the integer type arguments are 32-bit (64-bit) integer. In other words, kinds of libraries

determine the sizes of integer type arguments (Refer to 1.4). In the user program, a 32-bit/64-bit

integer type argument must be declared by int/ long, respectively.

(c) Size

Size indicates the required size of the specified argument. If the size is greater than 1, the required

area must be reserved in the program calling this function.

1

n

: Indicates that argument is a variable.

: Indicates that the argument is a vector (one-dimensional array) having n elements. The
argument n indicating the size of this vector is defined immediately after the specified vector.
However, if the size of a vector or array defined earlier, it is omitted following subsequently
defined vectors or arrays. The size may be specified by only a numeric value or in the form of a
product or sum such as 3 X n or n + m.

(d) Input/Output

Input/Output indicates whether the explanation of argument contents applies to input time or

output time.

i.

ii.

iii.

iv.

When only “Input” appears

When the control returns to the program using this function, information when the argument
is input is preserved. The user must assign input-time information unless specifically instructed
otherwise. When the argument is a variable, the variable value must be passed.
When only “Output” appears

Results calculated within the function are output to the argument. No data is entered at input
time. When the argument is a variable, the variable address must be passed.
When both “Input” and “Output” appear

Argument contents change between the time control passes to the function and the time con-
trol returns from the function. The user must assign input-time information unless specifically
instructed otherwise. When the argument is a variable, the variable address must be passed.
When “Work” appears

Work indicates that the argument is an area used when performing calculations within the
function. A work area having the specified size must be reserved in the program calling this
function. The contents of the work area may have to be maintained so they can be passed along
to the next calculation.

(e) Contents

Contents describes information held by the argument at input time or output time.



Contents of Each Item

e A sample Argument description follows.

Example
The statement of the function (ASL_dbgmlc, ASL_rbgmlc) that obtains the LU decomposition

and the condition number of a real matrix is as follows.

Double precision:
ierr = ASL_dbgmlc (a, lna, n, ipvt, &cond, wl);
Single precision:

ierr = ASL_rbgmlc (a, Ina, n, ipvt, &cond, wl);

The explanation of the arguments and return value is as follows.

Table 1-3 Sample Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. & Type Size put/ Contents
Return Value Output
1 a Note | Inaxn Input | Real matrix A(two-dimensional array)
Dx Output | The matrix A decomposed into the matrix
Rx LU where U is a unit upper triangular matrix
and L is a lower triangular matrix.
2 Ina I 1 Input | Adjustable dimension size of array a
3 n I 1 Input | Order n of matrix A
4 ipvt I* n Output | Pivoting information
ipvt[i—1]: Number of the row exchanged with
row ¢ in the i-th step.
5 cond D 1 Output | Reciprocal of the condition number
R
6 wl Dx n Work | Work area
R
7 ierr I 1 Output | Error indicator (Return Value)

To use this function, arrays a, ipvt and w1 must first be allocated in the calling program so they can

double-precision

be used as arguments. a is a }NOte real array of size [lna X n] , ipvt is an integer

single-precision
double-precision

) o real array of size n.
single-precision

array of size n and wl is a {

When the 64-bit integer version is used, all integer-type arguments (Ina, n, ipvt and ierr) must be

declared by using long, not int.

Note The entries enclosed in brace { } mean that the array should be declared double precision type when using
function ASL_dbgmlc and real type when using function ASL_rbgmlc. Braces are used in this manner throughout

the remainder of the text unless specifically stated otherwise.



Contents of Each Item

Data must be stored in a, lna and n before this function is called. The LU decomposition and
condition number of the assigned matrix are calculated with in the function, and the results are stored

in array a and variable cond. In addition, pivoting information is stored in ipvt for use by subsequent

functions.

ierr is a return value used to notify the user of invalid input data or an error that may occur during

processing. If processing terminates normally, ierr is set to zero.

Since w1 is a work area used only within the function, its contents at input and output time have

no special meaning.

(4) Restrictions

Restrictions indicate limiting ranges for function arguments.

(5) Error indicator (Return Value)

Each function has been given an error indicator as a return value.
uniformly been given the variable name ierr, is placed at the end of the arguments. If an error is detected

within the function, a corresponding value is output to ierr. Error indicator values are divided into five

levels.
Table 1—-4 Classification of Return Values
Level | Return value Meaning Processing result
Normal 0 Processing is terminated normally. Results are guaranteed.
Warning 1000~2999 | Processing is terminated under cer- | Results are conditionally guaranteed.
tain conditions.
3000~3499 | Processing is aborted since an argu- | Results are not guaranteed.
ment violated its restrictions.
Fatal 3500~3999 | Obtained results did not satisfy a cer- | Obtained results are returned (the
tain condition. results are not guaranteed).
4000 or more| A fatal error was detected during | Results are not guaranteed.
processing.  Usually, processing is
aborted.
(6) Notes

Notes describes ambiguous items and points requiring special attention when using the function.

Here gives an example of how to use the function.

combined in a single example. The output results are given in the 32-bit integer version, and may differ

Example

Note that in some cases, multiple functions are

within the range of rounding error if the compiler or intrinsic functions are different.

In addition, when the 64-bit integer version library is used, the long-type conversion specification to be
given to printf or scanf must be %1d. The source codes of examples in this document are included in

User’s Guide. Input data, if required, is also included in it. To build up an executable files by compiling

these example source codes, they should be linked with this product library.

This error indicator, which has




1.4 FUNCTION NAMES

The functions name of ASL C interface basic functions consists of ten characters with a prefix “ASL.” and (six

alphanumeric characters).

Figure 1-1 Function Name Components

ASL_ | 1|2 |3 |4 |5 |6

Characteristic function of individual function

Indicates the numerical application

Indicates the calculation precision

“1” in Figure 1-1: The following eight letters are used to indicate the calculation precision.

d, w Double precision real-type calculation

r, v Single precision real-type calculation

z, j  Double precision complex-type calculation
c, i Single precision complex-type calculation

)

However, the complex type calculations listed above do not necessarily require complex arguments.

“2” in Figure 1-1: Currently, the following letters lettererererere are used to indicate the application field
in the ASL C interface related products.

Letter Application Field Volume

a Storage mode conversion 1
Basic matrix algebra 1,7

b Simultaneous linear equations (direct method) 2,7
Eigenvalues and eigenvectors 1,7
Fourier transforms and their applications 3,7
Time series analysis 6

g Spline function 4

h Numeric integration 4

i Special function 5

j Random number tests 6

k Ordinary differential equation (initial value problems) 4

1 Roots of equations 5

m Extremum problems and optimization 5

n Approximation and regression analysis 4,6

o Ordinary differential equations (boundary value problems), integral 4
equations and partial differential equations

p Interpolation

q Numerical differentials 4



Letter Application Field Volume

S Sorting and ranking 5,7
X Basic matrix algebra 1
Simultaneous linear equations (iterative method)
Probability distributions

Basic statics

Tests and estimates

Analysis of variance and design of experiments

Nonparametric tests

S O W N~
S OO OO O

Multivariate analysis

“3—6” in Figure 1—1 : These characters indicate the characteristic function of the individual function.



1.5 NOTES

(1)
(2)

(10)

To use ASL C interface, the header file asl.hmust be included.

For compiling the program with functions in ASL C interface 64-bit integer library, the compile option
“~DASL_LIB_INT64” must be specified. This option will activate the prototype declaration for 64-bit integer
functions in the header file asl.h, and without the option “-~DASL_LIB_INT64”, those for 32-bit integer
functions will be activated.

The name “(6 lowercase letters) following ASL_" is reserved by ASL C interface.

For using 64-bit integer library, you must use “long” for integer type declaration. Otherwise, use “int” for

integer type declaration.

Use the functions of double precision version whenever possible. They not only provide higher precision
solutions but also are more stable than single precision versions, in particular, for eigenvalue and eigenvector

problems.

To suppress compiler operation exceptions, ASL C interface functions are set to so that they conform to
the compiler parameter indications of a user’s main program. Therefore, the main program must suppress

any operation exceptions.

The numerical calculation programs generally deal with operations on finite numbers of digits, so the
precision of the results cannot exceed the number of operation digits being handled. For example, since
the number of operation digits (in the mantissa part) for double-precision operations is on the order of 15
decimal digits, when using these floating point modes to calculate a value that mathematically becomes 1,
an error on the order of 1071 may be introduced at any time. Of course, if multiple length arithmetic is
emulated such as when performing operations on an arbitrary number of digits, this kind of error can be
controlled. However, in this case, when constants such as 7 or function approximation constants, which are
fixed in double-precision operations, for example, are also to be subject to calculations that depend on the
length of the multiple length arithmetic operations, the calculation efficiency will be worse than for normal

operations.

A solution cannot be obtained for a problem for which no solution exists mathematically. For example,
a solution of simultaneous linear equations having a singular (or nearly singular) matrix for its coefficient
matrix theoretically cannot be obtained with good precision mathematically. Numerical calculations cannot
strictly distinguish between mathematically singular and nearly singular matrices. Of course, it is always
possible to consider a matrix to be singular if the calculation value for the condition number is greater than

or equal to an established criterion value.

Generally, if data is assigned that causes a floating point exception during calculations (such as a floating
point overflow), a normal calculation result cannot be expected. However, a floating point underflow that

occurs when adding residuals in an iterative calculation is an exception to this.

For problems that are handled using numerical calculations (specifically, problems that use iterative tech-
niques as the calculation method), there are cases in which a solution cannot be obtained with good precision

and cases in which no solution can be obtained at all, by a special-purpose function.

Depending on the problem being dealt with, there may be cases when there are multiple solutions, and the

execution result differs in appearance according to the compiler used or the computer or OS under which



the program is executed. For example, when an eigenvalue problem is solved, the eigenvectors that are

obtained may differ in appearance in this way.

(12) The mark “DEPRECATED” denotes that the subroutine will be removed in the future. Use ASL Unified

Interface, the higher performance alternative practice instead.

10



Chapter 2
RANDOM NUMBER TESTS

2.1 INTRODUCTION

This chapter describes the functions for testing random numbers.

The function for testing uniform random numbers can perform the following kinds of tests.
(1) Frequency one-dimensional test

(2) Frequency two—dimensional test

(3) Frequency three—dimensional test

(4) Run (ascending/descending) test

(5) Run (above/below) test

(6) Combination test

(7) Gap test

In addition, there are functions that perform frequency one—dimensional tests on each type of distribution
random numbers.

11



Explanation

2.1.1 Explanation

(1) Frequency one—dimensional test of uniform random numbers

This is a frequency one—dimensional test of uniform random numbers in the range 0.0 through 1.0 that

obtains the x? value X2 shown below for each test, where N is the number of subdivisions and M, is the

number of random numbers used in a single test.

N

x2 = Y (fr, = f1.)*

[fr,

i1 fr,
Total number of random numbers in interval ¢ when the interval from 0.0 through 1.0

is subdivided into N equal parts.

Interval
1 2 3 4
: : : : ] (FOI‘ N:4)
—Value of —

random number

The following figure shows which random numbers are used for each test.

Total number of random numbers

My, . My, . . My,

fe,

fPi*

1st test 2nd test L. L-th test

— ML
N

The test is considered be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

(2) Frequency two—dimensional test of uniform random numbers

This is a frequency two—dimensional test of uniform random numbers in the range 0.0 through 1.0 that

obtains the x? value X2 shown below for each test, where N is the number of subdivisions and M, is the

number of random numbers used in a single test.

X2 =

fr,;

N N
(fPij - fTij)2
Sy Ui

i=1 j=1 J
If the random numbers U,, U;41 are distributed as two—dimensional points in the

X and Y coordinate system within a lattice created by subdividing the intervals from 0.0
through 1.0 on the X and Y axis into N equal parts, then fr,; is the number of points
within the corresponding lattice sector (See Fig. 2—1,2—2).

12



Explanation

Y
A
1.0
(Ut7 Ut+1) (FOI' N = 3)
> X
0.0 1.0
Figure 2—1
| Total number of random numbers |
I 1
My, 5 My, N . My, R
| ; | ) | | |
I I 1 (( 1 1 1
1st test 2nd test L. L-th test
Figure 2—-2
My,
fPij : fPij = W

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

(3) Frequency three—dimensional test of uniform random numbers
This is a frequency three—dimensional test of uniform random numbers in the range 0.0 through 1.0 that
obtains the x? value X2 shown below for each test, where N is the number of subdivisions and M, is the

number of random numbers used in a single test.

N N N f”k f”k)
D)D) PRLI= i

1=1 j=1 k=1 ijk
fTW : If the random numbers Uy, U;41, U1 o are distributed as three—dimensional points in the

X, Y and Z coordinate system within a lattice created by subdividing the intervals from
0.0 through 1.0 on the X, Y and Z axis into N equal parts, then fr, , is the number of
points within the corresponding lattice sector.(See Fig. 2—3 and 2—4)

My,
fP,-j;C : fP,-jk:m

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

(4) Run (ascending/descending) test of uniform random numbers
This is a run (ascending/descending) test of uniform random numbers in the range 0.0 through 1.0 that

13



Explanation

1.0

\\T/(\Ut7 Ui, Ut+1)

1.0 1.0

X/ \Y

(For N = 3)

Figure 2—3

Total number of random numbers

ML ) ML ) , ML

1st test 2nd test L. L-th test

Figure 2—4

obtains the x? value X2 shown below for each test, where N is the maximum run length and M7, is the

number of random numbers used in a single test.

(fp, — fr.)?
X2 = - -
fr,+ Number of ascending or descending runs of length ¢ within the random number sequence.

(However, for i = N, fr, is the number of ascending runs of length at least N.)

Example of an ascending run of length

U1 > Uy < Upp1 <+ < Upgi > Upgiga
The following figure shows which random numbers are used for each test.

fro : frp=1fp for 1<i<N-1

14



Explanation

Total number of random numbers

Mjy, . My, . . My,
| ; | ) | | |
I T 1 (( 1 1 1
1st test 2nd test L. L-th test
Mp—1
Ipy = Z fI/Dk
k=N
+3xi+1 P +3 X1 —1—4
=9 % My x —2
Tp =2 My x =7 T it 3)

To improve test precision, this function uses a modified value for fp, defined by the following expression.

N

> In
[ = feox S

>t

=1

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

(5) Run (above/below) test of uniform random numbers
This is a run (above/below) test of uniform random numbers in the range 0.0 through 1.0 that obtains the
x? value X2 shown below for each test, where N is the maximum run length and My is the number of

random numbers used in a single test.

x2 = Y (fr, = f1.)*

i=1 fp,
fr, + Number of runs above 0.5 of length ¢ within the random number sequence.

(However, for i = N, fr, is the number of runs above 0.5 of length at least N.)

Example of a run above 0.5 of length 4

0.3, 0.6, 0.9, 0.7, 0.8, 0.1

The following figure shows which random numbers are used for each test.

Total number of random numbers

M, M, M,

1st test 2nd test L. L-th test

fpi : fplifl/gl for ].SZ'SN*].

My,
fox =Y Ih,
k=N

,  Mp—i+3
fPT:_ 9i+1

15



Explanation

To improve test precision, this function uses a modified value for fp, defined by the following expression.

N
> In

* _ i=1
fPi - fPZ X N

> Ik
=1

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

Combination test of uniform random numbers
This is a combination test of uniform random numbers in the range 0.0 through 1.0. Conventionally, a
combination test checks the number of “0” and “1” bits within the bit pattern of a single random number.
However, in order to handle real random numbers, this function collects the register—length number of
random numbers and tests how many of them are at least 0.5. The function obtains the y? value X2 shown
below for each test.

Yo — % (fp. — fr.)?

=0 Ir

where Np, which is the register length, is 32.

fr, : Number of groups of random numbers taken Np at a time for which ¢ numbers are at

least 0.5.

The following figure shows which random numbers are used for each test.

Total number of random numbers

My, . My, . . My,

1st test 2nd test L. L-th test

Np Np
() ) e

The actual subdivision is as follows.
1=0~38,9,10,---,22,23,24 ~ 32

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

Gap test
This is a gap test of uniform random numbers in the range 0.0 through 1.0 that obtains the x2? value X2
shown below for each test, where N is the maximum gap length, G is the gap value, and M, is the number

of random numbers used in a single test.

(fp, — fr.)*
X2 = MBIt
fr,: Number of gaps of length ¢ in which sequences of random number that fall within

the range 0.0 through G occur.

16



Explanation

Value of random number

A
1.0 L
0.0 | | | \\/ | | | >
0 1 2 3 4 5 6 7 8 Number of
random numbers

I | I
Gap of length 2 Gap of length 1

| Gap of length 0

The following figure shows which random numbers are used for each test.

Total number of random numbers

My My My

I I 1 (( 1 1 1
1st test 2nd test L. L-th test

fe. + fp,=1fp for 0<i<N-1
My —1

fPN = Z f}le
k=N

fb, =G x(1.0-G)" x M

To improve test precision, this function uses a modified value for fp, defined by the following expression.

N
ZfTi
f;’, fPi x =

N
> I
=0

The test is considered to be passed if the following condition holds:

X2 < x? distribution percentile for the entered significance level

(8) Tests of distribution random numbers

A frequency one—dimensional test of distribution random numbers is performed.

(a) For a Continuous distribution
The test obtains the x? value X2 shown below for each test, where Uz, and Up are the lower and upper

limits of the test interval, NV is the number of subdivisions, and M, is the number of random numbers
used in a single test.

X2 = Z (fPI fP;fTi)Z

Ur and Up are determined as follows depending on the type of distribution random numbers.

=1

17



Explanation

Normal distribution
Cauchy distribution Exponential distribution
Gumbel distribution Weibull distribution

Gamma distribution

Up | Entered test interval upper limit | Entered test interval upper limit

U | Entered test interval lower limit 0.0

fr, : Number of random numbers in interval ¢ when the interval from Uy, through Up is
subdivided into N equal parts. (Random numbers having values less than or equal
to Uy, are counted in interval 1 and those having values greater than or equal to

Up are counted in interval N.)

The following figure shows which random numbers are used in each test.

Total number of random numbers

. My, 5 My, N . My, .
| ; | ) | | .
I I I (( I I 1
1st test 2nd test L.l L-th test
fp, + Expected frequency of random numbers in interval 4.

If there is an expected frequency that a random number value will be less than or equal to U or
greater than or equal to Up, that expected frequency is added to the expected frequency of interval 1
or N, respectively.

(b) For a Discrete distribution
The test obtains the x? value X2 shown below for each test, where the integer Up is the upper limit
of the test interval and M, is the number of random numbers used in a single test.

Up

(fp — fr.)?
X2 — ? 7
fr, : Number of random numbers having value i. (Random numbers having values

greater than Up are counted in numbercorresponding to Up.)

The following figure shows which random numbers are used in each test.

Total number of random numbers

. My, 5 My, N . My, .
| ; | ) | | |
I I I (( I I 1
1st test 2nd test  L.lL L-th test
fp, : Expected frequency of random numbers having value . (If there is an expected

frequency that a random number value will be greater than Up, then that

expected frequency is added to the expected frequency of Up.)

18
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2.2 UNIFORM RANDOM NUMBER TESTS

2.2.1 ASL_djteun, ASL _rjteun
Uniform Random Number Tests

(1) Function

Tests the given uniform random numbers in the range 0.0 through 1.0.

(2) Usage

Double precision:

ierr = ASL_djteun (u, m, lt, n, g, alf, &k, x2, &cx, isw, wk);

Single precision:

ierr = ASL.rjteun (u, m, lt, n, g, alf, &k, x2, &cx, isw, wk);

(3) Arguments and Return Value

D:Double precision real Z:Double precision complex

R:Single precision real C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEHIMELE an Type Size nput/ Contents
Return Value Output
1 u D+ m Input | Random numbers
R«
2 m I 1 Input | Total number of random numbers
1t I 1 Input | Test iteration count (See Note (a))
4 n I 1 Input | isw=1, 2 or 3: Number of subdivisions
isw=4 or 5: Maximum run length
isw=6: Not used
isw=7: Maximum gap length
(See Note (b))
5 g D 1 Input | Gap value (See Note (c))
R
6 alf D 1 Input | Significance (%)
R
7 k I* 1 Output | Number of passed tests
8 x2 D+ It Output | Test result x? value
R«
9 cx { D*} 1 Output | x? value for significance level
R«
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Argument and

Size
Return Value

Type

Input/
Output

Contents

10

isw I 1

Input

Processing switch
isw=1: Frequency one-dimensional test
isw=2: Frequency two-dimensional test
isw=3: Frequency three-dimensional test
isw=4: Run (ascending/descending) test
Run (above/below) test

Combination test

isw=5:
1ISWw=0:

isw=T7: Gap test

See

Contents

11 wk Dx
Rx

Work

Work area

Size:

isw=1: n

isw=2: n?

isw=3: n?

isw=4 or5: 2xn
isw=6: 1

isw=7: 2x (n+1)

12 ierr I 1

Output

Error indicator (Return Value)

(4) Restrictions

(a) 1
(b)
(c) 0
) m
)

=

(d) m

<isw <7
t>1

0 < alf < 100.0
> 1t

(e) Forisw=1~5:n>2
For isw =6: m > 32 x 1t
Forisw=7:n>2and 0.0<g < 1.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 When isw # 6, n was too large or m was Processing continues. (Test precision gets
too small. (See Note (b)) worse. )

3000 Restriction (a), (b), (c), (d) or (e) was not Processing is aborted.
satisfied.

4000 ufi — 1] < 0.0 or ufi — 1] > 1.0,
i=1,---,m

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers u used for each test.

|m/lt] random numbers u are taken at a time for each test, where |z | represents the maximum integer

that does not exceed x.
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1st test 2nd test L. It-th test

(b) Forisw =1, 2 or 3:
If the total number of random numbers M is too small or if the number of subdivisions n is too large,

the expected frequency of random numbers in each interval decreases and test precision worsens.

Generally, the expected frequency Fry should satisfy the following condition:
Frn > 5.0

If this condition is not satisfied in these functions, then ierr=1000.

Fry is calculated from the expressions shown below for each test, where |z | represents the maximum
integer that does not exceed .

Frequency one-dimensional test (isw=1):

FTN = Lm/ltj X E
n

Frequency two-dimensional test (isw=2):

1.0
o = [m/It] x 55573
Frequency three-dimensional test (isw=3):
1.0
Frn = It —
™ = [m/lt] x 3.0 x n3

For isw=4, 5 or 7:
If the total number of random numbers m is too small or if the maximum run length n or maximum
gap length n is too large, the expected frequency for which the length is n decreases and test precision

worsens.

Generally, the expected frequency Fry should satisfy the following condition:
Frn > 5.0

If this condition is not satisfied in these functions, then ierr = 1000. Expressions for calculating n,
which is used as the test criterion, and its values are shown below for each test, where |z]| represents
the maximum integer that does not exceed .

For a run (ascending/descending) test (ISW=4)
n =1+ logy, [m/It]]

For example:

|m/lt| | 100 | 1, 000 | 10, 000 | 100, 000 | 1, 000, 000
n 3 4 5 6 7

For a run (above/below) test (isw = 5)

g2
10%10(2)

For example:
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(¢) The gap value is used only when performing a gap test.

For a gap test (isw = 7)

. logy (%)
log(1.0 — g)

For example, when g = 0.1:

|m/1t| | 100 | 1, 000 | 10, 000 | 100, 000 | 1, 000, 000
n 3 6 9 13 16

|m/1t| | 100 | 1, 000 | 10, 000 | 100, 000 | 1, 000, 000
n 6 28 50 72 93

For explanation for gap value, see Section 2.1.1 Explanation (7).

(d) See the arguments table for the wk size.

(7) Example

()
(b)

Problem

Perform a frequency one-dimensional test on 1000 uniform random numbers.

Main program

/* C interface example for ASL_djteun */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *u;
int m=1000;
int 1=10;

int n=10;
double alf=1.0;
int k;

double *x2;
double cx;
double g=0.0;
int isw=1;
double *wk;
int ierr;

int i;

int ix=1;
int iy=1;

printf( " #%%x ASL_djteun **x\n" );

printf( "\n

u = ( double * )malloc((size_t)( sizeof (double)

if ( u == NULL )

*x Input **\n\n" );

printf( "no enough memory for array u\n" );

return -1;

x2 = ( double * )malloc((size_t)(
if( x2 == NULL )

printf( "no enough memory for

return -1;

wk = ( double * )malloc((size_t)(
if( wk == NULL )

printf( "no enough memory for

return -1;

ierr = ASL_djufsp(m, &ix, &iy, u);

printf( "\t m
printf( "\t n
printf( "\tisw

%6d\t\t 1
%6d\t\talf

sizeof (double)

sizeof (double)

array x2\n" );

array wk\n" );

%8d\n", m, 1 );
%8.3g\n", n, alf );
%6d\n", isw );

xm ));

*1));

*1n));

ierr = ASL_djteun(u, m, 1, n, g, alf, &k, x2, &cx, isw, wk);
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printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\n\t Test No. 1 2 3 4 5" );
printf( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( u );

free( x2 );

free( wk );

return O;

}
(¢) Output results

*xk ASL_djteun *kk

*k Input *%

m = 1000 1= 10

n = 10 alf = 1
isw = 1

*% Qutput *x*
ierr = 0
Number of Passed Test (k) = 10

Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square
Value (x2) 7.4 14.8 6.4 9.4 7.2 6 10.4 1.8 13.2 10.2
Chi-Square Value for Percent Point (cx) = 21.7
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2.3 CONTINUOUS DISTRIBUTION RANDOM NUMBER TESTS

2.3.1 ASL_djteno, ASL_rjteno
Normal Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on normal distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djteno (u, m, lt, n, alf, ul, up, am, sg, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjteno (u, m, lt, n, alf, ul, up, am, sg, &k, x2, &cx, wk);

(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real  Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex '

No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 u Dx m Input | Random numbers
()
2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a))
4 n I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

1 Input | Test interval lower limit (See Note (b))

Input | Test interval upper limit (See Note (b))

1 Input | Mean value

1 Input | Standard deviation

T O|WO| WO ®O| =BT
| | |

ﬂ
o)
ko)
— | — | | —/ | —/—

—
*
—_

10 k
11 x2

Output | Number of passed tests

It Output | Test result x? value

’_/H
)
* %
——
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A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
12 cxX D+ 1 Output | x?2 value for significance level
Rx
13 wk D 2xn Work | Work area
Rx
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) m > 1t
(b) It >1
(c) n>2
(d) up > ul
(e) 0.0 < alf < 100.0
(f) sg> 0.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 ul was too small, up was too large, or m Processing continues.
was too small. (See Note (b)) (Test precision gets worse.)
3000 Restriction (a), (b), (c), (d), (e) or (f) was Processing is aborted.
not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count lt, and the random numbers u used for each test.

1st test 2nd test ... 1t-th test

|m/1t] random numbers u are taken at a time for each test, where |z | represents the maximum integer
that does not exceed x.

(b) If the test range lower limit ul is too small or if the upper limit up is too large, then an extremely small
expected frequency range is tested and test precision worsens.
If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in the function:

Fri <5 (i=1,---,n)
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Expressions for calculating ul and up, which are used as test criteria, are shown below.

ul
up

where d is

= am—sgxd

am +sg x d

obtained from the following equation.

d x e"%; = iijij}— X \/?E
~ |m/lt] 2

| ] represents the maximum integer that does not exceed z.

Sample values of d are shown below.

(7) Example

(a)

(b)

Problem

Tm/m] | 0.1 | 0.01

0.001

0.0001

0.00001

1.5 | 2.5

3.5

4.0

4.5

Perform the test 10 times with 10 subdivisions on 10000 normal distribution random numbers having

mean 0.0 and standard deviation 1.0.
Main program

/* C interface example for ASL_djteno */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double

*u;

int m=10000;
int 1=10;
int n=10;

double
double
double
double
double
int k;
double
double
double

alf=1.0;

.5
am=0.0;
sg=1.0

int ierr;

int i;

int ix=1;
int iy=1;

printf( " #%% ASL_djteno **x\n" );
printf( "\n ** Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof (double)

if ( u == NULL )

printf( "no enough memory for array u\n" );

return -1;

*m ));

x2 = ( double * )malloc((size_t)( sizeof(double) * 1 ));
if( x2 == NULL )
printf( "no enough memory for array x2\n" );
return -1;
wk = ( double * )malloc((size_t) ( sizeof (double) * (2*n) ));
if ( wk == NULL )
printf( "no enough memory for array wk\n" );
return -1;
ierr = ASL_djdbno(m, am, sg, &ix, &iy, u);

printf( "\t m = %8d\t\t 1 = %8d\n", m, 1 );
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printf( "\t n = %8d\t\talf = %8.3g\n", n, alf );
printf( "\tul = %8.3g\t\t up = %8.3g\n", ul, up );
printf( "\tam = %8.3g\t\t sg = %8.3g\n", am, sg );

ierr = ASL_djteno(u, m, 1, n, alf, ul, up, am, sg, &k, x2, &cx, wk);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\n\t Test No. 1 2 3 4 5" );
printf( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( u );

free( x2 );

free( wk );

return O;

}
(¢) Output results

***x ASL_djteno ***

*k Input *%

m = 10000 1= 10
n = 10 alf = 1
ul = -2.5 uu = 2.5
am = 0 sg = 1
** Qutput **
ierr = 0
Number of Passed Test (k) = 10
Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square
Value (x2) 7.6 8.06 6.97 13.4 8.99 12.8 7.4 10.1 16.4 8.23
Chi-Square Value for Percent Point (cx) = 21.7
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2.3.2 ASL_djteex, ASL_rjteex
Exponential Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on exponential distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djteex (u, m, It, n, alf, up, am, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjteex (u, m, lt, n, alf, up, am, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. | e | Type | s | (P Contents
1 u Dx m Input | Random numbers
v
2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a).)
4 n I 1 Input | Number of subdivisions
5 alf D 1 Input | Significance level (%)
it
6 up D 1 Input | Test interval upper limit (See Note (b))
)
7 am D 1 Input | Mean value
)
8 k I* 1 Output | Number of passed tests
9 x2 D It Output | Test result x? value
v}
10 cx D+ 1 Output | x?2 value for significance level
1)
11 wk Dx 2xmn Work | Work area
18
12 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 up was too large or m was too small. (See Processing continues. (Test precision gets
Note (b)) worse.)

3000 Restriction (a), (b), (c), (d), (e) or (f) was Processing is aborted.
not satisfied.

4000 ui—1<00;i=1,---,m

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count lt, and the random numbers u used for each test.

1st test 2nd test L. It-th test

|m/lt] random numbers u are taken at a time for each test, where |z | represents the maximum integer
that does not exceed z.

(b) If the test range upper limit up is too large, then an extremely small expected frequency range is tested
and test precision worsens.
If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition
occurs in this function:

Fori <5 (i=1,---,n)

The value of up, which is used as a test criterion, is determined so that the following condition is
satisfied.
_m S5 XnXam
e = T
|| represents the maximum integer that does not exceed x.
Sample values of up are shown below for am=1.0.

n

[m/Tt] 0.01 0.001 0.0001 | 0.00001
up 4 7 9 12
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(7) Example

(a) Problem
Perform the test 10 times with subdivisions on 10000 exponential distribution random numbers having

mean value 1.0.
(b) Main program

/% C interface example for ASL_djteex */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *u;

int m=10000;
int 1=10;

int n=10;
double alf=1.0;
double up=4.0;
double am=1.0;
int k;

double *x2;
double cx;
double *wk;
int ierr;

int i;

int ix=1;

int iy=1;

printf( " #%%x ASL_djteex **x\n" );
printf( "\n ** Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof(double) * m ));
if( u == NULL )

printf( "no enough memory for array u\n" );
return -1;
x2 = ( double * )malloc((size_t)( sizeof(double) * 1 ));
if ( x2 == NULL )
printf( "no enough memory for array x2\n" );
return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * (2*n) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

ierr = ASL_djdbex(m, am, &ix, &iy, uw);

%8d\t\t 1 = %8d\n", m, 1 );
%8d\t\talf = %8.3g\n", n, alf );
%8.3g\t\t am = %8.3g\n", up, am );

printf( "\t m
printf( "\t n
printf( "\tup

ierr = ASL_djteex(u, m, 1, n, alf, up, am, &k, x2, &cx, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\t Test No. 1 2 3 4 5" );
printf ( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( u );

free( x2 );

free( wk );

return O;
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(¢) Output results

***x ASL_djteex x***

** Input *x*

m = 10000 1= 10
n = 10 alf = 1
up = 4 am = 1
** Qutput **
ierr = 0
Number of Passed Test (k) = 9
Test No. 1 2 3 4 5
Chi-Square
Value (x2) 16 6.29 16.3 5.99 7.42
Chi-Square Value for Percent Point (cx) = 21.7
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2.3.3 ASL_djtecc, ASL_rjtecc
Cauchy Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on Cauchy distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djtecc (u, m, It, n, alf, ul, up, a, b, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjtecc (u, m, lt, n, alf, ul, up, a, b, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input

No. FEtment aiy Type Size nput/ Contents

Return Value Output

1 u Dx m Input | Random numbers
Rx*

2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a))
4 n I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

1 Input | Test interval lower limit (See Note (b))

Input | Test interval upper limit (See Note (b))

1 Input | Value of the location parameter «.

1 Input | Value of the scale parameter 5.

ﬂ

=

o]
—N| — | | —/ | —/—
I Y| IO | IO 8O O
AN e e e Vel B Ve B

10 k I* 1 Output | Number of passed tests

11 x2 Dx It Output | Test result x? value
Rx

12 cx {D*} 1 Output | x? value for significance level
Rx
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A t and I t
No. FEHIMELE an Type Size nput/ Contents
Return Value Output
13 wk D+ 2xn+4 | Work | Work area
R«
14 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

>t

(a) m
(b

[a—

t>1

d) up > ul

) m
)
(¢) n
(d)
(e)
(f) bx > 0.0

0.0 < alf < 100.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 ul was too small, up was too large, or m Processing continues.
was too small. (See Note (b)) (Test precision gets worse.)
3000 Restriction (a), (b), (c), (d), (e) or (f) was Processing is aborted.
not satisfied.
(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers u used for each test.

1st test 2nd test L.

|m/1t] random numbers u are taken at a time for each test, where |z | represents the maximum integer

that does not exceed x.

(b) If the test range lower limit ul is too small or if the upper limit up is too large, then an extremely small

It-th test

expected frequency range is tested and test precision worsens.

If Fr; is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in the function:

FT1<5 (i:l,---,n)

Expressions for calculating ul and up, which are used as test criteria, are shown below.

ul

up

= am—sgxd

= am+sgxd
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where d is obtained from the following equation.

_a2 5Xn T
dxe 27 = — x —
[m/1t \/g

|| represents the maximum integer that does not exceed .

Sample values of d are shown below.

Tm/m] | 0.1 ] 0.01 | 0.001 | 0.0001 | 0.00001
15| 25 | 35 4.0 4.5

(7) Example

(a) Problem
Perform the test 10 times with 10 subdivisions on 10000 normal distribution random numbers with
parameters o = 0.0 and 8 = 1.0.

(b) Main program

/* C interface example for ASL_djtecc */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *u;

int m=10000;

int 1=10;

int n=10;

double alf=1.0;

double ul=-2.5;

double up=2.5;

double a=0.0;

double b=1.0;

int k;

double *x2;

double cx;

double *wk;

int ierr;

int i;

int ix=1;

int iy=1;

printf( " #%%x ASL_djtecc **x\n" );
printf( "\n *x Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof(double) * m ));
if( u == NULL )

printf( "no enough memory for array u\n" );
return -1;

x2 = ( double * )malloc((size_t)( sizeof(double) * 1 ));
if( x2 == NULL )

printf( "no enough memory for array x2\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (2%n+4) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

ierr = ASL_djdbcc(m, a, b, &ix, &iy, u);

%8d\t\t 1 = %8d\n", m, 1 );
%8d\t\talf = %8.3g\n", n, alf );
%8.3g\t\t up = %8.3g\n", ul, up );
%8.3g\t\t b = %8.3g\n", a, b );

printf( "\t m
printf( "\t n
printf( "\tul
printf( "\t a

ierr = ASL_djtecc(u, m, 1, n, alf, ul, up, a, b, &k, x2, &cx, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
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printf( "\n\tNumber of Passed Test (k) = %6d\n", k )
printf( "\n\t Test No. 1 2 3
printf( " 6 7 8
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx)
free( u );

free( x2 );

free( wk );

return O;

}
(¢) Output results

*xx ASL_djtecc *x*

** Input *x*

m = 10000 1= 10
n = 10 alf = 1
ul = -2.5 up = 2.5
a = 0 b = 1
** Qutput **
ierr = 0
Number of Passed Test (k) = 9
Test No. 1 2 3 4 5
Chi-Square
Value (x2) 11.9 7.69 14.1 13.1 4.72
Chi-Square Value for Percent Point (cx) = 21.7
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2.3.4 ASL_djtegu, ASL_rjtegu
Gumbel Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on Gumbel distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djtegu (u, m, lt, n, alf, ul, up, a, b, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjtegu (u, m, lt, n, alf, ul, up, a, b, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input

No. FEtment aiy Type Size nput/ Contents

Return Value Output

1 u Dx m Input | Random numbers
Rx*

2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a))
4 n I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

1 Input | Test interval lower limit (See Note (b))

Input | Test interval upper limit (See Note (b))

1 Input | Location parameter

1 Input | Scale parameter

ﬂ
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10 k I* 1 Output | Number of passed tests

11 x2 Dx It Output | Test result x? value
Rx

12 cx {D*} 1 Output | x? value for significance level
Rx
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A t and I t
No. retment ai Type Size nput/ Contents
Return Value Output
13 wk D+ 2xmn Work | Work area
R
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) m>1t
(b) t>1
(c) n>2
(d) up > ul
(e) 0.0 < alf < 100.0
(f) b>0.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 ul was too small, up was too large, or m Processing continues. (Test precision gets
was too small. (See Note (b)) worse.)
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
3050 Restriction (f) was not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers u used for each test.

1st test 2nd test L. It-th test

|m/1t] random numbers u are taken at a time for each test, where |z | represents the maximum integer

that does not exceed x.

(b) If the test range lower limit ul is too small or if the upper limit up is too large, then an extremely small
expected frequency range is tested and test precision worsens.
If Fr; is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in the function:

Fri <5 (i:l,---,n)
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Inequalities for calculating ul and up, which are used as test criteria, are shown below.

i (252) - (52) o (252 oo (252)

> 5 X

|| represents the maximum integer that does not exceed x.

(7) Example

(a)

(b)

Problem

b xn

|m/lt] x (up — ul)

Perform the test 10 times with 10 subdivisions on 10000 Gumbel distribution random numbers having

location parameter 0.0 and scale parameter 1.0.

Main program

/% C interface example for ASL_djtegu */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double

*u;

int m=10000;

int 1=1

0;

int n=10;

double
double
double
double
double
int k;
double
double
double

alf=5.0;
ul= -2.7;
up=2.7;
xa=1.0;
xb=1.0;

*x2;
CX;
*wk ;

int ierr;

int i;

int ix=1;
int iy=1;

printf(
printf (

" %% ASL_djtegu **x\n" );
"\n *x Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof(double) * m ));
if( u == NULL )

printf( "no enough memory for array u\n" );
return -1;

x2 = (
if ( x2

double * )malloc((size_t)( sizeof(double) * 1 ));
== NULL )

printf( "no enough memory for array x2\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (2%n+4) ));
if ( wk == NULL )
printf( "no enough memory for array wk\n" );
return -1;
ierr = ASL_djdbgu(m, xa, xb, &ix, &iy, u);
printf( "\t m = %8d\t\t 1 = %8d\n", m, 1 );
printf( "\t n = %8d\t\talf = %8.3g\n", n, alf );
printf( "\tup = %8.3g\t\t ul = %8.3g\n", up, ul );
printf( "\txa = %8.3g\t\t xb = ¥8.3g\n", xa, xb );
ierr = ASL_djtegu(u, m, 1, n, alf, ul, up, xa, xb, &k, x2, &cx, wk);
printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\n\tNumber of Passed Test (k) = %6d\n", k );
printf( "\n\t Test No. 1 2 3 4 5" );
printf ( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );
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printf( "\tValue (x2)" );
for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( u );

free( x2 );

free( wk );

return O;

}
(¢) Output results

*xx ASL_djtegu *x*

** Input *x*

m = 10000 1= 10
n = 10 alf = 5
up = 2.7 ul = -2.7
xa = 1 xb = 1
** Qutput **
ierr = 0
Number of Passed Test (k) = 10
Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square
Value (x2) 7.09 8.18 10.4 7.99 9.67 14.7 12.1 4 4.67 10.9
Chi-Square Value for Percent Point (cx) = 16.9
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2.3.5 ASL_djtewe, ASL_rjtewe
Weibull Distribution Random Number Tests

(1) Function
Performs a frequency one-dimensional test on Weibull distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djtewe (u, m, It, n, alf, up, a, b, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjtewe (u, m, It, n, alf, up, a, b, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input

No. FEtment aiy Type Size nput/ Contents

Return Value Output

1 u Dx m Input | Random numbers
Rx*

2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a))
4 n I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

Input | Test interval upper limit (See Note (b))

1 Input | Shape parameter a

1 Input | Scale parameter b

D
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9 k I* 1 Output | Number of passed tests

10 x2 D+ It Output | Test result x? value
1)

11 cx Dx 1 Output | x?2 value for significance level
v

12 wk Dx 2xmn Work | Work area
v

13 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 up was too large or m was too small. (See Processing continues. (Test precision gets
Note (b)) worse.)

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

3040 Restriction (e) was not satisfied.

3050 Restriction (f) was not satisfied.

3060 Restriction (g) was not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count lt, and the random numbers u used for each test.

1st test 2nd test L. It-th test

|m/lt] random numbers u are taken at a time for each test, where |z | represents the maximum integer

that does not exceed x.

(b) If the test range upper limit up is too large, then an extremely small expected frequency range is tested
and test precision worsens.
If Fr; is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in this function:
Fri <5 (i:l,---,n)

The value of up, which is used as a test criterion, is determined so that the following condition is
satisfied.
5Xn

~ [m/lt]

up \2

up X e (7"
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| ] represents the maximum integer that does not exceed z.

Sample values of up are shown below for a=2.0 and b=1.0 .

(7) Example

(a)

(b)

Problem

/]

0.01

0.001

0.0001

0.00001

up

1.9

2.5

2.9

3.3

Perform the test 10 times with subdivisions on 10000 Weibull distribution random numbers having the

shape parameter 2.0 and the scale parameter 1.0.

Main program

/* C interface example for ASL_djtewe */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double
int m=1

*u, *x2, cx, *wk;
0000;

int 1=10;

int n=1
double
double
double
double
int k,

0;
alf=5.0;
up=1.9;
a=2.0;
b=1.0;
ierr, i;

int ix=1;
int iy=1;

printf (
printf(

u = ( double * )malloc((size_t)( sizeof (double)

" **kx ASL_djtewe *x*\n" );

"\n ** Input **\n\n" );

if ( u == NULL )

printf( "no enough memory for array u\n" );
return -1;

x2 = ( double * )malloc((size_t)(

if ( x2

== NULL )

printf( "no enough memory for
return -1;

wk = ( double * )malloc((size_t)(
ULL )

if ( wk

printf( "no enough memory for

ierr =

printf(
printf (
printf(

&ix, &iy, u);
%8d\n", m, 1 );

array x2\n" );

sizeof (double)

array wk\n" );

%8.3g\n", n, alf );

return -1;
ASL_djdbwe(m, a, b,
"\t m = %8d\t\t 1
"\t n = %8d\t\talf
"\tup = %8.3g\n", up );
"\t a =

printf(
ierr =

printf(
printf(

printf(
printf(
printf(
printf (
printf (

for( i=

%8.3g\t\t b = %8.3g\n", a, b );

*xm ));

sizeof (double) * 1 ));

* (2%n+4) ));

ASL_djtewe(u, m, 1, n, alf, up, a, b, &k, x2, &cx, wk);

"\n ** Output **\n\n" );

"\tierr = %6d\n", ierr );

"\n\tNumber of Passed Test (k) = %6d\n", k );

"\t Test No.

"\tChi-Square\n" );

"\tValue (x2)" );
0 ; i<l ; i++ )

1
6

printf( "%8.3g", x2[i] );

}
printf(

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );

"\Il" );

2
7

3
8
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free( u );
free( x2 );
free( wk );

return O;

}
(¢) Output results

*xx ASL_djtewe *k*

*k Input *%

m = 10000 1= 10
n = 10 alf = 5
up = 1.9
a = 2 b = 1
** Qutput **
ierr = 0
Number of Passed Test (k) = 9
Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square
Value (x2) 10.3 13.5 12.5 9.4 12.3 17.6 10.1 5.13 7.21 11.7
Chi-Square Value for Percent Point (cx) = 16.9
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2.3.6 ASL_djtegm, ASL _rjtegm
Gamma Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on gamma distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djtegm (u, m, It, ndiv, alf, ul, up, gamalp, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjtegm (u, m, It, ndiv, alf, ul, up, gamalp, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input

No. FEtment aiy Type Size nput/ Contents

Return Value Output

1 u Dx m Input | Random numbers
Rx

2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a)))
4 ndiv I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

Input | Test interval lower limit (See Note (b))

1 Input | Test interval upper limit (See Note (b))

8 gamalp 1 Input | Shape parameter for gamma distribution

D
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9 k I* 1 Output | Number of passed tests
10 x2 D+ It Output | Test result x? value
1)
11 cx Dx 1 Output | x?2 value for significance level
1
12 wk {D*} See Work | Work area
R Contents Size: 2 x ndiv 44
13 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 ul was too small, up was too large, or m Processing continues. (Test precision gets
was too small. (See Note (b)) worse. )

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

3040 Restriction (e) was not satisfied.

3050 Restriction (f) was not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test
iteration count 1t, and the random numbers u used for each test.

u ; 1 1 )) 1 1

1st test 2nd test L. It-th test

|m/lt] random numbers u are taken at a time for each test, where |z | represents the maximum integer
that does not exceed z.

(b) If the test range lower limit ul is too small or if the upper limit up is too large, then an extremely small
expected frequency range is tested and test precision worsens.
If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in the function:

Fri <5 (i:l,---,ndiv)
(7) Example
(a) Problem

Perform the test 10 times with 10 subdivisions on 10000 gamma distribution random numbers having
the shape parameter o = 3.0.

(b) Input data
m = 10000, I = 10, ndiv = 10, alf = 5.0, ul = 0.0, up = 9.0 and gamalp = 3.0.
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(¢) Main program

/* C interface example for ASL_djtegm */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double =*u;

int m=10000;
int 1=10;

int n=10;
double alf=5.0;
double ul= 0.0;
double up= 9.0;
double alpha=3.0;
int k;

double *x2;
double cx;
double *wk;

int ierr;

int i;

int ix=1;

int iy=1;

printf( " *kx ASL_djtegm *x*\n" );
printf( "\n ** Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof(double) * m ));
if( u == NULL )

printf( "no enough memory for array u\n" );
return -1;

x2 = ( double * )malloc((size_t) ( sizeof (double) * 1 ));
if ( x2 == NULL )

printf( "no enough memory for array x2\n" );
return -1;

wk = ( double * )malloc((size_t) ( sizeof (double) * (2*n+4) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

ierr = ASL_djdbgm(m, alpha, &ix, &iy, w);

%8d\t\t 1 %8d\n", m, 1 );
%8d\t\talf %8.3g\n", n, alf );
%8.3g\t\t up = %8.3g\n", ul, up );
%8.3g\n", alpha );

printf( "\t m
printf( "\t n
printf( "\t ul
printf( "\talpha

ierr = ASL_djtegm(u, m, 1, n, alf, ul, up, alpha, &k, x2, &cx, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );
printf( "\n\t Test No. 1 2 3 4 5" );
printf( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );
printf( "\tValue (x2)" );
for( i=0 ; i<l ; i++ )
printf( "%8.3g", x2[i] );
}
printf( "\n" );
printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( u );
free( x2 );
free( wk );

return O;

}
(d) Output results

*xx ASL_djtegm *x*
** Input **

10000 1

m
n 10 alf
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ul = 0 up = 9
alpha = 3
** Qutput **
ierr = 0
Number of Passed Test (k) = 9
Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square

Value (x2) 3.19 7.94 9.18 9.71 1.86 6.58 20.3 8.62 8.74 6.38

Chi-Square Value for Percent Point (cx) = 16.9
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2.3.7 ASL_djtelg, ASL rjtelg
Logistic Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on logistic distribution random numbers.

(2) Usage
Double precision:
ierr = ASL_djtelg (u, m, It, ndiv, alf, ul, up, xa, xb, &k, x2, &cx, wk);
Single precision:
ierr = ASL_rjtelg (u, m, lt, ndiv, alf, ul, up, xa, xb, &k, x2, &cx, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input

No. FEtment aiy Type Size nput/ Contents

Return Value Output

1 u Dx m Input | Random numbers
Rx

2 m I 1 Input | Total number of random numbers
3 It I 1 Input | Test iteration count (See Note (a))
4 ndiv I 1 Input | Number of subdivisions
5 alf 1 Input | Significance level (%)

1 Input | Test interval lower limit (See Note (b))

Input | Test interval upper limit (See Note (b))

1 Input | Mean value

1 Input | Value of parameter 5 (See Note (c))

ﬂ
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Output | Number of passed tests

11 x2 It Output | Test result x? value
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12 cx Output | x? value for significance level
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Argument and Type Size Input/
Return Value Output
13 wk { Dx } See Work | Work area

Rx Contents Size: 2 x ndiv+4

Contents

14 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing

0 Normal termination.

1000 ul was too small, up was too large, or m Processing continues. (Test precision gets

was too small. (See Note (b)) worse.)

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e)
3050 Restriction (f)

e) was not satisfied.

f

was not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers u used for each test.

u ; 1 1 )) 1 1

1st test 2nd test L. It-th test

|m/lt] random numbers u are taken at a time for each test, where || represents the maximum integer

that does not exceed x.

(b) If the test range lower limit ul is too small or if the upper limit up is too large, then an extremely small
expected frequency range is tested and test precision worsens.
If Fr; is the expected frequency in each partial interval, then ierr = 1000 if the following condition

occurs in the function:

Fri <5 (i:l,---,ndiv)

50



ASL_djtelg, ASL_rjtelg
Logistic Distribution Random Number Test

Expressions for calculating ul and up, which are used as test criteria, are shown below.

ul—xa up—xa .
. exp(— <b ) eXP(——Xb ) 5 x ndiv x xb
(up — ul) x min L g LEJ
{1+€Xp(— xb )} {1+6Xp(— xb )} It

|| represents the maximum integer that does not exceed x.

(¢) Variance is defined as follows.
232

2 _ T B
3

o
(7) Example

(a) Problem
Perform the test 10 times with 10 subdivisions on 10000 logistic distribution random numbers having
mean 0.0 and 8 = 1.0.

(b) Input data
m = 10000, 1 = 10, ndiv = 10, alf = 5.0, ul = —4.7, up = 4.7, xa = 1.0 and xb = 1.0.

(¢) Main program

/% C interface example for ASL_djtelg */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *u;

int m=10000;

int 1=10;

int n=10;

double alf=5.0;
double ul= -4.7;
double up=4.7;
double xa=1.0;
double xb=1.0
int k;

double *x2;
double cx;
double *wk;
int ierr;

int i;

s

int ix=1;

int iy=1;

printf( " *kx ASL_djtelg *x*\n" );
printf( "\n ** Input **\n\n" );

u = ( double * )malloc((size_t)( sizeof(double) * m ));
if( u == NULL )

printf( "no enough memory for array u\n" );
return -1;

x2 = ( double * )malloc((size_t) ( sizeof (double) * 1 ));
if ( x2 == NULL )

printf( "no enough memory for array x2\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (2%n+4) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

ierr = ASL_djdblg(m, xa, xb, &ix, &iy, u);

%8d\t\t 1 = %8d\n", m, 1 );
%#8d\t\talf = %8.3g\n", n, alf );
%8.3g\t\t up = %8.3g\n", ul, up );
%8.3g\t\t xb = %8.3g\n", xa, xb );

printf( "\t m
printf( "\t n
printf( "\tul
printf( "\txa

ierr = ASL_djtelg(u, m, 1, n, alf, ul, up, xa, xb, &k, x2, &cx, wk);

printf( "\n *x Output **\n\n" );
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printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\n\t Test No. 1 2 3
printf ( " 6 7 8
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx)
free( u );

free( x2 );

free( wk );

return O;

}
(d) Output results

*x% ASL_djtelg *+*

** Input *x*

m = 10000 1= 10
n = 10 alf = 5
ul = -4.7 up = 4.7
xa = 1 xb = 1
*% Output *x*
ierr = 0
Number of Passed Test (k) = 10
Test No. 1 2 3 4 5
Chi-Square
Value (x2) 4.78 7.64 7.35 6.73 4.1
Chi-Square Value for Percent Point (cx) = 16.9
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2.4 DISCRETE DISTRIBUTION RANDOM NUMBER TESTS

2.4.1 ASL_rjtebi
Binomial Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on binomial distribution random numbers.

(2) Usage
Double precision:
Nothing
Single precision:
ierr = ASL_rjtebi (nl, m, 1t, iup, alf, mn, p, &k, x2, &cx, wk);

(3) Arguments and Return Value

int as for 32bit Integer}

R:Single precision real  C:Single precision complex I: .
long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 nl I* m Input | Random numbers
2 m I 1 Input | Total number of random numbers
3 1t I 1 Input | Iteration count (See Note (a))
4 iup I 1 Input | Test interval upper limit (See Note (b))
5 alf R 1 Input | Significance (%)
6 mn I 1 Input | Number of trials
7 p R 1 Input | Success probability
8 k I* 1 Output | Number of passed tests
9 x2 R* It Output | Test result x? value
10 cx R* 1 Output | x? value for significance level
11 wk R* See Work | Work area
Contents Size: 2 x (iup + 1)
12 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) m>1t
(b)
(c) 0.0 < alf <100.0
(d)
)
)

[u—

t>1
d) mn>1
0.0<p<10

f) 0 <iup < mn

(e
(
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 iup was too large or m was too small. (See Processing continues. (Test precision gets
Note (b)) worse.)

3000 Restriction (a), (b), (c), (d), (e) or (f) was Processing is aborted.
not satisfied.

4000 nlli—-1] < Oornlfi-1] >mn(i=1,---,m)

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers nl used for each test.

1st test 2nd test L. It-th test

(b) If the test range upper limit iup is too large, then an extremely small expected frequency range is
tested and test precision worsens.
If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition
occurs in the ASL_rjtebi function:

Fri <5 (i=1,---,n)

The value of iup, which is used as a test criterion, is determined so that the following condition is
satisfied.

mn ; . 5
uprq _ mn—iup _
( fup )p (1-p) [m/It]

|| represents the maximum integer that does not exceed x.

Sample values of iup are shown below for p=0.5.

/1t

100 | 1, 000 | 10, 000 | 100, 000
10 7 9 10 10
mn | 50 | 29 33 36 38
100 | 54 61 65 69

(7) Example

(a) Problem
Perform the test 10 times on 10000 binomial distribution random numbers with parmeters m = 4 and

p=0.5.
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(b) Main program

/* C interface example for ASL_rjtebi */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int *nl;

int m=10000;
int 1=10;
int iup=4;
float alf=1.0;
int mn=4;
float p=0.5;
int k;

float *x2;
float cx;
float *wk;
int ierr;
int i;

int ix=1;
int iy=1;
int *iwkil;
float *wkil;

printf( " #%%x ASL_rjtebi *kx\n" );
printf( "\n *x Input **\n\n" );

nl = ( int * )malloc((size_t)( sizeof(int) * m ));
if( nl == NULL )

printf( "no enough memory for array nl\n" );
return -1;
x2 = ( float * )malloc((size_t)( sizeof(float) * 1 ));
if ( x2 == NULL )
printf( "no enough memory for array x2\n" );

return -1;

wk = ( float * )malloc((size_t)( sizeof(float) * (2*(iup+1)) ));
if( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
iwkl = ( int * )malloc((size_t) ( sizeof(int) * (mn+2) ));
if ( iwkl == NULL )

printf( "no enough memory for array iwki\n" );

return -1;
wkl = ( float * )malloc((size_t)( sizeof (float) * (mn+2) ));
if ( wki == NULL )

printf( "no enough memory for array wki\n" );

return -1;
iwk1[0] = O;
wk1[0] = 0.0;

ierr = ASL_rjdbbi(m, mn, p, &ix, &iy, nl, iwkl, wkl);

%6d\t\t 1 %6d\n", m, 1 );
%6d\t\talf = %8.3g\n", iup, alf );
%6d\t\t p = %8.3g\n", mn, p );

printf( "\t m
printf( "\tiup
printf( "\t mn

ierr = ASL_rjtebi(nl, m, 1, iup, alf, mn, p, &k, x2, &cx, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\n\t Test No. 1 2 3 4 5" );
printf ( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );
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}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );

free( nl );
free( x2 );
free( wk );
free( iwkl );
free( wkl );

return O;

(¢) Output results

*xx ASL_rjtebi *k*

*k Input *%

m = 10000 1= 10
iup = 4 alf = 1
mn = 4 P = 0.5
*% Output *x*
ierr = 0
Number of Passed Test (k) = 10
Test No. 1 2 3
Chi-Square

Value (x2) 4.57 9.62 2.48

4

1.89

Chi-Square Value for Percent Point (cx) =

56

5

0.936
13.3



ASL_rjteng
Geometric Distribution Random Number Test

2.4.2 ASL_rjteng
Geometric Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on geometric distribution random numbers.

(2) Usage
Double precision:
Nothing
Single precision:
ierr = ASL_rjteng (nl, m, lt, iup, alf, p, &k, x2, &cx, iwk);

(3) Arguments and Return Value

int as for 32bit Integer}

R:Single precision real  C:Single precision complex I: .
long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value ’ Output

1 nl I* m Input | Random numbers

2 m I 1 Input | Total number of random numbers
3 1t I 1 Input | Iteration count (See Note (a))

4 iup I 1 Input | Test interval upper limit (See Note (b))
5 alf R 1 Input | Significance (%)

6 p R 1 Input | Success probability

7 k I* 1 Output | Number of passed tests

8 x2 R* It Output | Test result x? value

9 cx R* 1 Output | x? value for significance level

10 iwk I* 2 x (iup) | Work | Work area

11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) m>1t
(b)
(c) 0.0 < alf < 100.0
(d)
)

[a—

t>1

d) 0.0<p<1.0

(e) 0 <iup
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 iup was too large or m was too small. (See Processing continues. (Test precision gets
Note (b)) worse.)

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

3040 Restriction (e) was not satisfied.

(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count lt, and the random numbers nl used for each test.

1st test 2nd test L. It-th test

(b) If the test range upper limit iup is too large, then an extremely small expected frequency range is

tested and test precision worsens.

If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition
occurs in the ASL_rjteng function:

Fri <5 (i:l,---,n)
The value of iup, which is used as a test criterion, is determined so that the following condition is

satisfied.

IUP-1 _ 5
(=BT =

| ] represents the maximum integer that does not exceed z.

Sample values of iup are shown below for p=0.5.

|m/1t| | 100 | 1000 | 10000 | 100000 | 1000000
iup 4 7 10 14 17
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(7) Example

(a) Problem
Perform the test 10 times on 10000 geometric distribution random numbers with parameters m = 4
and p = 0.5.

(b) Main program

/% C interface example for ASL_rjteng */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int *nl;

int m=10000;
int 1=10;

int iup=6;
float alf=1.0e0;
float p=0.6e0;
int k;

float *x2;
float cx;

int *iwk;

int ierr;

int i;

int ix=1;

int iy=1;

printf( " #*kx ASL_rjteng *x*\n" );
printf( "\n *#x Input **\n\n" );

nl = ( int * )malloc((size_t) ( sizeof(int) * m ));
if( nl == NULL )

printf( "no enough memory for array nl\n" );
return -1;
x2 = ( float * )malloc((size_t)( sizeof(float) * 1 ));
if ( x2 == NULL )
printf( "no enough memory for array x2\n" );
return -1;
iwk = ( int * )malloc((size_t) ( sizeof(int) * (iup*2) ));
if ( iwk == NULL )
printf( "no enough memory for array iwk\n" );
return -1;
iwk[0] = 0;
ierr = ASL_rjdbng(m, p, &ix, &iy, nl);

%6d\t\t 1 %6d\n", m, 1 );
%6d\t\talf = %8.3g\n", iup, alf );
%8.3g\n", p );

ierr = ASL_rjteng(nl, m, 1, iup, alf, p, &k, x2, &cx, iwk);

printf( "\t m
printf( "\tiup
printf( "\t p

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );

printf( "\n\t Test No. 1 2 3 4 5" );
printf( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );

printf( "\tValue (x2)" );

for( i=0 ; i<l ; i++ )

printf( "%8.3g", x2[i] );

}

printf( "\n" );

printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( nl );

free( x2 );

free( iwk );

return O;
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(¢) Output results

***x ASL_rjteng ***

** Input *x*

m = 10000 1= 10
iup = 6 alf = 1
p = 0.6
** Qutput **
ierr = 0
Number of Passed Test (k) = 10
Test No. 1 2 3 4 5
Chi-Square

Value (x2) 8.37 6.86 7.84 5.59 2.55

Chi-Square Value for Percent Point (cx) = 15.1
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2.4.3 ASL_rjtepo
Poisson Distribution Random Number Test

(1) Function
Performs a frequency one-dimensional test on Poisson distribution random numbers.

(2) Usage
Double precision:
Nothing
Single precision:
ierr = ASL_rjtepo (nl, m, lt, iup, alf, am, &k, x2, &cx, wk);

(3) Arguments and Return Value

int as for 32bit Integer}

R:Single precision real  C:Single precision complex I: .
long as for 64bit Integer

No. Argument and Type Size Input/ Contents
Return Value Output
1 nl I* m Input | Random numbers
2 m I 1 Input | Total number of random numbers
3 1t I 1 Input | Test iteration count (See Note (a))
4 iup I 1 Input | Test interval upper limit (See Note (b))
5 alf R 1 Input | Significance level (%)
6 am R 1 Input | Mean value
7 k I* 1 Output | Number of passed tests
8 x2 R* It Output | Test result x? value
9 cxX R* 1 Output | x?2 value for significance level
10 wk R* See Work | Work area
Contents Size: 2 x (iup + 1)
11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) m > 1t
(b) It >1
(¢) 0.0 < alf < 100.0
(@)

(e) iup >0

0.0 < am < log, (maximum value expressed by the computer)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 iup was too large or m was too small. (See Processing continues. (Test precision gets
Note (b)) worse. )
3000 Restriction (a), (b), (¢), (d) or (e) was not Processing is aborted.
satisfied.
4000 nli—1]<0 (i=1,---,m)
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(6) Notes

(a) The following figure shows the relationship between the total number of random numbers m, the test

iteration count 1t, and the random numbers nl used for each test.

1st test 2nd test ... 1t-th test

(b) If the test range upper limit iup is too large, then an extremely small expected frequency range is
tested and test precision worsens.

If Fry is the expected frequency in each partial interval, then ierr = 1000 if the following condition
occurs in the ASL_rjtepo function:

Fri <5 (i:l,---,n)

The value of IUP, which is used as a test criterion, is determined so that the following condition is

satisfied.
ami'P _ 5 xe™
iup!  |[m/It]

|| represents the maximum integer that does not exceed x.

Sample values of IUP are shown below for three different values of am.

[m/1¢]

100 | 1, 000 | 10, 000 | 100, 000
1.0 3 4 6 7
am | 5.0 8 11 13 15
10.0 | 14 18 21 24

(7) Example

(a) Problem
Perform the test 10 times on 10000 Poisson distribution random numbers having mean value 1.0.
(b) Main program

/* C interface example for ASL_rjtepo */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int *nl;

int m=10000;
int 1=10;

int iup=4;
float alf=1.0;
float am=1.0;
int k;

float *x2;
float cx;
float *wk;
int ierr;

int i;

int ix=1;

int iy=1;

int *iwkl;
float *wkil;
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printf( " #*%x ASL_rjtepo *x*\n" );
printf( "\n *x Input **\n\n" );

nl = ( int * )malloc((size_t) ( sizeof(int) * m ));
if( nl == NULL )

printf( "no enough memory for array nl\n" );
return -1;
x2 = ( float * )malloc((size_t)( sizeof(float) * 1 ));
if ( x2 == NULL )
printf( "no enough memory for array x2\n" );

return -1;

wk = ( float * )malloc((size_t)( sizeof(float) * (2*(iup+1)) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;
iwkl = ( int * )malloc((size_t) ( sizeof(int) * (2*%(int)am+12) ));
if ( iwkl == NULL )
printf( "no enough memory for array iwki\n" );
return -1;
wkl = ( float * )malloc((size_t)( sizeof(float) * (2) ));
if ( wkl == NULL )
printf( "no enough memory for array wki\n" );

return -1;

iwk1[0] = O;
wk1[0] = 0.0;

ierr = ASL_rjdbpo(m, am, &ix, &iy, nl, iwkl, wkl);

%6d\t\t 1 %6d\n", m, 1 );
%6d\t\talf %8.3g\n", iup, alf );
%8.3g\n", am );

printf( "\t m
printf( "\tiup
printf( "\t am

~nn

ierr = ASL_rjtepo(nl, m, 1, iup, alf, am, &k, x2, &cx, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tNumber of Passed Test (k) = %6d\n", k );
printf( "\n\t Test No. 1 2 3 4 5" );
printf( " 6 7 8 9 10\n" );
printf( "\tChi-Square\n" );
printf( "\tValue (x2)" );
for( i=0 ; i<l ; i++ )
printf( "%8.3g", x2[i] );
%rintf( "\n" );
printf( "\n\tChi-Square Value for Percent Point (cx) = %8.3g\n", cx );
free( nl );
free( x2 );
free( wk );
free( iwkl );
free( wkl );

return O;

}
(¢) Output results

*xx ASL_rjtepo ***

*k Input *%

m = 10000 1= 10
iup = 4 alf = 1
am = 1
*% Qutput *x*
ierr = 0
Number of Passed Test (k) = 10
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Test No. 1 2 3 4 5 6 7 8 9 10
Chi-Square
Value (x2) 4.69 9.15 7.91 2.73 2.23 5.58 5.08 1.49 0.988 2.41

Chi-Square Value for Percent Point (cx) = 13.3
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Chapter 3
PROBABILITY DISTRIBUTIONS

3.1 INTRODUCTION

In statistical analysis, processing for estimates or tests associate a variable called a random variable with various
types of data. Random variables are broadly divided into discrete random variables, which correspond to cases
in which the realized values are expressed by using discrete values such as x1,x2,--- and continuous random
variables, which correspond to cases in which the realized values take arbitrary values within a continuous
interval such as 0 < z < 1. With a discrete random variable, we can consider the probability (Pr.{X = x}) that
the random variable (X) takes a specific value (z). However, with a continuous random variable, we consider the
probability (Pr.{a < X < b}) that the random variable (X') takes a value within an arbitrary subinterval ([a, b)) in
the interval where the realized values of the random variable (X) exist. Using the probability Pr.{z < X < x+dz}
that the random variable X takes an arbitrary value of the infinitesimal interval [z, 2 + dx), the “function” f(z)
that satisfies

T+dx
/+ fw)du = Pr{z < X <z +dz} (dz — 0)

is called the probability density function (p.d.f.) of the continuous random variable X. From the definition of
probability, we have

/_Z flu)du=1

Normally, the value of f(x) is set to zero for any interval in which the random variable X is not defined. The
cumulative distribution function (c.d.f.) F(z) is defined as the integral of the probability density function f(z)

as follows:
F(z) = /_ f(u)du

For practical use, the function G(x), which is defined by the following expression, is also used as the cumulative

distribution function.
Gz)=1—-F(x) = / fw)du

These relationships can also easily be extended to several variables. For stricter definitions of the probability
density function and cumulative distribution function or for unified handling of discrete and continuous random
variables, refer to specialized technical texts. This library provides functions for computing the probability density
function or cumulative distribution function of the following kinds of probability distributions as well as the values

of their inverse functions.
e Normal Distribution
e Inverse of Normal Distribution
e Bivariate Normal Distribution

e 2 Distribution
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Inverse of x? Distribution
Noncentral x2 Distribution
Inverse Noncentral x2? Distribution
t Distribution

Inverse of ¢ Distribution
Noncentral ¢ Distribution
Inverse Noncentral ¢ Distribution
F Distribution

Inverse of F' Distribution
Gamma Distribution

Inverse Gamma Distribution
Beta Distribution

Inverse Beta Distribution
Uniform Distribution

Triangular Distribution

Pareto Distribution

Weibull Distribution
Exponential Distribution
Gumbel Distribution
Logarithmic Distribution
Log-Normal Distribution
Logistic Distribution

Cauchy Distribution

Binomial Distribution and Negative Binomial Distribution
Geometric Distribution

Poisson Distribution
Hypergeometric Distribution

Negative Hypergeometric Distribution
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Explanation

3.1.1 Explanation

(1) Normal Distribution
The probability density function of the normal distribution having mean p and variance o2 is defined as

follows.

(2) x? Distribution
The probability density function of the y? distribution having frequency x? and number of degrees of freedom

v is defined as follows.

L () e E (2> 0)
fOC) =
0 (x* <0)

The mean and variance of the x? distribution are given by the following equations.
E*W)] = v, o’ [P(v)] = 2v

(3) Noncentral y? Distribution
The probability density function of the noncentral x? distribution having frequency x?, number of degrees

of freedom v, and noncentrality parameter A is defined as follows.

6_(w42r>\)x(11§2) oo )\kak
v >0
Pl X) = 2 Lamrgn ¢
0 (x <0)

(4) ¢ Distribution
The probability density function of the ¢ distribution having frequency ¢ and number of degrees of freedom

v is defined as follows.
v—+1
I( )

F(tlv) = —
\/Ef(i)(lJr;) 2

The mean and variance of the t distribution are given by the following equations.

Blt(v)] = 0.0°[t(v)] = — (v >2)
(5) Noncentral ¢ Distribution The probability density function of the noncentral ¢ distribution having fre-

quency t, number of degrees of freedom v, and noncentrality parameter ¢ is defined as follows.

vie u+k+1 ok ot?
<u+1>z kl( 2
)(V+t) - 2 v+t

m|°"
N

[, 6) = )

VAl (s
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(6)

(10)

F' Distribution
The probability density function of the F' distribution having frequency F' and numbers of degrees of freedom

v1 and vy is defined as follows.

R S
v ov? gzl 1 Vv vy o _rvitva v

f(w|u1,y2): V11V2 2 — = s (V—)z(l—i—y—x) 731
7,?)(V1$+V2) 2 B(g»;) 2 2

The mean and variance of the F' distribution are given by the following equations.

203 (11 + vg — 2)
V1(V2 — 2)2(V2 — 4)

E[F] = W”f 5 (v2>2),0°(F] =

(VQ > 4)

Gamma Distribution

The probability density function of the gamma distribution having parameters o and [ is defined as follows.

Fon B) = Fﬂ(a) e P (2> 0;0,8>0)

0 (x <0;a,8 > 0)

The mean and variance of the gamma distribution are given by the following equations.

Beta Distribution

The probability density function of the beta distribution having parameters a and b is defined as follows.

11—zt (0<z<1;a,b>0)

f(a;a,b) = ¢ Bla,b)
0 (r<0,2>1;a,b>0)

Uniform Distribution

The probability density function of the uniform distribution within the interval (a, b) is defined as follows.

1
fley=¢ b—a

The mean and variance of the uniform distribution are given by the following equations.

Ble = 250 0% =

(b—a)
12

Triangular Distribution

Take the coordinates of the triangle as shown in the following figure.

a b c
a:x coordinate of the left end of the triangular distribution

b:x coordinate of the apex of the triangular distribution
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(11)

(15)

(16)

c:x coordinate of the right end of the triangular distribution

The probability density function of the triangular distribution at this time is defined as follows.

2(x — a) W<
R TR e
0 (x < a,z>c)

Pareto Distribution
The probability density function of the Pareto distribution having parameters a and b (¢ > 1, b > 0) is
defined as follows.

(a — 1)(%)_“ (x >bya>1,b>0)
0 (x <bja>1,b>0)

S| =

f(zia,b) =

Weibull Distribution
The probability density function of the Weibull distribution having parameters a and b (¢ > 0, b > 0) is
defined as follows.

N2l _gyal
il —($)Z .

f(zya,b) = a(b) © % (0 <w;a,5>0)

0 (x <05a,b>0)

Exponential Distribution
A gamma distribution in which the parameter « is 1 is called the exponential distribution. In the exponential

distribution, A is used in place of the parameter 8. The probability density function is defined as follows.

] xe (@ > 00> 0)
f(x’/\){ 0 (z<0;A>0)

The mean and variance of the exponential distribution are given by the following equations.

Gumbel Distribution
The probability density function of the Gumbel distribution having parameters a and b (b > 0) is defined
as follows.

r—a

1 2-a
f(z;a,b) = EeTe_e ’

Logarithmic Distribution

The probability density function of the Logarithmic distribution parameters within the interval (a,b) is
defined as follows.

log x

f(w;a,b) = b(logh — 1) — a(loga — 1)

Log-Normal Distribution
The probability density function of the log-normal distribution having mean e#v'e°* and variance e (6‘72 —

1) is defined as follows.

1 _ (nz—w)?

f(x) = ,’EO’\/%e 207 (U > 0)
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(17) Logistic Distribution
The probability density function of the logistic distribution having mean « and variance o2 is defined as

follows.

fla)=————
ﬂ{l—l—e*%}Q
(—oo <& < 00,—00 < a<oo,f>0)
0_277(262

-3

(3.1)

(18) Cauchy Distribution
The probability density function of Cauchy distribution having parameters a and g is defined as follows.

1[ 8

7 |82+ (z —)?

FsaB) = ] (8> 0)

(19) Binomial Distribution and Negative Binomial Distribution
Given the probability that an event will occur p, the number of trials n, and the number of occurrences m,

the binomial distribution probability in m occurrences is defined as follows.
n m n—m
PB[N(Xm;p,n)<m>p q (¢g=1-p)

The mean and variance of the binomial distribution are given by the following equations.
Elm] = np,0*[m] = np(1 - p)

Given the probability of success in one trial p and the number of successes n and number of failures m in

repeated trials, the negative binomial distribution probability in m failures is defined as follows.

n+m-—1 0 m
PNB(X=m;p,n)=< . )p ¢ (g=1-p)

The mean and variance of the negative binomial distribution are given by the following equations.

_n(l-p)
p2

(20) Geometric Distribution
Given the probability of success in m trial p, the ASL_dlddbp or ASL_rlddbp obtains the values of the
geometric distribution probability Pyp(X = m;p) is defined by the following equations.

Pyp(X =m;p)=q¢™ 'p (g=1-p)
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Explanation

(21)

(23)

Poisson Distribution
Given the mean A and random variable k, the value of the probability Pr.{X = k} of a Poisson distribution

is defined by the following expressions.

X

Pr{X =k}=e o

(k=0,1,2,--;A>0)

Hypergeometric Distribution

Assume that there is a lot of size IV in which M of the IV articles are inferior goods and N — M articles are of
good quality. When an arbitrary sample of size n is extracted from this lot, the hypergeometric distribution

probability Pr.{X = k} corresponding to the probability distribution in which k inferior goods appear is

( )(N_ )
k n—=k
k=0,1,2,- -, min{M,n}

Pr{X =k} = ( N

defined as follows.

0 Otherwise

The mathematical expectation and variance of the hypergeometric distribution are given by the following

equations.

N -k

B(X) =np,o*(X) = T

np(l—p) (p=

=SS

Negative Hypergeometric Distribution

Assume that there is a lot of size NN in which M of the NN articles are inferior goods and NN — M articles
are of good quality. Sampling from this lot is continued until n inferior goods are extracted. The negative
hypergeometric distribution probability Pr.{X = k} is defined as the probability of such occurrences that
exactly k goods has been extracted at this time. The probability probability Pr.{X = k} is defined as

follows.
M NN - M
NN -1 k—n M—-—n+1
X
NN NN —-k+1
k-1
PriX =k} = k—1 NN —k
n—1 M—n
= Whenk =n,n+1,n+2,---, NN —M +n
NN
M
0 Otherwise.
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3.2 CONTINUOUS DISTRIBUTIONS

3.2.1 ASL_dlcdno, ASL_rlcdno
Normal Distribution

(1) Function
For a normal distribution having mean p and variance o2, the ASL_dlcdno or ASL_rledno obtains the

values of the following functions.

(a) probability density function; p.d.f.
1 (z—p)?
= —6_ 202 g > O

(b) cumulative distribution function; c.d.f.

* 1 _=w?
P(x):/ ——e 22 dt (0 >0)

—oo V2O
(c) c.d.f.

_u

—w)?
202 dt (0 >0)

Qo) =1-Pa)= [ ——e
. 2mo
(2) Usage
Double precision:
ierr = ASL_dlcdno (xe, xv, xi, &xo, isw);
Single precision:
ierr = ASL._rlcdno (xe, xv, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 xe D 1 Input | Value of mean p
R
2 XV D 1 Input | Value of variance o2
R
3 xi D 1 Input | Value of random variable x
R
4 X0 D+ 1 Output | Value of the probability density function f(z)
R+ of the normal distribution or of the cumula-
tive distribution function P(x) or Q(z) of the
normal distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(x) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x) for xo
isw=2:0btain the value of the cumulative dis-
tribution function Q(z) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) xv>0.0

(5) Error indicator (Return Value)

ierr value

Meaning

Processing

Normal termination.

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes

(a) From the relational expression P(z) + Q(x) = 1, it is possible to obtain either P(x) or Q(x) from the
other. However, there may be times when cancellation of significant digits occurs, preventing good

(b) A random variable that obeys a normal distribution having parameters p and o is usually represented
When = 0 and o0 = 1, the random variable N(0,1) is called the standard random
variable, and the probability distribution is called the standard normal distribution.

by N(u,0?).

precision from being obtained.
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(7) Example

(a) Problem
Let u = 5.0, 02 = 2.5 and 2 = 3.0 and obtain the values of the probability density function f(z) and

the cumulative distribution functions P(z) and Q(z).

(b) Input data
xe = 5.0, xv = 2.5 and xi = 3.0.

(¢) Main program

/* C interface example for ASL_dlcdno */

#include <stdio.h>
#include <asl.h>

int main()
{

double xe;
double xv;
double xij;
double xo0;
int isw;
int ierr;
xe=5.0;
xv=2.5;
xi=3.0;

printf( " *#x* ASL_dlcdno ***\n" );

printf( "\n ** Input **\n\n" );

printf( "\txe = %8.3g xv = %8.3g xi = %8.3g\n", xe, xv, xi );
printf( "\n ** Output **\n\n" );

isw=0;

ierr = ASL_dlcdno(xe, xv, xi, &xo, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F  =%8.3g\n\n", xo0 );
isw=1;

ierr = ASL_dlcdno(xe, xv, xi, &xo, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(1)=%8.3g\n\n", xo0 );
isw=2;

ierr = ASL_dlcdno(xe, xv, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F(2)=%8.3g\n\n", xo0 );

return O;

}
(d) Output results

**% ASL_dlcdno ***

** Input *x*

xe = 5 xv = 2.5 xi = 3
** Qutput *x*

ierr = 0
Value of P.D.F

0.113
ierr = 0
Value of C.D.F(1)= 0.103

ierr = 0
Value of C.D.F(2)= 0.897
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3.2.2 ASL_dlcdin, ASL_rlcdin
Inverse of Normal Distribution

(1) Function
When given the cumulative distribution function (c.d.f.) P(z) or Q(z) of the normal distribution having
mean g and variance o2, the ASL_dlcdin or ASL_rlcdin obtains the random variable value x at that time.

P(z) and Q(z) are defined by the following equations.

xT 1 t— )2
P(z) :/ e T dt (0> 0)

—oo V27O

_(t=w)?

222 dt (o> 0)

Q(x)zlfp(x):/oo ! e
p 2o
(2) Usage
Double precision:
ierr = ASL_dledin (xe, xv, xi, &xo0, isw);
Single precision:

ierr = ASL._rledin (xe, xv, xi, &xo, isw);
(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
1 xe D 1 Input | Value of mean p
R
2 XV D 1 Input | Value of variance o2
R
3 xi D 1 Input | Value of the cumulative distribution function
R P(z) or Q(z) of the normal distribution.
4 X0 Dx 1 Output | Value of random variable x
R«
5 isw I 1 Input | isw=1: Input the value of P(x) for xi
isw=2: Input the value of Q(z) for xi
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {1,2}
(b) xv>0.0
(¢) 0.0 <xi<10
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi=00o0rxi=1.0 The positive maximum value or negative

minimum value is set for xo.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3500 The maximum number of iterations was The value at that time is returned.

reached before the specified precision was

obtained.

(6) Notes

(a) A random variable that obeys a normal distribution having parameters p and o is usually represented
by N(u,0%). When g = 0 and o = 1, the random variable N(0,1) is called the standard random
variable, and the probability distribution is called the standard normal distribution.

(7) Example

(a) Problem
For y = 5.0 and 02 = 2.5, obtain the values of z for which P(z) = 0.2 and Q(z) = 0.2 occur,

respectively.

(b) Input data
xe = 5.0, xv = 2.5 and xi = 0.2.

(¢) Main program

/* C interface example for ASL_dlcdin */

#include <stdio.h>
#include <asl.h>

int main()
{

double xe;
double xv;
double xij;
double xo0;
int isw;

int ierr;

xe=5.0;
xv=2.5;
xi=0.2;

printf( " *x*x ASL_dlcdin =***\n" );
printf( "\n *x Input **\n\n" );

printf( "\txe = ¥8.3g xv = %8.3g xi = %8.3g\n", xe, xv, xi );

printf( "\n *x Output **\n\n" );

isw=1;

ierr = ASL_dlcdin(xe, xv, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue x Corresponding to P(x)=%8.3g\n\n", xo );
isw=2;

ierr = ASL_dlcdin(xe, xv, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue x Corresponding to Q(x)=%8.3g\n\n", xo );

return O;
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(d) Output results

%% ASL_dlcdin ***
** Input *x*
xe = 5 xv = 2.5 xi = 0.2

*% Qutput *x*

ierr = 0
Value x Corresponding to P(x)= 3.67
ierr = 0
Value x Corresponding to Q(x)= 6.33
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3.2.3 ASL_dlcdbn, ASL_rlcdbn
Bivariate Normal Distribution

(1) Function
For a bivariate normal distribution having means i, ., variances 0,2, 0,? and correlation coefficient p, the
ASL_dlcdbn or ASL_rlcdbn obtains the values of the following functions.

(a) probability density function (p.d.f.)

1 __aQ
- — ¢ 20-9% Op, 0y >0
where,
2 2
— 2 — )y — —
0= L ) 2l pa)y ) /;y) (00,0 > 0)
O Op0y oy

(b) cumulative distribution function; c.d.f.

B(h, ks p) = /}; /]; f(z,y) dudy
(c) c.d.f.
Lnkip) = [ [ fGo) doy

(2) Usage
Double precision:
ierr = ASL_dledbn (xe, ye, xv, yv, xh, yk, rho, &xo, isw);
Single precision:
ierr = ASL._rledbn (xe, ye, xv, yv, xh, yk, rho, &xo, isw);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. | e | Type | s | (P Contents
1 xe D 1 Input | Value of mean p,.
it
2 ye D 1 Input | Value of mean fi,.
it
3 XV D 1 Input | Value of variance o,2.
it
4 yv {D} 1 Input | Value of variance o,
R
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A t and
rgument an Type Size
Return Value

Input/
Output

Contents

5 xh D 1
R

Input

isw=0:Value of random variable z
isw=1:Upper bound h of the integration
range of random variable z

isw=2:Lower bound h of the integration

range of random variable x

Input

isw=0:Value of random variable y
isw=1:Upper bound k of the integration
range of random variable y

isw=2:Lower bound k of the integration

range of random variable y

7 rho D 1
R

Input

Value of correlation coefficient p.

Output

Value of the probability density function
f(z,y) or of the cumulative distribution func-
tion B(h, k;p) or L(h,k;p) of the bivariate

normal distribution.

9 isw I 1

Input

Processing switch

isw=0: Obtain the value of the probability
density function f(z,y) for xo
isw=1:0ODbtain the value of the cumulative dis-
tribution function B(h, k; p) for xo
isw=2:0Obtain the value of the cumulative dis-

tribution function L(h, k; p) for xo

10 ierr I 1

Output

Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) xv,yv > 0.0
(€) ~1.0<p< 1.0
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3500 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.

(6) Notes
None

(7) Example

(a) Problem
Let pp = 1.0,y = 2.0,0,% = 3.0,0y2 =40, =h =50,y =k = 6.0 and p = 0.7 and obtain the
values of the probability density function f(x,y) and the cumulative distribution functions B(h, k; p)
and L(h, k; p).

(b) Input data
xe = 1.0, ye = 2.0, xv = 3.0, yv =4.0, xh =5.0, yk = 6.0 and rho = 0.7.

(¢) Main program

/* C interface example for ASL_dlcdbn */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double xe;
double ye;
double xv;
double yv;
double xhin;
double ykin;
double rho;
double xo0;
int isw;

int ierr;

printf( " *#x* ASL_dlcdbn ***\n" );
printf( "\n ** Input **\n\n" );

xe

ye
XV

o
hndwN-
DUIOOOO

]
tO;

.0;

rho = 0.7;

printf( "\txe
printf( "\tye
printf( "\txv
printf( "\tyv
printf( "\txh
printf( "\tyk
printf( "\trho

%8.3g\n", xe );
%8.3g\n", ye );
%8.3g\n", xv );
%#8.3g\n", yv )
%8.3g\n", xhin );
%8.3g\n", ykin );
%8.3g\n", rho );

isw = 0;
ierr = ASL_dlcdbn(xe, ye, xv, yv, xhin, ykin, rho, &xo, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\t ierr = %6d\n\n", ierr );
printf( "\t P.D.F = %8.3g\n\n", xo0 );
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}

isw = 1;
ierr = ASL_dlcdbn(xe, ye, xv, yv, xhin, ykin, rho, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\t ierr = %6d\n\n", ierr );
printf( "\t C.D.F(1) = %8.3g\n\n", xo0 );

isw = 2;
ierr = ASL_dlcdbn(xe, ye, xv, yv, xhin, ykin, rho, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\t ierr = ’%6d\n\n", ierr );
printf( "\t C.D.F(2) = %8.3g\n\n", xo0 );

return O;

(d) Output results

**%*% ASL_dlcdbn ***

k%

[
=]
g
=]
ot
*
*

xe
ye
XV
yv
xh
yk
rho

~NO OB WN -

*% Qutput *x*
ierr = 0

P.D.F = 0.00387

*% Qutput *x*
ierr = 0

C.D.F(1) = 0.971

** Qutput **
ierr = 0

C.D.F(2) = 0.0044
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3.2.4 ASL_dlcdch, ASL_rlcdch
x? Distribution
(1) Function

For a x? distribution having frequency x? and number of degrees of freedom v, the ASL_dlcdch or ASL_rlcdch
obtains the values of the following functions.

(a) probability density function; p.d.f.

1 1 X2

vV X
FCw) =4 2°1(3)

(b) cumulative distribution function; c.d.f.

2

X .
P(X2|V)=/O —— ()2 'e72dt (0 < x* < )

(c) c.d.f.

(2) Usage
Double precision:
ierr = ASL_dledch (n, xi, &xo, isw);
Single precision:
ierr = ASL._rledch (n, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 n I 1 Input | Value of number of degrees of freedom v
2 xi D 1 Input | Value of frequency x?
R
3 X0 Dx 1 Output | Value of the probability density function
Rx f(x?v) of the x? distribution or of the cu-
mulative distribution function P(x?|v) or
Q(x?|v) of the x? distribution.
4 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(x?|v) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x?|v) for xo
isw=2: Obtain the value of the cumulative
distribution function Q(x?|v) for xo
5 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) isw € {0,1,2}
(b) n>1
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 xi < 0.0 0.0 or 1.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes

(a) From the relational expression P(x2|v)+Q(x?|v) = 1, it is possible to obtain either P(x2|v) or Q(x?|v)
from the other. However, there may be times when cancellation of significant digits occurs, preventing

good precision from being obtained.

(b) The mean and variance of a x? distribution having n degrees of freedom are given by the following

equations.

(¢) If w is the random variable that obeys the standard normal distribution N (0, 1), then the distribution

Bl*(n)] = n,0*[x*(n)] = 2n

of u? is the x? distribution having 1 degree of freedom.
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(d)

If X;(i =1,---,n) are the random variables of an arbitrary sample of size n extracted from a normal

population (N (u,0?)) having mean p and variance o2, the following expressions

Tia(Xi = X)? X — )’

o2 o2

obey x?2 distributions having n — 1 and 1 degrees of freedom respectively, and they are mutuall
Yy X g g p y y y

independent.

(7) Example

(a)

(d)

Problem
Let x2 = 5.0 and v = 2 and obtain the values of the probability density function f(x?|v) and the
cumulative distribution functions P(x?|v) and Q(x?|v).

Input data

xi = 5.0 and n = 2.
Main program

/* C interface example for ASL_dicdch */

#include <stdio.h>
#include <asl.h>

int main()
int n;
double xij;
double xo0;
int isw;
int ierr;

n=2;
xi=5.0;

printf( " *#x* ASL_dlcdch ***\n" );

printf( "\n ** Input **\n\n" );

printf( "\tn = %6d xi = %8.3g\n", n, xi );
printf( "\n *x Output **\n\n" );

isw=0;

ierr = ASL_dlcdch(n, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F  =/8.3g\n\n", xo0 );
isw=1;

ierr = ASL_dlcdch(n, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(1)=%8.3g\n\n", xo0 );
isw=2;

ierr = ASL_dlcdch(n, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(2)=%8.3g\n\n", xo0 );

return O;

}
Output results

*x*x ASL_dlcdch **x
** Input **

n = 2 xi = 5
*% Qutput *x*

ierr = 0
Value of P.D.F = 0.041

ierr = 0
Value of C.D.F(1)= 0.918

ierr = 0
Value of C.D.F(2)= 0.0821
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3.2.5 ASL_dlcdic, ASL_rlcdic
Inverse of x? Distribution

(1) Function
When given the cumulative distribution function (c.d.f.) P(x?|v) or Q(x?|v) of the x? distribution for which
the number of degrees of freedom is v, the ASL_dlcdic or ASL_rlcdic obtains the frequency x? at that time.
P(x?|v) and Q(x?|v) are defined by the following equations.

2

X 1 v ¢
P(x*|v) = / p—" ()27 te72dt (0 < x* < o0)
0 22F(§)

(2) Usage
Double precision:
ierr = ASL_dledic (n, xi, &xo0, isw);
Single precision:
ierr = ASL_rledic (n, xi, &xo, isw);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. retment ai Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v
2 xi D 1 Input | Value of the cumulative distribution function
R P(x*|v) or Q(x?|v) of the x? distribution.
3 X0 D+ 1 Output | Value of frequency x?
Rx
4 isw I 1 Input | isw=1: Input the value of P(x?|v) for xi
isw=2: Input the value of Q(x?|v) for xi
5 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {1,2}
(b) n>1
(¢) 0.0 <xi< 10
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(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 xi=0.0 or xi=1.0 0.0 or the positive maximum value is set
for xo.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3500 The maximum number of iterations was The value at that time is returned.

reached before the specified precision was

obtained.

4000 An error occurred in function 3.2.4 Processing is aborted.
ASL_dlcdch

ASL_rledeh [

(6) Notes

(a)

The mean and variance of a y? distribution having ndegrees of freedom are given by the following
equations.

E[X*(n)] = n,0*[x*(n)] = 2n
If w is the random variable that obeys the standard normal distribution N (0, 1), then the distribution
of u? is the x? distribution having 1 degree of freedom.

If X;(i=1,---,n) are the random variables of an arbitrary sample of size n extracted from a normal

population (N (u,0?)) having mean p and variance o2, the following expressions

Z?:l(Xi - 7)2 and ”(Y - N)Q

o2 o2

obey x? distributions having n — 1 and 1 degrees of freedom respectively, and they are mutually

independent.

(7) Example

(a)

(b)

Problem
For v = 2, obtain the values of x? for which P(x?|v) = 0.2 and Q(x?|v) = 0.2 occur, respectively.

Input data
xi =0.2 and n = 2.

(¢) Main program

/* C interface example for ASL_dlcdic */

#include <stdio.h>
#include <asl.h>

int main()

{ .
int n;
double xij;
double xo0;
int isw;
int ierr;

n=2;
xi=0.2;

printf( " *#x* ASL_dicdic ***\n" );
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printf( "\n ** Input **\n\n" );

printf( "\tn = %6d xi = %8.3g\n", n, xi );

printf( "\n ** Qutput **\n\n" );

isw=1;

ierr = ASL_dicdic(n, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue x Corresponding to P(x,n)=%8.3g\n\n", xo );
isw=2;

ierr = ASL_dlcdic(n, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue x Corresponding to Q(x,n)=%8.3g\n\n", xo );

return O;

}
(d) Output results

*xx ASL_dlcdic *x*x*
** Input *x*

n = 2 xi = 0.2
*% Output *x*

ierr = 0
Value x Corresponding to P(x,n)=  0.446

ierr = 0
Value x Corresponding to Q(x,n)= 3.22
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3.2.6 ASL_dlcdnc, ASL_rlcdnc
Noncentral y? Distribution
(1) Function

For a noncentral x? distribution in which the frequency x? value is z, the number of degrees of freedom is
v, and the noncentrality parameter is A, the ASL_dlcdnc or ASL_rlcdnc obtains the values of the following

functions.

(a) probability density function; p.d.f.

JRNCES SO Ak

7 >0

Flzlv,\) = 2% kgo LT (% + k) (z>0)
0 (x <0)

(b) cumulative distribution function; c.d.f.

o0
2

-2/ A\k T
e 2(3) e
S e wso)
272 -

t(v+22k) 1 _t

P(z|lv,\) =< k=0 I( )
0 (z <0)
(c) c.d.f.
) 1=P(zlv,A) (z>0)
Qaly, ) = { e a2
(2) Usage

Double precision:

ierr = ASL_dledne (n, xl, xi, &=xo0, isw);
Single precision:

ierr = ASL.rledne (n, x1, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 n I 1 Input | Value of number of degrees of freedom v.
2 x1 D 1 Input | Value of noncentrality parameter \.
i
3 xi D 1 Input | Value of frequency x2.
il
4 X0 Dx 1 Output | Value of the probability density function
{R*} f(z|v,\) or of the cumulative distribution
function P(z|v,\) or Q(z|v,\) of the x?
distribution.
5 isw I 1 Input | Processing switch
isw=0:0Obtain the value of the probability
density function f(x|v,\) for xo
isw=1:Obtain the value of the cumulative dis-
tribution function P(x|v, A) for xo
isw=2:0ODbtain the value of the cumulative dis-
tribution function Q(x|v, A) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}

(b)y n>1

(¢) x1>0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 xi < 0.0 0.0 or 1.0 is set for xo.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) or (c) was not satisfied.

3500 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.
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(6) Notes

(a) If the number of degrees of freedom v or the noncentrality parameter A is greater than or equal to

1000, the function value may not be obtained.

rom the relational expression P(x|v, A) + Q(x|v, = 1, it i1s possible to obtain either v, or
b) F he relational ion P A A 1, it i ibl btain either P A
Q(z|v, ) from the other. However, there may be times when cancellation of significant digits occurs,

preventing good precision from being obtained.

(c) The mean and variance of a noncentral x? distribution having degrees of freedom v and noncentrality

parameter A are given by the following equations.
BN =a , o*[*(» )] = 2a(1 +b)
Here, a and b are as follows.

A
— h—
a=v-+\, Y

(d) A noncentral x? distribution having noncentrality parameter A = 0.0 matches a x? distribution.

(e) If X;(i = 1,---,n) are the random variables extracted from a normal population (N;(u;,0;2 = 1))

having mean p; and variance o;2 = 1, respectively, and if Z is defined as follows,

Z:in
1=0

then Z obeys a noncentral x? distribution having degrees of freedom n and noncentrality parameter

A, where A is given by the following equation.

(7) Example

(a) Problem
Let v = 2, A = 1.0, and 2 = 5.0 and obtain the values of the probability density function f(z|v, ),

and of the cumulative distribution functions P(z|v, A) and Q(x|v, A).

(b) Input data
n=2 xI=1.0 and xi =5.0.
(¢) Main program

/* C interface example for ASL_dlcdnc */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;
double x1;
double xij;
double xo0;
int isw;
int ierr;

printf( " *x*% ASL_dlcdnc ***\n" );
printf( "\n *x Input **\n\n" );

n = 2;
x1 =1
xi = 5.0;
printf( "\tn = %6d\n", n );

printf( "\txl = %8.3g\n", x1 );
printf( "\txi %8.3g\n", xi );

.0;
.0;
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isw = 0;
ierr = ASL_dicdnc(n, x1, xi, &xo, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of P.D.F = ¥8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dlcdnc(n, x1, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(1) = %8.3g\n\n", xo0 );

isw = 2;
ierr = ASL_dlcdnc(n, x1, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(2) = %8.3g\n\n", xo );

return O;

}
(d) Output results

***x ASL_dlcdnc ***
*% Input *%

= 2

MM B

1
i

** Qutput *x*
ierr = 0

Value of P.D.F = 0.0672

*% Qutput *x*

ierr = 0

Value of C.D.F(1) = 0.811
*% Qutput *x*

ierr = 0

Value of C.D.F(2) = 0.189
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3.2.7 ASL_dlcdix, ASL_rlcdix
Inverse Noncentral y? Distribution

(1) Function
Given the cumulative distribution function (c.d.f.) P(z|v,\) or Q(x|v,\) of a noncentral x? distribution
for which the number of degrees of freedom is v and the noncentrality parameter is A, the ASL_dlcdix or
ASL _rlcdix obtains the value x of the frequency x? at that time. P(x|v, \) and Q(z|v, \) are defined by the

following equations.

(wt2k) 1 ¢t

oo A A\Ek T

e 2(—) pl e 2

P(z|v, ) = g 2 / dt (0 <z <)
P 0 2u+22kF(V+2k)

2

Q(zlv,\) =1—P(z|y,A\) (0 <z < 0)

(2) Usage
Double precision:
ierr = ASL_dlcdix (n, xl, xi, &xo0, isw);
Single precision:

ierr = ASLrledix (n, x1, xi, &xo, isw);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v.
2 x1 D 1 Input | Value of noncentrality parameter .
R
3 xi D 1 Input | Value of the cumulative distribution function
R P(z|v, ) or Q(z|v, \).
4 X0 Dx 1 Output | Value of frequency x?2.
Rx
5 isw I 1 Input | Processing switch
isw=1:Enter the value of the cumulative dis-
tribution function P(x|v, A) for xi
isw=2:Enter the value of the cumulative dis-
tribution function Q(z|v, A) for xi
6 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi=0.0o0rxi=1.0 0.0 or the maximum value is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) or (c) was not satisfied.
3020 Restriction (d) was not satisfied.
3500 The upper bound could not be found by The maximum value is set for xo.

the bisection method.

3600 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was

obtained.

4000 An error occurred in function 3.2.6 Processing is aborted.
ASL_dlcdnc

ASL_rledne -

(6) Notes

(a) The mean and variance of a noncentral x? distribution having degrees of freedom v and noncentrality

parameter A are given by the following equations.
E[X,2(V, N=a, o [X/Z(u, A)] =2a(1+0b)

Here, a and b are as follows.

A

a v+ s B

(b) A noncentral x? distribution having noncentrality parameter A = 0.0 matches a x? distribution.

(c) If X;(i = 1,---,n) are the random variables extracted from a normal population (N;(u;,0;% =

having mean p; and variance 0,2 = 1, respectively, and if Z is defined as follows,

Z= zn: X2
=0

then Z obeys a noncentral x? distribution having degrees of freedom n and noncentrality parameter

A, where A is given by the following equation.
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(7) Example

(a) Problem

Let v = 2 and A = 1.0 and obtain the value of = for which the cumulative distribution functions satisfy

P(z|v,\) = 0.7 and Q(z|v, \) = 0.7.

(b) Input data
n=2,xl=1.0and xi =0.7.

(¢) Main program

/* C interface example for ASL_dlcdix */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int n;
double x1;
double xij;
double xo0;
int isw;
int ierr;

**% ASL_dlcdix ***\n" );
*x Input **\n\n" );

printf( "
printf( "\n

i.O;
0.7;

x1
xi

printf( "\tn = %6d\n", n );
printf( "\txl = %8.3g\n", x1 );
printf( "\txi %8.3g\n", xi );

isw = 1;
ierr = ASL_dlcdix(n, x1, xi, &xo, isw);

printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of x corresponding to P(x;n,x1) = xi

isw = 2;
ierr = ASL_dicdix(n, x1, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of x corresponding to Q(x;n,x1)

return O;

}
(d) Output results

%k ASL_dlcdix **x*
** Input *x*
n = 2

x1
xi

1
0.7

*% Qutput *x*

ierr = 0

Value of x corresponding to P(x;n,x1)

** Qutput *x*

ierr = 0

Value of x corresponding to Q(x;n,x1)

xi
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3.2.8 ASL_dlcdtb, ASL_rlcdtb
t Distribution

(1) Function
For a t distribution having frequency ¢ and number of degrees of freedom v, the ASL_dlcdtb or ASL_rledtb

obtains the values of the following functions.

(a) probability density function; p.d.f.

F(V J2r 1)
f(””) = v 2 o
vVﬂr(g)(l + ;) z
(b) cumulative distribution function; c.d.f.
1
¢
P(tlv) = / PR
V() (1 )
2 v
(c) c.d.f
v+1
o I'( 5 )
Q(t|V) - / 14 .%'2 v41 dx
bVl + )7
(2) Usage

Double precision:

ierr = ASL_dlcdtb (n, ti, &to, isw);
Single precision:

ierr = ASL_rlcdtb (n, ti, &to, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v
2 ti D 1 Input | Value of frequency ¢
R
3 to Dx 1 Output | Value of the probability density function
R f(tlv) of the t distribution or of the cumu-
lative distribution function P(t|v) or Q(t|v)
of the ¢ distribution.
4 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(t|v) for to
isw=1: Obtain the value of the cumulative
distribution function P(t|v) for to
isw=2: Obtain the value of the cumulative
distribution function Q(t|v) for to
5 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>1
(b) iswe{0, 1, 2}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
4000 An overflow occurred during the calcula-
tion (when (isw=0).

(6) Notes

(a) If u is the random variable that obeys the standard normal distribution N(0,1), x? is the random
variable that obeys the x2 distribution having v degrees of freedom, and v and x? are mutually
independent, then the distribution of the random variable ¢ given by the following equation obeys ¢
distribution having v degrees of freedom.

u
t =

X2
1%
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(7) Example

(a) Problem
Let t=5.0 and v=2 and obtain the values of the probability density function f(¢|v) and the cumulative
distribution functions P(t|v) and Q(t|v).

(b) Input data

ti=5.0 and n=2.
(¢) Main program

/* C interface example for ASL_dlcdtb */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;
double tij;
double to;
int isw;
int ierr;

n
ti = 5.0;

printf( " *x% ASL_dlcdtb **x\n" );
printf( "\n ** Input **\n\n" );

%6d\n", n );
%6.3g\n", ti );

printf( "\tn
printf( "\tti

printf( "\n ** Output **\n\n" );

isw = 0;

ierr = ASL_dicdtb(n, ti, &to, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F. = %8.3g\n\n", to );

isw = 1;

ierr = ASL_dicdtb(n, ti, &to, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F.(1) = %8.3g\n\n", to );
isw = 2;

ierr = ASL_dicdtb(n, ti, &to, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F.(2) = %8.3g\n", to );

return O;

}
(d) Output results

%% ASL_dlcdtb **x*
** Input *x*

2
5

n
ti

*% Output *x*

ierr = 0
Value of P.D.F. = 0.00713
ierr = 0
Value of C.D.F.(1) = 0.981
ierr = 0
Value of C.D.F.(2) = 0.0189
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3.2.9 ASL_dlcdit, ASL_rlcdit
Inverse of ¢ Distribution
(1) Function
When given the cumulative distribution function (c.d.f.) P(t|v) or Q(t|v) of the t distribution for which

the number of degrees of freedom is v, the ASL_dlcdit or ASL_rlcdit obtains the frequency t at that time.
P(t|lv) and Q(t|v) are defined by the following equations.

v+1

(2) Usage
Double precision:
ierr = ASL_dlcdit (n, ti, &to, isw);
Single precision:
ierr = ASL_rledit (n, ti, &to, isw);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v
2 ti D 1 Input | Value of the cumulative distribution function
R P(t|v) or Q(t|v) of the t distribution.
3 to D+ 1 Output | Value of frequency ¢
Rx
4 isw I 1 Input | isw=1: Input the value of P(t|v) for ti
isw=2: Input the value of Q(t|v) for ti
5 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0.0<ti<1.0
(b) n>1
(c) iswe{l, 2}
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 ti=0.0 was specified. Processing continues with the negative

minimum value or positive maximum

value set for to.

1100 ti=1.0 was specified. Processing continues with the positive
maximum value or negative minimum

value set for to.

3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
3200 Restriction (c) was not satisfied.

(6) Notes

(a) To obtain the percentage point for a two-tailed probability of a ¢ distribution, assign a value that is
1/2 of the two-tailed probability for p.

(b) If u is the random variable that obeys the standard normal distribution N(0,1), x? is the random
variable that obeys the x? distribution having v degrees of freedom, and u and x? are mutually
independent, then the distribution of the random variable ¢ given by the following equation obeys ¢
distribution having v degrees of freedom.

u
t =

X2

(7) Example

(a) Problem
For v=2, obtain the values of ¢ for which P(¢|v)=0.2 and Q(t|v)=0.2 occur, respectively.

(b) Input data

ti=0.2 and n=2.
(¢) Main program

/* C interface example for ASL_dlcdit */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;

double tij;

double to;

int isw;

int ierr;

n = 2;

ti = 0.2;

printf( " %+ ASL_dlcdit ***\n" );
printf( "\n ** Input **\n\n" );

%6d\n", n );
%8.3g\n", ti );

printf( "\tn
printf( "\tti

printf( "\n ** Output **\n\n" );

isw = 1;

ierr = ASL_dlcdit(n, ti, &to, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue t corresponding to P(x,n) = %8.3g\n\n", to );

100



ASL_dlcdit, ASL_rlcdit
Inverse of t Distribution

isw = 2;

ierr = ASL_dicdit(n, ti, &to, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue t corresponding to Q(x,n) = %8.3g\n", to );

return O;

}
(d) Output results

sk ASL_dlcdit ***
*k Input *%

2
0.2

n
ti

** Qutput **

ierr = 0
Value t corresponding to P(x,n) = -1.06
ierr = 0
Value t corresponding to Q(x,n) = 1.06
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3.2.10 ASL_dlcdnt, ASL_rlcdnt
Noncentral ¢ Distribution

(1) Function
For a noncentral ¢ distribution in which the frequency is ¢, the number of degrees of freedom is v, and the

noncentrality parameter is d, the ASL_dlcdnt or ASL_rlcdnt obtains the values of the following functions.

(a) probability density function; p.d.f.

v o) o0
vie 'z v+k+1.6% 22 &
f(t|V75): [ ZF( )_( 2)2
v = 2 Kl v+t
VIT(Z) (v +t%) 2 k=0
(b) cumulative distribution function; c.d.f.
t v _ﬁ oo k 2
vze 2 v+k+1.6 2x k
P(t) = | o S T

> \/EP(%)(V +2%) % k=0
(c) c.d.f.
Q(t|v,d) =1— P(t|v,0)

(2) Usage
Double precision:
ierr = ASL_dlcdnt (n, del, xi, &xo, isw);
Single precision:
ierr = ASL._rlednt (n, del, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v.
2 del D 1 Input | Value of noncentrality parameter ¢
R
3 xi D 1 Input | Value of frequency ¢
R
4 X0 Dx 1 Output | Value of the probability density function
R f(tlv,6) or of the cumulative distribution
function P(t|v,d) or Q(t|v,d) of the ¢
distribution.
5 isw I 1 Input | Processing switch
isw=0:0Obtain the value of the probability
density function f(t|v,d) for xo
isw=1:Obtain the value of the cumulative dis-
tribution function P(t|v,d) for xo
isw=2:0ODbtain the value of the cumulative dis-
tribution function Q(t|v,d) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) n>1
(c) del > 0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi <0.0 0.0 or 1.0 is set for xo.
2000 When isw = 0, a solution having sufficient The value of probability density function
precision could not be found. at that time is returned.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) or (¢) was not satisfied.
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(6) Notes

(a) From the relational expression P(t|v,d) + Q(t|v,d) = 1, it is possible to obtain either P(t|v,d) or
Q(t|v,6) from the other. However, there may be times when cancellation of significant digits occurs,

preventing good precision from being obtained.

(b) A noncentral ¢ distribution having noncentrality parameter § = 0.0 matches a ¢ distribution.
(7) Example

(a) Problem
Let v =2, § = 1.0 and = = 5.0 and obtain the values of the probability density function f(¢|v,d) and

of the cumulative distribution functions P(t|v,d) and Q(t|v,d).

(b) Input data
n =2, del =1.0 and xi = 5.0.

(¢) Main program

/* C interface example for ASL_dlcdnt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int n;
double del;
double xij;
double xo0;
int isw;
int ierr;

printf( " *x% ASL_dlcdnt ***x\n" );
printf( "\n ** Input **\n\n" );

n = 2;

del = 1.0;
xi = 5.0;

printf( "\tn = %6d\n", n );
printf( "\tdel %8.3g\n", del );
printf( "\txi %8.3g\n", xi );

isw = 0;

ierr = ASL_dlcdnt(n, del, xi, &xo, isw);
printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of P.D.F = ¥8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dlcdnt(n, del, xi, &xo, isw);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(1) = %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dlcdnt(n, del, xi, &xo, isw);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(2) = %8.3g\n\n", xo0 );

return O;

}
(d) Output results

**%*k ASL_dlcdnt ***

** Input *x*

n = 2
del = 1
xi = 5
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** Qutput **
ierr = 0

Value of P.D.F = 0.0253

*% Output *x*

ierr = 0

o
]
~
—
-~
n
o
©
w

Value of C.

*% Output *x*
ierr = 0

Value of C.D.F(2) = 0.0698
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3.2.11 ASL_dlcdis, ASL_rlcdis

(1)

(3)

Inverse Noncentral ¢ Distribution

Function

Given the cumulative distribution function (c.d.f.) P(t|v,d) or Q(t|v,d) of a noncentral ¢ distribution for
which the number of degrees of freedom is v and the noncentrality parameter is ¢, the ASL_dlcdis or
ASL_rledis obtains the value of the frequency ¢ at that time. P(t|v,d) and Q(t|v,d) are defined by the
following equations.

t 5 E+1.6F 222
P(t|V76) :/ v (U+1) Z V+2+ k'(yfx2)§dl'
—oo \/EF( )(V+x2) :

Q(t|v,0) =1— P(t|v,0)

Usage
Double precision:

ierr = ASL_dlcdis (n, del, xi, &xo, isw);
Single precision:

ierr = ASL_rlcdis (n, del, xi, &xo, isw);

Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEIHent aty Type Size nput/ Contents
Return Value Output
n I 1 Input | Value of number of degrees of freedom v.
2 del D 1 Input | Value of noncentrality parameter 4.
R
3 xi D 1 Input | Value of the cumulative distribution function
R P(t|v,d) or Q(t|v,0) of the t distribution.
4 X0 Dx 1 Output | Value of frequency t.
Rx
5 isw I 1 Input | Processing switch
isw=1:Input the value of the cumulative dis-
tribution function P(t|v, ) for xi
isw=2:Input the value of the cumulative dis-
tribution function Q(¢|v,d) for xi
6 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi=0.0orxi=1.0 The minimum value or the maximum

value is set for xo.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) or (¢) was not satisfied.

3020 Restriction (d) was not satisfied.

3510 The lower bound could not be found by The minimum value is set for xo.

the bisection method.

3520 The upper bound could not be found by The maximum value is set for xo.

the bisection method.

3600 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.

4000 An error occurred in function 3.2.10 Processing is aborted.
{ASL_dlcdnt

ASL_rlednt [

(6) Notes
(a) A noncentral ¢ distribution having noncentrality parameter ¢ = 0.0 matches a ¢ distribution.
(7) Example

(a) Problem
Let v = 2 and § = 1.0 and obtain the value of ¢ for which the cumulative distribution functions satisfy
P(t|v,6) = 0.7 and Q(t|v,d) = 0.7.

(b) Input data
n=2,del =1.0 and xi = 0.7.

(¢) Main program

/* C interface example for ASL_dlcdis */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;
double del;
double xij;
double xo0;
int isw;
int ierr;
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}

printf( " *x% ASL_dlcdis **x\n" );
printf( "\n ** Input **\n\n" );
n = 2;

del = 1.0;

xi = 0.7;

printf( "\tn
printf( "\tdel
printf( "\txi

%6d\n", n );
%8.3g\n", del );
%8.3g\n", xi );

isw = 1;
ierr = ASL_dlcdis(n, del, xi, &xo, isw);

printf( "\n\n ** Output **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of x corresponding to P(x;n,del)=xi
isw = 2;

ierr = ASL_dlcdis(n, del, xi, &xo, isw);

printf( "\n ** Qutput **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of x corresponding to Q(x;n,del)=xi

return O;

(d) Output results

***x ASL_dlcdis ***

** Input *x*

n = 2
del = 1
xi = 0.7

*% Output *x*
ierr = 0

Value of x corresponding to P(x;n,del)=xi : 1.96

** Qutput *x*
ierr = 0

Value of x corresponding to Q(x;n,del)=xi : 0.521
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3.2.12 ASL_dlcdfb, ASL_rlcdfb
F Distribution

(1) Function
For a F distribution having frequency F' and numbers of degrees of freedom v and vy, the ASL_d1cdfb
or ASL_rlcdfb obtains the values of the following functions.

(a) probability density function; p.d.f.

(b) cumulative distribution function; c.d.f.

Y1 vo vy

F 2 z L1
IS VI
P(F|V17V2):/ V111/2 ? vitv dzx
0 B(m,=)(nz+uvy) "2
272
(¢) c.d.f.
oo = Z 8 N
S VN
Q) = [ i e
r 3(577)(1/1171”/2) 2

(2) Usage
Double precision:
ierr = ASL_dledfb (nl, n2, fi, &fo, isw);
Single precision:
ierr = ASL._rledfb (nl, n2, fi, &fo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

as for 32bit Integer}

) nt
" | long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 nl I 1 Input | Number of degrees of freedom v
2 n2 I 1 Input | Number of degrees of freedom vy
3 fi D 1 Input | Value of frequency F'
)
4 fo D+ 1 Output | Value of the probability density function
{R*} f(Flvy, 1) of the F distribution or of the cu-
mulative distribution function P(F|vq,vs) or
Q(F|v1,v2) of the F distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(F|v1,vs) for fo
isw=1: Obtain the value of the cumulative
distribution function P(F|vy,vs) for fo
isw=2: Obtain the value of the cumulative
distribution function Q(F|v1,vs) for fo
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) £>0.0
(b) n1>1, n2>1
(c) iswe{0, 1, 2}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
2000 n1>2000, n2>2000 (when isw=0) Processing terminated, but the precision
of the solution is low.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
3200 Restriction (c) was not satisfied.
4000 |B(%, % )| <(Positive minimum value)
(when isw=0)
4100 An error occurred in the step for obtain-
ing the beta function value. (when isw=0)
4200 An overflow occurred during the calcula-
tion. (when isw=0)
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(6) Notes

(a) If x? and x2 are the random variables that obey the x? distribution having v1 and v, degrees of freedom
respectively and x? and x3 are mutually independent, then the distribution of the random variable F

given by the following equation obeys F' distribution having v and vy degrees of freedom.

v

F =

SEls

(7) Example

(a) Problem
Let F=5.0, v1=2 and v»,=2 and obtain the values of the probability density function f(F|v1,vs) and
the cumulative distribution functions P(F|vq,ve) and Q(F|v1,vs).

(b) Input data
fi=5.0, n1=2 and n2=2.
(¢) Main program

/* C interface example for ASL_dlcdfb */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int ni;
int n2;
double fi;
double fo;
int isw;
int ierr;

nl
n2
fi

nwnn
TN N

printf( " *#x* ASL_dilcdfb ***\n" );
printf( "\n ** Input **\n\n" );

%6d\n", n1 );
%6d\n", n2 );
%6.3g\n", fi );

printf( "\tnl
printf( "\tn2
printf( "\tfi

printf( "\n *x Output **\n\n" );

isw=0;

ierr = ASL_dilcdfb(nl, n2, fi, &fo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F. = %8.3g\n\n", fo );

isw=1;

ierr = ASL_dicdfb(nl, n2, fi, &fo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F.(1) = %8.3g\n\n", fo );
isw=2;

ierr = ASL_dicdfb(nl, n2, fi, &fo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F.(2) = %8.3g\n", fo );

return O;

}
(d) Output results

*xx ASL_dlcdfb **x*

** Input *x*

nl = 2
n2 = 2
fi = 5

** Qutput **

ierr = 0
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Value of P.D.F. = 0.0278
ierr = 0
Value of C.D.F.(1) = 0.833
ierr = 0
Value of C.D.F.(2) = 0.167
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3.2.13 ASL_d1cdif, ASL_rlcdif
Inverse of F' Distribution

(1) Function
When given the cumulative distribution function (c.d.f.) P(F|vy,v2) or Q(F|v1,v2) of the F distribution for
which the numbers of degrees of freedom are vy and o, the ASL_dlcdif or ASL_rlcdif obtains the frequency
F at that time. P(F|v1,v2) and Q(F|v1,va) are defined by the following equations.

F 2 z -1
[ 2R T2
P(F|V17V2):/ U11V2 ? vitvo dzx
0 B(—,=)(nz+uv) 2
272
) o 3 g
v? v T2
Q(F|V17V2) = / 141 1V2 2 vi+vg dl’
F (—77)(V1I+V2) 2

(2) Usage
Double precision:
ierr = ASL_dledif (nl, n2, fi, &fo, isw);
Single precision:
ierr = ASL._rledif (nl, n2, fi, &fo, isw);
(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
nl I 1 Input | Number of degrees of freedom 1
2 n2 I 1 Input | Number of degrees of freedom o
3 fi D 1 Input | Value of the cumulative distribution func-
{R} tion P(F|v1,v2) or Q(F|vi,va) of the F
distribution.
4 fo Dx 1 Output | Value of frequency F
1
5 isw I 1 Input | isw=1: Assign the value of P(F|vy,vs) for fi
isw=2: Assign the value of Q(F|v1,vs) for fi
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0.0<H<1.0
(b) n1>1, n2>1
(c) iswe{l, 2}
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 fi=0.0 was specified. Processing continues with 0.0 or the pos-

itive maximum value set for fo.

1100 fi=1.0 was specified. Processing continues with the positive

maximum value or 0.0 set for fo.

3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
3200 Restriction (c) was not satisfied.

(6) Notes

(a) If x7 and x2 are the random variables that obey the x? distribution having v1 and v degrees of freedom
respectively and x? and x3 are mutually independent, then the distribution of the random variable F

given by the following equation obeys F' distribution having v, and v degrees of freedom.

F =

N

(7) Example

(a) Problem
For v1=2 and v2=2 obtain the values of F' for which P(F|v1,v2)=0.2 and Q(F|v1,v2)=0.2 occur,
respectively.

(b) Input data
fi=0.2, n1=2 and n2=2.

(¢) Main program

/* C interface example for ASL_dlcdif x*/

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int ni;
int n2;
double fij;
double fo;
int isw;
int ierr;

nl
n2
fi

2;
2;
0.2;

printf( " *x% ASL_dlcdif **x\n" );
printf( "\n ** Input **\n\n" );

printf( "\tnil
printf( "\tn2
printf( "\tfi

%6d\n", ni1 );
%6d\n", n2 );
%8.3g\n", £i );

printf( "\n ** Output **\n\n" );

isw = 1;

ierr = ASL_dicdif(nl, n2, fi, &fo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue t corresponding to P(x,n) = %8.3g\n\n", fo );
isw = 2;

ierr = ASL_dlcdif(nl, n2, fi, &fo, isw);

printf( "\tierr = %6d\n", ierr );
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printf( "\tValue t corresponding to Q(x,n) = %8.3g\n", fo );

return O;

(d) Output results

**kk ASL_dlcdif *x**

** Input *x*

nl = 2
n2 = 2
fi = 0.2

*% Qutput *x*

ierr = 0
Value t corresponding to P(x,n) = 0.25
ierr =

I
IS

Value t corresponding to Q(x,n) =
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3.2.14 ASL_dlcdgm, ASL _rlcdgm
Gamma Distribution

(1) Function
For a gamma distribution having parameters o and (5, the ASL_dledgm or ASL_rlcdgm obtains the values
of the following functions.

(a) probability density function; p.d.f.

o, B) = %xaleﬁx (x> 0;0a,8>0)
0 (x <0;0,8 >0)

(b) cumulative distribution function; c.d.f.

. _ ! Ba a—1_-p
P(x,a,ﬁ)/o F(a)t e Ptdt (o, B> 0)
(¢c) c.d.f.
Qsianf) =1~ Plaiap) = [~ fsete M (.50

(2) Usage
Double precision:
ierr = ASL_dlcdgm (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rledgm (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
1 a D 1 Input | Value of shape parameter «
R
2 b D 1 Input | Value of scale parameter g
R
3 xi D 1 Input | Value of random variable z
R
4 X0 Dx 1 Output | Value of the probability density function
R f(z; a, B) of the gamma distribution or of the
cumulative distribution function P(z;«, )
or Q(z;a, ) of the gamma distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(z;«, ) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x;a, () for xo
isw=2: Obtain the value of the cumulative
distribution function Q(z;«, ) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) a> 0.0
(¢) b>0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi < 0.0 0.0 or 1.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
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(6) Notes

(a) From the relational expression P(z;a, 8) + Q(x;a, ) = 1, it is possible to obtain either P(x;a, ) or
Q(z; «, B) from the other. However, there may be times when cancellation of significant digits occurs,
preventing good precision from being obtained.

(b) The mean and variance of a gamma distribution having parameters o and j are given by the following
equations.

(¢) A gamma distribution for which @ = 1 is an exponential distribution. Also, a distribution for which

the value of « is limited to a positive integer is called an Erlang distribution.
(7) Example

(a) Problem
Let « = 5.0, 8 = 2.0 and « = 3.0 and obtain the values of the probability density function f(z;a, )
and the cumulative distribution functions P(z;«, 8) and Q(z; «, 5).

(b) Input data
a=>5.0,b=2.0and xi = 3.0.

(¢) Main program

/% C interface example for ASL_dicdgm */

#include <stdio.h>
#include <asl.h>

int main()

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*kx ASL_dlcdgm ***\n" );

printf( "\n ** Input **\n\n" );

printf( "\ta = %8.3g b = %8.3g xi = %8.3g\n", a, b, xi );
printf( "\n ** Output **\n\n" );

isw=0;

ierr = ASL_dlcdgm(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F  =%8.3g\n\n", xo );
isw=1;

jerr = ASL_dicdgm(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(1)=%8.3g\n\n", xo );
isw=2;

jerr = ASL_dicdgm(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(2)=%8.3g\n\n", xo );

return O;

}
(d) Output results

*xx ASL_dlcdgm *x**
** Input *x*

a = 5b = 2 xi

]
w

** Qutput **
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ierr = 0
Value of P.D.F = 0.268

ierr = 0
Value of C.D.F(1)= 0.715

ierr = 0
Value of C.D.F(2)= 0.285
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3.2.15 ASL_dlcdig, ASL_rlcdig
Inverse Gamma Distribution

(1) Function
Given the (cumulative distribution function; c.d.f.) P(z;a, ) or Q(z;a, 8) of a gamma distribution having
parameters « and 3, the ASL_dlcdig or ASL_rlcdig obtains the value x of the random variable at that time.
P(z;a, B) and Q(z; e, B) are defined by the following equations.

P(z;a, 8) = /0 ' Fﬁ(z) t*le=Ptdt (o, B> 0)

Qz;a, ) =1— P(z;a,8) = /Oo f:)taleﬁtdt (o, > 0)

r
(2) Usage
Double precision:
ierr = ASL_dlcdig (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcdig (a, b, xi, &xo, isw);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEIHent aty Type Size nput/ Contents
Return Value Output
1 a D 1 Input | Value of shape parameter a.
R
2 b D 1 Input | Value of scale parameter 3.
R
3 xi D 1 Input | Value of the cumulative distribution func-
R tion P(x;a, ) or Q(z;, B) of the gamma
distribution.
4 X0 D+ 1 Output | Value of random variable x.
R
5 isw I 1 Input | Processing switch
isw=1:Input the value of the cumulative dis-
tribution function P(z;a, 8) for xi
isw=2:Input the value of the cumulative dis-
tribution function Q(z; «, 8) for xi
6 ierr I 1 Output | Error indicator (Return Value)

120



ASL_dlcdig, ASL_rlcdig

Inverse Gamma Distribution

(4) Restrictions

(a) isw € {1,2}
(b) a,b > 0.0
(¢) 0.0 <xi< 10

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi=0.0orxi=1.0 If xi = 0.0

When isw=1: 0.0 is set for xo.

When isw=2:The maximum value is set

for xo.
Ifxi=1.0
When isw=1:The maximum value is set
for xo.
When isw=2:0.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3500 The upper bound could not be found by The maximum value is set for xo.
the bisection method.
3600 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.
4000 An error occurred in function 3.2.14 Processing is aborted.
ASL_dlecdgm
ASL_rlcedgm [
(6) Notes
(a) The mean and variance of a gamma distribution having parameters o and 3 are given by the following
equations.
Bli) = 5,0%l] = 5

(b) A gamma distribution with o = 1 is an exponential distribution. A distribution for which the value of

« is limited to positive integers is called an Erlang distribution.
(7) Example

(a) Problem
For a« = 5.0 and 8 = 2.0, obtain the values of = for which the cumulative distribution function
P(z;a,8) = 0.7, or Q(z; e, B) = 0.7, respectively.

(b) Input data
a=>5.0,b=2.0 and xi = 0.7.
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(¢) Main program

/*

C interface example for ASL_dicdig */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

}

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*kx ASL_dlcdig ***\n" );
printf( "\n ** Input **\n\n" );

a 5.0;

b = 2.0;
xi = 0.7;

printf( "\ta
printf( "\tb
printf( "\txi

%8.3g\n", a );
%8.3g\n", b );
%8.3g\n", xi );

isw = 1;

ierr = ASL_dlcdig(a, b, xi, &xo, isw);
printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of x corresponding to
isw = 2;

ierr = ASL_dlcdig(a, b, xi, &xo, isw);
printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of x corresponding to

return O;

(d) Output results

*xx ASL_dlcdig ***

*k Input *%

a
b
X

~N o

i

** Qutput **

ierr = 0

Value of x corresponding to P(x;a,b)

** Qutput **

ierr = 0

Value of x corresponding to Q(x;a,b)

P(x;a,b)

Q(x;a,b)

xi

xi
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3.2.16 ASL_dlcdbt, ASL_rlcdbt
Beta Distribution

(1) Function

For a beta distribution having the two positive numbers a and b as parameters, the ASL_dledbt or
ASL_rlcdbt obtains the values of the following functions.

(a) probability density function; p.d.f.

el —p)b "t (0<z<1;a,6>0
faaby =1 Bap® (7T O<r<bob=0)

0 (x <0,z >1;a,b>0)

(b) cumulative distribution function; c.d.f.

0 (x <05a,b>0)
1 x
P(z;a,b) = Bla b)/o 1 -t tat (0< 2 <1;a,b>0)
1 (x > 1;a,b>0)

(c) c.d.f.

Q(x,a,b) =1 *P(I7a,b)

1 (x <05a,b>0)
1 1
=< — [ 7 —t)btdt 1;a,b
B(a,b)/x ( ) (0 <x<1l;a,b>0)
0 (x > 1;a,b>0)

(2) Usage
Double precision:
ierr = ASL_dlcdbt (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcdbt (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 a D 1 Input | Value of shape parameter a.
R
2 b D 1 Input | Value of shape parameter b.
R
3 xi D 1 Input | Value of random variable x
R
4 X0 D 1 Output | Value of the probability density function
Rx f(z;a,b) or of the cumulative distribution
function P(z;a,b) or Q(z;a,b) of the beta
distribution
5 isw I 1 Input | Processing switch
isw=0:0Obtain the value of the probability
density function f(z;a,b) for xo
isw=1:0ODbtain the value of the cumulative dis-
tribution function P(x;a,b) for xo
isw=2:0btain the value of the cumulative dis-
tribution function Q(z;a,b) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) a,b>0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 xi <0.0o0rxi>1.0 0.0 or 1.0 is set for xo.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3500 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.
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(6) Notes

(a) From the relational expression P(x;a,b) + Q(x;a,b) = 1, it is possible to obtain either P(z;a,b) or
Q(z; a,b) from the other. However, there may be times when cancellation of significant digits occurs,

preventing good precision from being obtained.

(b) The mean and variance of a beta distribution having parameters a and b are given by the following

equations.
ab

Blz] = o Ty

(¢) A beta distribution with ¢ = b = 1 is a uniform distribution on the interval (0, 1).

a
a+b’

(7) Example

(a) Problem
Let a = 5.0, b = 2.0 and « = 0.3 and obtain the values of the probability density function f(z;a,b)

and the cumulative distribution functions P(z;a,b) and Q(x;a,b).

(b) Input data
a=>5.0,b=2.0 and xi =0.3.

(¢) Main program

/* C interface example for ASL_dlcdbt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*x ASL_dlcdbt ***\n" );
printf( "\n *x Input **\n\n" );

a 5.0;
b = 2.0;
xi = 0.3;

printf( "\ta
printf( "\tb
printf( "\txi

%8.3g\n", a );
%8.3g\n", b );
%8.3g\n", xi );

isw = 0;
ierr = ASL_dlcdbt(a, b, xi, &xo, isw);

printf( "\n\n ** Output **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of P.D.F = ¥8.3g\n\n", xo0 );
isw = 1;

ierr = ASL_dlcdbt(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of C.D.F(1) = %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dicdbt(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(2) = %8.3g\n\n", xo );

return O;

125



ASL_dlcdbt, ASL_rlcdbt
Beta Distribution

(d) Output results

***x ASL_dlcdbt ***

** Input *x*

a
b
X

wN o

i

*% Output *x*
ierr = 0

Value of P.D.F = 0.17

*% Qutput *x*

ierr = 0

Value of C.D.F(1) = 0.0109
** Qutput **

ierr = 0

Value of C.D.F(2) = 0.989
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3.2.17 ASL_dlcdib, ASL_rlcdib
Inverse Beta Distribution

(1) Function
Given the (cumulative distribution function; c.d.f.) P(x;«,8) or Q(z;a, 8) of a beta distribution having
positive parameters a and b, the ASL_dlcdib or ASL_rlcdib obtains the value = of the random variable at
that time. P(x;a, ) and Q(z; «, 8) are defined by the following equations.

0 (x <0;a,b>0)
1 x
1 (x > 1;a,b>0)

Q(z;a,b) =1— P(z;a,b)

1 (x <05a,b>0)
1 o0
= ——— [ a0t tdt (0 La,b>0
s = (0<o<teb>0
0 (x> 1;a,b>0)

(2) Usage
Double precision:
ierr = ASL_dlcdib (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rledib (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 a D 1 Input | Value of shape parameter a.
R
2 b D 1 Input | Value of shape parameter b.
R
3 xi D 1 Input | Value of the cumulative distribution func-
R tion P(x;a,b) or Q(wz;a,b) of the beta
distribution.
4 X0 Dx 1 Output | Value of random variable x.
R«
5 isw I 1 Input | Processing switch
isw=1:Input the value of the cumulative dis-
tribution function P(z;a,b) for xi
isw=2:Input the value of the cumulative dis-
tribution function Q(z;a,b) for xi
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {1,2}
(b) a,b>0.0
(¢) 0.0 <xi< 10

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi =0.0 or xi =1.0 0.0 or 1.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3600 The maximum number of iterations was The value at that time is returned.
reached before the specified precision was
obtained.
4000 An error occurred in the function 3.2.16 Processing is aborted.
ASL_dlcdbt
ASL_rlcdbt |-

128




ASL_dl1cdib, ASL_rlcdib
Inverse Beta Distribution

(6) Notes

(a) The mean and variance of a beta distribution having parameters a and b are given by the following

equations.
ab

Ela] = o'la] = @+ b2@+br1)

(b) A beta distribution with ¢ = b= 1 is a uniform distribution on the interval (0, 1).

a
a+b’

(7) Example

(a) Problem
For a = 5.0 and b = 2.0, obtain the values of z for which the cumulative distribution function
P(z;,8) = 0.7, or Q(x; v, B) = 0.7, respectively.

(b) Input data
a=>5.0,b=2.0 and xi =0.7.

(¢) Main program

/* C interface example for ASL_dlcdib */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*% ASL_dlcdib =**\n" );
printf( "\n ** Input **\n\n" );

5.0;
2.0;
xi = 0.7;
printf( "\ta
printf( "\tb
printf( "\txi

a
b

%#8.3g\n", a );
%8.3g\n", b );
%8.3g\n", xi );

isw = 1;
ierr = ASL_dlcdib(a, b, xi, &xo, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of x corresponding to P(x;a,b) = xi : %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dlcdib(a, b, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of x corresponding to Q(x;a,b) = xi : %8.3g\n", xo0 );

return O;

}
(d) Output results

**%*k ASL_dlcdib ***

** Input *x*

a
b
X

'\II\)O'I

i

*% Output *x*
ierr = 0

Value of x corresponding to P(x;a,b) = xi : 0.818

129



ASL_dl1cdib, ASL_rlcdib
Inverse Beta Distribution

** Qutput **

ierr = 0

Value of x corresponding to Q(x;a,b) = xi :
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3.2.18 ASL_dlcduf, ASL_rlcduf
Uniform Distribution

(1) Function

For a uniform distribution within the interval (a,b), the ASL_dlcduf or ASL_rlcduf obtains the values of

the following functions.
(a) probability density function; p.d.f.

1
—_— <zx<
f(z;a0,0) =4 b—a b<ws?)

0 (x < a,z>Db)

(b) cumulative distribution function; c.d.f.

0 (x <a)
F(z;a,b) = Z:Z (a<z<b)
1 (x >b)

(2) Usage
Double precision:
ierr = ASL_dlcduf (x1, xu, xi, &xo0, isw);
Single precision:

ierr = ASL_rlceduf (x, xu, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 xl D 1 Input | Lower bound a of the interval for the random
R variable x
2 Xu D 1 Input | Upper bound b of the interval for the random
R variable x
3 xi D 1 Input | Value of random variable x
R
4 X0 D 1 Output | Value of the probability density function
Rx f(z;a,b) or the cumulative distribution func-
tion F'(z;a,b) of the uniform distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(x;a,b) for xo
isw=1: Obtain the value of the cumulative
distribution function F'(x;a,b) for xo
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) xl<xu
(b) iswe{0, 1}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
Let a=0.0, b=1.0 and £=0.5 and obtain the values of the probability density function f(z;a,b) and
the cumulative distribution function F'(z;a,b).

(b) Input data
x1=0.0, xu=1.0 and xi=0.5.

(¢) Main program

/* C interface example for ASL_dlcduf */

#include <stdio.h>
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#include <stdlib.h>
#include <asl.h>

int main()
{

double x1;
double xu;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*x ASL_dlcduf =**\n" );
printf( "\n *x Input **\n\n" );

0.0;
1.0;
0.5;

x1
xu
xi

printf( "\txl
printf( "\txu
printf( "\txi

%6.3g\n", x1 );
%6.3g\n", xu );
%6.3g\n", xi );

printf( "\n *x Output **\n\n" );

isw = 0;
ierr = ASL_dlcduf(xl, xu, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. = %8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dlcduf(xl, xu, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n", xo );

return O;

}
(d) Output results

***x ASL_dlcduf s***

*k Input *%

x1 = 0
xu = 1
xi = 0.5

** Qutput **

ierr = 0
Value of P.D.F. = 1
ierr = 0
Value of C.D.F. = 0.5
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3.2.19 ASL_dlcdtr, ASL_rlcdtr
Triangular Distribution

(1) Function
For a triangular distribution, the ASL_dlcdtr or ASL_rledtr obtains the values of the following functions.

(a) probability density function; p.d.f.

_2Ae—a)
F(xia,b,c) (bg(a)_(c—)a) (a<z<b)
o —ae—pn b<rs9
0 (17 <a,r> C)
(b) cumulative distribution function; c.d.f.
0 v
_(@—a? o
F(z;a,b,0) = (b—a)gc:agz <z <)
ooy b<z=sd
! (z > c)

(2) Usage
Double precision:
ierr = ASL_dledtr (a, b, ¢, xi, &xo, isw);
Single precision:
ierr = ASLrlcedtr (a, b, ¢, xi, &xo, isw);

134



ASL_dlcdtr, ASL_rlcdtr
Triangular Distribution

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. & Type Size put/ Contents
Return Value Output
1 a 1 Input | x coordinate of the left end of the triangular
distribution. (See Notes (a))
2 b 1 Input | z coordinate of the apex of the triangular dis-

tribution. (See Notes (a))

Input | z coordinate of the right end of the triangular
distribution. (See Notes (a))

1 Input | Value of the random variable x

w

o
—N| | | —/—
Y| WU | mO| ® U
AN e e B Vel B Ve

Output | Value of the probability density func-
tion f(x;a,b,c) or the cumulative distribu-

ot
™
@]
—
=
* *
——
—_

tion function F(z;a,b,c) of the triangular
distribution.

—
—

6 isw Input | isw=0: Obtain the value of the probability
density function f(z;a,b,c) for xo
isw=1: Obtain the value of the cumulative

distribution function F'(x;a,b,c) for xo

7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) a<b<c
(b) iswe{0, 1}

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
(6) Notes

(a) Triangle coordinates

a b c
a: x coordinate of the left end of the triangular distribution
b: x coordinate of the apex of the triangular distribution

c: x coordinate of the right end of the triangular distribution
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(7) Example

(a) Problem
Let a=0.0, b=1.0, ¢=2.0 and £=0.5 and obtain the values of the probability density function f(z;a,b,c)
and the cumulative distribution function F(x;a,b,c).

(b) Input data
a=0.0, b=1.0, c=2.0 and xi=0.5.
(¢) Main program

/* C interface example for ASL_dlcdtr */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double a;
double b;
double c;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x* ASL_dlcdtr ***\n" );
printf( "\n ** Input **\n\n" );

a
b

o
e
o

c
xi = 0.5;

printf( "\t a
printf( "\t b
printf( "\t ¢
printf( "\txi

%6.3g\n", a );
%6.3g\n", b );
%6.3g\n", c );
%#6.3g\n", xi );

printf( "\n ** Output **\n\n" );

isw = 0;
ierr = ASL_dlcdtr(a, b, c, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. = %8.3g\n\n", xo );

isw = 1;
ierr = ASL_dlcdtr(a, b, c, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n", xo0 );

return O;

}
(d) Output results

sk ASL_dlcdtr ***
*k Input *k

0

HO0 oW

1
2
X 0.5

*% Output *x*

ierr = 0
Value of P.D.F. = 0.5
ierr = 0
Value of C.D.F. = 0.125
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3.2.20 ASL_dlcdpa, ASL_rlcdpa
Pareto Distribution
(1) Function
For a Pareto distribution having parameters a and b (@ > 1, b > 0), the ASL_dlcdpa or ASL_rlcdpa obtains

the values of the following functions.

(a) probability density function; p.d.f.

T

—al )
f(z;a,b) = (ail)(g) b (z>ba>1,6>0)
0 (x <bja>1,b>0)
(b) cumulative distribution function; c.d.f.

P(z;a,b) = /m f(t;a,b) dt
b

_ I— () (z>bja>1,0>0)
0 (x <bja>1,b>0)

(¢c) c.d.f.
Q(v;a,b) =1~ P(z;a,b)
- { (£)'= (z>bja>1,b>0)

1 (x <bja>1,b>0)

(2) Usage
Double precision:
ierr = ASL_dlcdpa (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcdpa (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No.

Argument and

Return Value

Type Size

Input/
Output

Contents

1

SRTIE

Input

Value of parameter a.

Input

Value of parameter b.

xi

)
i

Input

isw=0:Value of random variable =
isw=1 or 2:Integration range of random vari-
able x

X0 Dx 1
Rx

Output

Value of the probability density function
f(w5a,b)

or of the cumulative distribution function
P(xz;a,b)

or Q(z;a,b) of the Pareto distribution.

isw I 1

Input

Processing switch

isw=0:0Obtain the value of the probability
density function f(z;a,b) for xo

isw=1: Obtain the value of the cumulative
distribution function P(z;a,b) for xo
isw=2:0Obtain the value of the cumulative dis-

tribution function Q(z;a,b)

ierr I 1

Output

Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) a>1.0,b > 0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 xi < b. When isw = 0, xo = 0.0 is set.
When isw = 1, xo = 0.0 is set.
When isw = 2, xo = 1.0 is set.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

(6) Notes
None
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(7) Example

(a) Problem
Let a = 5.0,b = 2.0, and « = 3.0 and obtain the values of the probability density function f(z;a,b)

(b)

and the cumulative distribution functions P(z;a,b) and Q(x;a,b).

Input data
a=>5.0, b=2.0 and x = 3.0.
Main program

/%

C interface example for ASL_dlcdpa */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

}

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " #%% ASL_dlcdpa ***\n" );
printf( "\n *x Input **\n\n" );

a 5.0;
b 2.0;
xi = 3.0;

printf( "\ta
printf( "\tb
printf( "\txi

%8.3g\n", a );
%8.3g\n", b );
%#8.3g\n", xi );

isw = 0;

ierr = ASL_dlcdpa(a, b, xi, &xo, isw);
printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tP.D.F = %8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dlcdpa(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(1) = %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dlcdpa(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(2) = %8.3g\n\n", xo0 );

return O;

(d) Output results

***x ASL_dlcdpa ***

** Input *x*

a 5
b 2
xi 3
*% Qutput *x*

ierr = 0

P.D.F = 0.263

*% Qutput *x*
ierr = 0

C.D.F(1) = 0.802
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** Qutput **
ierr = 0

C.D.F(2) = 0.198
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3.2.21 ASL_dlcdwe, ASL_rlcdwe
Weibull Distribution

(1) Function
For a Weibull distribution having parameters a and b (¢ > 0, b > 0), the ASL_dlcdwe or ASL_rlcdwe
obtains the values of the following functions.

(a) probability density function; p.d.f.

AN zya 1

b ()2 .
f(z;a,b) = a(b) © (0 <wab>0)
0 (r <0;a,b>0)

(b) cumulative distribution function; c.d.f.
P(z;a,b) = /0m f(t;a,b) dt
_ { 1—e )" (0<az;a,b>0)
0 (x <0;a,b>0)
(¢) c.d.f.
Q(z;a,b) =1 — P(x;a,b)

B e~ (3" (0 <za,b>0)
B 1 (x <0;a,b>0)
(2) Usage
Double precision:
ierr = ASL_dlcdwe (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcdwe (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D 1 Input | Value of shape parameter a.
i
2 b D 1 Input | Value of scale parameter b.
)
3 xi D 1 Input | isw=0: Value of random variable x
{R} isw=1 or 2: Integration range of random vari-
able x
4 X0 Dx 1 Output | Value of the probability density function
{R*} f(z;a,b) or of the cumulative distribution
function P(x;a,b) or Q(x;a,b) of the Weibull
distribution
5 isw I 1 Input | Processing switch
isw=0:0Obtain the value of the probability
density function f(z;a,b) for xo
isw=1:Obtain the value of the cumulative dis-
tribution function P(x;a,b) for xo
isw=2:0Obtain the value of the cumulative dis-
tribution function Q(z;a,b) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) a>0.0,b > 0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 xi < 0.0 When isw = 0, xo = 0.0 is set.
When isw = 1, xo = 0.0 is set.
When isw = 2, xo = 1.0 is set.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

(6) Notes
None
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(7) Example

(a) Problem
Let a = 5.0,b = 2.0, and & = 2.0 and obtain the values of the probability density function f(z;a,b)
and the cumulative distribution functions P(z;a,b) and Q(x;a,b).

(b) Input data
a=>5.0, b=2.0 and xi = 2.0.
(¢) Main program

/* C interface example for ASL_dlcdwe */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;

printf( " *x*x ASL_dlcdwe ***\n" );
printf( "\n *x Input **\n\n" );

a 5.0;
b 2.0;
xi = 2.0;

printf( "\ta
printf( "\tb
printf( "\txi

%8.3g\n", a );
%8.3g\n", b );
%#8.3g\n", xi );

isw = 0;

ierr = ASL_dlcdwe(a, b, xi, &xo, isw);
printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tValue of P.D.F = ¥8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dlcdwe(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(1) = %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dicdwe(a, b, xi, &xo, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F(2) = %8.3g\n\n", xo0 );

return O;

}
(d) Output results

%% ASL_dlcdwe ***

** Input *x*

a 5
b 2
xi 2
*% Qutput *x*

ierr = 0

Value of P.D.F = 0.92

*% Qutput *x*
ierr = 0

Value of C.D.F(1) = 0.632
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** Qutput **
ierr = 0

Value of C.D.F(2) = 0.368
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3.2.22 ASL_dlcdex, ASL_rlcdex
Exponential Distribution

(1) Function
For a exponential distribution having parameters A , the ASL_dlcdex or ASL_rlcdex obtains the values of

the following functions.

(a) probability density function; p.d.f.
Xe ™ (z>0;A>0
f(zA) = ( ) )
0 (2<0:A>0)

(b) cumulative distribution function; c.d.f.
P@M%:/‘M”%t(A>m
0
(c) c.d.f.

Q(x;\) =1—P(x;\) = /°° e Mdt (A >0)

(2) Usage
Double precision:
ierr = ASL_dlcdex (b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcdex (b, xi, &xo, isw);

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEUIMEnt atl Type Size nput/ Contents
Return Value Output
1 b D 1 Input | Value of scale parameter A
R
2 xi D 1 Input | Value of random variable z
R
3 X0 Dx 1 Output | Value of the probability density function
Rx f(z; M) of the gamma distribution or of the
cumulative distribution function P(z;A) or
Q(z; \) of the exponential distribution.
4 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(x;\) for xo
isw=1: Obtain the value of the cumulative
distribution function P(z;A) for xo
isw=2: Obtain the value of the cumulative
distribution function @Q(z; \) for xo
5 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) isw € {0,1,2}
(b) b>0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 xi < 0.0 0.0 or 1.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes

(a) The mean and variance of a gamma distribution having parameters A are given by the following
equations.

1 5 1
[z] = 2

(b) A exponential distribution is gamma distribution for which o = 1.
(7) Example

(a) Problem
Let A = 2.0 and = = 1.0 and obtain the values of the probability density function f(x;\) and the
cumulative distribution functions P(z; ) and Q(z; \).

(b) Input data

b = 2.0 and xi = 1.0.
(¢) Main program

/* C interface example for ASL_dlcdex */

#include <stdio.h>
#include <asl.h>

int main()
{

double b;
double xij;
double xo0;
int isw;
int ierr;
b =2.0;
xi=1.0;

printf( " **x* ASL_dlcdex ***\n" );
printf( "\n ** Input **\n\n" );
printf( "\tb %8.3g \n", b );
printf( "\txi = ¥8.3g \n", xi );
printf( "\n");

isw=0;

ierr = ASL_dicdex(b, xi, &xo, isw);
printf( "\n ** OQutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tP.D.F =%8.3g\n\n", xo0 );

isw=1;
ierr = ASL_dlcdex(b, xi, &xo, isw);
printf( "\n ** Qutput **\n\n" );

printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(1)=%8.3g\n\n", xo0 );

isw=2;
ierr = ASL_dicdex(b, xi, &xo, isw);
printf( "\n ** Qutput **\n\n" );

146



ASL_dlcdex, ASL_rlcdex
Exponential Distribution

printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(2)=/8.3g\n\n", xo0 );

return O;

(d) Output results

***x ASL_dlcdex ***
*% Input *%

b
xi

2
1

*% Output *x*
ierr = 0

P.D.F = 0.271

** Qutput **
ierr = 0

C.D.F(1)= 0.865

** Qutput **
ierr = 0

C.D.F(2)= 0.135
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3.2.23 ASL_dlcdgu, ASL_rlcdgu
Gumbel Distribution

(1) Function
For a Gumbel distribution having the parameters a and b (b > 0), the ASL_dlcdgu or ASL_rlcdgu obtains
the values of the following functions.

(a) probability density function; p.d.f.

1l z2-a z—a

f(fl?;chb):ge et

(b) cumulative distribution function; c.d.f.

P(z;a,b) = /m f(t;a,b)dt

(c) c.d.f.

Q(z;a,b) =1— P(z;a,b) = / f(t;a,b)dt

(2) Usage
Double precision:
ierr = ASL_dlcdgu (a, b, xi, &xo, isw);
Single precision:
ierr = ASL._rledgu (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D 1 Input | Value of the location parameter a.
)
2 b D 1 Input | Value of the scale parameter b.
it
3 xi D 1 Input | isw=0:Value of random variable x
{R} isw=1 or 2:Integration range of random vari-
able x
4 X0 Dx 1 Output | Value of the probability density function
{R*} f(z;a,b) or of the cumulative distribution
function P(x;a,b) or Q(x;a,b) of the Gumbel
distribution
5 isw I 1 Input | Processing switch
isw=0 : Obtain the value of the probability
density function f(z;a,b) for xo
isw=1:Obtain the value of the cumulative dis-
tribution function P(x;a,b) for xo
isw=2:0Obtain the value of the cumulative dis-
tribution function Q(z;a,b) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) b>0.0
(b) isw € {0,1,2}

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes
None
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(7) Example

(a) Problem
Let a=1.0, b=2.0 and z=1.5 and obtain the values of the probability density function f(z;a,b) and
the cumulative distribution function P(z;a,b) and Q(x;a,b).

(b) Input data
x1=1.0, xu=2.0 and xi=1.5.

(¢) Main program

/% C interface example for ASL_dicdgu */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double a;

double b;

double xij;

double xo0;

int isw;

int ierr;

printf( " *x*kx ASL_dlcdgu ***\n" );
printf( "\n ** Input **\n\n" );

a 1.0;
b = 2.0;
xi = 1.5;

printf( "\ta = %6.3g\n", a );
printf( "\tb = %6.3g\n", b );
printf( "\txi = %6.3g\n", xi );

printf( "\n ** Output **\n\n" );

isw = 0;
ierr = ASL_dlcdgu(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. = %8.3g\n\n", xo );

isw = 1;
ierr = ASL_dlcdgu(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n\n", xo );

isw = 2;
ierr = ASL_dlcdgu(a, b, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n", xo0 );

return O;

}
(d) Output results

*x% ASL_dlcdgu *+*

** Input *x*

a 1
b 2
xi = 1.5

** Qutput **

ierr = 0
Value of P.D.F. = 0.178
ierr = 0
Value of C.D.F. = 0.723
ierr = 0
Value of C.D.F. = 0.277
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3.2.24 ASL _dlcdld, ASL rlcdld
Logarithmic Distribution
(1) Function

For a logarithmic distribution within the interval (a,b), the ASL_dlcdld or ASL.rlcdld obtains the values
of the following functions.

(a) probability density function; p.d.f.
log x
b(logb — 1) — a(loga — 1)

(b) cumulative distribution function; c.d.f.

f(zia,b) =

P(z;a,b) = /x f(t;a,b)dt

(¢) c.d.f.

b
Qaiah) =1 Plasa,b) = [ fa,e

(2) Usage
Double precision:
ierr = ASL_dledld (x1, xu, xi, &xo, isw);
Single precision:
ierr = ASL_rledld (x1, xu, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 xl D Input | Lower bound a of the interval for the variable
R x
2 Xu D Input | Upper bound b of the interval for the variable
R x
3 xi D Input | Value of the variable z
R
4 X0 D+ Output | Value of the probability density function f(z)
Rx or the cumulative distribution function F'(z)
of the logarithmic distribution.
5 isw I Input | isw=0: Obtain the value of the probability
density function f(x) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x) for xo isw=2: Ob-
tain the value of the cumulative distribution
function Q(x) for xo
6 ierr I Output | Error indicator (Return Value)
(4) Restrictions
(a) 0.0<xl<xu
(b) xl<xi<xu
(c) isw € {0,1,2}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
(6) Notes
None
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(7) Example

(a) Problem
Let a=0.0, b=2.0 and z=1.5 and obtain the values of the probability density function f(z;a,b) and
the cumulative distribution function P(xz;a,b) and Q(x;a,b).

(b) Input data
x1=1.0, xu=2.0 and xi=1.5.
(¢) Main program

/* C interface example for ASL_dlcdld */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double x1;

double xu;

double xij;

double xo0;

int isw;

int ierr;

printf( " *#x* ASL_dlcdld ***\n" );
printf( "\n ** Input **\n\n" );
1.0;
2.0;
1.5

L]
-2
mwnn

2
printf( "\txl

printf( "\txu
printf( "\txi

%6.3g\n", x1 );
%6.3g\n", xu );
%6.3g\n", xi );

printf( "\n ** Output **\n\n" );

isw = 0;
ierr = ASL_dlcdld(xl, xu, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. = %8.3g\n\n", xo0 );

isw = 1;
ierr = ASL_dilcdld(xl, xu, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n\n", xo0 );

isw = 2;
ierr = ASL_dlcdld(xl, xu, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n", xo0 );

return O;

}
(d) Output results

*xk ASL_dlcdld **x*
** Input *x*
x1

xu
xi

AN =

1.

** Qutput **

ierr = 0
Value of P.D.F. = 1.05
ierr = 0
Value of C.D.F. = 0.28
ierr = 0
Value of C.D.F. = 0.72
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3.2.25 ASL_dlcdln, ASL rlcdln
Log-Normal Distribution
(1) Function

For a log-normal distribution having mean e#v'e?” and variance e’ (6‘72 —1), the ASL_dlcdln or ASL_rlcdln
obtains the values of the following functions.

(a) probability density function; p.d.f.
1 _(ma—pm?

flzyp,0) = vV 27 (0>0)

(b) cumulative distribution function; c.d.f.

z 1 (nt—p)?
P(x;p,0) = ———e " 22 dt (60>0
(wiio) = [ (0> 0)
(c) c.d.f.

Q(I;u,O’):].*P(I;‘u,O'):/ tcr\/%e

& 1 _ (nt—p)?

222 dt (0 >0)

(2) Usage
Double precision:
ierr = ASL_dledln (xe, xv, xi, &xo0, isw);
Single precision:
ierr = ASL._rledln (xe, xv, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
1 xe D 1 Input | Value of parameter u
R
2 XV D 1 Input | Value of parameter o2
R
3 xi D 1 Input | Value of random variable z
R
4 X0 D« 1 Output | Value of the probability density function f(x)
R+ of the log-normal distribution or of the cu-
mulative distribution function P(x;u,o) or
Q(z; u,0) of the normal distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(x;u, o) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x;u, o) for xo
isw=2:0Obtain the value of the cumulative dis-
tribution function Q(x; u, o) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) xv > 0.0
(¢) x>0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
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(6) Notes

(a) From the relational expression P(x;u,0) + Q(z; u,0) = 1, it is possible to obtain either P(z;p, o) or
Q(z; p, o) from the other. However, there may be times when cancellation of significant digits occurs,

preventing good precision from being obtained.

(b) When the random variable z obeys a log-normal distribution having mean e*ve°® and variance

¢2¢? (¢” — 1), the random variable In z obeys a normal distribution N (u, o2).

(7) Example

(a) Problem
Let u = 5.0, 02 = 2.5 and 2 = 3.0 and obtain the values of the probability density function f(z;u,o)

and the cumulative distribution functions P(x; u,0) and Q(x; u, o).

(b) Input data

xe = 5.0, xv = 2.5 and xi = 3.0.
(¢) Main program

/* C interface example for ASL_dlcdln */

#include <stdio.h>
#include <asl.h>

int main()

double xe;
double xv;
double xij;
double xo0;
int isw;
int ierr;

xe=5.0;
xv=2.5;
xi=20.08553692318766;

printf( " *x% ASL_dlcdln ***x\n" );
printf( "\n ** Input **\n\n" );

printf( "\txe = 8.3g xv = %8.3g xi = %8.3g\n", xe, xv, xi );

printf( "\n ** Output **\n\n" );
isw=0;
ierr = ASL_dlcdln(xe, xv, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F  =%8.3g\n\n", xo );
;:¥:1; ASL_dilcdln(xe, xv, xi, &xo, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(1)=%8.3g\n\n", xo0 );
;:¥:2; ASL_dlcdln(xe, xv, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F(2)=%8.3g\n\n", xo );

return O;

}
(d) Output results

*%*x ASL_dlcdln ***

*k Input *%

xe = 5 xv = 2.5 xi = 20.1
*% Qutput *x*

ierr = 0

Value of P.D.F = 0.00564

ierr = 0
Value of C.D.F(1)= 0.103

ierr = 0
Value of C.D.F(2)= 0.897
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3.2.26 ASL_dlcdlg, ASL rlcdlg
Logistic Distribution

(1) Function
2 _ 77262

For a logistic distribution having mean « and variance (U ) the ASL_dlcdlg or ASL_rlcdlg obtains

the values of the following functions.

(a) probability density function; p.d.f.

T—a

e B
flaia, ) = ——"—— (3>0)
()
52— 7T2ﬂ2
3
(b) cumulative distribution function; c.d.f.
1
Pz, f) = ———— (8>0)
1+e 77
(c) c.d.f.
1
Qz;a,8) =1=P(a;a,8) = ——— (8>0)
1+e77
(2) Usage

Double precision:

ierr = ASL_dlcdlg (xa, xb, xi, &xo, isw);
Single precision:

ierr = ASLrledlg (xa, xb, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
1 xa D 1 Input | Value of mean «
R
2 xb D 1 Input | Value of parameter g
R
3 xi D 1 Input | Value of random variable x
R
4 X0 D+ 1 Output | Value of the probability density function f(z)
R+ of the logistic distribution or of the cu-
mulative distribution function P(z;«, ) or
Q(z; o, B) of the logistic distribution.

5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(z;«, ) for xo
isw=1:0ODbtain the value of the cumulative dis-
tribution function P(z;cq, ) isw=2:0btain
the value of the cumulative distribution func-
tion Q(z; 0, 8)

6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) xb > 0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes

(a) From the relational expression P(z;a, 8) + Q(x;a, ) = 1, it is possible to obtain either P(x;a, ) or
Q(z; v, B) from the other. However, there may be times when cancellation of significant digits occurs,

preventing good precision from being obtained.
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(7) Example

(a) Problem
Let & = 1.0, 8 = 1.0 and = = 3.0 and obtain the values of the probability density function f(z;«, )

and the cumulative distribution functions P(z;«, 8) and Q(z; o, 8).

(b) Input data
xa = 1.0, xb = 1.0 and xi = 3.0.

(¢) Main program

/% C interface example for ASL_dicdlg */

#include <stdio.h>
#include <asl.h>

int main()
{

double xa;
double xb;
double xij;
double xo0;
int isw;
int ierr;
xa=1.0;
xb=1.0;
xi=3.0;

printf( " #*%x ASL_dlcdlg *x*\n" );
printf( "\n ** Input **\n\n" );

printf( "\txa = %8.3g xb = %8.3g xi = %8.3g\n", xa, xb, xi );

printf( "\n ** Output **\n\n" );

isw=0;

ierr = ASL_dlcdlg(xa, xb, xi, &xo, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F  =%8.3g\n\n", xo0 );
isw=1;

ierr = ASL_dlcdlg(xa, xb, xi, &xo, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F(1)=%8.3g\n\n", xo0 );
isw=2;

ierr = ASL_dlcdlg(xa, xb, xi, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F(2)=%8.3g\n\n", xo0 );

return O;

}
(d) Output results

*xx ASL_dlcdlg ***

*k Input *%

]
w

xa = 1 xb 1 xi
** Qutput *x*

ierr = 0
Value of P.D.F

0.105
ierr = 0
Value of C.D.F(1)= 0.881

ierr = 0
Value of C.D.F(2)= 0.119
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3.2.27 ASL_dlcdcc, ASL_rlcdcc
Cauchy Distribution

(1) Function
For Cauchy distribution having parameters « and g, the ASL_dlcdcc or ASL_rledce obtains the values of

the following functions.

(a) probability density function; p.d.f.
1 p
T |82+ (x —«a)?

(b) cumulative distribution function; c.d.f.

P(x;a,8) = [ F(tia, B) dt

F(wsa, 8) = } (8> 0)

= %Jr%tan*l(x;fa) (B> 0)
(¢c) c.d.f.
Q(‘Tvavﬁ) = 1—P($,a,6)
11, i (r—-a)
= 5—;‘5&1&1 B (ﬂ>0)

(2) Usage
Double precision:
ierr = ASL_dlcdce (a, b, xi, &xo, isw);
Single precision:
ierr = ASL_rlcedce (a, b, xi, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
1 a D 1 Input | Value of parameter a
R
2 b D 1 Input | Value of parameter g
R
3 xi D 1 Input | Value of random variable z
R
4 X0 Dx 1 Output | Value of the probability density function
Rx f(z; «, B) of Cauchy distribution or of the cu-
mulative distribution function P(z;«, ) or
Q(z; a, B) of Cauchy distribution.
5 isw I 1 Input | isw=0: Obtain the value of the probability
density function f(z;«, ) for xo
isw=1: Obtain the value of the cumulative
distribution function P(x;a, () for xo
isw=2: Obtain the value of the cumulative
distribution function Q(z;«, ) for xo
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {0,1,2}
(b) b > 0.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes
None
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(7) Example

(a) Problem
Let o = 2.0, § = 1.0 and = = 3.0 and obtain the values of the probability density function f(z;«, )
and the cumulative distribution functions P(z;«, 8) and Q(z; «, 5).

(b) Input data
a=2.0,b=1.0 and xi = 3.0.

(¢) Main program

/* C interface example for ASL_dlcdcc */

#include <stdio.h>
#include <asl.h>

int main()
{

double a;
double b;
double xij;
double xo0;
int isw;

int ierr;
a =2.0;

b =1.0;
xi=3.0;

printf( " **x* ASL_dlcdcc ***\n" );
printf( "\n ** Input **\n\n" );

%8.3g \n", a );
%8.3g \n", b );
%8.3g \n", xi );

printf( "\ta
printf( "\tb
printf( "\txi
printf( "\n" );

isw=0;
ierr = ASL_dicdcc(a, b, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tP.D.F  =Y8.3g\n\n", xo0 );
isw=1;

ierr = ASL_dlcdcc(a, b, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(1) =%8.3g\n\n", xo0 );

isw=2;
ierr = ASL_dlcdcc(a, b, xi, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tC.D.F(2) =%8.3g\n\n", xo0 );

return O;

}

(d) Output results

**%*% ASL_dlcdcc ***

*k Input *%

a
b
X

o
W N

i

** Qutput **
ierr = 0

P.D.F = 0.159

** Qutput *x*
ierr = 0

C.D.F(1) = 0.75
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*% Output *x*
ierr = 0

C.D.F(2) = 0.25
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3.3 DISCRETE DISTRIBUTIONS

3.3.1

ASL _d1ddbp, ASL r1ddbp
Binomial Distribution and Negative Binomial Distribution

(1) Function

(a)

Binomial Distribution (1)

Given the probability that an event will occur p, the number of trials n, and the number of occur-
rences m, the ASL_d1ddbp or ASL_rlddbp obtains the values of the binomial distribution probability
Ppin(X = m;p,n) and the cumulative distribution function (c.d.f.) Pprn(X < m;p,n) in m occur-
rences, which are defined by the following equations.

n —-m
PBIN(Xm;p,n)<m>pm~q” (gq=1-p)

n n ) _i
Pin(X <mjpn) =Y ( . )p“q"

Binomial Distribution (2)

Given the probability of success in one trial p, the number of trials of independent events n, and the
maximum value for the number of failures m, the ASL_dlddbp or ASL_rlddbp obtains the value of
the probability Qprn(X = m;p,n) of at least (n — m) successes in n trials, which is defined by the

following equation.

Qpin(X =m;p,n) = Ppin(X >n—m;p,n)
n—m—1
n T n—r
=1- Y ( >p~q (g=1-p)
r=0 r

Negative Binomial Distribution
Given the probability of success in one trial p and the number of successes n and number of failures m in
repeated trials, the ASL_d1ddbp or ASL_r1ddbp obtains the values of the negative binomial distribution
probability Pyp(X = m;p,n) and cumulative distribution function (c.d.f.) Pyp(X < m;p,n) in m
failures, which are defined by the following equations.

n+m-—1 n o m
PNB(Xm;p,n)< m )p “q (gq=1-p)

" n+i1—1 n i
PNB(XSm;p,n)Z< : )p q

(2) Usage
Double precision:
ierr = ASL_dlddbp (n, m, pi, &po, isw);
Single precision:
ierr = ASL_rlddbp (n, m, pi, &po, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}
R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Type Size Input/
Return Value Output
n I 1 Input | Variable n
2 m I 1 Input | Variable m

3 pi { D } 1 Input | Probability p

No. Contents

4 po D+ 1 Output | Value of binomial distribution probability

{ } Ppin(X = m;p,n), binomial distribution
cumulative distribution function Pp;y(X <
m; p,n), negative binomial distribution prob-
ability Pyp(X = m;p,n), negative binomial
distribution cumulative distribution function
Py (X < m;p,n) or probability Qprn(X =
m;p,n)

5 isw I 1 Input | Processing switch

isw=1: Obtain the value of the binomial dis-
tribution probability Pgyn(X = m;p,n) for
po

isw=2: Obtain the value of the binomial
distribution cumulative distribution function
Ppin(X < m;p,n) for po

isw=3: Obtain the value of the negative bi-
nomial distribution probability Pyp(X =
m;p,n) for po

isw=4: Obtain the value of the negative bi-
nomial distribution cumulative distribution
function Pyp(X < m;p,n) for po

isw=>5: Obtain the value of the probability
Qpin(X =m;p,n) for po

6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0.0<pi<1.0
(b) n>1

(¢) 0<m<n (when iswe{1, 2, 5})
m>0 (when iswe{3, 4})

(d) iswe{l, 2, 3, 4, 5}
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
3200 Restriction (c) was not satisfied.
3300 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

e Let the probability that an event will occur p=0.3, the number of trials n=10 and the number of

occurrences m=3 and obtain the values of the binomial distribution probability Py (X = m;p,n)

and cumulative distribution function Pprn (X < m;p,n).

Let the probability of success in one trial p=0.3, the number of successes in repeated trials n=10 and
the number of failures in repeated trials m=3 and obtain the values of the negative binomial dis-
tribution probability Pypg(X = m;p,n) and cumulative distribution function Pyg(X < m;p,n).

Let the probability of success in one trial p=0.3, the number of trials of independent events n=10

and the maximum value of the number of failures m=3 and obtain the probability Qpin(X =

m;p,n).

(b) Input data
pi=0.3, n=10 and m=3.

(¢) Main program

/*

C interface example for ASL_diddbp */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int

main()

int n;

int m;
double pi;
double po;
int isw;
int ierr;

10;

m 3;

pi = 0.3;

printf( " *%% ASL_dlddbp ***\n" );
printf( "\n ** Input **\n\n" );

%6d\n", n );
%6d\n", m );
%8.3g\n", pi );

printf( "\n ** Output **\n\n" );

n

printf( "\tn
printf( "\tm
printf( "\tpi

isw = 1;
ierr = ASL_dilddbp(n, m, pi, &po, isw);
printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F. of Binomial Distribution" );

printf( " = %8.3g\n\n", po );

isw = 2;
ierr = ASL_dilddbp(n, m, pi, &po, isw);
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printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. of" );
printf( " Binomial Distribution = %8.3g\n\n", po );

isw = 3;

ierr = ASL_d1ddbp(n, m, pi, &po, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F. of" );

printf( " Negative Binomial Distribution = %8.3g\n\n", po );
isw = 4;

ierr = ASL_dilddbp(n, m, pi, &po, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of C.D.F. of" );

printf( " Negative Binomial Distribution = %8.3g\n\n", po );

isw = 5;

ierr = ASL_d1ddbp(n, m, pi, &po, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of" );

printf( " Binomial Probability = %8.3g\n", po );

return O;

}
(d) Output results

*xx ASL_dlddbp **x*

** Input *x*

n = 10
m = 3
pi = 0.3

** Qutput **

ierr =

Value of P.D.F. of Binomial Distribution = 0.267
ierr =

Value of C.D.F. of Binomial Distribution = 0.617
ierr =

Value of P.D.F. of Negative Binomial Distribution = 0.000446
ierr =

Value of C.D.F. of Negative Binomial Distribution = 0.000652
ierr = 0

Value of Binomial Probability = 0.0106
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3.3.2 ASL_dlddgo, ASL_rlddgo
Geometric Distribution

(1) Function
Given the probability of success in m trial p, the ASL_d1ddbp or ASL_rlddbp obtains the values of the
geometric distribution probability Pyp(X = m;p) and cumulative distribution function (c.d.f.) Pyp(X <
m;p) , which are defined by the following equations.

Pyp(X =m;p)=q¢™ 'p (g=1-p)

m
Pyp(X <m;p) :Z " 'p
1=0

(2) Usage
Double precision:
ierr = ASL_dlddgo (m, pi, &po, isw);
Single precision:
ierr = ASL_rlddgo (m, pi, &po, isw);
(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
m I 1 Input | Variable m
2 pi D 1 Input | Probability p
)
3 po Dx 1 Output | Value of geometric distribution probability
{R*} Pyp(X = m;p), geometric distribution cu-
mulative distribution function Pyp(X <
m; p)
4 isw I 1 Input | Processing switch
isw=1: Obtain the value of the geometric dis-
tribution probability Pg;n (X = m;p) for po
isw=2: Obtain the value of the geometric
distribution cumulative distribution function
Ppin(X < m;p) for po
5 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0.0<pi<1.0
(b) m>0
(c) iswe{l, 2}

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3200 Restriction (b) was not satisfied.
3300 Restriction (c) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
Let the probability that an event will occur p=0.3 and the number of trials m=3 and obtain the
values of the binomial distribution probability Pgrn(X = m;p) and cumulative distribution function
Pprn(X <m;p).

(b) Input data
pi=0.3 and m=3.
(¢) Main program
/* C interface example for ASL_dlddgo */
#include <stdio.h>
#include <stdlib.h>

#include <asl.h>

int main()
{

int m;

double pi;

double po;

int isw;

int ierr;

m = 3;

pi = 0.3;

printf( " #*%x ASL_dlddgo ***\n" );
printf( "\n *x Input **\n\n" )
printf( "\tm = %6d\n", m );
printf( "\tpi = %8.3g\n", pi )
printf( "\n *x Output **\n\n" );

isw = 1;
ierr = ASL_dlddgo(m, pi, &po, isw);
printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. of Geometric Distribution" );
printf( " = %8.3g\n\n", po );
isw = 2;
ierr = ASL_dlddgo(m, pi, &po, isw);
printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. of" );
printf( " Geometric Distribution = %8.3g\n\n", po );

return O;
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(d) Output results

*x*x ASL_dlddgo **x*
** Input *x*

3
0.3

m
pi

*% Output *x*

ierr =

Value of P.D.F. of Geometric Distribution = 0.103
ierr = 0

Value of C.D.F. of Geometric Distribution = 0.76
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3.3.3 ASL_dlddpo, ASL_rlddpo
Poisson Distribution

(1) Function
Given the mean A\ and random variable k, the ASL_d1ddpo or ASL_rlddpo obtains the value of the proba-
bility Pr.{X = k} or cumulative distribution function F(k) of a Poisson distribution, which are defined by

the following expressions.

k
Pr.{X:k}ze—A% (k=0,1,2,-- ;A > 0)
k k )\k
Fky=> Pr{X=i}=e?) ol
=0 =0

(2) Usage
Double precision:
ierr = ASL_dlddpo (xe, k, &xo, isw);
Single precision:
ierr = ASL._rlddpo (xe, k, &xo, isw);

(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real  Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex '

No. Argument and Type Size fput/ Contents
Return Value Output
1 xe D 1 Input | Mean A.
o
2 k I 1 Input | Value of random variable k.
3 X0 D+ 1 Output | Value of the probability Pr.{X = k} or cu-
{R*} mulative distribution function F(k) of the
Poisson distribution.
4 isw I 1 Input | Processing switch
isw=1:0Obtain the value of the probability
Pr{X = k} of the Poisson distribution for
X0
isw=2:Obtain the value of the cumulative dis-
tribution function F'(k) of the Poisson distri-
bution for xo
5 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) iswe{l, 2}
(b) 0.0<xe
(c) 0<k

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) or (c) was not satisfied.
(6) Notes

(a) When k > 1000, the cumulative distribution function F'(k) is obtained according to the Peizer-Pratt

approximation.
(7) Example

(a) Problem
Let the mean A = 3.0 and the random variable ¥ = 2 and obtain the values of the probability
Pr{X =k} and cumulative distribution function F'(k) of the Poisson distribution.

(b) Input data
xe=3.0 and k=2.
(¢) Main program

/* C interface example for ASL_dilddpo */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double xe;
int k;
double xo0;
int isw;
int ierr;

printf( " **x* ASL_dlddpo ***\n" );
printf( "\n ** Input **\n\n" );

xe = 3.0;

k =2;

printf( "\txe = 8.3g\n", xe );
printf( "\tk = %6d\n", k );

isw = 1;
ierr = ASL_dlddpo(xe, k, &xo, isw);

printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of P.D.F = ¥8.3g\n\n", xo0 );

isw = 2;
ierr = ASL_dlddpo(xe, k, &xo, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tValue of C.D.F = 78.3g\n\n", xo0 );

return O;
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(d) Output results

***x ASL_dlddpo ***
** Input *x*

xe = 3

k = 2

** Qutput **

ierr = 0

Value of P.D.F = 0.224
** Qutput **

ierr = 0

Value of C.D.F = 0.423
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3.3.4 ASL_dlddhg, ASL r1ddhg
Hypergeometric Distribution

(1) Function
Assume that there is a lot of size N in which M of the N articles are inferior goods and N — M articles
are of good quality. The ASL_dlddhg or ASL_r1ddhg obtains the values of the hypergeometric distribution
probability Pr.{X = k} and cumulative distribution function F(k) corresponding to the probability distri-
bution in which £ inferior goods appear when an arbitrary sample of size n is extracted from this lot. The
hypergeometric distribution probability Pr.{X = k} and cumulative distribution function F'(k) are defined
by the following equations.

M N-M
k n—=k . .
Pri{X =k} = ( N > =0,1,2,---,min{ M, n}

0 otherwise

= () ()

k
F(k):ZPr.{X:z‘}: <N>

(2) Usage
Double precision:
ierr = ASL_d1ddhg (nn, m, n, k, &=xo, isw);
Single precision:
ierr = ASL_rlddhg (nn, m, n, k, &xo, isw);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 nn I 1 Input | Size of population N
2 m I 1 Input | Number of inferior goods in population M
3 n I 1 Input | Size of sample n
4 k I 1 Input | Number of inferior goods in sample &
5 X0 Dx 1 Output | Value of hypergeometric distribution proba-
{R*} bility Pr.{X = k} or cumulative distribution
function F'(k)
6 isw I 1 Input | isw=0: Obtain Pr{X =k}
isw=1: Obtain F(k)
7 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) isw € {0,1}

(b) 0<m <nn

(¢) 1<n<nn

(d) 0 <k < min(m,n)
) m

(e

(5) Error indicator (Return Value)

+n—-—nn<k

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (d) was not satisfied. 0.0 is set for xo. (Whenisw =0ork < 0.)
1.0 is set for xo. (When min(m,n) < k.)
1010 Restriction (e) was not satisfied. 0.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(

3020 Restriction (¢) was not satisfied.

~

(6) Notes

(a) The mathematical expectation and variance of the hypergeometric distribution are given by the fol-
lowing equations.
N —k M
1— =
v -p) (p )

(b) Since the hypergeometric distribution probability Pr.{X = k} satisfies the following relationship

(M ) ( N_M>
k n—k n
PriX =k} = <N> ~ ( . )pk(lp)k, (p=

E(X) =np, c*(X) =

M
— 1
N < 1)

n
"N
n

it can be approximated by a binomial distribution B(n,p) when the population is sufficiently large.
(7) Example

(a) Problem
Let N = 1000, M = 50, n = 20 and k = 1 and obtain the values of the hypergeometric distribution
probability Pr.{X = k} and cumulative distribution function F'(k).

(b) Input data
nn = 1000, m = 20, n = 20 and k = 1.

(¢) Main program

/% C interface example for ASL_diddhg */

#include <stdio.h>
#include <asl.h>

int main()
int nn;
int m;
int n;
int k;
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double xo0;
int isw;
int ierr;

nn=1000;
m=50;
n=20;
k=1;

printf( " *** ASL_d1ddhg ***\n" );

printf( "\n ** Input **\n\n" );

printf( "\ton = %6d m = %6d n = %64 k = %6d\n", nn, m, n, k );
printf( "\n ** Output **\n\n" );

isw=0;

ierr = ASL_dlddhg(nn, m, n, k, &xo, isw);

printf( "\tierr = %6d\n", ierr );

printf( "\tValue of P.D.F=Y8.3g\n\n", xo );

isw=1;

ierr = ASL_diddhg(nn, m, n, k, &xo, isw);

printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F=Y8.3g\n", xo0 );

return O;

}
(d) Output results

*x% ASL_dlddhg **x*

** Input *x*

nn = 1000 m = 50 n = 20 k = 1
** Qutput **

ierr = 0
Value of P.D.F= 0.381

ierr = 0
Value of C.D.F= 0.736
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3.3.5 ASL_dlddhn, ASL r1ddhn
Negative Hypergeometric Distribution

(1) Function

Assume that there is a lot of size NN in which M of the NN articles are inferior goods and NN — M articles

are of good quality. Sampling from this lot is continued until n inferior goods are extracted. The negative

hypergeometric distribution probability Pr.{X = k} is defined as the probability of such occurrences that
exactly k goods has been extracted at this time. The ASL_dlddhn or ASL_rlddhn obtains the values of the
negative hypergeometric distribution probability Pr.{X = k} and cumulative distribution function F(k)

corresponding to the probability distribution in which exactly k goods have been extracted from this lot

when the n-th inferior good appears. The negative hypergeometric distribution probability Pr.{X = k}

and cumulative distribution function F(k) are defined by the following equations.

M

(

NN -1

NN - M
k—n

)

) M—-—n+1
X

Pr{X =k}=

(

NN NN —-k+1
k—1
k—1

n—1

()

)

NN —k

M—n )
when k=n,n+1,n+2,--- NN —-M+n

NN
M
0 Otherwise.
i—1 NN —1
L k Zf_o(n—l)(M—n)
F(k) = Pr{X =1} =
(k) ; { } e
M
(2) Usage

Double precision:

ierr = ASL_dlddhn (nn, m, n, k, &xo, isw);

Single precision:

ierr = ASL_rlddhn (nn, m, n,

k, &xo, isw);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

as for 32bit Integer}

) nt
" | long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
nn I 1 Input | Size NN of population
2 m I 1 Input | Number of inferior goods M in population
3 n I 1 Input | Number n of inferior goods extracted from
the lot
4 k I 1 Input | Total number k£ of goods extracted from the
lot
5 X0 D 1 Output | Value of negative hypergeometric distribu-
{R*} tion probability Pr.{X = k} or cumulative
distribution function F'(k)
6 isw I 1 Input | isw=0: Obtain Pr{X =k}
isw=1: Obtain F(k)
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) isw € {0,1}
(b) 1<n<m<nn
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 k<n 0.0 is set for xo.
1010 k>nn—-—m+n If isw=0 then 0.0 is set for xo.
If isw=1 then 1.0 is set for xo.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
(6) Notes

(a) M =1andifn=1:
Pr{X=k}=+5x k=1,2,---,NN
Whenn #1: Pr{X =k} =0.

(b) If M > 1, define N1 as the greatest integer no more than

NN x (n—1)

1.
M—1

Then the following stands for the distribution probability Pr.{X = k}:

PriX=n}<Pr{X=n+1}<Pr{X=n+2}<...<Pr{X =N1}.

Pr{X=N1}>Pr{X=N1+1}>Pr{X=N142}>--->Pr{X = NN — M +n}.
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(7) Example

(a) Problem

Let N =30, M = 25 and n = 10 and obtain the values of the hypergeometric distribution probability
Pr{X = k} and cumulative distribution function F'(k) for k = 10,11, ---,15.

(b) Input data
nn = 30, m = 25 and n = 10.

(¢) Main program

/* C interface example for ASL_diddhn */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int nn;
int m;

int n;

int k;

int isw;
double xo0;
int ierr;

printf( " #x*% ASL_dlddhn =**\n" );
printf( "\n *x Input **\n\n" );

nn = 30;
m 25;
n 10;

%6d\n", nn );
%6d\n", m );
%6d\n", n );

printf( "\tnn
printf( "\tm
printf( "\tn

printf( "\n *x Output **\n\n" );

for( k=n ; k<=nn-m+n ; k++) {
printf( "\t*x k= %4d **\n",k );
isw=0;
ierr = ASL_dilddhn(nn, m, n, k, &xo, isw);
printf( "\tierr = %6d\n", ierr );
printf( "\tValue of P.D.F. = ¥8.3g\n", xo );
isw=1;
ierr = ASL_dilddhn(nn, m, n, k, &xo, isw);
printf( "\tierr = %6d\n", ierr );
printf( "\tValue of C.D.F. = %8.3g\n\n", xo );
}

return O;

}
(d) Output results

*x% ASL_dlddhn **x
** Input **

30
25

nn
m
n 10

*% Qutput *x*

*% k= 10 **

ierr = 0
Value of P.D.F. = 0.109
ierr = 0
Value of C.D.F. = 0.109
*kx k= 11 *x%
ierr = 0
Value of P.D.F. = 0.272
ierr = 0
Value of C.D.F. = 0.381
*k k= 12 *%
ierr = 0
Value of P.D.F. = 0.315
ierr = 0
Value of C.D.F. = 0.696

** k= 13 *x*
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ierr = 0
Value of P.D.F. = 0.21
ierr = 0
Value of C.D.F. = 0.906
*k k= 14 *%
ierr = 0
Value of P.D.F. = 0.0803
ierr = 0
Value of C.D.F. = 0.986
**x k= 15 *x
ierr = 0
Value of P.D.F. = 0.014
ierr = 0
Value of C.D.F. = 1
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Chapter 4

SAMPLE STATISTICS

4.1 INTRODUCTION

This library provides the following functions for calculating sample statistics.
e One Sample Basic Statistics
e Two Samples Basic Statistics
e Geometric Mean
e Moment
e m Samples Basic Statistics
e Harmonic Mean
e Root Mean Square
e Variance-Covariance Matrices
e Variance-Covariance Matrices (Grouped Data)
e Correlation Matrices
e Multiple Correlation Coefficients

e Partial Correlation Coefficients
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Explanation

4.1.1 Explanation

(1)

One Sample Basic Statistics

The sum, mean, standard deviation, median of n observation data {z;} (i = 1,---,n) are defined by the

following equations.

Sum :

n
t= Z.’L’l
=1

Mean :

_t
T=—
n

Standard deviation :

Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Assume that we are given m classes of equal width Cj11 = [¢;,¢; +h) (i = 1,2,---,m) and the two classes

C1 = (—o0,¢1) and Cpyp2 = [em + h,00), and that the following relationships are satisfied.

C1 = Cmin
cir1=c¢it+h i=12,---m

Cmaz = Cm T h
Here, h is the class width, which is defined as follows.

Cmazx — Cmin
h =

m

At this time, if the frequency of observation data in class C; (i = 1,2,---

percentage f; is defined as follows.
€q .
fi=—x100 i=1,---,m+2
n

Median :

h x (N/27$1',1)
9i

p=ai1+

,m —+ 2) is e;, the frequency

Here, a;_1 is lower boundary limit of class of median, g; is frequency of class of median, s;_; is frequency

to class of median.

Two Samples Basic Statistics

The sum, mean, and standard deviation of n two-sample observation data {z;} (i=1,---,n)and {y;} (i =

1,--+,n) are defined by the following equations.

Sum :

n
Sm: E €T;
=1
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~—

Mean :
S,
T =—
n
ﬂzﬂ
n

Standard deviation :

Here, v is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Assume that for x;, we are given m, classes of equal width Ci+1(””) = [ci,ci + he) (i =1,2,---,m,) and
the two classes C;*) = (—o0,c1) and Cm+2(r) = [em + hg,00). Assume that for y;, we are given m,
classes of equal width Ciy ¥ = [di, d; + hy) (i = 1,2,---,m,) and the two classes C;¥) = (—o0,d;) and
Crns2® = [dp + hy, 00). Furthermore, assume that (mg + 2) - (m, +2) classes on the x — y plane defined as
the direct product of x; and y; are defined by C; ; = (CZ-(I), C;y)) (1=1,2,---,my+2;5=1,2,---,my +2)

and that the following relationships are satisfied.

C1 = Cmin
Ci+1:0i+hz i:1727"'7mz

Crmaxz = Cmy, + h;v

dl :dmin
di+1:d1‘+hy i:1,2,'~,my
dmar = dmy +hy

Here, h, and h, are the class widths, which are defined as follows.

Cmazx — Cmin
hy = ——7—/—¥—

Mg

dmay - dmzn
hy = —
my

At this time, if the frequency of observation data in class C;; is e; j, the frequency percentage {fi;} is

defined as follows.

Fii=0 5100 i=1,my+2, j=1- mg+2
n

Geometric Mean

Given a sample consisting of n observed values {z;}(i = 1,---,n), the geometric mean and its standard

deviation are defined by the following equations.

Geometric mean :

GM = (ﬁ {Bi> n
i=1
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Standard deviation :

Z log ;) — n(log GM)?
GSD = exp =1

«

Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Moment
Assume that we are given m classes of equal width C; = [z;,x; +h) (1 = 1,2,---,m), and that the following

relationships are satisfied.

T1 = Tmin
.%'H_l:!Bi—f—h 1=1,2,---.m

Tmazr = Tm + h
Here, h is the class width, which is defined as follows.

Tmazx — Tmin
h =

m

At this time, if the frequency of observation data in class C; is f;, the linear moment about the origin and

the moment of order r about the mean value are defined as follows. Linear moment about the origin :
m
> i
r _ a=1
By = ——m
D f
i=1

Moment of order r about the mean value :

m

Z[fz(ff?z — ')
Mr:Z:1 ™ (7‘22,3,---)

>
i=1

Z;, which represents the class value of each class, is defined as follows.

&i = Tpin + (i — 0.5)R

m Samples Basic Statistics

Given m samples consisting of n observed values {z;;}, (i = 1,---,n; j = 1,---,m), the basic statistics
(sum, mean, sum of squares of deviation, variance, and standard deviation) for each sample are defined by
the following equations.

Sum :

n
=1
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j]:ia (]Zlavm)

Sum of squares of deviation :

Sj:Z(xijfjj)Qv (]Zlvvm)

i=1
Variance :

S .
vj:EJ7 (]Zlvvm)

Standard deviation :

dj =\, (=1,--,m)
Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Harmonic Mean
Given a sample consisting of n observed values {z;}(i = 1,---,n), the harmonic mean is defined by the
following equations.

Harmonic mean :

1

Root Mean Square
Given a sample consisting of n observed values {z;}(i = 1,---,n), the root mean square is defined by the
following equations.

Root mean square :

Variance-Covariance Matrices
Given m samples consisting of n observed values {xg;}(k =1, ---,n;i =1,---,m), the variance-covariance
among the samples d; ; is defined as follows.

dij = % ij=1,,m
Here, o is n when a sample covariance is used or « is n — 1 when an unbiased covariance is used. s;; is
defined as follows.

n

sij = > (whi — &) (xhy — T5), i=1,--,m;j=1,---,m
k=1

Z; is defined as follows.

n

E Lij

Tj=—""", J=4m
n
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(9)

(10)

(11)

Variance-Covariance Matrices (Grouped Data)

Assume there are g groups, and for each group, we are given m samples consisting of n, observed values

{IE;)}(Z =1,---,n,;j=1,---,m;r =1,---,g). The variance-covariance over all groups d; ; is defined as
follows.
(r)
dz] = r:gl 1,] = ]-7 y M
>_ar
r=1

(r)

For each group, s;; (deviation sum of product matrix) is defined as follows.

Ny

SE;) = Z(xl(;;) _ jl(_r))<$g;_) _ jgr)) ij=1,--,m
k=1

Here, . is n,, when a sample covariance is used or «,. is n,, — 1 when an unbiased covariance is used. Also,

fgr) is the mean of each group.

Correlation Matrices
Given m samples consisting of n observed values @; = {xp; }(k = 1,---,n;i = 1,---,m), the correlation

coefficient 7;; between samples x; and x; is defined as follows.

J i=1,-

Tij = ) ) 7m7.]:177m
;5 is defined as follows.
n
sij = Y (wni = Ti)(wny — T;), i=l-mij=1-m

k=1

Z; is defined as follows.

n

E Lij

Tj=—"""T), J=4L4-m
n

Also, the matrix R = (r;;) is called the correlation coefficient matrix. The correlation coefficients have the
following properties.

° |T‘”| S 1

° Tij = Tji
Multiple Correlation Coefficients and Partial Correlation Coefficients
For m variates X; (i = 1,---,m), let #; be the mean of each variate, ;2 be the variance, and ;5 be
the correlation coefficient of variates X; and X;. The multiple correlation coefficient 7.1 ... ,, which is

defined as the maximum value of the correlation coefficients of X, (I > p > m) and the linear expression
U=b+ 22:1 c; X; of Xq,---, X, can be calculated as follows.
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Here, A and A;; are the determinant and cofactor matrix of the matrix having the correlation coefficients
ri; (1,5 =1,---,1,p) as elements. Representing the value of U corresponding to this maximum value by Xp,

this can be expressed as follows.

l _
. Ny X — T4
- p i i
Xp—xp—E Op
i=1

App ag;
X, — Xp, which is considered to be the variate when the influence of X, -, X; has been eliminated from
X,, is called the remainder. The partial correlation coefficient 7, 4.1,...; (I > p,q > m), which is defined as

the correlation coefficient of X, — Xp and X, — Xq, can be calculated as follows.
Apq
T‘p7q'1,“‘,l - T T
VAppAgq
4.1.2 Reference Bibliography

(1) Spiegel, M. R., “Theory and Problems of Probability and Statistics”, Schaum’s outline series, McGraw-Hill,
Inc. (1975).
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4.2 BASIC STATISTICS

4.2.1 ASL_d2balt, ASL_r2balt
One Sample Basic Statistics

(1) Function
The ASL_d2balt or ASL_r2balt obtains the minimum, maximum, sum, mean, standard deviation, median,
frequency, and frequency percentage of one-sample observation data. It also obtains the minimum, maxi-
mum, sum, mean, standard deviation, median, frequency, and frequency percentage when observation data
is added.
The sum, mean, standard deviation and median of n observation data {z;} (i = 1,---,n) are defined by
the following equations.

Sum :

n
i=1

Mean :

_t
z=—
n

Standard deviation :

Here, « is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.
Also, consider m classes of equal width C;11 = [¢;,¢;+h) (i = 1,2,---,m) and the two classes C1; = (—00, ¢1)

and Cp,y2 = [¢m + h, 00), and assume that the following relationships are satisfied.

C1 = Cmin
Ci+1:Ci+h t1=1,2,---.m

Cmax = Cm +h

The ASL_d2balt or ASL_r2balt obtains the frequency e; of the observation data in each class and the

frequency percentage f;, which is defined as follows.
€; .
fi=—x100 ¢=1,---,m+2
n

h is the class width, which is defined as follows.

Cmax — Cmin
h = ——

m

Median :

h x (N/27$1',1)
9i

p=a;—1+

Here, a;_1 is the lower bound of the class of the median, g; is the frequency of the class of the median, and

si—1 is the frequency to the class of the median.
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(2) Usage
Double precision:
ierr = ASL_d2balt (a, n, nc, bl, bu, &ns, stat, ifrql, freq2, isw, iwk, wk);
Single precision:
ierr = ASL_r2balt (a, n, nc, bl, bu, &ns, stat, ifrql, freq2, isw, iwk, wk);

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. retument an Type Size nput/ Contents
Return Value Output
1 a Dx n Input | Sequence of observed values {x;}
Rx
2 n I 1 Input | Number of observed values n
nc I 1 Input | Number of classes m + 2
4 bl D 1 Input | Value of ¢;pin
R
5 bu D 1 Input | Value of ¢pas
R
6 ns I* 1 Input | Number of observed values before adding ob-
served values (for isw=0 or 2, no initial set-
ting is required)
Output | Number of observed values n
7 stat Dx 6 Output | Basic statistics of observed values (See Note
Rx (b))
8 ifrql I* nc Output | Frequency for each class {e;}
9 freq2 Dx nc Output | Frequency percentage for each class {f;}
Rx
10 isw I 1 Input | Processing switch
0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)
1: Perform calculations using an unbiased es-
timate (added observed values)
2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)
3: Perform calculations using a sample vari-
ance (added observed values)
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A t and I t
No. retment ai Type Size nput/ Contents
Return Value Output
11 iwk I* nc Work | Work area
12 wk Dx nc +n Work | Work area
R«
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) isw=10,1,2,3
(by n>1
(c) nc >3
(d) bu > bl
(e) ns > 1 (When isw=1 or 3)
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 An attempt was made to obtain the stan- The absolute value maximum that can
dard deviation when isw=0 and n=1. be represented is set for the standard
deviation.
1020 bu<bl occurred. bu and bl are switched, and processing
continues.
3000 Restriction (b), (c¢) was not satisfied. Processing is aborted.
3010 bu=bl occurred.
3020 Restriction (e) was not satisfied.
(6) Notes

(a) When an observed value < bl, it is included in the frequency for ifrq1[0].

(b)

When an observed value > bu, it is included in the frequency for ifrql[nc — 1].

The basic statistics are stored as follows in the array stat.

stat[0]: Minimum of observed values

stat[1]: Maximum of observed values

stat[2]: Sum of observed values ¢

stat[3]: Mean of observed values T

stat[4]: Standard deviation of observed values d
stat[5]: Median of observed values p

To obtain the basic statistics when observed values are added, use the contents of nc, bl, bu, ns, stat,
ifrql, freq2 and wk which were calculated before adding the observed values, set the added observed
values for a and the number of added observed values for n, set isw to 1 or 3, and perform the calculation.
However, when obtaining the standard deviation, you must set the isw value so that the calculation
is performed using a sample variance following a calculation that used a sample variance the previous

time or so that the calculation is performed using an unbiased estimate following a calculation that

used an unbiased estimate the previous time.
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(d)

(e)

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them
to the samples in increasing order of size.

Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.

(7) Example

(a)

Problem
Obtain the minimum, maximum, sum, mean, standard deviation, frequencies, and frequency percent-

ages of the following one-sample observation data.
{xl} = {7107 797 787 767 757 747 737 727 717 07 1}

Also, obtain the minimum, maximum, sum, mean, standard deviation, frequencies, and frequency

percentages when the following one-sample observation data is added.
{yl} = {27 37 47 57 67 77 87 97 107 ]-]-}

Input data
First processing :

One-sample observation data {x;}, n =11, nc =7, bl = —6.5, bu = 5.8 and isw = 0.
Second processing :

One-sample observation data {y;}, n =10, nc =7, bl = —6.5, bu = 5.8 and isw = 1.
Main program

/* C interface example for ASL_d2balt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a,*b;
int n;

int nc;
double bl;
double bu;

int ns;

double stat[6];
int *ifrql;
double *freq2;
int isw;

int *iwk;
double *wk;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d2balt.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d2balt =***\n" );
printf( "\n *x* First processing **\n" );
printf( "\n ** Input **\n\n" );
nc =7;
isw =0;

fscanf( fp, "%d", &n );
fscanf( fp, "%1lf", &bl );
fscanf( fp, "%1lf", &bu );
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a = ( double * )malloc((size_t) ( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;
ifrql = ( int * )malloc((size_t) ( sizeof(int) * nc ));
if ( ifrql == NULL )
printf( "no enough memory for array ifrqi\n" );
return -1;
freq2 = ( double * )malloc((size_t)( sizeof(double) * nc ));
if ( freq2 == NULL )
printf( "no enough memory for array freq2\n" );
return -1;
iwk = ( int * )malloc((size_t) ( sizeof(int) * nc ));
if( ifrql == NULL )
printf( "no enough memory for array ifrqi\n" );
return -1;
wk = ( double * )malloc((size_t)( sizeof(double) * (nc+n) ));
if ( wk == NULL )
printf( "no enough memory for array wk\n" );

return -1;

printf( "\n\tn = %6d nc = %6d\n", n, nc );
printf( "\n\tbl = %8.3g bu = %8.3g\n", bl, bu );
printf( "\n\tisw = %6d\n", isw );

printf( "\n\tObservations\n" );
{or( i=0 ; i<n ; i++ )

fscanf( fp, "%1f", &alil );
if( i%5 == 0 )

printf( "\n\t" );
printf( "%8.3g", alil );

}
printf( "\n" );

ierr = ASL_d2balt(a, n, nc, bl, bu, &ns, stat, ifrql, freq2, isw, iwk, wk);

printf( "\n ** Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf( "\n\tns = %6d\n\n", ns );

printf ("\t Minimum  Maximum Sum Mean Standard Median \n" );
printf ("\t deviation \n" );
printf("\t -—= e mmm e —mmm e \n" );

printf ("\t");
for( j=0 ; j<6 ; j++ )

printf( "%8.3g ", stat[jl );
}
printf( "\n" );

printf( "\n\tFrequencies \tPercent frequencies\n\n" );
for( i=0 ; i<nc ; i++ )

printf( "\t%6d \t%8.3g\n", ifrqil[i],freq2[i] );
printf( "\n\n ** Continuous processing **\n" );
printf( "\n ** Input **\n\n" );
isw =1;

fscanf( fp, "%d", &n );

b = ( double * )malloc((size_t)( sizeof(double) * n ));
if( b == NULL )

printf( "no enough memory for array b\n" );
return -1;

printf( "\n\tn = %6d nc = %6d\n", n, nc );
printf( "\n\tbl = %8.3g bu = %8.3g\n", bl, bu );
printf( "\n\tns = %6d\n", ns );
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printf( "\n\tisw = %6d\n", isw );

printf ( "\n\tObservations\n" );
for( i=0 ; i<n ; i++ )

fscanf( fp, "4Llf", &b[il );
if( i%5 == 0 )

printf( "\n\t" );
%rintf( "%8.3g", blil );
%rintf( "\n" );
fclose( fp );
ierr = ASL_d2balt(b, n, nc, bl, bu, &ns, stat, ifrql, freq2, isw, iwk, wk);

printf( "\n ** Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf( "\n\tns = %6d\n\n", ns );

printf ("\t Minimum  Maximum Sum Mean Standard Median \n" );
printf ("\t deviation \n" );
printf ("\t - -— _— \n" );

printf ("\t");
for( j=0 ; j<6 ; j++ )

printf( "%8.3g ", stat[j] );
}
printf( "\n" );

printf( "\n\tFrequencies \tPercent frequencies\n\n" );
for( i=0 ; i<nc ; i++ )
printf ( "\t%6d \t%8.3g\n", ifrqil[i],freq2[i] );
free( a );
free( ifrql );
free( freq2 );
free( iwk );
free( wk );
free( b );

return O;

}
(d) Output results

*xx ASL_d2balt **x*
** First processing *x*

** Input *x*

n = 11 nc = 7

bl = -6.5 bu = 5.8

isw = 0

Observations
-10 -9 -8 -6 -5
-% -3 -2 -1 0

*% Qutput *x*
ierr = 0
ns = 11

Minimum Maximum Sum Mean Standard Median
deviation

-10 1 -47 -4.27 3.69 -3.63

Frequencies Percent frequencies

27.3
18.2
27.3
18.2
9.09

0

OOFRNWNW

0
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** Continuous processing **

** Input *x*

n = 10 nc = 7

bl = -6.5 bu = 5.8

ns = 11

isw = 1

Observations
2 3 4 5 6
7 8 9 10 11

** Qutput **
ierr = 0
ns = 21

Minimum Maximum Sum Mean Standard Median
deviation

-10 11 18 0.857 6.43 1.29

Frequencies Percent frequencies

OONWN WN W
©
(¢4}
N
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4.2.2 ASL_d2ba2s, ASL_r2ba2s
Two Samples Basic Statistics

(1) Function
The ASL_d2ba2s or ASL_r2ba2s obtains the minimum, maximum, sum, mean, standard deviation, frequency,
and frequency percentage of two-sample observation data. It also obtains the minimum, maximum, sum,
mean, standard deviation, frequency, and frequency percentage when two-sample observation data is added.
The sum, mean, and standard deviation of n two-sample observation data {z;} (i =1,---,n) and {y;} (i =
1.---

)

,n) are defined by the following equations.

Sum :

n
S$: E €T;
=1

Sy = Z Yi
i=1

Mean :
_ S
T =—
n
ﬂzi
n

Standard deviation :

SD,

Il
QI+
E)

\
8l
S~—
(V]

1
5D, = | 3 - 0y

Here, v is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Also, for z;, consider m, classes of equal width C’i+1($) = [ci,¢i + hy) (2 = 1,2,---,m,) and the two
classes 1) = (—o0,c1) and Cm+2(:”) = [em + hg,00), and for y;, consider m, classes of equal width
Cip1™) =[di,d; +hy) (i =1,2,---,m,) and the two classes 1Y) = (=00, dy) and Cy, 42 = [dyn + hy, 0),

and assume that the following relationships are satisfied.

C1 = Cmin
Ci+1:0i+hz i:1727"'7mz

Cmazx = Cmy, + hx
dy = dmin
di+1:di+hy i:1,2,---,my
dmam = dmy + hy
On the x — y plane defined as the direct product of z; and y;, define (m, + 2) - (m, + 2) classes as
Cij=(C7,C¥) (i=1,2,--+,my +2;j = 1,2,---,my +2). The ASL_d2ba2s or ASL_12ba2s obtains the
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frequency {e;;} of observation data in each class and the frequency percentage {f;;}, which is defined as

follows.
Fii= 0100 i=1, me+2, j=1,,my+2
n
hy and hy are the class widths, which are defined as follows.

Cmazx — Cmin
hy = ——

my

dmay - dmin
hy, = ey Cmin
My

(2) Usage
Double precision:
ierr = ASL_d2ba2s (x, n, y, ncx, ncy, blx, bux, bly, buy, &ns, stat, ifrql, freq2, isw, wk);
Single precision:
ierr = ASL._r2ba2s (x, n, y, ncx, ncy, blx, bux, bly, buy, &ns, stat, ifrql, freq2, isw, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. SHIMCLE an Type Size nput/ Contents
Return Value Output
1 X Dx n Input | Sequence of observed values for sample X
Rx {xi}
2 n I 1 Input | Number of pairs of observed values n
Dx n Input | Sequence of observed values for sample Y
R {vi}
nex I 1 Input | Number of classes for sample X m, + 2
5 ncy I 1 Input | Number of classes for sample Y m, + 2
6 blx 1 Input | Value of ¢pin

7 bux 1 Input | Value of ¢paz

Input | Value of dpin

9 buy 1 Input | Value of dpaz

JUO|=®mO|®8O| @O

oo
=
<
—| | — | —/—
—— | Y—~— | —~— | Y—~—
—
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
10 ns I* 1 Input | Number of pairs of observed values before
adding observed values (for isw=0 or 2, no
initial setting is required)
Output | Number of pairs of observed values n
11 stat Dx 5x2 Output | Basic statistics of observed values (See Note
{R* } (b))
12 ifrql I* ncyxnex | Output | Frequency distribution table {e;;}
13 freq2 D+ ncyxnex | Output | Frequency distribution table of percentages
{R* } {fi;}
14 isw I 1 Input | Processing switch
0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)
1: Perform calculations using an unbiased es-
timate (added observed values)
2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)
3: Perform calculations using a sample vari-
ance (added observed values)
15 wk Dx See Work | Work area
{R*} Contents Size: ncx +ncy +2 xn
16 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) isw=0,1,2,3
(b)y n>1
(¢) nex >3
(d) ncy >3
(e) bux > blx
(f) buy > bly
(g) ns > 1 (When isw=1 or 3)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 An attempt was made to obtain the stan- The absolute value maximum that can
dard deviation when isw=0 and n=1. be represented is set for the standard

deviation.

1020 bux<blx occurred. bux and blx are switched, and processing
continues.

1030 buy<bly occurred. buy and bly are switched, and processing
continues.

3000 Restriction (b), (c), (d) was not satisfied. Processing is aborted.

3010 bux = blx or buy = bly occurred.

3020 Restriction (g) was not satisfied.

(6) Notes

(a)

(b)

()

The frequencies of observed values {e;;} and frequency percentages { fi;} are stored in array ifrql and

freq2, respectively as real matrix (two-dimensional array type) data (See Appendix A).

The basic statistics are stored as follows in the array stat.

stat[0]: Minimum for sample X stat[5]: Minimum for sample Y

stat[1]: Maximum for sample X stat[6]: Maximum for sample Y

stat[2]: Sum for sample X S, stat[7]: Sum for sample Y S,

stat[3]: Mean for sample X & stat[8]: Mean for sample Y g
[4] J:

stat[4]: Standard deviation for sample X SD, stat[9]: Standard deviation for sample Y SD,

To obtain the basic statistics, frequencies, and frequency percentages when observed values are added,
use the contents of ncx, ncy, blx, bux, bly, buy, ns, stat, ifrql, freq2 and wk, which were calculated
before adding the observed values, set the added pairs of observed values for x and y and the number
of added pairs of observed values for n, set isw to 1 or 3, and perform the calculation. However, when
obtaining the standard deviation, you must set the isw value so that the calculation is performed using
a sample variance following a calculation that used a sample variance the previous time or so that
the calculation is performed using an unbiased estimate following a calculation that used an unbiased

estimate the previous time.

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.

Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-
ulation for which the population and sample match.
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(7) Example

(a)

Problem
Obtain the minimum, maximum, sum, mean, standard deviation, frequencies, and frequency percent-

ages of the following two-sample observation data.
{z;} = {1,3,5,7,9,11,13}
{v.} = {2,4,6,8,10,12,14}

Also, obtain the minimum, maximum, sum, mean, standard deviation, frequencies, and frequency

percentages when the following two-sample observation data is added.
{3}
{vi}

Input data

{15,17,19,21}
{16, 18,20, 22}

First processing :
Two-sample observation data {x;}, {y},
n=7, ncx =38, ncy =7, blx =5.5, bly = 2.5,
bux = 11.5, buy = 17.5 and isw = 0.

Second processing :

Two-sample observation data {x}}, {y.},
n=4, ncx =38, ncy =7, blx =5.5, bly = 2.5,

bux = 11.5, buy = 17.5 and isw = 1.
Main program

/* C interface example for ASL_d2ba2s */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *x,*x2;
int n;

double *xy,*y2;
int ncx,ncy;
double blx,bux,bly,buy;
int ns;

double stat[5%*2];
int *ifrql;
double *freq2;
int isw;

double *wk;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d2ba2s.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d2ba2s ***\n" );
printf( "\n ** First processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );

fscanf( fp, "%d", &ncx );
fscanf( fp, "%d", &ncy );
fscanf( fp, "%lf", &blx );

199



ASL_d2ba2s, ASL_r2ba2s
Two Samples Basic Statistics

fscanf( fp, "%1f", &bux );
fscanf( fp, "J%Llf", &bly );
fscanf( fp, "Jlf", &buy );
fscanf( fp, "%d", &isw );

x = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

y = ( double * )malloc((size_t)( sizeof(double) * n ));
if( y == NULL )

printf( "no enough memory for array y\n" );
return -1;

ifrql = ( int * )malloc((size_t) ( sizeof(int) * (ncy*ncx) ));
if ( ifrql == NULL )

printf( "no enough memory for array ifrqi\n" );
return -1;

freq2 = ( double * )malloc((size_t)( sizeof(double) * (ncy*ncx) ));
if ( freq2 == NULL )

printf( "no enough memory for array freq2\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (ncx+ncy+2*n) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

printf( "\tn

printf( "\tncx
printf( "\tblx
printf( "\tbux
printf( "\tncy
printf( "\tbly
printf( "\tbuy
printf( "\tisw

%6d\n", n );
%6d\n", ncx );
%8.3g\n", blx );
%8.3g\n", bux );
%6d\n", ncy );
%8.3g\n", bly );
%8.3g\n", buy );
%6d\n", isw );

for( i=0 ; i<n ; i++ )

fscanf( fp, "JLlf", &x[i] );
for( i=0 ; i<n ; i++ )

fscanf( fp, "%Llf", &yl[il );

}
printf ("\n\tObservations x and y\n");
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g%8.3g\n", x[i],y[i] );

ierr = ASL_d2ba2s(x,n,y,ncx,ncy,blx,bux,bly,buy,
&ns,stat,ifrql,freq2,isw,wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr %6d\n", ierr );
printf( "\tns %6d\n\n", ns );

printf ("\t Minimum  Maximum Sum Mean Standard \n" );
printf ("\t deviation\n" );
printf ("\t -—= -—= -—= \n" );

printf("\tx ");
for( j=0 ; j<5 ; j++ )

printf( "%8.3g ", stat[jl );
}
printf( "\n" );
printf("\ty ");
for( j=0 ; j<5 ; j++ )
printf( "%8.3g ", stat[5+j] );
}
printf( "\n" );

printf( "\n\tFrequencies\n\n" );
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for( i=0 ; i<ncy ; i++ )

{
printf( "\t" );
for( j=0 ; j<ncx ; j++ )
printf( "%6d ", ifrqlli+ncy*jl );
}
printf( "\n" );
}

printf( "\n\tPercent frequencies\n\n" );
for( i=0 ; i<ncy ; i++ )

{
printf( "\t" );
for( j=0 ; j<ncx ; j++ )
printf( "%7.3g ", freq2[i+ncy*jl );
printf( "\n" );
}
printf( "\n\n ** Continuous processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );

fscanf( fp, "%d", &isw );

x2 = ( double * )malloc((size_t) ( sizeof (double) * n ));
if ( x2 == NULL )

printf( "no enough memory for array x2\n" );
return -1;

y2 = ( double * )malloc((size_t)( sizeof(double) * n ));
if( y2 == NULL )

printf( "no enough memory for array y2\n" );
return -1;

printf( "\tn
printf( "\tncx
printf( "\tblx
printf( "\tbux
printf( "\tncy
printf( "\tbly = %8.3g\n", bly );
printf( "\tbuy = %8.3g\n", buy );
printf( "\tns = %6d\n", ns );
printf( "\tisw = %6d\n", isw );

%6d\n", n );
%6d\n", ncx );
%8.3g\n", blx );
%8.3g\n", bux );
%6d\n", ncy );

for( i=0 ; i<n ; i++ )
fscanf( fp, "%Llf", &x2[i] );
for( i=0 ; i<n ; i++ )

fscanf( fp, "J%Llf", &y2[i]l );

printf ("\n\tObservations x and y\n");
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g%8.3g\n", x2[il, y2[il );

fclose( fp );
ierr = ASL_d2ba2s(x2, n, y2, ncx, ncy, blx, bux, bly, buy, &ns, stat, ifrql, freq2, isw, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns = %6d\n\n", ns );

printf ("\t Minimum  Maximum Sum Mean Standard \n" );
printf ("\t deviation\n" );
printf ("\t -—= -—= -==\n" );

printf("\tx ");
for( j=0 ; j<5 ; j++ )
printf( "%8.3g ", stat[j] );
}
printf( "\n" );
printf("\ty ");
for( j=0 ; j<5 ; j++ )

printf( "%8.3g ", stat[5+j] );

201



ASL_d2ba2s, ASL_r2ba2s
Two Samples Basic Statistics

}
printf( "\n" );

printf ( "\n\tFrequencies\n" );
for( i=0 ; i<ncy ; i++ )

{
printf( "\t" );
for( j=0 ; j<mcx ; j++ )
printf( "%6d ", ifrqlli+ncy*jl );
}
printf( "\n" );
}

printf( "\n\tPercent frequencies\n\n" );
for( i=0 ; i<ncy ; i++ )

printf( "\t" );
for( j=0 ; j<ncx ; j++ )

printf( "%7.3g ", freq2[i+ncy*j] );

}

printf( "\n" );
}
free( x );
free( y );
free( ifrql );
free( freq2 );
free( wk );
free( x2 );
free( y2 );

return O;

}
(d) Output results

*xk ASL_d2ba2s **x*
** First processing *x

*k Input *%

n = 7
ncx = 8
blx = 5.5
bux = 11.5
ncy = 7
bly = 2.5
buy = 17.5
isw = 0
Observations x and y
1 2
3 4
5 6
7 8
9 10
11 12
13 14
** Qutput *x*
ierr = 0
ns = 7
Minimum  Maximum Sum Mean Standard
deviation
X 1 13 49 7 4.32
y 2 14 56 8 4.32
Frequencies
1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Percent frequencies
14.3 0 0 0 0 0 0
14.3 0 0 0 0 0 0
14.3 0 14.3 0 0 0 0
0 0 0 0 14.3 0 0
0 0 0 0 0 0 14.3
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0 0 0 0 0 0 0
0 0 0 0 0 0 0
** Continuous processing **
** Input *x*
n = 4
ncx = 8
blx = 5.5
bux = 11.5
ncy = 7
bly = 2.5
buy = 17.5
ns = 7
isw = 1
Observations x and y
15 16
17 18
19 20
21 22
*% Output *x*
ierr = 0
ns = 11
Minimum  Maximum Sum Mean Standard
deviation
X 1 21 121 11 6.63
y 2 22 132 12 6.63
Frequencies
1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 1
0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 3
Percent frequencies
9.09 0 0 0 0 0 0
9.09 0 0 0 0 0 0
9.09 0 9.09 0 0 0 0
0 0 0 0 9.09 0 0
0 0 0 0 0 0 9.09
0 0 0 0 0 0 0
0 0 0 0 0 0 0
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4.2.3 ASL_d2bams, ASL_r2bams

(1)

m Samples Basic Statistics

Function

Given m samples consisting of n observed values {z;;}, (¢ =1,---,n; j =1,---,m), the ASL_d2bams or
ASL_r2bams obtains the basic statistics (sum, mean, sum of squares of deviation, variance, and standard de-
viation) for each sample. It also obtains the basic statistics when n observed values {y;;}, (i=1,---,n; j =
1,--+,m) are added to each of the m samples for which the basic statistics are known.

The basic statistics for m samples consisting of n observed values {x;;}, (¢ =1,---,n; j =1,---,m) are

defined by the following equations.

Sum :

Sum of squares of deviation :

n

Sj:Z(xijijj)Qv (levvm)

i=1
Variance :
Y
j .
v; = — j=1 m
J a ) ( 9 ) )

Standard deviation :

dj =, (j=1,--m)
Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Usage
Double precision:

ierr = ASL_d2bams (a, na, n, m, &ns, stat, isw);
Single precision:

ierr = ASL._r2bams (a, na, n, m, &ns, stat, isw);
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(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real  Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex

Argument and Input/

No. Type Size Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (wi5) or (yi;)
2 na I 1 Input | Adjustable dimension of array a
n I 1 Input | Number of observed values per sample stored
in array a n
4 m I 1 Input | Number of samples m
5 ns I* 1 Input | Number of observed values per sample before

adding observed values (for isw=0 or 2, no

initial setting is required)

Output | Number of observed values per sample n
6 stat D+ mx5 Input | Basic statistics before adding observed val-
R+ ues (See Note (a)) (for isw=0 or 2, no initial

setting is required)
Output | Obtained basic statistics (See Note (a))

7 isw I 1 Input | Processing switch

0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)

1: Perform calculations using an unbiased es-
timate (added observed values)

2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)

3: Perform calculations using a sample vari-

ance (added observed values)

8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw=0, 1, 2, 3

(b) na>n>1

(©) m=1

(d) ns>1 (When isw=1 or 3)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 An attempt was made to obtain an unbi- The absolute value maximum that can
ased estimate when n=1. be represented is set for the variance and

standard deviation.

3000 Restriction (b) or (c) was not satisfied. Processing is aborted.
3010 Restriction (d) was not satisfied.
(6) Notes
(a) The basic statistics are stored as follows in the array stat.

stat[(j — 1)] : Sum ¢
stat[(j — 1) + m)] : Mean z,
stat[(j —1) +2 xm] : Sum of squares of deviation s; , (j=1,---,m)
stat[(j — 1) +3 xm] : Variance v,
stat[(j — 1) +4 xm] : Standard deviation d;

(b)

To obtain the basic statistics when the same numbers of observed values are added for each sample,
use the contents of stat and ns, which were calculated before adding the observed values, set the added
observed values for a and the number of added observed values for n, set isw to 1 or 3, and perform
the calculation. However, when obtaining the variance or standard deviation, you must set the isw
value so that the calculation is performed using a sample variance following a calculation that used a
sample variance the previous time or so that the calculation is performed using an unbiased estimate

following a calculation that used an unbiased estimate the previous time.

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.

Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-
ulation for which the population and sample match.

(7) Example

(a)

Problem
Obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard deviation)

for each sample when the observed values are given by matrix X shown below.

30 35 44 44 45
X = 424 365 346 349 297
246 219 255 252 256

Also, obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard

deviation) for each sample when the observed values given by matrix Y shown below are added.

18 21 56 21 45
2 2 3 1 3

Y =
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(b) Input data
First processing :

Matrix X in which observed values are stored,na = 100, n =3, m = 5 and isw = 0.

Second processing :

Matrix Y in which observed values are stored,na = 100, n =2, m = 5 and isw = 1.

(¢) Main program

/* C interface example for ASL_d2bams */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int n;

int m;

int ns;
double *stat;
int isw;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d2bams.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d2bams ***\n" );
printf( "\n *x* First Processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t)( sizeof(double) * (na*m) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

stat = ( double * )malloc((size_t) ( sizeof(double) * (m*5) ));
if( stat == NULL )

printf( "no enough memory for array stat\n" );
return -1;

printf( "\tna = %6d\n", na );

printf( "\tn = %6d\n", n );

printf( "\tm = %6d\n", m );

printf( "\tisw = %6d\n", isw );
printf( "\n\tObservations\n\n", isw );
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )
fscanf( fp, "Jlf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );
}
printf( "\n" );
}
ierr = ASL_d2bams(a, na, n, m, &ns, stat, isw);

** Output **\n\n" );
%6d\n", ierr );
%#6d\n\n", ns );

printf( "\n
printf( "\tierr
printf( "\tns

printf( "\t Sum Mean Sum of Variance Standard \n" );
printf( "\t Squares deviation\n" );
printf( "\t -—= -—= -==\n" );

for( i=0 ; i<m ; i++ )
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{

printf ("\t");

for( j=0 ; j<5& ; j++ )

printf( "%8.3g ", stat[i+m*j] );

}

printf( "\n" );
}
printf( "\n\n **% Continuous Processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

printf( "\tna = %6d\n", na );
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
printf( "\tisw = %6d\n", isw );
printf( "\n\tObservations\n\n", isw );
1{for( i=0 ; i<n ; i++ )

printf ("\t");

for( j=0 ; j<m ; j++ )

fscanf ( fp, "%1f", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
}

ierr = ASL_d2bams(a, na, n, m, &ns, stat, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr %6d\n", ierr );
printf( "\tns %6d\n\n", ns );

printf( "\t Sum Mean Sum of Variance Standard \n" );
printf( "\t Squares deviation\n" );
printf( "\t _— _— \n" );

for( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<5& ; j++ )

printf( "%8.3g ", stat[i+mxj] );
}
printf( "\n" );
}
fclose( fp );
free( a );

free( stat );

return O;

}
(d) Output results

*xk ASL_d2bams ***
** First Processing *x*

*k Input *%

na = 100

n = 3

m = 5

isw = 0

Observations
30 35 44 44 45
424 365 346 349 297
246 219 255 252 256

*% Output *x*

ierr = 0
ns = 3
Sum Mean Sum of Variance Standard
Squares deviation
700 233  7.79e+04 3.89e+04 197
619 206 5.47e+04 2.73e+04 165
645 215 4.8e+04 2.4e+04 155
645 215 4.86e+04 2.43e+04 156
598 199 3.66e+04 1.83e+04 135
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** Continuous Processing *x*

** Input *x*

na = 100
n = 2
m = 5
isw = 1
Observations
18 21 56 21 45
2 2 3 3
*% Qutput *x*
ierr = 0
ns = 5
Sum Mean Sum of Variance Standard
Squares deviation
720 144 1.38e+05 3.45e+04 186
642 128 1e+05 2.51e+04 158
704 141 9.07e+04 2.27e+04 151
667 133 9.87e+04 2.47e+04 157
646 129 7.43e+04 1.86e+04 136
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4.2.4 ASL_d2bagm, ASL_r2bagm

(1)

Geometric Mean

Function

Given a sample consisting of n observed values {z;}(¢ = 1,---,n), The ASL_d2bagm or ASL_r2bagm obtains
the geometric mean and its standard deviation. Also, the ASL_d2bagm or ASL_r2bagm obtains the geometric
mean and its standard deviation when n observed values {y;}(i = 1,---,n) are added.

For a sample consisting of n observed values {z;}(i = 1,---,n), the geometric mean and its standard
deviation are defined by the following equations.

Geometric mean :

o)

Standard deviation :

-

n

Z(log z;)? — n(log GM)?
GSD = exp =1

(07

Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Usage
Double precision:

ierr = ASL_d2bagm (a, n, &ns, &gm, &gsd, isw);
Single precision:

ierr = ASL_r2bagm (a, n, &ns, &gm, &gsd, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ n Input | Sequence of observed values {x;} or {y;}
()
2 n I 1 Input | Number of observed values n
ns I* 1 Input | Number of observed values before adding ob-
served values (for isw=0 or 2, no initial set-
ting is required)
Output | Number of observed values n
4 gm Dx 1 Input | Geometric mean before adding observed val-
{R*} ues (See Note (a)) (for isw=0 or 2, no initial

setting is required)

Output | Geometric mean that was obtained (See Note

(a))
5 gsd Dx 1 Input | Standard deviation before adding observed
values (See Note (a)) (for isw=0 or 2, no ini-

tial setting is required)

Output | Standard deviation that was obtained (See
Note (a))

6 isw I 1 Input | Processing switch

0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)

1: Perform calculations using an unbiased es-
timate (added observed values)

2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)

3: Perform calculations using a sample vari-

ance (added observed values)

7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw=0,1,2,3

(b) n>1

(¢) ns > 1 (When isw=1 or 3)
(d) a[1—1]>00(1—12 , 1)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 An attempt was made to obtain an unbi- The absolute value maximum that can
ased estimate when n = 1. be represented is set for the standard

deviation.

3000 Restriction (b) was not satisfied. Processing is aborted.

3010 Restriction (c) was not satisfied.

3020 Restriction (d) was not satisfied.

(6) Notes

(a) To obtain the statistics when observed values are added, use the contents of gm, gsd and ns, which
were calculated before adding the observed values, set the added observed values for a and the number

of added observed values for n, set isw to 1 or 3, and perform the calculation.

(b) When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them
to the samples in increasing order of size.

(c) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-
ulation for which the population and sample match.

(7) Example
(a) Problem
Given the following sequence of observed values, obtain the geometric mean and its standard deviation.

{z;} = {1100,2630,695,3630,1550,1010,2110, 736, 1260, 1690,
2680, 2520, 2030, 1280, 2400}

Also, obtain the geometric mean and its standard deviation when the following sequence of observed
values are added.

{y:} = {938, 1860, 2410, 3370, 1380, 2200, 2290, 1220, 1150}

(b) Input data
First processing :
Sequence of observed values {z;}, n =15 and isw = 0.
Second processing :
Sequence of observed values {y;}, n =9 and isw = 1.
(¢) Main program

/% C interface example for ASL_d2bagm */
#include <stdio.h>

#include <stdlib.h>
#include <asl.h>

212



ASL_d2bagm, ASL_r2bagm
Geometric Mean

int main()

double *a;
int n;

int ns;
double gm;
double gsd;
int isw;
int ierr;
int i;

FILE *fp;

fp = fopen( "d2bagm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " **%x ASL_d2bagm ***\n" );
printf( "\n ** First processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

printf( "\tn = %6d\n", n );
printf( "\tisw = %6d\n", isw );
printf ( "\n\tObservations\n");
for( i=0 ; i<n ; i++ )

%f( i%5 == 0 )
printf( "\n\t" );

}
fscanf( fp, "%lf", &alil );
printf( "%9.5g", alil );

}

ierr = ASL_d2bagm(a, n, &ns, &gm, &gsd, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %9d\n", ierr );
printf( "\tns %#9d\n", ns );
printf( "\tgm %9.5g\n", gm );
printf( "\tgsd %9.3g\n", gsd );

printf( "\n\n ** Continuous processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

printf( "\tn = %6d\n\tns = %6d\n", n, ns );
printf( "\tisw = %6d\n", isw );

printf ( "\n\tObservations\n");

for( i=0 ; i<n ; i++ )

if( i%5 == 0 )
printf( "\n\t" );

}
fscanf( fp, "4lf", &alil );
printf( "%9.5g", alil );

}

fclose( fp );
ierr = ASL_d2bagm(a, n, &ns, &gm, &gsd, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %9d\n", ierr );
printf( "\tns %9d\n", ns );
printf( "\tgm %9.5g\n", gm );
printf( "\tgsd %9.3g\n", gsd );

free( a );

return O;
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(d) Output results

*x*x ASL_d2bagm ***
** First processing *x*

** Input *x*

n = 15

isw = 0

Observations
1100 2630 695
1010 2110 736
2680 2520 2030

** Qutput **

ierr = 0
ns = 15
gm = 1634.7
gsd = 1.64

** Continuous processing **

*k Input *%

n = 9

ns = 15

isw = 1

Observations
938 1850 2410
2200 2290 1220

*% Qutput *x*

ierr = 0
ns = 24
gm = 1669.2
gsd = 1.58

3630
1260
1280

3370
1150

1550
1690
2400

1380
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4.2.5 ASL_d2bamo, ASL_r2bamo

(1)

Moment

Function

Assume that we are given m classes of equal width C; = [z;,z; +h) (i =1,2,-

relationships are satisfied.

L1 = Tmin
Tipr=xi+h i=12,---m

Tmaz = Tm + h
Here, h is the class width, which is defined as follows.

Tmax — Tmin
h =

m

--,m), and that the following

The ASL_d2bamo or ASL_r2bamo obtains the linear moment about the origin and the moment of order r

about the mean value, which are defined as follows, where the frequency of observation data in class C; is

fi-

Linear moment about the origin :
m
> i
_ =1
- m
D f
i=1

Moment of order r about the mean value :

/

K

Z[fi(fﬁi — ')
NTZi:l (7‘:2,3,---)

Dofi
=1

Z;, which represents the class value of each class, is defined as follows.

&1 = Tpin + (i — 0.5)h

Usage
Double precision:

ierr = ASL_d2bamo (f, m, xmax, xmin, np, &xm, wk);
Single precision:

ierr = ASL._r2bamo (f, m, xmax, xmin, np, &xm, wk);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

) int as for 32bit Integer
" | long as for 64bit Integer

A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
1 f D+ m Input | Frequency f;.
Rx
2 m I 1 Input | Number of classes m
xXmax D 1 Input | Upper limit of largest class Ty,q0
R
4 Xmin D 1 Input | Lower limit of smallest class ,in
R
5 np I 1 Input | Order of moment to be obtained r
When np=1, the linear moment about the
origin is obtained.
6 Xm Dx 1 Output | Moment u'y or p, (r=2,---,m)
Rx
7 wk D m Work | Work area
Rx
8 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) xmax > xmin
(b) m>1
(¢) np>1
(d) fi—1]>00 (i=1,2,---,m)
(e) >, fli—1]>0.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 xmax < xmin xmax and xmin are switched, and pro-
cessing continues.
3000 xmax = xmin is specified. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
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(6) Notes

(a) According to the definition, the linear moment about the origin is the mean, and the moment of order
2 about the mean is the variance.

(b) The skewness is an indicator representing the degree of asymmetry in the distribution of observed
13

vV o3 ’

(2, p3) or its square is used as the skewness.

values. The value ag = which is defined using the moments of order 2 and 3 about the mean

(¢) The kurtosis is an indicator representing the degree of peakedness in the distribution of observed

values. The value ay = %, which is defined using the moments of order 2 and 4 about the mean

(12, t1a) or ay — 3 is used as the kurtosis.
(7) Example

(a) Problem
Assume that the interval [0, 80] is divided into 20 equal-width class intervals and that the observation

frequencies of each class Fi, Fy, - - -, Fyy are given as follows. Obtain the moment of order 4.
Class F; Class F; Class F; Class | F;
1 527 6 3942 11 1496 16 448
2 501 7 3737 12 1044 17 283
3 1082 8 3012 13 874 18 260
4 2177 9 2489 14 607 19 207
5 2958 10 1801 15 450 20 144

(b) Input data

Observation frequencies {F;}, m = 20, xmax = 80.0, xmin = 0.0 and np = 20.
(¢) Main program

/* C interface example for ASL_d2bamo */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *f;

int m;

double xmax,xmin;
int np;

double xm;

double *wk;

int ierr;

int i;

FILE *fp;

fp = fopen( "d2bamo.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_d2bamo ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &m );
fscanf( fp, "%lf", &xmax);
fscanf( fp, "%1lf", &xmin);
fscanf( fp, "%d", &np );

f = ( double * )malloc((size_t)( sizeof(double) * m ));
if( £ == NULL )

printf( "no enough memory for array f\n" );
return -1;
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wk = ( double * )malloc((size_t)( sizeof(double) * m ));
if( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

%6d\n", m );
%6.3g\n", xmax );
%6.3g\n", xmin );
%6d\n\n", np );

printf( "\tFrequencies\n", np );
for( i=0 ; i<m ; i++ )

if( i%5 == 0 )
printf( "\n\t" );

printf( "\tm
printf( "\txmax
printf( "\txmin
printf( "\tnp

}
fscanf( fp, "%Llf", &f[i] );
printf( "%9.5g", f[i] );

}

fclose( fp );
ierr = ASL_d2bamo(f, m, xmax, xmin, np, &xm, wk);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %9d\n", ierr );
printf( "\txm %9.4g\n", xm );

free( f );
free( wk );

return O;

}
(d) Output results

*%*% ASL_d2bamo ***

*k Input *%

m = 20

Xmax = 80

xmin = 0

np = 4

Frequencies
527 501 1082 2177 2958
3942 3737 3012 2489 1801
1496 1044 874 607 450
448 283 260 207 144

** Qutput **

ierr
xm

0
1.736e+05
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4.2.6 ASL_d2bahm, ASL_r2bahm
Harmonic Mean

(1) Function
Given a sample consisting of n observed values {z;}(i = 1,- - -,n), The ASL_d2bahm or ASL_r2bahm obtains
the harmonic mean. Also, the ASL_d2bahm or ASL_r2bahm obtains the harmonic mean when n observed
values {y;}(i = 1,---,n) are added.
For a sample consisting of n observed values {z;}(i = 1,---,n), the harmonic mean is defined by the
following equations.

Harmonic mean :

1
1 Z 1
n“ €Z;
=1
(2) Usage

Double precision:

ierr = ASL_d2bahm (a, n, &ns, &hm, isw);
Single precision:

ierr = ASL_r2bahm (a, n, &ns, &hm, isw);

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size Input/ Contents
Return Value Output
1 a Dx n Input | Sequence of observed values {x;} or {y;}
(v
2 n I 1 Input | Number of observed values n
ns I* 1 Input | Number of observed values before adding ob-
served values (for isw=0 , no initial setting is
required)
Output | Number of observed values n
4 hm D+ 1 Input | Harmonic mean before adding observed val-
{R*} ues (See Note (a)) (for isw=0, no initial set-
ting is required)
Output | Harmonic mean that was obtained (See Note
()
5 isw I 1 Input | Processing switch
0: No previously established basic statistics
1: Added observed values
6 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) isw=0, 1

(by n>1

(¢) ns > 1 (When isw=1)

(d) ali—1] >0.00i=1,2,---,n)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

3000 Restriction (b) was not satisfied. Processing is aborted.

3010 Restriction (c) was not satisfied.

3020 Restriction (d) was not satisfied.

4000 Denominator of harmonic mean was zero. The absolute value maximum that can
be represented is set for the standard
deviation.

(6) Notes

(a) To obtain the statistics when observed values are added, use the contents of hm and ns, which were
calculated before adding the observed values, set the added observed values for a and the number of

added observed values for n, set isw to 1, and perform the calculation.

(b) When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.

(c) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.
(7) Example

(a) Problem
Given the following sequence of observed values, obtain the harmonic mean and its standard deviation.

{z;} = {300,600,150,30,20,120,200,100, 50, 40, 50}

Also, obtain the harmonic mean and its standard deviation when the following sequence of observed

values are added.
{y:} = {120, 1200, 300, 150, 600, —120, 240, 200, —100, —50}

(b) Input data

First processing :
Sequence of observed values {z;}, n =11 and isw = 0.
Second processing :

Sequence of observed values {y;}, n = 10 and isw = 1.
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(¢) Main program

/* C interface example for ASL_d2bahm */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int n;

int ns;
double hm;
int isw;
int ierr;
int i;
FILE *fp;

fp = fopen( "d2bahm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *x*x ASL_d2bahm ***\n" );
printf( "\n *x* First processing **\n" );
printf( "\n ** Input **\n\n" );

isw=0;

fscant ( fp, "%d", &n );

a = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

printf( "\tn %6d\n", n );
printf( "\tisw = %6d\n", isw );
printf ( "\n\tObservations\n");

{or( i=0 ; i<n ; i++ )
if( i%5 == 0 )
printf( "\n\t" );

}
fscanf( fp, "4lf", &alil );
printf( "%9.5g", alil );

}

ierr = ASL_d2bahm(a, n, &ns, &hm, isw);

printf( "\n *x Output **\n\n" );
printf( "\tierr %6d\n", ierr );
printf( "\tns %9d\n", ns );
printf( "\thm %9.5g\n", hm );

printf( "\n\n **% Continuous processing **\n" );
printf( "\n ** Input **\n\n" );
isw=1;

fscant ( fp, "%d", &n );

printf( "\tn = %6d\n\tns = %6d\n", n, ns );
printf( "\tisw = %6d\n", isw );

printf ( "\n\tObservations\n");

for( i=0 ; i<n ; i++ )

%f( i%6 == 0 )
printf( "\n\t" );

}
fscanf( fp, "%lf", &alil );
printf( "%9.5g", alil );

}

fclose( fp );
ierr = ASL_d2bahm(a, n, &ns, &hm, isw);

printf( "\n\n ** Output **\n\n" );
printf( "\tierr = %9d\n", ierr );
printf( "\tns %9d\n", ns );
printf( "\thm %#9.5g\n", hm );

free( a );
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return O;

(d) Output results

*xk ASL_d2bahm **x*
** First processing *x

** Input *x*

n = 11

isw = 0

Observations
300 600 150 30 20
120 200 100 50 40
50

*% Output *x*

ierr = 0

ns = 11

hm = 60

** Continuous processing **

** Input *x*

n = 10
ns = 11
isw = 1
Observations
120 1200 300 150 600
-120 240 200 -100 -50

** Qutput *x*

ierr = 0
ns = 21
hm = 120
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4.2.7 ASL_d2basm, ASL_r2basm
Root Mean Square

(1) Function
Given a sample consisting of n observed values {z;}(i = 1,---,n), The ASL_d2basm or ASL_r2basm obtains
the root mean square Also, the ASL_d2bahm or ASL_r2bahm obtains the root mean square when n observed
values {y;}(i = 1,---,n) are added.
For a sample consisting of n observed values {z;}(i = 1,---,n), the root mean square is defined by the
following equations.

Root mean square :

(2) Usage
Double precision:
ierr = ASL_d2basm (a, n, &ns, &sm, isw);
Single precision:

ierr = ASL_r2basm (a, n, &ns, &sm, isw);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 a D« n Input | Sequence of observed values {;} or {y;}
e
n I 1 Input | Number of observed values n
3 ns I* 1 Input | Number of observed values before adding ob-
served values (for isw=0, no initial setting is
required)
Output | Number of observed values n
4 sm Dx 1 Input | Root mean square before adding observed
{R*} values (See Note (a)) (for isw=0, no initial
setting is required)
Output | Root mean square that was obtained (See
Note (a))
5 isw I 1 Input | Processing switch
0: No previously established basic statistics
1: Added observed values
6 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(¢) ns > 1 (When isw=1)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
3000 Restriction (b) was not satisfied. Processing is aborted.
3010 Restriction (c) was not satisfied.
(6) Notes

(a) To obtain the statistics when observed values are added, use the contents of sm and ns, which were
calculated before adding the observed values, set the added observed values for a and the number of

added observed values for n, set isw to 1, and perform the calculation.

(b) When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them
to the samples in increasing order of size.

(c) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-
ulation for which the population and sample match.

(7) Example

(a) Problem

Given the following sequence of observed values, obtain the root mean square.
{z;} = {90,60,30,95,40,80,25,50,70,50}
Also, obtain the root mean square when the following sequence of observed values are added.
{y:} = {60, 60, 60, 70, 60, 60, 50, 60, 60, 60}
(b) Input data
First processing :
Sequence of observed values {z;}, n =11 and isw = 0.

Second processing :

Sequence of observed values {y;}, n = 10 and isw = 1.
(¢) Main program

/* C interface example for ASL_d2basm */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
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double *a;
int n;

int ns;
double sm;
int isw;
int ierr;
int i;
FILE *fp;

fp = fopen( "d2basm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_d2basm ***\n" );
printf( "\n ** First processing **\n" );
printf( "\n ** Input **\n\n" );
isw=0;

fscanf( fp, "%d", &n );

a = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

printf( "\tn = %6d\n", n );
printf( "\tisw = %6d\n", isw );
printf( "\n\tObservations\n");
for( i=0 ; i<n ; i++ )
if( i%56 == 0 )
printf( "\n\t" );

}
fscanf( fp, "4lf", &alil );
printf( "%9.5g", alil );

}

ierr = ASL_d2basm(a, n, &ns, &sm, isw);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns %9d\n", ns );
printf( "\tsm %9.5g\n", sm );

printf( "\n\n **% Continuous processing **\n" );
printf( "\n ** Input **\n\n" );
isw=1;

fscanf( fp, "%d", &n );

printf( "\tn %6d\n\tns = %6d\n", n, ns );
printf( "\tisw = %6d\n", isw );

printf( "\n\tObservations\n");

for( i=0 ; i<n ; i++ )

if( i%5 == 0 )
printf( "\n\t" );

}
fscanf( fp, "%lf", &alil );
printf( "%9.5g", alil );

}

fclose( fp );
ierr = ASL_d2basm(a, n, &ns, &sm, isw);

printf( "\n\n ** Qutput *x\n\n" );
printf( "\tierr %9d\n", ierr );
printf( "\tns %9d\n", ns );
printf( "\tsm %9.5g\n", sm );

free( a );

return O;

}

(d) Output results

%k ASL_d2basm ***

** First processing *x*
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** Input *x*

n = 11

isw = 0

Observations
90 60 30 95 40
80 25 50 70 70
50

*% Output *x*

ierr = 0

ns = 11

sm = 63.996

** Continuous processing **

*k Input *%

n = 10

ns = 11

isw = 1

Observations
60 60 60 70 60
60 50 60 60 60

*% Output *x*

ierr = 0
ns = 21
sm = 62.202
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4.3 VARIANCE-COVARIANCE

4.3.1 ASL_d2vcmt, ASL_r2vcmt

Variance-Covariance Matrices

(1) Function

Given m samples consisting of n observed values {zy;}(k = 1,---,n;i = 1,---,m), the ASL_d2vcmt or
ASL_r2vemt obtains the mean of each sample and the variance-covariance among the samples. It also ob-

tains the mean and variance-covariance when n observed values {y;;} (k=1,---,n;i=1,---,m) are added

to each of the m samples for which the mean and variance-covariance are known.

The mean and variance-covariance among the samples for m samples consisting of n observed values

{zri} (k=1,---,n;i=1,---,m) are defined by the following equations.

Mean :

n
E Lki
k=1

T, = i=1,---
n
Variance-covariance :
Sij ..
dij=— 4,j=1,--
«

Here, o is n when a sample covariance is used or « is n — 1 when an unbiased covariance is used. The

,m

n
':Z(wki_i.i)(‘rkj_i.j) hyj=1,--m
k=1

of squares of deviation matrix) is defined as follows.

diagonal elements of the variance-covariance matrix are the variance values.

(2) Usage

Double precision:

ierr = ASL_d2vemt (a, na, n, m, &ns, x1, d, nd, isw, wk);

Single precision:

ierr = ASL_r2vemt (a, na, n, m, &ns, x1, d, nd, isw, wk);

(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ naxm Input | Matrix in which observed values are stored
{R*} (ki) or (yki) (See Note (a))
na I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Number of observed values per sample stored
in array a n
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Argument and

Return Value

Type

Size

Input/
Output

Contents

m

Input

Number of samples m

ns

I*

Input

Number of observed values per sample before
adding observed values (for isw=0 or 2, no

initial setting is required)

Output

Number of observed values per sample n

x1

Input

Mean of each sample before adding observed
values (for isw=0 or 2, no initial setting is

required)

Output

Obtained mean of each sample

ndxm

Input

Variance-covariance matrix before adding ob-
served values (See Note (b)) (for isw=0 or 2,

no initial setting is required)

Output

Obtained variance-covariance matrix (See
Note (b))

nd

Input

Adjustable dimension of array d

isw

Input

Processing switch

0: Perform calculations using an unbiased co-
variance (when the result of the previous cal-
culation is not used)

1: Perform calculations using an unbiased co-
variance (when the result of the previous cal-
culation is used)

2: Perform calculations using a sample co-
variance (when the result of the previous cal-
culation is not used)

3: Perform calculations using a sample co-
variance (when the result of the previous cal-

culation is used)

10

wk

Work

Work area

11

ierr

Output

Error indicator (Return Value)

(4) Restrictions

> 1 (When isw=1 or 3)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 An attempt was made to obtain an unbi- The absolute value maximum that can be
ased covariance when n = 1. represented is set for the covariance.
3000 Restriction (b) or (c) was not satisfied. Processing is aborted.
3010 Restriction (d) was not satisfied.
(6) Notes
(a) The observed values xy; or yg; (k = 1,2,---,n;i = 1,2,---,m) are stored in array a as real matrix

(b)

(two-dimensional array type) data (See Appendix A).

To obtain the mean and covariance when the same numbers of observed values are added for each
sample, use the contents of d and ns, which were calculated before adding the observed values, set
the added observed values for a and the number of added observed values for n, set isw to 1 or 3,
and perform the calculation. However, when obtaining the covariance, you must set the isw value so
that the calculation is performed using a sample covariance following a calculation that used a sample
covariance the previous time or so that the calculation is performed using an unbiased covariance

following a calculation that used an unbiased covariance the previous time.

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.

Statistics obtained when calculations are performed using an unbiased covariance can be applied to
a population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample covariance can be applied to a

population for which the population and sample match.

(7) Example

()

Problem
Obtain the mean of each sample and the covariance among the samples when the observed values are

given by matrix X shown below.

7 15 36 61 24
18 36 43 63 31
8§ 11 46 27 15
X=1] 6 16 35 64 25
22 30 40 66 32
10 11 40 30 18
17 27 45 55 30

Also, obtain the mean of each sample and the covariance among the samples when the observed values

given by matrix ¥ shown below are added.

15 19 29 57 26
Y=]19 14 31 67 7
18 18 37 61 20
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(b)

Input data
First processing :

Observed value matrix X, na =100, n=7, m =5 and isw = 0.
Second processing :

Observed value matrix Y, na =100, n=3, m =5 and isw = 1.
Main program

/* C interface example for ASL_d2vcmt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *a;
int na;

int n;

int m;

int ns;
double *x1;
double *d;
int nd;

int isw;
double *wk;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "d2vcmt.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_d2vemt ***\n" );
printf( "\n ** First processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &nd );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t)( sizeof(double) * (na*m) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
x1 = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
}
d = ( double * )malloc((size_t) ( sizeof(double) * (nd*m) ));
%f( d == LL

printf( "no enough memory for array d\n" );
return -1;

wk = ( double * )malloc((size_t) ( sizeof(double) * m ));
if( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

%6d\n", na
%6d\n", n

printf( "\tna )3
);
%6d\n", m );
);
)J

printf( "\tn
printf( "\tm
printf( "\tnd
printf( "\tisw

%6d\n", nd
%6d\n", isw

printf ("\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )
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printf ("\t");
for( j=0 ; j<m ; j++ )

fscanf ( fp, "%1lf", &ali+naxjl );
printf( "%8.3g ", ali+naxj] );

}
printf( "\n" );
}

ierr = ASL_d2vcmt(a, na, n, m, &ns, x1, d, nd, isw, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns %6d\n", ns );

printf( "\n\tMean\n\n" );
for( i=0 ; i<m ; i++ )

printf( "\t%8.3g\n", x1[i] );
printf( "\n\tCovariance Matrix\n\n" );
%or( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g ", dli+nd*j] );

}
printf( "\n" );

}
printf( "\n\n ** Continuous processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

%6d\n", ns )
%6d\n", isw );

printf( "\tns
printf( "\tisw

printf( "\tna = %6d\n", na );
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
printf( "\tnd = %6d\n", nd );

printf("\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

fscanf( fp, "Ylf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
}

fclose( fp );

ierr = ASL_d2vcmt(a, na, n, m, &ns, x1, d, nd, isw, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns %6d\n", ns );

printf( "\n\tMean\n\n" );
for( i=0 ; i<m ; i++ )

printf( "\t%8.3g\n", x1[i] );

printf( "\n\tCovariance Matrix\n\n" );
for( i=0 ; i<m ; i++ )
printf( "\t" );
for( j=0 ; j<m ; j++ )
printf( "%8.3g ", dli+nd*j] );
}
printf( "\n" );
}
free( a );
free( x1 );

free( d );
free( wk );
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return O;

(d) Output results

**kk ASL_d2vcmt ***

** First processing *x*

** Input *x*

na = 100
n = 7
m = 5
nd = 10
isw = 0
Observations
7 15 36 61 24
18 36 43 63 31
8 11 46 27 15
6 16 35 64 25
22 30 40 66 32
10 11 40 30 18
17 27 45 55 30
*% Qutput *x*
ierr = 0
ns = 7
Mean
12.6
20.9
40.7
52.3
25
Covariance Matrix
40 55.1 11 41.1 31.7
55.1 100 10.8 111 59.8
11 10.8 17.9 -33.2 -2.17
41.1 111 -33.2 277 95.7
31.7 59.8 -2.17 95.7 43.3

** Continuous processing **

*k Input *%

na = 100
n = 3
m = 5
nd = 10
ns = 7
isw = 1
Observations
15 19 29 57 26
9 14 31 67 7
18 18 37 61 20
*% Qutput *x*
ierr = 0
ns = 10
Mean
13
19.7
38.2
55.1
22.8
Covariance Matrix
31.8 37.8 7 26.8 26.6
37.8 72 15 62.6 52.2
7 15 32.2 -39.9 12.6
26.8 62.6 -39.9 211 36.9
26.6 52.2 12.6 36.9 62.4
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4.3.2 ASL_d2vcgr, ASL_r2vcgr
Variance-Covariance Matrices (Grouped Data)

(1) Function
Given g groups and m samples consisting of n, observed values for each group {x,(crz)}(k =1, ,ngi=
1,---,m;r = 1,---,g), the ASL_d2vcgr or ASL_r2vcgr obtains the mean of each sample in each group,
the mean of each sample over all groups, and the covariance among the samples over all groups. It also
obtains the mean in each group and the mean and covariance over all groups when n, observed values
{y,(cz)} (k=1,---,n;i=1,--- m;r=1,---,g) are added in each group to each of the m samples for which
the mean of each group and the mean and covariance over all groups are known.

The mean of each group and the mean and covariance over all groups for {x,(c:)} (k =1, nmi =
1,---,m;r=1,---,g) are defined by the following equations.
Mean of each group :
Ny
7!
) k=1

_(r . .
Ty = t=1--mr=1,--,9
Ny

Mean over all groups :

g
Z A
r=1

Fi=""——  i=1-m
D>
r=1
Covariance over all groups :
~ 0
T
> s
dyy = = =1
1) ) =L, Mm

g
Do
r=1

st

; (deviation sum of product matrix) of each group is defined as follows.

Uz

s =@ — &)@ —2) ij=1m
k=1

Here, o, is n,, when a sample covariance is used or «;. is n,- — 1 when an unbiased covariance is used. The

diagonal elements of the covariance matrix are the variance values.

(2) Usage
Double precision:
ierr = ASL_d2vcgr (a, na, m, n, k, ns, x1, y, ny, d, nd, isw, wk);
Single precision:

ierr = ASL._r2vegr (a, na, m, n, k, ns, x1, y, ny, d, nd, isw, wk);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (ac,(c:)) or (y,(!l)) (See Note (a))
2 na I 1 Input | Adjustable dimension of array a
3 I 1 Input | Number of samples m
4 n I* k Input | Number of observed values per sample in each
group stored in array a n,
5 k I 1 Input | Number of groups g
6 ns I* k Input | Number of observed values per sample in
each group before adding observed values (for
isw=0 or 2, no initial setting is required)
Output | Number of observed values per sample in each
group n,
7 x1 D+ m Input | Mean of each sample over all groups before
{R*} adding observed values (for isw=0 or 2, no
initial setting is required)
Output | Obtained mean of each sample over all groups
8 y D+ ny xk Input | Mean of each sample in each group before
{R*} adding observed values (for isw=0 or 2, no
initial setting is required)
Output | Obtained mean of each sample in each group
9 ny I 1 Input | Adjustable dimension of array y
10 d D+ ndxm Input | Covariance matrix over all groups before
{R*} adding observed values (See Note (a)) (for
isw=0 or 2, no initial setting is required)
Output | Obtained covariance matrix over all groups
(See Note (a))
11 nd I 1 Input | Adjustable dimension of array d
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A t and I t
No. FEHIMEnt afl Type Size nput/ Contents
Return Value Output

12 isw I 1 Input | Processing switch
0: Perform calculations using an unbiased co-
variance (when the result of the previous cal-
culation is not used)
1: Perform calculations using an unbiased co-
variance (when the result of the previous cal-
culation is used)
2: Perform calculations using a sample co-
variance (when the result of the previous cal-
culation is not used)
3: Perform calculations using a sample co-
variance (when the result of the previous cal-
culation is used)

13 wk Dx See Work | Work area

R+ Contents Size: m x (m x k+ 1)
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions

(a) isw=0,1,2,3

(b) m>1

(¢c) k>1

(d) nd >m

(¢) ny > m

1 (When isw =0 or 2
(f) nfi — 1] > (When dsw =00r2) .
0 (When isw =1 or 3)
1

(i=1,---,k) (When isw =1 or 3)

k
(i) > nfi—1]>1 (When isw =1 or 3)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 An attempt was made to obtain an unbi- The absolute value maximum that can be
ased covariance when n[0] = --- = n[k — represented is set for the covariance.
1] =1

3000 Any of restriction (b) to (f) were not Processing is aborted.
satisfied.

3010 Restriction (g) was not satisfied.

3020 Restriction (h) was not satisfied.

3030 Restriction (i) was not satisfied.

4000 An error occurred in a lower level
function.

(6) Notes

(a) The observed values are stored as follows in array a as real matrix (two-dimensional array type) data
(See Appendix A).

- 1 1 1
AV 2D
1 1 !
P )
1 1 !
200 20
2 2 2
P )
2 2 2
B )
T PP
g@p 2y e g0

(b) To obtain the mean and covariance when the same numbers of observed values are added for each
sample in each group, use the contents of ns, y and wk, which were calculated before adding the
observed values, set the added observed values for a and the number of added observed values for n, set
isw to 1 or 3, and perform the calculation. However, when obtaining the covariance, you must set the
isw value so that the calculation is performed using a sample covariance following a calculation that
used a sample covariance the previous time or so that the calculation is performed using an unbiased

covariance following a calculation that used an unbiased covariance the previous time.

236



ASL_d2vcgr, ASL_r2vcgr
Variance-Covariance Matrices (Grouped Data)

(¢c) When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them
to the samples in increasing order of size.

(d) Statistics obtained when calculations are performed using an unbiased covariance can be applied to
a population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample covariance can be applied to a

population for which the population and sample match.
(7) Example

(a) Problem
When three groups of observed values are given, and the observed values in each group are given by
the matrices X1, X5 and X3 shown below, obtain the mean of each sample in each group, the mean of
each sample over all groups, and the covariance among the samples over all groups.

10 3 7
X,=|11 5 8
12 7 6
(17 12 8 ]
18 11 6
X, =
18 13 7
|17 11 6 |
(11 4 11 ]
12 12
X5 = 0
13 8 10
|15 5 6 |

Also, obtain the mean of each sample in each group, the mean of each sample over all groups, and the
covariance among the samples over all groups when the observed values given by matrices Y7 and Y3

shown below are added to groups 1 and 3.

14 4
Yy = !
15 6 8
18 10 1
Y, = 8§ 10 13
14 5 7

(b) Input data

First processing :
Observed value matrices of each group X7, X5 and X3,
na=100, m=3, k=3,
n[0]=3, n[1]=4, n[2]=4,
ny=10, nd=10 and isw=0.

Second processing :
Observed value matrices of each group Y; and Y3,
na=100, m=3, k=3,
n[0]=2, n[1]=0, n[2]=2,
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ny=10, nd=10 and isw=1.
(¢) Main program

/* C interface example for ASL_d2vcgr */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int m;

int *n;

int k;

int *ns;
double *x1;
double *y;
int ny;
double *d;
int nd;

int isw;
double *wk;
int ierr;
int i,j,is,ig;
FILE *fp;

fp = fopen( "d2vcgr.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x%x ASL_d2vcgr **x\n" );
printf( "\n *x* First processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &k );
fscanf( fp, "%d", &nd );
fscanf( fp, "¥d", &ny );
fscanf( fp, "%d", &isw );

a= ( double * )malloc((size_t) ( sizeof(double) * (na*m) ));
% £( NULL )

printf( "no enough memory for array a\n" );

return -1;

= ( int * )malloc((size_t)( sizeof(int) * k ));
f( n == NULL )

s

printf( "no enough memory for array n\n" );
return -1;

( int * )malloc((size_t) ( sizeof(int) * k ));
1f( ns == NULL )

printf( "no enough memory for array ns\n" );

return -1;
x1 = ( double * )malloc((size_t)( sizeof(double) * m ));
if( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
}
y = ( double * )malloc((size_t)( sizeof (double) * (nyxk) ));
if( y == NULL )
{
printf( "no enough memory for array y\n" );
return -1;
}
d ? ( double * Jmalloc((size_t) ( sizeof(double) * (nd*m) ));
if LL
{

printf( "no enough memory for array d\n" );
return -1;

wk = ( double * )malloc((size_t) ( sizeof(double) * (m*m¥k+m) ));
%f( wk == NULL )
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printf( "no enough memory for array wk\n" );
return -1;

%6d\n", na
%6d\n", m
%6d\n", k

printf( "\tna )
)
)
%6d\n", ny )
)
)

printf( "\tm
printf( "\tk
printf( "\tny
printf( "\tnd
printf( "\tisw

%6d\n", nd
%6d\n", isw

printf( "\n\tNumber of observations in each group\n\n" );
for( i=0 ; i<k ; i++ )

fscanf( fp, "%d", &nli] );

printf ("\tn[/%3d] = %6d\n",i,n[il);

}

printf( "\n\tObservations in each group\n\n" );
is = 0;

for( ig=0 ; ig<k ; ig++ )

printf ("\tGroup %6d\n",ig);
for( i=is ; i<is+n[igl ; i++ )
{

printf ("\t");

for( j=0 ; j<m ; j++ )

fscanf( fp, "%1lf", &ali+naxjl );
printf( "%8.3g ", ali+na*xj] );
}
printf( "\n" );
is += n[igl;
}
ierr = ASL_d2vcgr(a, na, m, n, k, ns, x1, y, ny, d, nd, isw, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
for( i=0 ; i<k ; i++ )

printf ("\tns[%3d] = %6d\n",i,ns[i]);

printf( "\n\tMean over all groups\n\n" );
printf("\t");
for( i=0 ; i<m ; i++ )

printf( "%8.3g ", x1[i] );
printf("\n");

printf( "\n\tMean in each group\n\n" );
for( ig=0 ; ig<k ; ig++ )

{
printf ("\tGroup %6d\n",ig);
printf ("\t");
for( j=0 ; j<m ; j++ )
printf( "%8.3g ", y[j+ny*igl );
}
printf( "\n" );
}

printf( "\n\tCovariance matrix\n\n" );
for( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

printf( "%8.3g ",d[i+nd*jl);

}
printf("\n");

}
printf( "\n\n ** Continuous processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &isw );

%6d\n", na
%6d\n",

printf( "\tna )
m )

%6d\n", k )
)

)

)

printf( "\tm
printf( "\tk
printf( "\tny
printf( "\tnd
printf( "\tisw

%6d\n", ny
%6d\n", nd
%6d\n", isw
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printf( "\n\tPre-increased number of observations in each group\n\n" );
for( i=0 ; i<k ; i++ )

printf ("\tns[%3d] = %6d\n",i,ns[i]);

printf( "\n\tNumber of observations in each group\n\n" );
for( i=0 ; i<k ; i++ )

fscanf( fp, "%d", &nli] );
printf("\tn[/%3d] = %6d\n",i,n[il);

printf( "\n\tObservations in each group\n\n" );
is = 0;
for( ig=0 ; ig<k ; ig++ )

if(nlig] '=0)

{

printf ("\tGroup %6d\n",ig);
for( i=is ; i<is+n[ig] ; i++ )
printf ("\t");
for( j=0 ; j<m ; j++ )
fscanf( fp, "4lf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );

is += n[igl;

}
fclose( fp );
ierr = ASL_d2vcgr(a, na, m, n, k, ns, x1, y, ny, d, nd, isw, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
for( i=0 ; i<k ; i++ )

printf ("\tns[%3d] = %6d\n",i,ns[i]);

printf( "\n\tMean over all groups\n\n" );
printf ("\t");
for( i=0 ; i<m ; i++ )

printf( "%8.3g ", x1[i] );
printf("\n");

printf( "\n\tMean in each group\n\n" );
for( ig=0 ; ig<k ; ig++ )

{
printf ("\tGroup %6d\n",ig);
printf ("\t");
for( j=0 ; j<m ; j++ )
printf( "%8.3g ", y[j+ny*igl );
}
printf( "\n" );
}

printf( "\n\tCovariance matrix\n\n" );
for( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

printf( "%8.3g ",d[i+nd*j]);

}
printf("\n");

)
free( d )
free( wk

return O;
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(d) Output results

***x ASL_d2vcgr ***

** First processing *x*

** Input

Number of observations in each group

=]
—i
[
-
o

*%

100
3

3
10
10
0

3
4
4

Observations in each group

Group

Group

Group

*% Qutput *x*

ierr =

ns[ 0]
ns[ 1]
ns[ 2]

Mean over

14

Mean in each group

Group
11

Group
17.5

Group
12.8

Covariance matrix

** Continuous processing **

** Input

na
m

k
ny
nd
isw

Pre-increased number of observations in each group

ns[ 0]
ns[ 1]
ns[ 2]

Number of

=]
—
-
[
o

0
3 7
5 8
7 6
1
12 8
11 6
13 7
11 6
2
4 11
6 12
8 10
5 6
0
3
4
4
all groups
7.73 7.91
5 7
1
11.8 6.75
5.75 9.75
0.781 -1.72
2.44 0.187
0.187 3.19

k%

100
3

3
10
10
1

3
4
4

observations in each group

2
0
2

Observations in each group

Group
14
15

0
4 9
6 8
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Group 2
18 10 13
14 5 7

*% Output *x*

ierr = 0

ns[ 0] = 5
ns[ 1] = 4
ns[ 2] = 6

Mean over all groups
14.3 7.33 8.27

Mean in each group

Group 0

12.4 5 7.6
Group 1

17.5 11.8 6.75
Group 2

13.8 6.33 9.83

Covariance matrix

4.09 2.07 0.428
2.07 3.17 1.34
0.428 1.34 3.9
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4.4 CORRELATION COEFFICIENTS

4.4.1 ASL_d2ccmt, ASL_r2ccmt

Correlation Matrices

(1) Function

Given m samples consisting of n observed values @; = {xg; }(k = 1,---,n;i = 1,---,m), the ASL_d2ccmt
or ASL_r2ccmt obtains the mean of each sample and the correlation coefficients between the samples. It
also obtains the mean of each sample and the correlation coefficients between the samples when n observed
values y, = {yri}(k=1,---,n;i=1,---,m) are added to each of the m samples.

The mean Z; of sample @; (i = 1,---,m) is defined as follows.

Here, t; is the sum, which is defined as follows.

n
tzZE Lki s i:]-v"'vm
k=1

The correlation coefficient r;; between samples x; and «; is defined as follows.

Sij . .
T = ——— 2217...’m;]:1’...7m

)
s;j is defined as follows.

n

sij = Y _(wki — Ti) (w5 — T5), i=1-,myj=1,-,m
k=1

The matrix R = (r;;) is called the correlation coefficient matrix.

Usage
Double precision:

ierr = ASL_d2ccmt (a, na, n, m, &ns, x1, r, nr, isw, wk);
Single precision:

ierr = ASL_r2cecmt (a, na, n, m, &ns, x1, r, nr, isw, wk);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (xgi) or (ygi) (k=1,---m;i=1,---,m)
2 na I 1 Input | Adjustable dimension of array a
n I 1 Input | Number of observed values per sample stored
in array a n
4 m I 1 Input | Number of samples m
5 ns I* 1 Input | Number of observed values per sample before
adding observed values (for isw=0, no initial
setting is required)
Output | Number of observed values per sample n
6 x1 D+ m Input | Mean of each sample before adding ob-
{R*} served values (for isw=0, no initial setting is
required)
Output | Obtained mean of each sample
7 r D nrxm Input | Correlation coefficients between samples be-
{R*} fore adding observed values (for isw=0, no
initial setting is required)
Output | Obtained correlation coefficients between
samples
8 nr I 1 Input | Adjustable dimension of array r
9 isw I 1 Input | Processing switch
0: First calculation (when the result of the
previous calculation is not used)
1: Add observed values (when the result of
the previous calculation is used)
10 wk Dx m Work | Work area
()
11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
a)
b)
()
(d)

=

(a) isw =0, 1
( 1

=
v

n

Y

1

=)
Y

m

Y

a
T
S

=]

> 1 (When isw=1)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 An attempt was made to obtain correla- The absolute value maximum that can
tion coefficients when isw=0 and n=1. be represented is set for the correlation

coefficients.

1020 The variance was zero because all values
of a certain sample were equal.

3000 Restriction (b), (c¢) was not satisfied. Processing is aborted.

3010 Restriction (d) was not satisfied.

(6) Notes

(a) To obtain the statistics when the same numbers of observed values are added for each sample, use the
contents of x1, r, ns and wk, which were calculated before adding the observed values, set the added
observed values for a and the number of added observed values for n, set isw to 1, and perform the

calculation.

(b) If a job that had been executed with isw=0 terminated with ierr=1020, the result will not be guaranteed
if a job is executed with isw=1 following it.

(¢) When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.
(7) Example

(a) Problem
Obtain the mean of each sample and the correlation coefficients between the samples when the observed

values are given by matrix X shown below.

7 9 15 60 24
13 25 13 61 30
9 24 12 62 31
X=1| 7 25 11 63 32
6 20 15 18 15
10 30 10 27 17
7 11 15 60 25

Also, obtain the mean of each sample and the correlation coefficients between the samples when the

observed values given by matrix Y shown below are added.

16 25 13 64 30
Y= 9 26 13 66 32
8§ 26 13 66 34

(b) Input data
First processing :

Matrix X in which observed values are stored, na =100, n =7, m =5 and isw = 0.
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Second processing :

Matrix Y in which observed values are stored, na =100, n =3, m =5 and isw = 1.
(¢) Main program

/* C interface example for ASL_d2ccmt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int n;

int m;

int ns;
double *x1;
double *r;
int nr;

int isw;
double *wk;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "d2ccmt.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *x* ASL_d2ccmt ***x\n" );
printf( "\n *x* First processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &nr );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t)( sizeof(double) * (na*m) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

x1 = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
}
r = ( double * )malloc((size_t) ( sizeof(double) * (nr*m) ));
%f( r == NULL )

printf( "no enough memory for array r\n" );
return -1;

wk = ( double * )malloc((size_t) ( sizeof(double) * m ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
printf( "\tna = %6d\n", na );
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
= );

printf( "\tnr %6d\n", nr
printf( "\tisw = %6d\n", isw );
printf ( "\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

fscanf( fp, "J4lf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
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ierr = ASL_d2ccmt(a, na, n, m, &ns, x1, r, nr, isw, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr %6d\n", ierr );
printf( "\tns %6d\n", ns );

printf( "\n\tCorrelation Matrix\n\n" );
for( i=0 ; i<m ; i++ )

printf("\t");

for( j=0 ; j<m ; j++ )

printf( "%8.3g ", rli+nr*j] );

}

printf( "\n" );
}

printf( "\n\tMean\n\n" );
for( i=0 ; i<m ; i++ )

printf( "\t%8.3g\n", x1[i] );

printf( "\n\n ** Continuous processing **\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

printf( "\tna = %6d\n", na );
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
printf( "\tnr = %6d\n", nr );
printf( "\tns = %6d\n", ns );

printf( "\tisw = %6d\n", isw );
printf( "\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )
fscanf( fp, "Jlf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );
¥
printf( "\n" );
}
fclose( fp );
ierr = ASL_d2ccmt(a, na, n, m, &ns, x1, r, nr, isw, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns %6d\n", ns );

printf( "\n\tCorrelation Matrix\n\n" );
%or( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

printf( "%8.3g ", rli+nr*jl );

printf( "\n" );
}

printf( "\n\tMean\n" );
for( i=0 ; i<m ; i++ )
printf( "\t%8.3g\n", x1[i] );
free( a );
free( x1 );
free( r );
free( wk );

return O;

}
(d) Output results

*xk ASL_d2ccmt ***
** First processing *x*

** Input *x*

247



ASL_d2cemt, ASL_r2cemt
Correlation Matrices

na = 20

n = 7

m = 5

nr = 5

isw = 0

Observations
7 9 15
13 25 13
9 24 12
7 25 11
6 20 15
10 30 10
7 11 15

*% Output *x*

0
7

ierr
ns

Correlation Matrix

1 0.545  -0.427
0.545 1 -0.861
-0.427 -0.861 1
0.185 -0.294 0.0294
0.297  0.0491 -0.213

Mean

8.43
20.6

13
50.1
24.9

** Continuous processing **

* % Input * %
na = 20
n = 3
m = 5
nr = 5
ns = 7
isw = 1
Observations

16 25 13

9 26 13

8 26 13

** Qutput **

0
10

ierr
ns

Correlation Matrix

1 0.442 -0.272
0.442 1 -0.803
-0.272 -0.803 1
0.266  -0.093 0.0265
0.281 0.232 -0.179

0.185
-0.294
0.0294

1

0.919

64
66

0.255
-0.093
0.0265

1
0.924

0.297
0.0491
-0.213

0.919

30
34

0.281
0.232
-0.179
0.924
1
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4.4.2 ASL_d2ccma, ASL_r2ccma

(1)

Multiple Correlation Coefficients

Function

Given m samples consisting of n observed values {z;}(k = 1,---,n;i = 1,---,m), the ASL_d2ccma or
ASL_r2ccma obtains the basic statistics (sum, mean, sum of squares of deviation, variance, and standard
deviation) and multiple correlation coefficients of each sample. It also obtains the basic statistics and
multiple correlation coefficients when n observed values {yx;} (k=1,---,n;:=1,---,m) are added to each
of the m samples for which the basic statistics are known.

The basic statistics and multiple correlation coefficients for m samples consisting of n observed values
{zr;} (k=1,---,n;i=1,---,m) are defined by the following equations.

Sum :

n
tlzg This t=1,---.m
k=1

Mean :

k=1
Variance :
Si
Vi = —, ZZ]—v"vm
«

Standard deviation :

di:\/v—’iv i:]-v"'vm

Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Multiple correlation coefficients :

A

Tid,eim1yitl,m = 4/ 1 — , i=1,---,m
Aii

Here, A and A;; are the determinant and cofactor matrix of the matrix having the correlation coefficients

rij (i, =1,---,m) as elements.

Usage
Double precision:

ierr = ASL_d2ccma (a, na, n, m, &ns, stat, r, isw, wk);
Single precision:

ierr = ASL_r2ccma (a, na, n, m, &ns, stat, r, isw, wk);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (ki) or (yki) (See Note (a))
2 na I 1 Input | Adjustable dimension of array a
n I 1 Input | Number of observed values per sample stored
in array a n
4 m I 1 Input | Number of samples m
5 ns I* 1 Input | Number of observed values per sample before
adding observed values (for isw=0 or 2, no
initial setting is required)
Output | Number of observed values per sample n
6 stat D+ mx5 Input | Basic statistics before adding observed val-
{R*} ues (See Note (b)) (for isw=0 or 2, no initial
setting is required)
Output | Obtained basic statistics (See Note (b))
7 r Dx m Output | Multiple correlation coefficients of each
{R* } sample
8 isw I 1 Input | Processing switch
0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)
1: Perform calculations using an unbiased es-
timate (added observed values)
2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)
3: Perform calculations using a sample vari-
ance (added observed values)
9 wk D See Work | Work area
{R*} Contents Size:2xmxm+3Xxm
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

250




ASL_d2ccma, ASL_r2ccma
Multiple Correlation Coefficients

(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 n = 1 was specified. When isw = 0, the absolute value maxi-

mum that can be represented is set for the
variance, standard deviation, and multi-
ple correlation coefficients.

When isw = 2, the absolute value max-
imum that can be represented is set for

the multiple correlation coefficients.

1020 The variance was zero because all values The absolute value maximum that can be
of a certain sample were equal. represented is set for the multiple corre-

lation coefficients.

3000 Restriction (b), (¢) was not satisfied. Processing is aborted.
3010 Restriction (d) was not satisfied.

3020 Restriction (e) was not satisfied.

4000 The inverse matrix of the simple correla-

tion matrix was not obtained.

(6) Notes

(a)

(b)

()

The observed values xg; or yx; (k= 1,2,---,n;i = 1,2,---,m) are stored in array a as real matrix

(two-dimensional array type) data (See Appendix A).

The basic statistics are stored as follows in the array stat.

stat[i — 1] : Sum t;

stat[(i — 1) + m] : Mean Z;

stat[(i — 1) +m x 2] : Sum of squares of deviations; , i=1,---,m
stat[(i — 1) +m x 3] : Variance v;

stat[(i — 1) +m x 4] : Standard deviation d;

To obtain the basic statistics and multiple correlation coefficients when the same numbers of observed
values are added for each sample, use the contents of stat, ns and wk, which were calculated before
adding the observed values, set the added observed values for a and the number of added observed
values for n, set isw to 1 or 3, and perform the calculation. However, when obtaining the variance or
standard deviation, you must set the isw value so that the calculation is performed using a sample
variance following a calculation that used a sample variance the previous time or so that the calculation
is performed using an unbiased estimate following a calculation that used an unbiased estimate the

previous time.

If a job that had been executed with isw=0 or isw=2 terminated with ierr=1020, the result will not

be guaranteed if a job is executed with isw=1 or isw=3 following it.

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.
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(f)

Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.

(7) Example

(a)

Problem

Obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard deviation)
and multiple correlation coefficients for each sample when the observed values are given by matrix X
shown below.

23.9 64.6 241
214 652 2.14
23.6 57.7 261
X =1 232 61.0 224
25.0 86.5 2.78
25.7 88.8 2.95
23.2 91.0 291

Also, obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard
deviation) and multiple correlation coefficients for each sample when the observed values given by
matrix Y shown below are added.

24.3 84.6 3.12
Y =1 253 892 3.01
26.5 90.8 2.73

Input data

First processing :
Matrix X in which observed values are stored, na = 100, n =7, m = 3 and isw = 0.
Second processing :

Matrix Y in which observed values are stored, na = 100, n = 3, m = 3 and isw = 1.
Main program

/* C interface example for ASL_d2ccma */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int n;

int m;

int ns;
double *stat;
double *r;
int isw;
double *wk;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "d2ccma.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
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printf( " *x*x ASL_d2ccma ***\n" );
printf( "\n *x* First processing **\n" );
printf( "\n *#x Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*m) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
stat = ( double * )malloc((size_t) ( sizeof(double) * (m*5) ));
if( stat == NULL )

printf( "no enough memory for array stat\n" );

return -1;
}
r = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( r == NULL )

printf( "no enough memory for array r\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (2*m*m+3%m) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
printf( "\tna = %6d\n", na );
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );

printf( "\tisw = %6d\n", isw );

printf("\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )

printf ("\t");

for( j=0 ; j<m ; j++ )

fscanf( fp, "%lf", &ali+naxjl );
printf( "%8.3g ", ali+naxj] );

}
printf( "\n" );
}

ierr = ASL_d2ccma(a, na, n, m, &ns, stat, r, isw, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\tns %6d\n\n", ns );

printf( "\t Sum Mean Sum of Variance Standard \n" );
printf( "\t Squares deviation\n" );
printf( "\t -—= -—= -—-\n" );

for( i=0 ; i<m ; i++ )
printf ("\t");
for( j=0 ; j<5 ; j++ )
printf( "%8.3g ", stat[i+tm*j] );
) %rintf( "\n" );

printf( "\n\tMultiple Correlation Coefficient\n\n" );
for( i=0 ; i<m ; i++ )

printf( "\t%8.3g\n", r[il );

printf( "\n ** Continuous processing **\n" );
printf( "\n *#x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &isw );

%6d\n", na );
%6d\n", n );
%6d\n", m );

printf( "\tna
printf( "\tn
printf( "\tm
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%6d\n", ns );
%6d\n", isw );

printf( "\tns
printf( "\tisw

printf("\n\tObservations\n\n");
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

fscanf( fp, "%lf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
}

fclose( fp );

ierr = ASL_d2ccma(a, na, n, m, &ns, stat, r, isw, wk);

printf( "\n ** Qutput **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf( "\tns = %6d\n\n", ns );

printf( "\t Sum Mean Sum of Variance Standard \n" );
printf( "\t Squares diviation\n" );
printf( "\t -— -— \n" );

{or( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<5& ; j++ )

printf( "%8.3g ", stat[i+tm*j] );

printf( "\n" );
}

printf( "\n\tMultiple Correlation Coefficient\n\n" );
for( i=0 ; i<m ; i++ )
printf( "\t%8.3g\n", rl[il );
free( a );
free( stat );
free( r );
free( wk );

return O;

}
(d) Output results

*xx ASL_d2ccma ***
** First processing *x

*k Input *%

na = 100
n = 7
m = 3
isw = 0
Observations
23.9 64.6 2.41
21.4 65.2 2.14
23.6 57.7 2.61
23.2 61 2.24
25 86.5 2.78
25.7 88.8 2.95
23.2 91 2.91
** Qutput **
ierr = 0
ns = 7
Sum Mean Sum of Variance Standard
Squares deviation
166 23.7 11.5 1.92 1.39
515 73.5 1.26e+03 211 14.5
18 2.58 0.625 0.104 0.323

Multiple Correlation Coefficient
0.749

0.825
0.893

254



ASL_d2ccma, ASL_r2ccma
Multiple Correlation Coefficients

** Continuous processing **

** Input *x*

na = 100
n = 3
m = 3
ns = 7
isw = 1
Observations
24.3 84.6 3.12
25.3 89.2 3.01
26.5 90.8 2.73
*% Output *x*
ierr = 0
ns = 10
Sum Mean Sum of Variance Standard
Squares diviation
242 24.2 19.7 2.19 1.48
779 77.9 1.74e+03 193 13.9
26.9 2.69 1 0.111 0.334

Multiple Correlation Coefficient

0.685
0.823
0.816
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4.4.3 ASL_d2ccpr, ASL_r2ccpr
Partial Correlation Coefficients

(1) Function

Given m samples consisting of n observed values {xy;}(k = 1,---,n;i = 1,---,m), the ASL_d2ccpr or
ASL_r2ccpr obtains the basic statistics (sum, mean, sum of squares of deviation, variance, and standard
deviation) and partial correlation coefficients of each sample. It also obtains the basic statistics and partial
correlation coefficients when n observed values {yx;} (k=1,---,n;i=1,---,m) are added to each of the
m samples for which the basic statistics are known.

The basic statistics and partial correlation coefficients for m samples consisting of n observed values
{zr;} (k=1,---,n;i=1,---,m) are defined by the following equations.

Sum :

n
tl:E Tki, t=1,---.m
k=1

Mean :

Sum of squares of deviation :

n
Si:Z(Ikiffi)Q, i:1,~~,m

k=1
Variance :
Si .
Uy = —, Zi]—v"vm
«

Standard deviation :

di:\/v—iv i:]-v"'vm

Here, o is n — 1 when an unbiased estimate is used or « is n when a sample variance is used.

Partial correlation coefficients :

Aij .
Ti,§-1,i—1,i+1,j—1,j+1,m — = —F——— 1,] = ].,"',’ITL
Here, A;; is the cofactor matrix of the matrix having the correlation coefficients r;; (4,5 = 1,---,m) as
elements.
(2) Usage

Double precision:
ierr = ASL_d2ccpr (a, na, n, m, &ns, stat, r, nr, isw, wk);
Single precision:

ierr = ASL._r2ccpr (a, na, n, m, &ns, stat, r, nr, isw, wk);
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(3) Arguments and Return Value

R:Single precision real C:Single precision complex

D:Double precision real  Z:Double precision complex I int as for 32bit Integer
long as for 64bit Integer

Argument and Input/

No. Type Size Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (2ki) or (yri)(See Note (a))
2 na I 1 Input | Adjustable dimension of array a
n I 1 Input | Number of observed values per sample stored
in array a n
4 m I 1 Input | Number of samples m
5 ns I* 1 Input | Number of observed values per sample before

adding observed values (for isw=0 or 2, no

initial setting is required)

Output | Number of observed values per sample n
6 stat {D*} mx5 Input | Basic statistics before adding observed val-

R+ ues (See Note (b)) (for isw=0 or 2, no initial

setting is required)

Output | Obtained basic statistics (See Note (b))

7 r Dx nrxm Output | Partial correlation coefficients between sam-
{R*} ples  7i i, im1,it1,j—1,4+1,-m (See Note

()

8 nr I 1 Input | Adjustable dimension of array r

9 isw I 1 Input | Processing switch

0: Perform calculations using an unbiased es-
timate (no previously established basic statis-
tics)

1: Perform calculations using an unbiased es-
timate (added observed values)

2: Perform calculations using a sample vari-
ance (no previously established basic statis-
tics)

3: Perform calculations using a sample vari-

ance (added observed values)

10 wk Dx See Work | Work area
Rx Contents 2xmxm+3xm
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 n = 1 was specified. When isw = 0, the absolute value maxi-
mum that can be represented is set for the
variance, standard deviation, and partial
correlation coefficients.

When isw = 2, the absolute value max-
imum that can be represented is set for
the partial correlation coefficients.

1020 The variance was zero because all values The absolute value maximum that can be

of a certain sample were equal. represented is set for the partial correla-
tion coefficients.

3000 Restriction (b), (¢) was not satisfied. Processing is aborted.

3010 Restriction (d) was not satisfied.

3020 Restriction (e) was not satisfied.

4000 The inverse matrix of the simple correla-

tion matrix was not obtained.
(6) Notes
(a) The observed values xg; or yi; (kK = 1,2,---,n;4 = 1,2,---,m) are stored in array a as real matrix

(two-dimensional array type) data.

Also, the partial correlation coefficients 7;; = 7 j.1,.. i— 1,641, j—1,j41,--m (8,5 = 1,2, -

-,m) are stored

in array r as real matrix (two-dimensional array type) data.

For the method of array data storage, see Appendix A.

(b) The basic statistics are stored as follows in the array stat.

stat[i — 1] Sum ¢;

stat[(i — 1) + m)] Mean Z;

stat[(i — 1) +m x 2] Sum of squares of deviation s; , i=1,---,m
stat[(i — 1) +m x 3] Variance v;

stat[(i — 1) +m x 4] Standard deviation d;

(¢) To obtain the basic statistics and partial correlation coefficients when the same numbers of observed

values are added for each sample, use the contents of stat, ns and wk, which were calculated before

adding the observed values, set the added observed values for a and the number of added observed

values for n, set isw to 1 or 3, and perform the calculation. However, when obtaining the variance or
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standard deviation, you must set the isw value so that the calculation is performed using a sample
variance following a calculation that used a sample variance the previous time or so that the calculation
is performed using an unbiased estimate following a calculation that used an unbiased estimate the

previous time.

If a job that had been executed with isw=0 or isw=2 terminated with ierr=1020, the result will not

be guaranteed if a job is executed with isw=1 or isw=3 following it.

When there are an extremely large number of data values that are widely dispersed, better results are
obtained by grouping them into data having absolute values of the same relative size and adding them

to the samples in increasing order of size.

Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.

(7) Example

(a)

Problem
Obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard deviation)
and partial correlation coefficients for each sample when the observed values are given by matrix X

shown below.

84 58 42
92 8% 86
88 80 98
X=1|66 72 64
64 50 40
80 94 74

| 90 92 94 |

Also, obtain the basic statistics (sum, mean, sum of squares of deviation, variance, and standard
deviation) and partial correlation coefficients for each sample when the observed values given by matrix

Y shown below are added.

40 36 8
Y=1]78 50 86
82 62 66

Input data
First processing :

Matrix X in which observed values are stored, na =100, n =7, m = 3 and isw = 0.
Second processing :

Matrix Y in which observed values are stored, na = 100, n =3, m = 3 and isw = 1.
Main program

/* C interface example for ASL_d2ccpr */
#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()
{
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double *a;
int na;

int n;

int m;

int ns;
double *stat;
double *r;
int nr;

int isw;
double *wk;
int 1err,
int i,j;
FILE *fp;

fp = fopen( "d2ccpr.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " **x* ASL_d2ccpr ***\n" );
printf( "\n ** First processing **\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &nr );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*m) ));
% f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

stat = ( double * )malloc((size_t) ( sizeof(double) * (m*5) ));
if ( stat == NULL )

printf( "no enough memory for array stat\n" );
return -1;

o

r = ( double * )malloc((size_t)( sizeof(double) * (nr*m) ));
% ( r == NULL )

printf( "no enough memory for array r\n" );

return -1;

( double * Jmalloc((size_t) ( sizeof (double) * (2*m*m+3*m) ));
1f( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

%6d\n", na

printf( "\tna )
%6d\n", n )
)
)

printf( "\tn
printf( "\tm
printf( "\tnr
printf( "\tisw

%6d\n", m
%6d\n", nr
%6d\n", isw )

printf( "\n\tObservations\n\n" );
for( i=0 ; i<n ; i++ )

printf ("\t");
for( j=0 ; j<m ; j++ )

fscanf( fp, "Jlf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );

}

ierr = ASL_d2ccpr(a, na, n, m, &ns, stat, r, nr, isw, wk);

printf( "\n ** Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf( "\tns = %6d\n\n", ns );

printf( "\t Sum Mean Sum of Variance Standard \n" );
printf( "\t Squares diviation\n" );
printf( "\t _— _— \n" );

for( i=0 ; i<m ; i++ )

printf ("\t");
for( j=0 ; j<5 ; j++ )
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printf (

}
printf( "\n"
}

for( i=0 ; i<m ;
{

"%8.3g ", stat[i+m*j] );
)s
printf( "\n\tPartial Correlation Coefficient Matrix\n\n" );
it+ )
)5
<m ; j++ )

printf( "\t"
for( j=0 ; j
printf(

}

printf( "\n"
}
printf( "\n\n
printf( "\n
fscanf ( fp, "%d"
fscanf( fp, "%d",
printf( "\tna =
printf( "\tn =
printf( "\tm =
printf( "\tnr =
printf( "\tns =
printf( "\tisw =
printf( "\n\tObs

for( i=0 ; i<n ;

printf ("\t")
for( j=0 ; j

fscanf (
printf (

}
printf( "\n"
}

fclose( fp );

"%8.3g ", rli+nrx*jl );
);

** Continuous processing **\n" );
** Input **\n\n" );

, &n );
&isw );

%6d\n", na )
%6d\n", n )
%6d\n", m )
%6d\n", nr )
%6d\n", ns )
%6d\n", isw )

B
H
B
H
B
H

ervations\n\n" );
i++ )
<m ; j++ )
fp, "W1f", &ali+na*j] );

"%8.3g ", ali+naxj]l );
);

Standard \n" );
diviation\n" );

——-\n" )

ierr = ASL_d2ccpr(a, na, n, m, &ns, stat, r, nr, isw, wk);
printf( "\n ** Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf( "\tns = %6d\n\n", ns );

printf( "\t Sum Mean Sum of Variance
printf( "\t Squares

printf( "\t -—= -—=

for( i=0 ; i<m ; i++ )

printf ("\t")
for( j=0 ; j

printf (
}
printf( "\n"
}

for( i=0 ; i<m ;

s

<5 ; jt+ )
"%8.3g ", stat[i+m*j] );
)3
printf( "\n\tPartial Correlation Coefficient Matrix\n\n" );
i++ )
)5

printf( "\t"
for( j=0 ; j

printf(

}

printf( "\n"
}
free( a );
free( stat );
free( r );
free( wk );

return O;

}
(d) Output results

**% ASL_d2ccpr *

** First process

<m ; j++ )
"%8.3g ", rli+nrx*jl );
);

*k

ing *k
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** Input *x*
na = 100
n = 7
m = 3
nr = 3
isw = 0
Observations

84 58 42

92 88 86

88 80 98

66 72 64

64 50 40

80 94 74

90 92 94

*% Output *x*

ierr = 0
ns = 7
Sum Mean Sum of Variance Standard
Squares diviation
564 80.6 774 129 11.4
534 76.3 1.76e+03 293 17.1
498 71.1 3.34e+03 557 23.6
Partial Correlation Coefficient Matrix
-1 0.12 0.366
0.12 -1 0.744
0.366 0.744 -1
** Continuous processing **
*% Input *%
na = 100
n = 3
m = 3
nr = 3
ns = 7
isw = 1
Observations
40 36 8
78 50 86
82 62 66
** Qutput **
ierr = 0
ns = 10
Sum Mean Sum of Variance Standard
Squares diviation
764 76.4 2.25e+03 250 15.8
682 68.2 3.62e+03 402 20.1
658 65.8 7.29e+03 810 28.5

Partial Correlation Coefficient Matrix

-1 0.273 0.643
0.273 -1 0.378
0.643 0.378 -1

262



Chapter 5

TIME SERIES ANALYSIS

5.1 INTRODUCTION

This library provides the following functions for performing time series analysis.
e Autocovariance and Cross Covariance
e Autocorrelation and Cross Correlation

e Smoothing and Demand Forecasting
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Explanation

5.1.1 Explanation

(1) Basic Statistics of Time Series Data

Let time series data be represented by x1,xs,---,x,. Let the mean of the first and last n — [ data values

among this time series data be represented by p and v as follows, where (l=0,1,---

n—l1
D> i
J=r (1=0,1,---,m—1)

O
S -

n—I
E Titl

SO =l

T (1=0,1,---

,m—1)

The autocovariance ¢V at this time is defined as follows.

1
(@ — ) (@i —v

3

(l))

(OR—— 1=0.1.---.m—1
c (TL — l) ( y Ly ,m )
¢ can also be expressed as follows.
> (@ =) (@ — )
O (1=0,1,---,m—1)

(n—1)

m—1;m <n).

If the sample variance (not an unbiased estimate) of the first and last n — [ data values among this time

series data are represented by u(® and v(") as follows:

n—1
D (@i —p)?
u® = ZZI(TZ) (1=0,1,---,m—1)
n—I
(w541 — v1V)?
W=2=L_ _ (1=0,1,---,m—1)

(n—1)
the autocorrelation coefficient r() is defined as follows.

l
’f‘(l) _ C( )

(o = 1O @i — )

=1
n—l n—l1
S (i = )| Y (is — w02
=1 i=1

The variable [ is called the lag.

Now, let two sets of time series data be represented by x1,xs, - -

264

3 Tn and Y1, Y2,

»Yn-

Let the mean of



Explanation

the first and last n — [ data values among each of these sets of time series data be represented by 1, and

v, for z; and p, Y and v,® for y; (i =1,2,---,n) as follows, where (I =0,1,---,m — 1;m < n).

Nm(l):l_l—l (1=0,1,---,m—1)

My(l):i (1=0,1,---,m—1)

v, = =1 (1=0,1,---,m—1)

The cross covariances czy(l) and cyz(l) at this time are defined as follows.

(25 = 12 D) (i1 — v, )

(n—1)

n—1
Z(yi — 1y N (@i — vz Y)

0 — =1 1=0.1.--- -1
Cy:b (n—l) ( - , M )

If the sample variances (not unbiased estimates) of the first and last n — [ data values among each of these

sets of time series data are represented by u, ) and v, for z; and uy(l) and vy(l) fory; (i=1,2,---,n) as
follows:

u, D = =1 ) (1=0,1,---,m—1)
n—l
(@41 — vo)?
v, = =1 ) (1=0,1,---,m—1)
n—l
(yi _Ny(l))2
uy(l)i = (n_l) (1:0717 7m71)
n—l
> wirr — vy ")
v, = =L (1=0,1,---,m—1)

265



Explanation

the cross correlation coefficients rw(l) and rw(l) are defined as follows.

®

rey® = _ Cay ©
uz(l)vy(l)
n—l
(i — Mw(l))<yi+l - Vy(l))
_ i=1
n—I n—l
(@5 — 1@\ | D (Girs — vy D)2
i=1 i=1
O]
) _ __ Sy
ria = ujmvmm
n—l

—1

(yi — ny®)? (ip1 — veD)?
1

S

|
=~ .
S

i=1 i

(2) Smoothing and Demand Forecasting

()

Moving Averages

Let n given time series data values be represented by:
L1, T2, Tn

and m specified weights be represented by:
W1, Wa, -+, Wy

The weighted moving average M}’ is defined as follows.

~ (Thpj1 - wy)
M — SR W) gy 1
PV > R

m can be called the smoothing bandwidth. Usually, the weight coefficients w; are determined so that

=1

the following relationship is satisfied.

m
ij =1
j=1

Single Exponential Smoothing
The single exponential smoothing equation for a given time series - - -, z,_1,x, (2, is the most recent

data) is defined as follows.
Si=axt+(1—a)Si—1 t=M,M+1,---;n; M = —0)

Here, S; is the smoothing value of x; and « is the smoothing constant. Now, assume the forecasting

model has the following kind of structure.
T = a+ &

Here, a is a constant, and &; is an error term that independently obeys N(0,0%). At this time, the
mathematical expectation value F; at time ¢ and the forecast value E;,j at L periods after ¢ are as

follows.

By =F, =5
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(¢) Double Exponential Smoothing

The double exponential smoothing equation for a given time series - - -, 2,1, (2, is the most recent
data) is defined as follows.

St = or: + (1 *O[)Stfl
Di=aSi+(1—a)Diy t=M,M+1,--- ,n;M = —0)

Here, S; is the single exponential smoothing value of x;, D; is the double exponential smoothing value
of z;, and « is the smoothing constant. Now, assume the forecasting model has the following kind of

structure.
T =a+ bt + &¢

Here, a and b are constants, and &, is an error term that independently obeys N(0,02). At this time,

the mathematical expectation value E; at time ¢ and the forecast value Fy, at L periods after ¢ are

as follows.
Et =a + bt
1-— 1-—
Si=a+bt——Tp=p5 "%
@
2(1 — 2(1 —
Dy—aipt_ 20y _p 200
@ @
Therefore, the following relationships hold:
Et = 2St — Dt
@
b= Bt = T(St *Dt)
Also:
Eyyr, = (25 — D) + B:L
Here, B; is called the linear trend estimate.
Triple Exponential Smoothing
The triple exponential smoothing equation for a given time series -+, 2,1, Zn (2, is the most recent

data) is defined as follows.
Sy =axy + (1 —a)Si—1
D;=aS;t+ (1 —a)D;—
Ti=aDi+(1—a)Ti—1 t=M,M+1,---,n; M — —0)

Here, S; is the single exponential smoothing value of x;, D; is the double exponential smoothing value
of x, Ty is the triple exponential smoothing value of x;, and « is the smoothing constant. Now, assume

the forecasting model has the following kind of structure.
Ty =a+bt+ gt2+et

Here, a, b, and ¢ are constants, and &; is an error term that independently obeys N(0,0?). At this
time, the mathematical expectation value E; at time ¢ and the forecast value E;; 1 at L periods after
t are as follows.

Et:a+bt+gt2
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B c l—a ¢ (1-a)(1+(1-a))
St—a+bt+§t2—(b+ct) —+3 @)

B C 20—a) ¢ 1-a)(2+2(1-a))
Dt—a+bt+§t —(b+ct) - +§' (@)

B ¢ 31—a) ¢ (1-a)(3+3(1—-a))
Tt—a+bt+§t2—(b+ct) +5- Ok

Therefore, the following relationships hold:
Et == 3St - 3Dt +Tt

b= Bt = 6*50{)5} *2(5*40{)Dt+ (4*30{)Tt}

51—
Cc = Ct = %(St *2Dt+Tt)

Also:
C,
Eyyp = E + B,L + 7’5L2

Here, B; is called the linear trend estimate and C; is called the quadratic trend estimate.

5.1.2 Reference Bibliography

(1) Brigham, E. Oran, “The Fast Fourier Transform”, Prentice-Hall Inc. , (1974).
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5.2 AUTOCOVARIANCE AND CROSS COVARIANCE

5.2.1 ASL_dfcvsc, ASL_rfcvsc
Autocovariances

(1) Function
Let time series data be represented by x1, zo, - - -, x,. The ASL_dfcvsc or ASL_rfcvsc obtains the sum, mean,
sum of squares of deviation, and standard deviation (unbiased estimate), which are defined by the following

equations, for the first n — 1 (I =1,2,---,m;m < n) data values among this time series data.

Sum:
n—I
s = le (l=1,2,---,m)
i=1

Mean:

Sum of squares of deviation:

n—l

@ = Z(‘Tl _ M(l))2 (1=1,2,---,m)

i=1
Standard deviation (unbiased estimate):

v®

w_ v
7 (n—1-1)

The function also obtains the autocovariance, which is defined by the following equation.

n—l

i — i) @ies — )

W = =L ) (l=0,1,---,m—1)

Here, v is the mean of the last n — [ data values, which is defined as follows.

n—I
E Ti+1
1=1

1 2
YT

(l:1527"'7m)

(2) Usage
Double precision:
ierr = ASL_dfcvse (a, n, m, v, stat);
Single precision:

ierr = ASL_rfcvse (a, n, m, v, stat);
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Autocovariances

(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. SHIMCLE an Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Time series data z;
Rx
2 n I 1 Input | Number of time series data n
I 1 Input | Number of autocovariances to be obtained m
4 v D+ m Output | Autocovariance c()
R«
5 stat D+ mx4 Output | Basic statistics (See Note (a))
R«
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>2
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
(a) The sum s, mean p, sum of squares of deviation v(¥), and standard deviation o(*) (1=1,2,---,m)

are output as follows in array stat as a real matrix (two-dimensional array type) (See Appendix A).

RO CO NG R e
s@ 4@ L@ L@
sm) ) ylm) )

(7) Example

(a) Problem

Obtain autocovariances when the following time series data a is given.

a[0] = 48.1, a[12] = 26.1
all] = 54.7, a[13] = 22.3
a[2] = 58.0, a[14] = 24.1
a[3] = 64.2, a[15] = 33.1
ald] = 56.1, a[16] = 42.3
al5] = 44.9, a[17] = 52.5
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a[6] = 36.1, a[18] = 36.0
a[7] = 34.2, a[19] = 23.5
a[8] = 50.1, a[20] = 14.9
a[9] = 54.9, a[21] = 19.8
a[10] = 55.1, a[22] = 25.0
a[l1] = 48.4, a[23] = 35.4

Input data

Time series data a, n=24 and number of autocovariances to be obtained m=14.

Main program

/* C interface example for ASL_dfcvsc */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
%nt main()

double *a, *v;

int n, m;

double *stat;

int ierr;

int i;

FILE *fp;

n=24;

m=14;

printf( " *x* ASL_dfcvsc ***\n" );
printf( "\n ** Input **\n\n" );
printf( "\tn=%3d\n", n );

printf( "\tm=%3d\n\n", m );

a = ( double * )malloc((size_t) ( sizeof(double) * (n) ));
if ( a == NULL )

printf( "no enough memory for array a\n" );
return -1;
v = ( double * )malloc((size_t)( sizeof (double) * (m) ));
if ( v == NULL )
printf( "no enough memory for array v\n" );
return -1;
stat = ( double * )malloc((size_t)( sizeof (double) * (m*4) ));
if ( stat == NULL )
printf( "no enough memory for array stat\n" );
return -1;
fp = fopen( "dfcvsc.dat", "r" );
if ( fp == NULL )
printf( "file open error\n" );
return -1;
printf( "\tTime series data(Array a)" );
for( i=0 ; i<n ; i++ )

fscanf( fp, "4lf", &alil );
%f( i%6 == 0 )

printf( "\n\t" );
printf( "%8.3g", alil );
%rintf( "\n" );
fclose( fp );
ierr = ASL_dfcvsc(a, n, m, v, stat);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
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}

printf( "\tSum" );

for( i=0 ; i<m ; i++ )

if( i%6 == 0 )
{

printf( "\n\t" );

}
printf( "%8.3g", stat[i] );

}
printf( "\n\n" );

printf( "\tMean" );

for( i=0 ; i<m ; i++ )

if( i%6 == 0 )
{

printf( "\n\t" );

printf( "%8.3g", stat[i+m] );

}
printf( "\n\n" );

printf( "\tSum of squares of deviations" );
for( i=0 ; i<m ; i++ )

if( i%6 == 0 )

printf( "\n\t" );

}
printf( "%8.4g", stat[i+m*2] );

}
printf( "\n\n" );

printf( "\tStandard deviation" );

for( i=0 ; i<m ; i++ )

if( i%6 == 0 )

printf( "\n\t" );

}
printf( "%8.3g", stat[i+m*3] );

}
printf( "\n\n" );

printf( "\tAutocovariance" );
for( i=0 ; i<m ; i++ )

if( i%6 == 0 )

printf( "\n\t" );
}
printf( "%8.4g", v[il );

}

printf( "\n" );
free( a );
free( v );
free( stat );

return O;

(d) Output results

**kk ASL_dfcvsc ***
** Input *x*

n= 24
m= 14

Time series data(Array a)
48.1 54.7 58

36.1 34.2
26.1 22.3
36 23.5

** Qutput **

ierr = 0
Sum
960 924
805 753
605 556
Mean
40 40.2
44.7 44.3
50.4 50.6

50.1
24.1
14.9

899

710

40.9
44 .4

64.2
54.9
33.1
19.8

880
677

41.9

56.1
55.1
42.3

25

865

653

43.2
46.7

841
631

44.3
48.5
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Sum of squares of deviations

4687 4665 4424 3958
2711 2647 2643 2507
848.1 843.7
Standard deviation
14.3 14.6 14.5 14.1
12.6 12.9 13.3 13.4
8.78 9.19
Autocovariance
4687 3579 1540 -232.7
1945 2523 1891 480.5
-136 624.6

3193
2032

13
12.5

-621.5
-673.3

2783
1393

12.4

448.1
-878.1
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5.2.2 ASL_dfcves, ASL_rfcvces

Cross Covariances

(1) Function

Let two sets of time series data be represented as follows.
L1, L2, ", Tp
Y1,Y2, 5, Yn

The ASL_dfcves or ASL_rfcves obtains the cross covariances czy(l) and cyz(l) (1=1,2,---,m;m < n), which
are defined by the following equations.

n—l
> (@i = 1) girr — vy )
(1) = = 1=1,2, -
cmy (?’L — l) ( ) &y 7m)
n—l
(yi — ﬂy(l))(ziﬂ - Vz(l))
ny(l): =1 (1:17277m)

(n—1)

Here, 1V, v,®, uy(l) and I/y(l), which represent the means for x; and y; (i = 1,2,---,n) of the first and

last n — [ data values, respectively, among these sets of time series data where (I = 1,2,

<-,m;m < n), are
defined as follows.

n—I

(2) Usage
Double precision:
ierr = ASL_dfcves (x, n, y, m, vx, vy);

Single precision:

ierr = ASL_rfeves (x, n, y, m, vx, vy);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

as for 32bit Integer}

) nt
" | long as for 64bit Integer

Argument and

Input/

No. Type Size Contents
Return Value Output

1 X D+ n Input | Time series data z;
Rx

2 n I 1 Input | Number of time series data n
Dx n Input | Time series data y;
Rx

4 m I 1 Input | Number of cross covariances to be obtained

m

5 VX Dx m Output | Cross covariance ¢, ")
Rx

6 vy Dx m Output | Cross covariance ¢, ")
Rx

7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

2

n
(b) 0<m<n

Y

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
None

(7) Example

(a) Problem

Obtain cross covariances when the following two sets of time series data x and y are given.

«[0] = 2.05, y[0] = 22.23
x[1] = 2.10, y[1] = 22.34
x[2] = 3.40, y[2] = 22.30
x[3] = 5.01, y[3] = 21.90
x[4] = 7.35, y[4] = 21.31
x[5] = 9.43, y[5] = 20.41
x[6] = 10.82, y[6] = 19.43
x[7] = 11.09, y[7] = 18.41
x[8] = 10.41, y[8] = 17.72
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[
x[10] = 3.97, y[10] = 18.01
x[11] = 2.90, y[11] = 18.72
x[12] = 2.85, y[12] = 19.51
x[13] = 3.50, y[13] = 20.39
x[14] = 4.97, y[14] = 21.54
x[15] = 6.77, y[15] = 22.33
x[16] = 9.61, y[16] = 22.35
x[17] = 11.91, y[17] = 21.69
x[18] = 12.81, y[18] = 19.97
x[19] = 10.92, y[19] = 19.02
x[20] = 9.30, y[20] = 18.73
x[21] = 6.13, y[21] = 18.91
x[22] = 4.54, y[22] = 19.34
x[23] = 4.72, y[23] = 19.94

(b) Input data
Time series data x and y, n=24 and number of cross covariances to be obtained m=14.
(¢) Main program

/* C interface example for ASL_dfcvcs */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *x, *y;
int n, m;

double *vx, *vy;
int ierr;

int i;

FILE *fp;

n=24;
m=12;

printf( " **x* ASL_dfcvcs ***\n" );
printf( "\n ** Input **\n\n" );
printf( "\tn=%3d\n", n );

printf( "\tm=%3d\n\n", m );

x = ( double * )malloc((size_t)( sizeof(double) * (n) ));
if ( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

< W

= ( double * )malloc((size_t)( sizeof(double) * (n) ));
if ( y == NULL )
1%

-

rintf( "no enough memory for array y\n" );
return -1;

vx = ( double * )malloc((size_t)( sizeof (double) * (m) ));
if( vx == NULL )

printf( "no enough memory for array vx\n" );
return -1;

vy = ( double * )malloc((size_t)( sizeof(double) * (m) ));
if( vy == NULL )

printf( "no enough memory for array vy\n" );

return -1;

fp = fopen( "dfcvcs.dat", "r" );
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if( fp == NULL )
printf( "file open error\n" );
return -1;

for( i=0 ; i<n ; i++ )

fscanf( fp, "Jlf", &x[i] );

for( i=0 ; i<n ; i++ )

fscanf( fp, "4Lf", &yl[il );
}

fclose( fp );

printf( "\t data x data y\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g %8.3g\n", x[i],y[i] );

ierr = ASL_dfcves(x, n, y, m, vx, vy);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tCross covariance\n" );
printf( "\t VX vy\n" );
for( i=0 ; i<m ; i++ )
printf( "\t%8.3g %8.3g\n", vx[i],vy[i] );
}
printf( "\n" );
free( x );
free( y );
free( vx );
free( vy );

return O;

}
(d) Output results

*%k ASL_dfcvcs *¥*
* % Input * %

n= 24
m= 12

data x data
2.05 22.
2.1 22.

orO- - W
T AWO-
S
N
N
-

BREOOR N wNERsONo
. N 0 ©-

© OONK-

DO
NI . .
N W

=

©

[y
o
OCWONOONPWOPRUIN000 NP P WOWWN<

WOOORNNONOTONRFE WO
=
©

*% Output *x*
ierr = 0

Cross covariance

VX vy
-32.3 -32.3
-72.6 22.6
-93.6 66.4
-90 86.1
-66 78.1
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-27.9
13.2
47.8
67.5
67.4

50
21.2

48.6
9.81
-26.5
-54.7
-70.3
-69.5
-50
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5.3 AUTOCORRELATION AND CROSS CORRELATION

5.3.1 ASL_dfcrsc, ASL_rfcrsc
Autocorrelation Coefficients

(1) Function
Let time series data be represented by x1, xa, - -, x,. The ASL_dfcrsc or ASL _rfersc obtains the sum, mean,
sum of squares of deviation, and standard deviation (unbiased estimate), which are defined by the following
equations, for the first n — 1 (I =1,2,---,m;m < n) data values among this time series data.
Sum:

n—I
s = le 1=1,2,---,m)
i=1

Mean:

n—l1
S
) _ =1

S Oy )

(1=1,2,---,m)

Sum of squares of deviation:

n—l

v(l) - Z(I'L - /’L(l))z (l = 1727 o '7m)

i=1

Standard deviation (unbiased estimate):

v®

/-
7 (n—1-1)

The function also obtains the autocorrelation coefficient, which is defined by the following equation.

—1

(@ — p D) (@is — )
1

S

PO

n—l —1

S = u0)2y| (i — w02

1

3

=1 i

Here, v is the mean of the last n — [ data values, which is defined as follows.

= =L (1=1,2,---,m)

(2) Usage
Double precision:
ierr = ASL_dferse (a, n, m, r, stat);
Single precision:

ierr = ASL_rferse (a, n, m, 1, stat);
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(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. & Type Size put/ Contents
Return Value Output
1 a D+ n Input | Time series data z;
Rx
2 n I 1 Input | Number of time series data n
I 1 Input | Number of autocorrelation coefficients to be
obtained m
4 r Dx m Output | Autocorrelation coefficient 7(!)
Rx
5 stat D+ mx4 Output | Basic statistics (See Note (a))
Rx
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n >2
(b) 1<m <n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 For some [, the standard deviation o 0.0 is set for the portion corresponding to
or correlation coefficient () was not oW or r®,
obtained.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
(6) Notes
(a) The sum s, mean p®, sum of squares of deviation v("), and standard deviation ¢ (I =1,2,---,m)

are output as follows in array stat as a real matrix (two-dimensional array type) (See Appendix A).
s M 51
s@ 4@ @ 5@

s pm) ym) p(m)

(b) When ierr=1000, the sum s mean p®, and sum of squares of deviation v are obtained, and 0.0
is set in the positions where the standard deviation oV or correlation coefficient () was not obtained
(l=12,---,m).
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5.3.2 ASL_dfcrcz, ASL_rfcrcz
Cross Correlation Coefficients (Zero Means)

(1) Function

Given the following two sets of time series data for which the means are zero:

T1,T2, ", Tn
Y1,Y2,° ", Yn
the ASL_dfcrcz or ASL_rfcrez obtains an approximation rmy(l) (I = 1,2,---,m) of the cross correlation

coefficient, which is defined by the following equation.

n—l1
E LilYi+1
=1

n

n

ray® =

(:)?

1 7

(i)?

n*l n
= 1

(2) Usage
Double precision:
ierr = ASL_dfercz (x, n, y, m, crr);

Single precision:

ierr = ASL_rferez (x, n, y, m, crr);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. & Type Size put/ Contents
Return Value Output
1 X D+ n Input | Time series data x;
Rx*
2 n I 1 Input | Number observed values n
D+ n Input | Time series data y;
Rx
4 m I 1 Input | Number of cross correlation coefficients to be
obtained m
5 crr Dx m Output | Cross correlation coefficient approximation
Rx* rwy(l)
6 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 1<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 The sum of squares of x; or sum of squares sz(l) = 0.0 was set for all [.

of y; was smaller than the unit for deter-

mining error.

1100 For some [ the cross correlation coefficient Processing continues.

rmy(l) was larger than 1.

3000 Restriction (a) was not satisfied. Processing is aborted.

(6) Notes

ASL _dfcres

(a) The function 5.3.3
ASL _rferes

} must be used for time series data for which the mean is not zero.

(b) When ierr=1100, the correlation coefficients 7,,(!) are all calculated. However, since the correlation
coeflicient definition is not satisfied for those having a value greater than or equal to 1, they cannot be
used as correlation coefficients.
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5.3.3 ASL_dfcrcs, ASL_rfcrcs
Cross Correlation Coefficients

(1) Function

Let two sets of time series data be represented as follows.

T1,T2, ", Tn
Y1,Y2,° ", Yn
The ASL_dfcres or ASL _rferes obtains the cross correlation coefficients sz(l) and ryz(l) (=12, mm<

n), which are defined by the following equations.

(@5 = 1 D) i1 — v, )

Tx’y(l) = ;Zl ; (l = ]'7 27 ' 7m)
(zi — pa®)? (Yip1 — vy D)2
i=1 =1
n—l
(05 = 1y ) @i — 72 )
Tyx(l) = ;:1 ; (l:17277m)
(yi — py®)? Z(wi-&-l — v, ()2
i=1 i=1
Here, p1,®, v, uy(l), and uy(l), which represent the means for x; and y; (i = 1,2,---,n) of the first and
last n — [ data values, respectively, among these sets of time series data where (I = 1,2,---,m;m < n), are

defined as follows.
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(2) Usage

Double precision:

ierr = ASL_dfcres (x, n, y, m, rx, ry);

Single precision:

ierr = ASL_rfcres (x, n, y, m, rx, ry);

(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

as for 32bit Integer}

) int
" | long as for 64bit Integer

A t and Input
No. FEIHent aty Type Size nput/ Contents
Return Value Output
1 X Dx n Input | Time series data x;
R«
2 n I 1 Input | Number of time series data observed values
n
3 y Dx n Input | Time series data y;
R«
4 m I 1 Input | Number of cross correlation coefficients to be
obtained m
5 rx Dx m Output | Cross correlation coefficient 7, ()
R«
6 ry D+ m Output | Cross correlation coefficient 7, ()
Rx
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n >2
(b)y 1<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 For some [, the correlation coefficient 0.0 is set for the value of the correlation
72y or r,, () was not obtained. coefficient that was not obtained.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
(6) Notes
None
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5.4.1 ASL_dfasma, ASL_rfasma
Moving Averages

(1) Function
Using n given time series data values represented as follows:
T1,T2, ", Tn
and m specified weights represented as follows:

W1, W2, Wi

the ASL_dfasma or ASL_rfasma obtains the weighted moving average M;’. The weighted moving average
M} is defined as follows.

MEJZZM (k=1,2-n—m+1)

m

i=1 _
> w
i=1

m can be called the smoothing bandwidth.

(2) Usage
Double precision:
ierr = ASL_dfasma (a, n, m, wa, av, isw);
Single precision:

ierr = ASL_rfasma (a, n, m, wa, av, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

R:Single precision real C:Single precision complex

) int as for 32bit Integer
" | long as for 64bit Integer

A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Time series data z;
R«
2 n I 1 Input | Number of time series data n
3 m I 1 Input | Smoothing bandwidth m
4 wa D+ m Input Weight w;
Rx
5 av D n—m+ 1| Output | Moving average M}’
Rx
6 isw I 1 Input | Weight specification switch
isw=0: Input weight w;
isw=1: Set all weights to 1.0
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>2
(b) 0<m<n
(¢) wal0]+ - -+ wam—1] >0
(d) isw € {0,1}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 Restriction (d) was not satisfied. All weights are set to 1.0 and processing
continues.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

Obtain the moving averages for the following time series data:
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to which the following weights are assigned:

a[0]= T71.8
a[1]= 73.2
a[2]= 63.8
a[ 3] = 60.0
a[4] = 58.3
a5 = 57.2
a[ 6] = 48.5
a[ 7= 53.5
a[ 8] = 69.3
a[9]= 68.7
a[10] 73.4
a[ll] = 74.9
wa[ 0] = —3.
wa[ 1] = 12.
wal 2] = 17.
wa[ 3] = 12.
wa[ 4] = -3
Input data

0
0
0
0
0

all2) = 623
al3) = 512
al4] =  48.2
alls] = 20.8
al] = 343
a[l7]=  24.0
alls] = 229
all9) = 318
a20l = 70.0
al21] = 106.7
a[22] = 1385
a23] = 146.1

Array a and wa, n=24, m=5 and isw=0.

Main program

/* C interface example for ASL_dfasma */

#include <stdio.h>

#include <stdlib
#include <asl.h>

int main()
{

double *a;
int n, m;
double *wa,
int isw;
int ierr;

int i;
FILE *fp;
n=24;

m=5;
isw=0;

.h>

*av;

fp = fopen( "dfasma.dat", "r" );

if( fp == NULL )

printf( "file open error\n" );

return -

printf( "
printf( "\n

1;

***x ASL_dfasma ***\n" );

** Input **\n\n" );

printf( "\t =n=%3d\n", n );
printf( "\t m=%3d\n", m );
printf( "\tisw=Y3d\n\n", isw );

a = ( double *))malloc((size_t)( sizeof (double) * (n) ));

if ( a == NULL

printf( "no enough memory for array a\n" );

return -

wa = ( double * )malloc((size_t)( sizeof(double) * (m) ));

1;

if ( wa == NULL )

printf( "no enough memory for array wa\n" );
return -1

av = ( double * )malloc((size_t)( sizeof(double) * (n-m+1) ));

H
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if ( av == NULL )
printf( "no enough memory for array av\n"
return -1;

printf( "\tTime series data(Array a)" );

{or( i=0 ; i<n ; i++ )

fscanf( fp, "%1f", &alil );
%f( i%5 == 0 )

printf( "\n\t" );
}
printf( "%8.3g", alil );
}
printf( "\n\n" );

printf( "\tWeight (Array wa)\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )

fscanf( fp, "JLlf", &wali] );
printf( "%8.3g", walil );

}

printf( "\n" );

fclose( fp );

ierr = ASL_dfasma(a, n, m, wa, av, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tMoving averages(Array av)" );
for( i=0 ; i<n-m+1 ; i++ )

%f( i%6 == 0 )
printf( "\n\t" );

}

printf( "%8.3g", avl[il );
}
printf( "\n" );
free( a );
free( wa );
free( av );

return O;

}
(d) Output results

**%*k ASL_dfasma ***

** Input *x*

n= 24
m= 5
isw= O

Time series data(Array a)
71.8 73.2 63.8 60 58.3
57.2 48.5 53.5 69.3 68.7
73.4 74.9 62.3 51.2 48.2
29.8 34.3 24 22.9 31.8
70 107 139 146

Weight (Array wa)
-3 12 17 12 -3

*% Qutput *x*
ierr = 0

Moving averages(Array av)

54.7 50.6

55.6 65.1 71.3 73.6 72.6
63.1 53.8 42.9 36.3 29
26 21.3 36.1 67.7 108
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5.4.2 ASL_dfdpes, ASL_rfdpes
Single Exponential Smoothing

(1) Function
The single exponential smoothing equation for a given time series - - -, 1, T, (@, is the most recent data)

is defined as follows.
Si=axi+(1—a)Si—1 t=M,M+1,---,n; M - —00)

Here, S; is the smoothing value of z; and « is the smoothing constant. Now, assume the forecasting model

has the following kind of structure.
Ty = a-+¢&

Here, a is a constant, and &; is an error term that independently obeys N(0,0?%). At this time, the mathe-

matical expectation value E; at time ¢ and the forecast value Eyy at L periods after ¢ are as follows.
Er=E =25

The ASL_dfdpes or ASL_rfdpes obtains the smoothing value S; related to the following given time series
data:

L1, X2, "y Tn

(where, x,, is the most recent data). The definition of S; is as follows.

1 m
S1=— i (initial val
1 mZx (initial value)

i=1

Sj :axj+m_1+(1—a)5j_1 (j:2,3,---,n—m—|—1)

(2) Usage
Double precision:
ierr = ASL_dfdpes (a, n, alh, in, ev);
Single precision:
ierr = ASL_rfdpes (a, n, alh, in, ev);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and I t
No. FEHIMELE an Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Time series data x;
R«
2 n I 1 Input | Number of time series data n
3 alh D 1 Input | Smoothing constant a
R
4 in I 1 Input | Average number of terms for the initial value
setting m
Default value: 2 (when in=0)
5 ev Dx n—in+ 1| Output | Smoothing value S;
R«
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) n>0

(b) 0<in<n

(c) 0.0 <alh < 1.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n = in (when n # 0) Only ev[0] is calculated.
3000 Restriction (a) was not satisfied. Processing is aborted.
3100 Restriction (b) was not satisfied.
3200 Restriction (c) was not satisfied.
(6) Notes
None
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5.4.3 ASL_dfdped, ASL_rfdped
Double Exponential Smoothing

(1) Function
The double exponential smoothing equation for a given time series - - -, x,,—1, T, (2, is the most recent data)

is defined as follows.
St = art + (]. - Oé)Stfl
Di=aSi+(1—a)Diy t=M,M+1,---,;n; M = —0)

Here, S; is the single exponential smoothing value of x;, D, is the double exponential smoothing value of x;,

and « is the smoothing constant. Now, assume the forecasting model has the following kind of structure.
Ty =a—+ bt + e

Here, a and b are constants, and &; is an error term that independently obeys N(0,02). At this time, the
mathematical expectation value E,; at time ¢ and the forecast value F; 1 at L periods after ¢ are as follows.

Et = 2St — Dt
Eiy, =28 —Dy)+B;- L
Here, By, which represents the linear trend estimate, is defined by the following equation.
o)

By = (St — D)

l1—«

The ASL_dfdped or ASL_rfdped obtains the smoothing value Ej, forecast value Ej,p, and linear trend

estimate By, related to the following given time series data:
T1,T2, ", Tn

(where, ,, is the most recent data). The definitions of these quantities are as follows.

1 m
S1 = — 5 (initial val
1 mZx (initial value)

i=1
Dy = S (initial value)
Sj=oaxjim-1+(1—a)si
Dj=aS;+(1—-a)Dj_1 (j=2,3,---,n—m+1)
E, =25k — Di

By = 2

(Sk — Dk)

l1—«

Eyip=Ex+BiyL (k=1,2,---,n—m+1)
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(2) Usage

Double precision:
ierr = ASL_dfdped (a, n, alh, in, m, ev, av, tr);

Single precision:

ierr = ASL_rfdped (a, n, alh, in, m, ev, av, tr);

(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

A t and Input
No. FEIHent aty Type Size nput/ Contents
Return Value Output
1 a Dx n Input | Time series data x;
Rx
2 n I 1 Input | Number of time series data n
3 alh D 1 Input | Smoothing constant a
R
4 in I 1 Input | Average number of terms for the initial value
setting m
Default value: 2 (when in=0)
5 m I 1 Input | Time lag L
6 ev Dx n—in+ 1| Output | Smoothing value Fj
Rx
7 av Dx n —in+ 1| Output | Forecast value Ey,
Rx
8 tr Dx n—in+ 1| Output | Linear trend estimate By
Rx
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

a

)
b)
()
(d) m

(
(

n>0
0<in<n
0.0

<alh < 1.0
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n=in ev[0] and av[0] are calculated, and 0.0 is
set for tr[0].

3000 Restriction (a) was not satisfied. Processing is aborted.

3100 Restriction (b) was not satisfied.

3200 Restriction (c) was not satisfied.

3300 Restriction (d) was not satisfied.

(6) Notes

(a) When a model is forecasted having this structure pattern, at least two data values are required. A

forecast performed using data for one point is statistically meaningless.
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5.4.4 ASL_dfdpet, ASL_rfdpet
Triple Exponential Smoothing

(1) Function

The triple exponential smoothing equation for a given time series - - -, &, 1, Tn (z, is the most recent data)
is defined as follows.

St =ax; + (1 — a)Si—1
Dt == OéSt + (]. - Oé)thl
Ti=aDi+(1—)Ti1 t=M,M+1,--- ., n; M — —00)

Here, S; is the single exponential smoothing value of x;, D; is the double exponential smoothing value of
x¢, Ty is the triple exponential smoothing value of z;, and « is the smoothing constant. Now, assume the
forecasting model has the following kind of structure.

xt:a+bt+§t2+€t

Here, a, b and c are constants, and ¢, is an error term that independently obeys N (0,0?). At this time, the

mathematical expectation value E,; at time ¢ and the forecast value E;, 1 at L periods after ¢t are as follows.
Et = SSt — 3Dt + Tt

C
Eiir =E, + B.L+ 7tL2

Here, B;, which represents the linear trend estimate, and C;, which represents the quadratic trend estimate,
are defined by the following equations.

Bt = m{(G — 50()515 - 2(5 - 40()Dt + <4 - SOé)Tt}
Cy = ﬂ(st — 2Dy 4+ Ty)
(1—a)?

The ASL_dfdpet or ASL_rfdpet obtains the smoothing value Ey, forecast value Ejy, linear trend estimate
By, and quadratic trend estimate Cj, related to the following given time series data:

L1, L2,y Tn

(where, x,, is the most recent data). The definitions of these quantities are as follows.

1 m
S = — 5 (initial val
1 mZ:z: (initial value)

=1

D, = S; =T (initial value)
Sj = QTj4m—1 + (]. — 01)ij1

Dj = O[Sj + (]. — O[)Dj,1
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Tj:OéDj—l—(l—Oé)Tj_l (j:2,3.,---,n—m+1)

E, =3S, — 3Dy, + T

(67

Be = s oy

{(6 = 5a)S; — 2(5 — 4a) Dy, + (4 — 3a)T} }

Cy = %(Sk — 2Dy, + Ty)

C
Ek+L:Ek+BkL+7kL2 (k=1,2,---,n—m+1)

(2) Usage
Double precision:
ierr = ASL_dfdpet (a, n, alh, in, m, ev, av, tr, qr);
Single precision:
ierr = ASL_rfdpet (a, n, alh, in, m, ev, av, tr, qr);

(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real = Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex '

A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
1 a Dx n Input | Time series data z;
Rx*
2 n I 1 Input | Number of time series data n
3 alh D 1 Input | Smoothing constant
R
4 in I 1 Input | Average number of terms for the initial value
setting
Default value: 2 (When in=0)
5 m I 1 Input | Time lag L
ev D+ n—in+ 1| Output | Smoothing value Ej
Rx*
7 av Dx n—in+ 1| Output | Forecast value Ejp
Rx
8 tr Dx n—in+1| Output | Linear trend estimate By
Rx
9 qr Dx n—in+ 1| Output | Quadratic trend estimate Cj,
Rx
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

() n>0

(b) 0<in<n

(¢) 0.0 < alh < 1.0
(d) m

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n=in ev[0] and av|[0] are calculated, and 0.0 is

set for qr[0] and tr[0].
) was not satisfied. Processing is aborted.

b) was not satisfied.

¢) was not satisfied.

3000 Restriction
3100 Restriction
3200 Restriction
3300 Restriction

a

~| |

d) was not satisfied.

(6) Notes

(a) When a model is forecasted having this structure pattern, at least three data values are required. A

forecast performed using data for two or fewer points is statistically meaningless.
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Chapter 6
TESTS AND ESTIMATES

6.1 INTRODUCTION

A random sample of size n sampled (using sampling with replacement) from a population is theoretically repre-
sented as follows by a set of n random variables having an equal probability distribution since they are mutually

independent.
S = (X17X27"'7X’n)

S is called a sample of size n, and the common probability distribution of the X; is called the population
distribution. The constants that define the population distribution are called parameters, and a parameter for
which the value is unknown is called an unknown parameter. Statistical analysis deals with estimates of the values
of these kinds of unknown parameters (statistical estimates) and decisions on whether or not hypotheses related
to the values of unknown parameters can be established (statistical hypothesis testing). This library provides

functions for calculating the following kinds of estimates and tests.
e Interval estimations

— Interval estimation of the population ratio according to one set of samples
— Interval estimation of the population mean according to one set of samples

— Interval estimation of the difference of the population means according to two sets of independent

samples
— Interval estimation of the population variance due to one set of samples
— Interval estimation of the population correlation coefficient according to one set of samples

— Interval estimation of the difference of the population correlation coefficient according to two sets of

independent samples

— Interval estimation in the simple linear regression
o Tests

— Test of the population ratio according to one set of samples

— Test of the difference of the population ratios according to two sets of independent samples
— Test of the population mean according to one set of samples

— Test of the difference of the population means according to two sets of independent samples
— Test of the population variance due to one set of samples

— Test of the population correlation coefficient according to one set of samples

— Test of the difference of the population correlation coefficients according to two sets of independent

samples

— Test in the simple linear regression
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6.1.1 Explanation

(1) Interval estimation of the population ratio according to one set of samples
When the number of data having the observed characteristic in the one set of sample data of size n is m,
obtain the confidence interval of the population ratio when the confidence level 1 — « is specified. The

confidence interval (p1,p2) is defined as follows.

B m

Pr= (n—m+1)F +m
m+ 1)F:

p2 = ( L

(m+1)F,+ (n—m)
Here,
% =1— P(F1|2(n —m +1),2m) = 1 — P(F3|2(m + 1),2(n — m))

P(F|n1,nz) is the cumulative distribution function (c.d.f.) of a F' distribution having numbers of degrees

m
n

of freedom n; and no. If the sample ratio p is given as p =

e when p =0:
the upper bound of one-sided confidence interval in the confidence level 1 — « is given as follows
Fy
P2 = ntF,
where

a=1-— P(F,|2,2n)

P(F|ny,n2) is the cumulative distribution function (c.d.f.) of a F distribution having numbers of

degrees of freedom n; and no.

e when p=1:
the lower bound of one-sided confidence interval in the confidence level 1 — « is given as follows
n
= n+ Fy
where

a=1-— P(F,|2,2n)

(2) Interval estimation of the population mean according to one set of samples
From the mean p and variance (or population variance) o2 of one set of sample data of size n, obtain the
confidence interval of the population mean when the confidence level 1 — « is specified. The confidence
interval (t1,t2) is defined as follows.

tr=p—25/B

to=p+z22y8
(a) When the population variance is known
a
5 =1- P(Z%)
Here, P(x) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
2
o
s="
n

o?: Population variance
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(b) When the population variance is unknown
a
5 = 1 - P(zg,n—1)
Here, P(t,n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.

0,2

ﬁ:_

n

o? is an unbiased estimate of the population variance.

(3) Interval estimation of the difference of the population means according to two sets of inde-
pendent samples

From the means p; and po and variances (or population variances) 012 and 022 of two sets of independent
sample data of sizes n; and no, respectively, obtain the confidence interval of the difference of the population

means when the confidence level 1 — « is specified. The confidence interval (¢1,t3) is defined as follows.

t1=(m1 — p2) — 25V B1+ B2
ta = (p1 — p2) + 25V B1 + B2

(a) When the population variances are known
a

Here, P(x) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
2 2
g1 g9
Bl - _7B2 —
ny no

012, 022: Population variances of the two sets

(b) When the population variances of the two sets are equal and that value is unknown

@ =1-P(zg,n1 +n2 —2)

2
Here, P(t,n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of
freedom.
2 2
s 5
Br= "= fo = =
ni n2

sp? is defined as follows.

2 (Tll — 1)0’12 —+ (TLQ — 1)0’22
L ni+no—2

012 and 022 are unbiased estimates of the population variances.
(¢) When the population variances of the two sets are not equal and those values are unknown
51f(%1) + ﬂ2f(%2)
B1 + B2
g =1-P(tY,m —1)=1-P(tY ny—1)

a
2

Za =
2

Here, P(t,n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.

012 and 022 are unbiased estimates of the population variances.
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(4) Interval estimation of the population variance due to one set of samples
From the variance (or population variance) o2 of one set of sample data of size n, obtain the confidence
interval of the population variance when the confidence level (¢1,¢2) is specified. The confidence interval
(t1,t2) is defined as follows.

o%(n—1)

t1 — s
X1

o%(n—1)

to — s
X2

o? is an unbiased estimate of the population variance. Also,

=P(x1>;n—1)=1-P(x2*;n—1)

| e

Here, P(z,y) is the cumulative distribution function (c.d.f.) of a x? distribution with y degrees of freedom.

(5) Interval estimation of the population correlation coefficient according to one set of samples
From the sample correlation coefficient r of one set of sample data of size n, obtain the confidence interval of
the population correlation coefficient p when the confidence level 1 — « is specified. The confidence interval
(t1,t2) is defined as follows.

' e b 1
T eeb ]
ettt _q
ty = P
Here,
1 1+7r
a=10g, ——
1
22’3
b= 2
vn—3
«

P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(6) Interval estimation of the difference of the population correlation coefficient according to two
sets of independent samples
From the correlation coefficients r; and 75 of two sets of independent sample data of sizes ni and no,
respectively, obtain the confidence interval of the difference of the population correlation coefficients p; and

p2 when the confidence level 1 — « is specified. If p; = ps = p, the confidence level of p is obtained.
(a) When p; = pg = p
The confidence interval (t1,%2) of p is defined as follows.

e b 1

="
P eeb
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_e‘“‘b—l
t2_6a+b+1
Here,
. 2(77,1 —3)21—1—2(712—3)22
n1+n276
2za
h— 75
\/n1+n276
11 1+7r
z1==lo
1 9 gel*?"l
11 147
zo==lo
2 2 617?”2
(0%
5:17P(Z%)

P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(b) When p1 # p2
The confidence interval (¢1,t2) of p1 — p2 is defined as follows.

e b _1
t1= ————
L™ a4
ertb _ 1
t2:7€a+b+1
Here,
1+T1 1+T2
a = log, — log,
1—r 1—T2
1 1
b=2zea
2 7’L1—3 n2—3
«

P(2) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(7) Interval estimation in the simple linear regression
For regression coefficient a, constant term b, and a given specific data zy in the following simple linear

regression expression (or regression line) related to one set of sample data {z;, y;} (1,---,n) of size n
Yi = axi +b

obtain the estimate gy and the confidence interval of the confidence level 1 — « of the theoretical value
Axg — B. Assume that y; corresponding to each x; is the random sample from the normal population
having the mean Ax; — B and the variance ¢2. Obtain the regression coefficient a and constant term b of

the sample data from the following normal equations.

n n

Zyi = QZQH +bn

i=1 =1 .
inyi = afo + bei
i=1 i=1 i=1

The confidence interval (¢1,t2) is defined as follows.
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a) Regression coefficient
g
t1 =a— t% - Sq
to = a+ t% - Sq
Here,

Z(xi - Mw)2

i. When the population variance is known

Saq —

o? : Population variance
o
5 - ]. - P(t%)
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the population variance is unknown

o2 : Unbiased variance of error variation
o
7= 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

(b) Constant term
tl =a— t% + Sp
to =a—+ t% - Sp

Here,

1 12
Sp = 0-2 |:_ + __rr
\/ no (i — pa)?

i. When the population variance is known

o? : Population variance
o
5 - ]. - P(t%)
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the population variance is unknown

o2 : Unbiased variance of error variation
o
7= 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

(c) Estimated value

Here,

_ o l (.%'0 _M;E)2
Sy_\/ Q[Hn T S )
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i. When the population variance is known
o2 : Population variance
o
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
ii. When the population variance is unknown
02 : Unbiased variance of error variation
o
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.

(d) Theoretical value

1 — )2
s0= 4]0 [_ Tl i
no (= )
i. When the population variance is known
o? : Population variance
«
5 = ]. —_ P(t%)
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
ii. When the population variance is unknown
02 : Unbiased variance of error variation
!
5= 1—P(ta|n—2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.

(8) Test of the population rate according to one set of samples
When the number of data having the observed characteristic in the one set of sample data of size n is m,
test the hypothesis p = pg related to the ratio p in the population to which the respective set of sample

data belong with the confidence level 1 — a. The test criteria are as follows.

(a) When the alternative hypothesis is p # pyg
For f; and f5 defined as follows

fl _ 2(” B m)pO
2(m +1)(1 - po)
__2m(1 —po)
f2= 2(n —m+ 1)pg

If f1 < F1 and fo < F5, accept

Here,

{ If fi > Fy or fa > F3, reject

% =1- P(F2(n—m+1),2m) = 1 — P(Fy|2(m + 1),2(n — m))
P(F|ny,nz2) is the cumulative distribution function (c.d.f.) of a F' distribution having numbers of

degrees of freedom ny and no.
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(b) When the alternative hypothesis is p < pg
For f; defined as follows

fl _ 2(” — m)pO
2(m +1)(1 = po)
If f1 > FY, reject
fu= By, rejec Here,
If fi < Fy, accept
a=1—P(F72(m+1),2(n —m))
P(F|ny,n2) is the cumulative distribution function (c.d.f.) of a F' distribution having numbers of
degrees of freedom n; and no.

(¢c) When the alternative hypothesis is p > pg
For f5 defined as follows

2m(1 — po)
2(n—m+1)(1 — po)

If fo > F5, reject
If fo < F¥, accept

fa=

Here

)

a=1-—P(F52(n—m+1),2m)

P(F|ny,ng2) is the cumulative distribution function (c.d.f.) of a F distribution having numbers of
degrees of freedom ny and no.

(9) Test of the difference of the population ratios according to two sets of independent samples
When the number of data having the observed characteristic in the two sets of independent sample data of
sizes n1 and ny are my and me, respectively, test the hypothesis p; = p2 related to the ratios p; and ps in
the population to which the respective sets of sample data belong with the confidence level 1 — .

Let the sample ratios in the two sets of independent samples, respectively, be p; and po as shown below.

o my ma
p1 = y P2 =
ni n2

The test criteria are as follows.

(a) When no continuity correction is performed

i. When the alternative hypothesis is p; # p2
For z defined as follows
P1 — P2
V=D + )
{ If |z| > za, reject

z =

E’
If [2] < 2g, accept
where, p and 3 are as follows.
nip1 +ngP2 My +ma

3>

ni + no o ni + no
a
Here, P(z) is the c.d.f. value of the standard normal distribution.
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ii. When the alternative hypothesis is p1 < po
For z defined as follows
P1— P2
N N 1
V=P + )

If z < —z,, reject

z =

If z > —z,, accept
where, p and «a are as follows.
L mapr+ngPe My +mo

ni + no niy + no
a=1-P(za)
Here, P(z) is the c.d.f. value of the standard normal distribution.
iii. When the alternative hypothesis is p1 > po

For z defined as follows
P1 — P2
V=P + )

If z > z,, reject

If z < z4, accept
where, p and «a are as follows.
L mapr+ngPe My +mo
ni+ny  ny+ng
a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.
(b) When continuity correction is performed

i. When the alternative hypothesis is p; # ps
For z defined as follows

p1—p2 — 0. 5(,% n%)
N G+ 7)

]51—]52+05( -+ )

\/plf artns)

If |2| > zg, reject
If |2| < zg, accept
where, p and 5 are as follows.

Zz =

(when p; > p2)

l\.’:

(when p; < p2)

?11131 +nopa M1+ mo

ni + ne ni + no
:17P(Z%)

[\3|Q 3

Here, P(z) is the c.d.f. value of the standard normal distribution.

ii. When the alternative hypothesis is p1 < po

For z deﬁned ab follows
—p2 — 0. 5(,% + L)

na
\/plf artns)
1

P1 P2+ 0505 + 75)

\/pl— n_1 nz)

(when py < p2)
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If z < —z,, reject
If z > —z,, accept
where, p and « are as follows.
. mip1+mnePe My +mo

ni + no ni + no
a=1—P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.
iii. When the alternative hypothesis is p1 > p2

For z deﬁned ab follows
—p2—0. 5(7% +57)

na
\/p 1 - n1 ng)
1

pl p2+05( ~+

\/pl— n_1 n2)

If z > z,, reject

If z < z,, accept
where, p and « are as follows.
. mip1+mnePe My +mo

ni + no ni + no
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(10) Test of the population mean according to one set of samples
From the mean p, and variance (or population variance) o2 of one set of sample data of size n, test the

hypothesis p = po with the confidence level 1 — a.. The test criteria are as follows.

(a) When the population variance is known

i. When the alternative hypothesis is pu # po

For z defined as follows
)

a2
n

If [2] > zg, reject
If [2] < 2g, accept
where,
2 . Population variance
a
P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
ii. When the alternative hypothesis is pu < po

For z defined as follows
Mz — o

a2
n

If z < —2z,, reject
If 2 > —z,, accept
where,

z =

2 . Population variance
a=1—-P(z,)

P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
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iii.

When the alternative hypothesis is u > po
For z defined as follows
Mz — o

a2

n
{ If z > z,, reject

If z < z4, accept
where,

z =

o? : Population variance
a=1-P(z,)

P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(b) When the population variance is unknown

i

ii.

ii.

When the alternative hypothesis is u # o

For t defined as follows
Ha — Ho
t=rr 10
0-2
n
If [t| > tg, reject
If [t| < tg, accept
where,

o? : Unbiased estimate of population variance

a
5= 1—P(ta|n—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.

When the alternative hypothesis is u < po

For t defined as follows
t— Ha — Ho
a2

If t > —t,, accept
where,

{ If t < —t,, reject

o2 : Unbiased estimate of population variance

a=1—P(tyn—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

When the alternative hypothesis is p > po For t defined as follows
Ha — Ho

t="2_=
=

n

If t < ty, accept
where,

{ If t > t,, reject

o? : Unbiased estimate of population variance
a=1—P(tyn—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.
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(11) Test of the difference of the population means according to two sets of independent samples
From the means fi,, and y,, and variances (or population variances) o7 and o3 of two sets of independent
sample data of sizes ny and ng, respectively, test the hypothesis p; = po related to the means p; and pe in
the population to which the respective sets of sample data belong with the confidence level 1 — . The test

criteria are as follows.

(a) When the population variances are known

i. When the alternative hypothesis is p1 # p2 For z defined as follows

Hzy — Hay

2= ——
of | 9

mn1 na

If [2] > zg, reject
If [2] < zg, accept
where 5 is as follows.

a
Here, P(z) is the c.d.f. value of the standard normal distribution.

0%, 03 : Population variances of the two sets

ii. When the alternative hypothesis is pu1 < po
For z defined as follows

My — Hazo

AR
2 | o2

mn1 na

If 2 > —z,, accept
where « is as follows.

a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

{ If z < —2z,, reject

0%, 03 : Population variances of the two sets

iii. When the alternative hypothesis is p1 > po
For z defined as follows

My — Hazo

= D
of | 9

mn1 na

If z > z,, reject
If z < z,, accept
where « is as follows.
a=1-—P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.

0?, 03 : Population variances of the two sets

(b) When the population variances of the two sets are equal and that value is unknown

i. When the alternative hypothesis is 1 # us
For t defined as follows
t = Hzy — Hay

B+ )

Ping na

If |t| < te, accept

3

{ If [t| > ta, reject
2
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where sg and 5 are as follows.

_ (m —1)of + (n2 — 1)o3
o ni+no—2

= 17P(t%|n1+n2 72)

(SRR

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of
freedom. o, 03 : Unbiased estimates of the population variances.

ii. When the alternative hypothesis is p1 < po
For ¢ defined as follows
t = Hzy — Py

s2(L + 1)

P\ng no
If t < —t,, reject
If t > —t,, accept

where 5}27 and o are as follows.

2 _ (m—1Dai+(ny—1)o3
p ni+no—2
a=1—P(ty|ns +n2 —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of
freedom.

0%, 02 : Unbiased estimates of the population variances.

iii. When the alternative hypothesis is pu1 > o
For ¢ defined as follows
t = Hzy — Py

&+ &)

Ping N9

If t > t,, reject
If t < to, accept

where sf7 and « are as follows.

2 _ (m—Dai+(ny—1)o3
p ni+no—2
a=1—P(ta|ns +n2 —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.

0?, 03 : Unbiased estimates of the population variances.
(¢c) When the population variances of the two sets are not equal and those values are unknown

i. When the alternative hypothesis is 1 # pa
For ¢ defined as follows

t = Mz — Hao
o} | o3
ny | no
Bitd + Byt
o= P 2
2

B1 + B2
If |¢] > t%, reject
If |t] < ta, accept

where £ is as follows.

2
S =1- P —1) =1 - Pty — 1)

2
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Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
2 2
o o
1 2
Br=—,P2=—"
ni n2

0?, 03 : Unbiased estimates of the population variances

ii. When the alternative hypothesis is pu1 < po
For ¢ defined as follows

t = Hay — /14952
o Buts) + Bat s
“ B1+ B2
Ift < —t¥, reject
If t > —t,, accept

where « is as follows.
a=1-PtPn, —1)=1-PtP|ny —1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.

2 2

Ul 02
Br=—,P2=—"
ni n2

0%, 03 : Unbiased estimates of the population variances

iii. When the alternative hypothesis is 1 > po

For t defined as follows
My — Mo

t = 0.‘2 0.2
Vit
o _ Bite) & Bot?)
¢ Bi+ B2
Ift > tF, reject
If t <t, accept

where « is as follows.
a=1-—PtWP|n, —1)=1—-PtP|ny — 1)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
2 2
_ 07 _ 03
Bl - _762 -
ni n2

02, 02 : Unbiased estimates of the population variances

(12) Test of the population variance due to one set of samples
From the variance (or population variance) s? of one set of sample data of size n, test the hypothesis 0% = o2
related to the population variance o2 in the population to which the respective set of sample data belong

with the confidence level 1 — «.. The test criteria are as follows.

(a) When the alternative hypothesis is 02 # o3

For x? defined as follows
5 (n—1)s?

2
99
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If y2 < Xi% or x2 > x%, reject
If X%_% <x?< XQ%, accept
«

where 3 is as follows.

a . 2, 1y 2 .

B =1 P(x%ln 1)*P(X1—%|n 1)

P(x?%|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.

52 : Unbiased estimate of population variance

When the alternative hypothesis is 0% < 02
For x? defined as follows

s (n— 1)s?

a3
If x2 < x3_,, reject
If x? > x?_,,, accept
where « is as follows.

a=Pi aln-1)

P(x?|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.

52 : Unbiased estimate of population variance

When the alternative hypothesis is 02 > o2
For x? defined as follows

s (n— 1)s?

= 2
99

If x2 > 2, reject
If x? < x2, accept
where « is as follows.
a=P(xaln—1)
P(x?|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.

52 : Unbiased estimate of population variance

(13) Test of the population correlation coefficient according to one set of samples

From the sample correlation coefficient r of one set of sample data of size n, test the hypothesis p = po

related to the population correlation coefficient p in the population to which the respective set of sample

data belong with the confidence level 1 — a. The test criteria are as follows.

(a)

Hypothesis: p =0
i. When the alternative hypothesis is p # 0
For ¢ defined as follows
n—2
]
{ If |t| > ta, reject

t=r

57
If [t| < tg, accept
o

where, 5 is as follows.

[0
5 =1-Pltgln—2)
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Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.

ii. When the alternative hypothesis is p < 0
For t defined as follows
n—2
1—1r2

{ If t > —t,, reject

t=r

Ift < —t,, accept

where, 5 is as follows.

g =1— P(ta|n —2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of

freedom.

iii. When the alternative hypothesis is p > 0
For ¢ defined as follows
n—2
1—1r2
If t > t,, reject
If t < tq, accept

where, 5 is as follows.

% =1— P(ta|n —2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

t=r

freedom.
(b) Hypothesis: p = po

i. When the alternative hypothesis is p # pg
For t defined as follows

t=(z—20)Vn—3
If [t| > za, reject
If [t| < za, accept
where, z, 29 and 5 are as follows.

11 1+7r
z=—=1lo

2 gelfr
z —110 L+ o
«

Here, P(z) is the c.d.f. value of the standard normal distribution.

ii. When the alternative hypothesis is p < pg
For t defined as follows
t=(z—2)vVn—3
{ Ift < —z,, reject
Ift> —z,, accept
where, z, 29 and 5 are as follows.

p= llog 1ET
2 1l—r

20 llog L+ o
2 61—[)0
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%:1_P@@

Here, P(z) is the c.d.f. value of the standard normal distribution.

iii. When the alternative hypothesis is p > pg
For ¢ defined as follows
t=(z—2)vVn—3
If t > z,, reject
If t < z,, accept
where, z, 29 and 5 are as follows.

11 147
z=—=log, ——
2 Be1
1. 1
ZOZ_IOge P
2 1 —po
%:17P@@

Here, P(z) is the c.d.f. value of the standard normal distribution.

(14) Test of the difference of the population correlation coefficients according to two sets of inde-

pendent samples

From the correlation coefficients 1 and 72 of two sets of independent sample data of sizes ny and ns, re-
spectively, test the hypothesis p; = po related to the population correlation coefficients p; and ps in the
population to which the respective set of sample data belong with the confidence level 1 — . The test

criteria are as follows.

(a) When the alternative hypothesis is p1 # po
For t defined as follows

21 — 22
t =

1 1
ny—3 ne—3

If [t| > zq, reject
If |t| < z2, accept

5 b
where, 21, 22 and 5 are as follows.

].1 1+T1

z1==1lo

L= 9%
].1 1+T2

29 = =1lo

27981,

(0%

Here, P(z) is the c.d.f. value of the standard normal distribution.

(b) When the alternative hypothesis is p1 < p2
For t defined as follows

21 — 22

1 + 1

ny—3 ne—3

t =

If t < —z,, reject
Ift > —z,, accept
where, z1, z2 and « are as follows.

21 = _1Oge
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11 147
z2==1o

2 2 gel*?”g
a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(¢c) When the alternative hypothesis is p1 > p2
For t defined as follows

Z1 — 22

t = -
1 1

n1—3 n2—3

If t > z,, reject
Ift < z4, accept

where, z1, z9 and « are as follows.

].1 1+T1

z1==1lo

L= 9 %
].1 1+T2

Z9 = — 10

27 9%,

a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(15) Test in the simple linear regression

For regression coefficient a and constant term b in the following simple linear regression expression (or
regression line) related to one set of sample data {x;, y;} (1,---,n) of size n

yAZ:CLI1+b

test the hypothesis related to the regression coefficient A and constant term B in the population to which

the respective set of sample data belong with the confidence level 1 — a. Assume that y; corresponding

to each x; is the random sample from the normal population having the mean Ax; — B and the variance
o2. Obtain the regression coefficient a and constant term b of the sample data from the following normal

equations.

n n
Zyi = ain +bn

i=1 =1 .
Z:z:l-yi = aZx? erin
i=1 i=1 i=1

The test criteria are as follows.

(a) Regression coefficient
Hypothesis: A = Ag

i. When the population variance is known

A. When the alternative hypothesis is A # Ay

For t defined as follows
a — AO

Sa

314



Explanation

7 b
If [t| < zg, accept
where s, is as follows.
2

{ If |¢t| > za, reject

g

2(i = pa)?

o? : Population variance

Y1 P(za)
2 2
Here, P(z) is the c.d.f. value of the standard normal distribution.

B. When the alternative hypothesis is A < Ag

For ¢ defined as follows
a — AQ

Saq —

Sa
If t > —z,, reject
Ift < —zq, accept
where s, is as follows.

o2

o? : Population variance
a=1-P(za)
Here, P(z) is the c.d.f. value of the standard normal distribution.
C. When the alternative hypothesis is A > Ag
For t defined as follows
a—Ag

Sq =

Sa
Ift > z,, reject
Ift < z4, accept
where s, is as follows.

o2

Z(xi - Mw)2

o? : Population variance
a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

Saqa —

ii. When the population variance is unknown

A. When the alternative hypothesis is A < Ay

For t defined as follows
a — AO

=

{ If [t| > ta, reject
If [t| < tg, accept

where s, is as follows.

o2

(@i — pa)?

o2 : Unbiased variance of error variation
o
5 = 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Sq =

of degrees of freedom n.
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B. When the alternative hypothesis is A < Ag

For ¢ defined as follows
= a — AQ

Sa
If t > —t,, reject
If t < —t,, accept
where s, is as follows.

o2

2 (i = pa)?

o2 : Unbiased variance of error variation
a=1—P(ta|n —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Sq =

of degrees of freedom n.

C. When the alternative hypothesis is A > Ay

For ¢t defined as follows
a — AO

Sa
If t > t,, reject
If t < ty, accept
where s, is as follows.

o2

Z(xi - Mw)2
o2 : Unbiased variance of error variation
a=1—P(ty|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Saq —

of degrees of freedom n.

(b) Constant term
Hypothesis: B = By
i. When the population variance is known

A. When the alternative hypothesis is B # By

For t defined as follows
L b— By

Sb
{ If |t| > za, reject
2

If |t| < z2, accept

5 b
where s; is as follows.

1 12
sp = 4]02 {— = ——
\/ no (@ = pa)?

o? : Population variance

S —1-P(za)
2 2
Here, P(z) is the c.d.f. value of the standard normal distribution.

B. When the alternative hypothesis is B < By

For t defined as follows
b— By

Sb
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Ift < —z,, accept
where s is as follows.

1 12
Sp = 02 |:_ + ___rr
\/ no (@ — pa)?

o? : Population variance
a=1-—P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.

C. When the alternative hypothesis is B > By

For ¢ defined as follows
L b— By

Sp
{ It > zg, reject
Ift < zg, accept
where s is as follows.

1 2
sp=1/0%|-+ =——"—
\/ [n > (@i = )
o? : Population variance
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

{ Ift > —z,, reject

ii. When the population variance is unknown

A. When the alternative hypothesis is B # By

For ¢ defined as follows
b— By

Sb
{ If [t| > ta, reject
If [t| < tg, accept
where s is as follows.

1 2
_— 2 xr
Sp =402 | — 4+ =——2——
\/ [n (@i — pa)?
o2 : Unbiased variance of error variation
«
5 = 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.

B. When the alternative hypothesis is B < By

For t defined as follows
L b— By

Sp
{ If t > —t,, reject

Ift < —t,, accept
where s; is as follows.

1 12
sp = 4/02 [— et
\/ no (@ = pa)?

o2 : Unbiased variance of error variation

a=1—P(ta|n—2)
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Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.

C. When the alternative hypothesis is B > By

For t defined as follows
b— By

Sp
Ift>1tq, reject
Ift <tg, accept

where s is as follows.

1 2
sp = 4]02 {— =
\/ no (@ = pa)?

o2 : Unbiased variance of error variation
a=1—P(ty|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.
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(1) Lehmann, E. L. , “Testing statistical hypotheses”, John Wiley and Sons, New York (1959, 2nd ed. 1986)

(2) Snedecar, G. W. , “Statistical methods”, Ames, Iowa (1940)
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6.2 INTERVAL ESTIMATES

6.2.1 ASL_d3iera, ASL_r3iera
Interval Estimation of the Population Ratio According to One Set of Samples
(1) Function
The ASL_d3iera or ASL_r3iera obtains the confidence interval of confidence coefficient 1 — « related to the

population ratio p when the number of samples having the characteristic being observed among one set of

sample data of size n is assumed to be m. The confidence interval (p1,p2) is defined as follows.

m
p1 =
(nferl)Fél) +m
(m+1)Fg
p2 =
m—+1 F(;) +(n—m
2
where,
S=1- P(FL2(n —m+1),2m) = 1= P(F 2(m +1),2(n — m))

Here, P(F|n1,ng) is the value of the cumulative distribution function (c.d.f.) of the F' distribution with n4

and ngy degrees of freedom. Also, assume the sample ratio p = * is given as follows.

e When p=0
p2, which is given as follows:
F(«|2,2n)
P2= 0 F(«|2,2n)
is the upper bound of the one-tailed confidence interval of confidence level 1 — .
e When p=1
p1, which is given as follows:
n
L=y F(a|2,2n)

is the lower bound of the one-tailed confidence interval of confidence level 1 — a.

(2) Usage
Double precision:
ierr = ASL_d3iera (n, m, cl, ci);
Single precision:

ierr = ASL_r3iera (n, m, cl, ci);
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ASL_d3iera, ASL_r3iera
Interval Estimation of the Population Ratio According to One Set of Samples

(3) Arguments and Return Value

D:Double precision real Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 m I 1 Input | Number of samples having the characteristic
being observed m
3 cl D 1 Input | Confidence level 100(1 — a)(%)
R
4 ci D« 2 Output | ci[0]: Confidence interval lower bound py
R+ ci[1]: Confidence interval upper bound py
5 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>0
(b) m>0
(¢c) n>m
(d) 0.0 < cl < 100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 c1=100.0 ¢i[0]=0.0 and ci[1]=1.0 are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
When the number of samples having the characteristic being observed among a sample of size 20 is

assumed to be 14, obtain the confidence interval of the population ratio with 95% confidence level.

(b) Input data
n=20, m=14 and cl=95.0.
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ASL_d3iera, ASL_r3iera

Interval Estimation of the Population Ratio According to One Set of Samples

(¢) Main program

/* C interface example for ASL_d3iera */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

{ .
int n;
int m;
double cl;
double cil[2];
int ierr;
int i;

printf( " *x* ASL_d3iera **x\n" );
printf( "\n ** Input **\n\n" );
n=20;

m=14;

c1=90.0e0;

printf( "\tn
printf( "\tm
printf( "\tcl

%6d\n", n);
%6d\n", m);
%8.3g\n", cl);

ierr = ASL_d3iera(n, m, cl, ci);
printf( "\n ** Output **\n\n" );
printf( "\tierr = %4d\n", ierr );
for( i=0 ; i<2 ; i++ )

printf( "\tcil[%2d]= %8.3g\n", i,cili] );

return O;

(d) Output results

*%k ASL_d3iera **¥*
* % Input * %

n

m

cl

** Qutput **

ierr = 0
ci[ 0]= 0.492
ci[ 1]= 0.86
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ASL_d3ieme, ASL_r3ieme
Interval Estimation of the Population Mean According to One Set of Samples

6.2.2 ASL_d3ieme, ASL_r3ieme
Interval Estimation of the Population Mean According to One Set of Samples
(1) Function
The ASL_d3ieme or ASL_r3ieme obtains the confidence interval of the population mean from the mean u

and variance (or population variance) o2 of one set of sample data of size n when the confidence level 1 — «
is specified. The confidence interval (¢1,t2) is defined as follows.

tr=p— 258

to=p+ 258
(a) When the population variance is known
o
5 = ]. — P(Z%)

Here, P(x) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

2
g
p="
n

o?: Population variance

(b) When the population variance is unknown

o
i 1—P(zg,n—1)
Here, P(t,n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.
2
o
p==

n

o2 is an unbiased estimate of the population variance.

(2) Usage
Double precision:
ierr = ASL_d3ieme (n, xe, xv, cl, ci, isw);
Single precision:

ierr = ASL_r3ieme (n, xe, xv, cl, ci, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 xe D 1 Input | Mean of sample data u
R
3 XV D 1 Input | Variance of sample data or population o2
R
4 cl D 1 Input | Confidence level 100(1 — «)(%)
R
5 ci Dx 2 Output | ci[0]: Confidence interval lower bound #;
R+ ci[1]: Confidence interval upper bound o
6 isw I 1 Input | isw=1: The variance of the population is en-
tered for xv
isw=2: The variance (not an unbiased esti-
mate) of the sample data is entered for xv
isw=3: The variance (unbiased estimate) of
the sample data is entered for xv
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 c1=100.0 The negative minimum value is set for
ci[0] and the positive maximum value is
set for ci[1].

1010 cl=0.0 (Confidence level is 0.0%.) The mean is set for ci[0] and ci[1].

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

(6) Notes
None

(7) Example

(a) Problem

Obtain the confidence interval of the population mean at a 95% confidence level when the number of

sample data is 100, the mean is 42.0, and the unbiased variance is 2.25.

Input data

isw=1, n=100, xe=42.0, xv=2.25 and cl=95.0.

Main program

/*

#include <stdio.h>
#include <asl.h>

int main()
{

int n;
double
double xv;
double cl;
double cil[2];
int isw;

int ierr;

xe;

isw=1;
n=100;
xe=42.0;
xv=2.25;
cl=95.0;

*x% ASL_d3ieme ***x\n" );
** Input **\n\n" );
%6d\n", isw );
%6d\n", n );

%8.3g\n", xe );
%8.3g\n", xv );
%8.3g\n", cl );

ierr = ASL_d3ieme(n, xe, xv,

printf( "

printf( "\n
printf( "\tisw
printf( "\tn
printf( "\txe
printf( "\txv
printf( "\tcl

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

(%8.3g, %8.3g)\n",

printf( "\tInterval

return O;

C interface example for ASL_d3ieme */

cl, ci, isw);

cil0], ci[1] );
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(d) Output results

*%% ASL_d3ieme ***

** Input *x*

isw = 1
n = 100

xe = 42
XV = 2.25
cl = 95

** Qutput *x*

ierr = 0
Interval = ( 41.7, 42.3)
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6.2.3 ASL_d3iesu, ASL_r3iesu
Interval Estimation of the Difference of the Population Means According to

Two Sets of Independent Samples

(1) Function
The ASL_d3iesu or ASL_r3iesu obtains the confidence interval of the difference of the population means
from the means p; and gz and variances (or population variances) 012 and 022 of two sets of independent

sample data of sizes n; and ns, respectively, when the confidence level 1 — «v is specified. The confidence
interval (t1,t2) is defined as follows.

tr = (m — p2) — 22V B1+ B2
te = (u1 — p2) + 22/ B1 + B2

(a) When the population variances are known

5 =1- P(Z%)
Here, P(x) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
2 2
g1 g9
61 = _7ﬂ2 =
ni1 n9

012, 022: Population variances of the two sets

(b) When the population variances of the two sets are equal and that value is unknown

@
i 17P(z%,n1+n2 -2)
Here, P(t,n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of
freedom.
2 2
S S
61 = L762 =2
ni na

sp? is defined as follows.

9 (7’L1 — 1)012 + (7’L2 — 1)022

n1+n272

p

012 and 052 are unbiased estimates of the population variances.
(¢c) When the population variances of the two sets are not equal and those values are unknown

ﬂlf(%l) + 52t(%2)

Za =
: Bi+ B2
1Pt —1) =1 Pty — 1)
2 2 2
Here, P(t,n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of
freedom.
012 022
Br="—fo= "
ni n2

012 and 052 are unbiased estimates of the population variances.
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(2) Usage
Double precision:
ierr = ASL_d3iesu (nl, xel, xvl, n2, xe2, xv2, cl, ci, isw);
Single precision:
ierr = ASL_r3iesu (nl, xel, xvl, n2, xe2, xv2, cl, ci, isw);

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. ;:Zilieg;lir;d Type Size ICr)lstlgé . Contents
nl 1 Input | Number of sample data n;
2 xel D 1 Input | Mean of sample data pq
B
3 xvl D 1 Input | Variance of sample data or population o2
o
4 n2 1 Input | Number of sample data ns
5 xe2 D 1 Input | Mean of sample data po
B
6 XVv2 D 1 Input | Variance of sample data or population o2
it
7 cl D 1 Input | Confidence level 100(1 — «)(%)
it
8 ci {D*} 2 Output | ci[0]: Confidence interval lower bound #;
R+ ci[1]: Confidence interval upper bound o
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output

9 isw I 1 Input | isw=1: The population variances of the two
sets are entered for xvl and xv2
isw=2: The population variances of the two
sets are equal, and the variances (not unbi-
ased estimates) of the sample data are en-
tered for xv1 and xv2
isw=3: The population variances of the two
sets are equal, and the variances (unbiased
estimates) of the sample data are entered for
xvl and xv2
isw=4: The population variances of the two
sets are not equal, and the variances (not un-
biased estimates) of the sample data are en-
tered for xv1 and xv2
isw=5: The population variances of the two
sets are not equal, and the variances (unbi-
ased estimates) of the sample data are en-
tered for xv1 and xv2

10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {1,2,3,4,5}

(b) n1,n2 > 2

(¢) xvl,xv2 > 0.0

(d) 0.0 <cl <100.0

(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.

1000 cl=100.0 The negative minimum value is set for
ci[0] and the positive maximum value is
set for ci[1].

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

(6) Notes
None

(7) Example

(a) Problem
Obtain the confidence interval of the difference of the population means at a 95% confidence level
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from two sets of independent samples for which the sample variances are not equal and the numbers of
sample data, the means, and the unbiased variances are 100, 42.0, 2.25 and 50, 30.0, 3.25, respectively.

(b) Input data
isw=5, n1=100, xel=42.0, xv1=2.25, n2=50, xe2=30.0, xv2=3.25 and cl=95.0.
(¢) Main program

/* C interface example for ASL_d3iesu */

#include <stdio.h>
#include <asl.h>

int main()
{

int nl1, n2;
double xel, xe2, xvl, xv2;
double cl;
double cil[2];
int isw;

int ierr;
isw= 5;

nl = 100;
xe1=42.0;
xv1=2.25;

n2 = 50;
xe2=30.0;
xv2=3.25;

cl =95.0;

printf( " *#x* ASL_d3iesu ***\n" );
printf( "\n ** Input **\n\n" );
printf( "\tisw = %6d\n", isw );
printf( "\tnil %6d\n", n1 );
printf( "\txel = %6.3g\n", xel );
printf( "\txvl %6.3g\n", xvl );
printf( "\tn2 %6d\n", n2 );
printf( "\txe2 %6.3g\n", xe2 );
printf( "\txv2 = %6.3g\n", xv2 );
printf( "\tcl %6.3g\n", cl );

ierr = ASL_d3iesu(nl, xel, xvl, n2, xe2, xv2, cl, ci, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\tInterval = (%8.3g, %8.3g)\n", cil0], ci[1] );
return O;

(d) Output results

**kk ASL_d3iesu ***

** Input *x*
isw = 5
nl = 100
xel = 42
xvl = 2.25
n2 = 50
xe2 = 30
xv2 = 3.25
cl = 95

** Qutput **

ierr = 0
Interval = ( 11.4, 12.6)
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6.2.4 ASL_d3ieva, ASL _r3ieva

(1)

Interval Estimation of the Population Variance Due to One Set of Samples

Function
The ASL_d3ieva or ASL_r3ieva obtains the confidence interval of the population variance from the variance
(or population variance) o2 of one set of sample data of size n when the confidence level 1 — « is specified.

The confidence interval (¢1,t2) is defined as follows.

o%(n—1)

h=—=—"
X1

o%(n—1)

lo=——5—
X2

0?2 is an unbiased estimate of the population variance. Also,

% =P(xi%n—1)=1-P(x2%n—1)
Here, P(z,y) is the cumulative distribution function (c.d.f.) of a x? distribution with y degrees of freedom.
Usage
Double precision:
ierr = ASL_d3ieva (n, xv, cl, ci, isw);
Single precision:

ierr = ASL_r3ieva (n, xv, cl, ci, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 XV D 1 Input | Variance of sample data o
R
3 cl D 1 Input | Confidence level 100(1 — «)(%)
R
4 ci D+ 2 Output | ci[0]: Confidence interval lower bound t;
R ci[l]: Confidence interval upper bound o
5 isw I 1 Input | isw=1: The variance (not an unbiased esti-
mate) of the sample data is entered for xv
isw=2: The variance (unbiased estimate) of
the sample data is entered for xv
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) isw € {1,2}
(b) n>2
(¢) xv>0.0
(d) 0.0 < ¢l < 100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 cl=100.0 0.0 is set for ci[0] and the positive maxi-
mum value is set for ci[l].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
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(6) Notes

(a) When the confidence interval at a 1 — « confidence level for the variance o2 is (t1,t2), the confidence
interval for the standard deviation is (v/#1, v/2).

(7) Example

(a) Problem
Obtain the confidence interval of the population variance at a 95% confidence level when the number
of sample data is 25 and the unbiased variance is 29.16.

(b) Input data
isw=2, n=25, xv=29.16 and c1=95.0.

(¢) Main program

/* C interface example for ASL_d3ieva */

#include <stdio.h>
#include <asl.h>

int main()
{

int n;

double xv;
double cl;
double cil2];
int isw;

int ierr;
isw= 2;

n =25;

xv =29.16;

cl =95.0;

printf( " *x* ASL_d3ieva **x\n" );
printf( "\n ** Input **\n\n" );
printf( "\tisw =,6d\n", isw );
printf( "\tn =%6d\n", n );

printf( "\txv =%6.3g\n", xv );
printf( "\tcl =%6.3g\n", cl );

ierr = ASL_d3ieva(n, xv, cl, ci, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\tInterval = (%8.3g, %8.3g)\n", ci[0], cil1] );

return O;

}
(d) Output results

**%k ASL_d3ieva **¥*

*% Input *%
isw = 2
n = 25
xv = 29.2
cl = 95
** Qutput **
ierr = 0
Interval = ( 17.8, 56.4)
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6.2.5 ASL_d3ietc, ASL_r3ietc
Interval Estimation of the Population Correlation Coefficient According to
One Set of Samples

(1) Function
From the sample correlation coefficient r of one set of sample data of size n, obtain the confidence interval of
the population correlation coefficient p when the confidence level 1 — « is specified. The confidence interval

(t1,t2) is defined as follows.

e b _1
h= +1
_ eotb _ 1

t2 = eatb 1

where a, b and § are as follows.

a=lo L+r
T 0%y
2za
h— "2
vn—3
«

P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(2) Usage
Double precision:
ierr = ASL_d3ietc (n, 1, cl, t);
Single precision:
ierr = ASL r3ietc (n, 1, cl, t);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FetHent at Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 T D 1 Input | The sample correlation coefficient r of one set
R of sample data (See Note (a))
3 cl D 1 Input | Confidence level 100(1 — «)(%)
R
4 t D+ 2 Output | t[0] : Confidence interval lower bound #;
R t[1] : Confidence interval upper bound t,
5 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) n>2
(b) —1.0<r< 1.0
(¢) 0.0<cl<100.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 c1=100.0 t[0] = —1.0 and t[1] = 1.0 are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
(6) Notes
(a) The sample correlation coefficient r for n sample data, {z;,y;} (i = 1,---,n), is defined as follows.
ASL_d2ccmt
(See 4.4.1 o
ASL r2cemt
S e )~ )
n Ty — Mo )\Yi — Hy
r= =
IRS 2 |1y 2
Zzzl(l'z fha) n Zzzl(yz fy)

(7) Example

(a) Problem
From the following one set of sample data of size 10, obtain the confidence interval of the population

correlation coefficient with 95% confidence level.

T Yi
10.129 634
12.611 60.1
13.900 57.2
16.532 46.5
20.822 43.9
26.025 39.6
28.283 39.7
29.199 39.1
30.766  37.8
32.664 27.8

(b) Input data
n=10, c1=95.0 and sample data {z;,y;}.
r : calculate from ASL_d2ccmt.
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(¢) Main program

/* C interface example for ASL_d3ietc */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;
double r;
double cl;
double t[2];
int ierr;
double *a;
int na;

int m;

int nr;

int ns;
double *x1;
double *rr;
double *wk;
int isw;
int kerr;
int i, j;
FILE *fp;

fp = fopen( "d3ietc.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_d3ietc **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%lf", &cl );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &nr );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*m) ));
if( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

x1 = ( double * )malloc((size_t) ( sizeof (double) * m ));
if( x1 == NULL

printf( "no enough memory for array xi\n" );
return -1;

rr = ( double * )malloc((size_t)( sizeof(double) * (nr*m) ));
if ( rr == NULL )

printf( "no enough memory for array rr\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

printf( "\t** ASL_d2ccmt **\n");
printf( "\tisw = %6d\n", isw);
printf( "\tna %6d\n", na);
printf( "\tn %6d\n", n);
printf( "\tm 4#6d\n", m);
printf( "\tnr %6d\n", nr);

printf ("\n\t samplel sample2\n");
for( i=0; i<n; i++ )

printf ("\t");
for( j=0; j<m; j++ )

fscanf ( fp, "%1f", &ali+naxjl );
printf( "%8.3g", ali+na*j] );

}
printf("\n");
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%close( fp );
kerr = ASL_d2ccmt(a, na, n, m, &ns, x1, rr, nr, isw, wk);
if( kerr != 0)

printf ("Error occured in ASL_d2ccmt. kerr=%6d\n", kerr);
return -1;
r=rr[1];

printf( "\n\t** ASL_d3ietc #**\n");
printf( "\tn %6d\n", n);

printf( "\tr %8.3g\n", r);
printf( "\tcl %8.3g\n", cl);

ierr = ASL_d3ietc(n, r, cl, t);

printf( "\n ** Output **\n\n" );
printf ( "\tx* ASL_d2ccmt **\n");
printf( "\tkerr = %6d\n", kerr );
printf( "\tr = %8.3g\n", r );
printf( "\n\t** ASL_d3ietc #**\n");
printf( "\tierr = %6d\n", ierr );
printf( "\tInterval = (%8.3g, %8.3g)\n", t[0], t[1] );
free( a );

free( rr );

free( x1 );

free( wk );

return O;

}
(d) Output results

**k*k ASL_d3ietc ***

*k Input *%

**%  ASL_d2ccmt k%
isw = 0
na = 10
n = 10
m = 2
nr = 10

samplel sample2
10.1 63.

4
12.6 60.1
13.9 57.2
16.5 46.5
20.8 43.9
26 39.6
28.3 39.7
29.2 39.1
30.8 37.8
32.7 37.8
**% ASL_d3ietc **
n = 10
r = -0.945
cl = 95

*% Qutput *x*

**% ASL_d2ccmt **
kerr = 0
r = -0.945

** ASL_d3ietc *x*
0

ierr =
Interval = ( -0.987, -0.778)
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6.2.6 ASL_d3iecd, ASL_r3iecd
Interval Estimation of the Difference of the Population Correlation Coefficient
According to Two Sets of Independent Samples

(1) Function
From the correlation coefficients 1 and ro of two sets of independent sample data of sizes n; and no,
respectively, obtain the confidence interval of the difference of the population correlation coefficients p; and

p2 when the confidence level 1 — « is specified. If p; = pa = p, the confidence level of p is obtained.

(a) When p; = pa =p
The confidence interval (t1,%2) of p is defined as follows.

4 = e b _1
V7 eamb
_ et _q
t2 = eatb 4+ 1
Here,
2(TL1 73)214‘2(71273)2’2
o ni—+ng—6
2za
— 2
vni+ns —6
_11 1+T1
T8
]. 1+T2
2’2:—10 e
2 1—T2
(0%
5:17P(Z%)

P(2) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(b) When p1 # p2
The confidence interval (¢1,t2) of p1 — p2 is defined as follows.

et -1
th = ———
T eeb ]

ettt _q
t2:7€a+b+1

Here,

1 1+7m 1 1+17r
a = 10, — 10,

gel*?”l gel*?”g

1 1

b223\/

2 7’L1—3 n2—3
(0%
5:17P(Z%)

P(2) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
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(2) Usage
Double precision:
ierr = ASL_d3iecd (nl, rl, n2, r2, cl, t, isw);
Single precision:
ierr = ASL_r3iecd (nl, rl, n2, r2, cl, t, isw);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

R:Single precision real C:Single precision complex

) int as for 32bit Integer
" | long as for 64bit Integer

A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
1 nl I 1 Input | Number of first sample data n;
2 rl D 1 Input | The correlation coefficient 1 of first sample
R data (See Note (a))
3 n2 I 1 Input | Number of second sample data ng
4 r2 D 1 Input | The correlation coefficient ro of second sam-
R ple data (See Note (a))
5 cl D 1 Input | Confidence level 100(1 — a)(%)
R
6 t D+ 3 Output | t[0] : Confidence interval lower bound #;
Rx t[1] : Confidence interval upper bound ¢,
7 isw I 1 Input | Processing switch
isw=1: when p; = ps
isw=2 : when p; # p2
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw € {1,2}

(b) n1>4,n2>4

(¢c) -1.0<rl<1.0,-1.0<r2<1.0
)

(d) 0.0 < cl < 100.0
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 c1=100.0 t[0] = —1.0 and t[1] = 1.0 are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
(6) Notes
(a) The sample correlation coefficient r for n sample data, {z;,y;} (i = 1,---,n), is defined as follows.

(See 4.4.1 {

ASL_d2ccmt )
ASL_r2ccmt

% Z(I — ) (Yi — py)

S|
S|

Z(wi — piz)? Z(yi — p1y)?

(7) Example

(a) Problem

For the correlation coefficient 1 = 0.8 obtained from a set of 50 observed values and the correlation
coefficient 9 = 0.6 obtained from a set of 15 observed values, test the hypothesis p; = p2 related to the
population correlation coefficients of the populations to which the respective observed values belong.
Assume that the alternative hypothesis is p1 # pa.

Moreover, if the hypothesis p; = po is accepted, obtain the confidence interval of the correlation
coefficient of population p; = p2 = p with 95% confidence level. If the hypothesis p; = po is rejected,
obtain the difference of the two correlation coefficient of population p; — po with 95% confidence level.

(b) Input data
nl1=50, r1=0.8, n2=40, r2=0.6 and cl=95.0.
(¢) Main program

/* C interface example for ASL_d3iecd and STAT_d3tscd */

#include <stdio.h>
#include <asl.h>

int main()
{

int ni;
double ri;
int n2;
double r2;
double cl;
int ir;
double t[2];
double z[2];
int isw_ie;
int isw_ts;
int ierr_ie;
int ierr_ts;

int i;
printf( " *** ASL_d3tscd, STAT_d3iecd ***\n" );
printf( "\n ** Input **\n\n" );
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isw_ts=1;
n1=50; r1=0.8e0;
n2=40; r2=0.6e0;
c1=95.0e0;

printf( "\t** ASL_d3tscd **\n");
printf( "\tisw_ts %6d\n", isw_ts );
printf( "\tnl %6d\n", nl );
printf( "\tn2 %6d\n", n2 );
printf( "\tril %8.3g\n", r1 );
printf( "\tr2 %8.3g\n", r2 );
printf( "\tcl %8.3g\n", cl );

ierr_ts = ASL_d3tscd(nl, rl, n2, r2, cl, &ir, z, isw_ts);
if ( ir == 0 ){
isw_ie = 1;

Yelseq{
isw_ie = 2;

’

printf( "\n\t** ASL_d3iecd **\n");
printf( "\tisw_ie = %6d\n", isw_ie );
printf( "\tnl %6d\n", n1 );
printf( "\tn2 %6d\n", n2 );

printf( "\tril %8.3g\n", r1 );
printf( "\tr2 %8.3g\n", r2 );
printf( "\tcl %8.3g\n", cl );

ierr_ie = ASL_d3iecd(nl, rl, n2, r2, cl, t, isw_ie);
printf( "\n ** Output **\n\n" );

printf ( "\tx* ASL_d3tscd **\n" );
printf( "\tierr_ts = %6d\n\n", ierr_ts );
if (ir == 0 ){
printf ( "\tHypothesis, rhol = rho2, is accepted.\n " );

Yelse{
printf ( "\tHypothesis, rhol = rho2, is rejected.\n " );

}
printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tz[%2d] = %8.3g\n", i, z[i] );

printf( "\n\t** ASL_d3iecd **\n" );
printf( "\tierr_ie = %6d\n\n", ierr_ie );
if( isw_ie == 1 ){
printf( "\tInterval of rho = (%8.3g, %8.3g)\n", t[0], t[1] );

Yelse{
printf( "\tInterval of rhol - rho2 = (¥8.3g, %8.3g)\n", t[0], t[1] );

return O;
¥
(d) Output results

*xx ASL_d3tscd, STAT_d3iecd ***
** Input *x*

** ASL_d3tscd *x*

isw_ts = 1
nl = 50
n2 = 40
rl = 0.8
r2 = 0.6
cl = 95
**% ASL_d3iecd **
isw_ie = 1
nl = 50
n2 = 40
rl = 0.8
r2 = 0.6
cl = 95

*% Qutput *x*

**% ASL_d3tscd **
ierr_ts = 0

Hypothesis, rhol = rho2, is accepted.

z[ 0]
z[ 1]

1.84
1.96
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**% ASL_d3iecd **
ierr_ie = 0

Interval of rho = ( 0.608, 0.812)
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6.2.7 ASL_d3iesr, ASL_r3iesr
Interval Estimation in the Simple Linear Regression

(1) Function
For regression coefficient a, constant term b, and a given specific data zy in the following simple linear

regression expression (or regression line) related to one set of sample data {z;, y;} (1,---,n) of size n
Ui =ax;+b

obtain the estimate gy and the confidence interval of the confidence level 1 — « of the theoretical value
Axg — B. Assume that y; corresponding to each x; is the random sample from the normal population
having the mean Ax; — B and the variance o2. Obtain the regression coefficient a and constant term b of

the sample data from the following normal equations.

n n
Zyi = ain +bn

i=1 =1 N
Z:z:l-yi = aZx? erin
i=1 i=1 i=1

The confidence interval (¢1,t2) is defined as follows.
(a) Regression coefficient
th =a— t% - Sq
to =a—+ t% - Sq
Here,

o2

Z(xi - Mw)2

i. When the population variance is known

Saq —

o? : Population variance
o
5 == ]. - P(t%)
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the population variance is unknown

02 : Unbiased variance of error variation
o
5 1 - P(te|n—2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.

(b) Constant term
tl =a— t% +Sp

t2:a+t%~3b
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i. When the population variance is known

o? : Population variance
o)
5 = ]. —_ P(t%)
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the population variance is unknown

o2 : Unbiased variance of error variation
«

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

(c¢) Estimated value

tliyA()*t%'Sy

Here,

1 )2
5, = 1o [1 1y Loz
no Yz — pa)
i. When the population variance is known
o? : Population variance
!
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the population variance is unknown

o2 : Unbiased variance of error variation
«

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

(d) Theoretical value
tl = yAO — t% 1)
to =go+1tg - S0

Here,

L[ o)
%V L*zm—ww

i. When the population variance is known

o2 : Population variance
!

—=1—P(te)
2 2
Here, P(t) is the cumulative distribution function (c.d.f.) of a standard normal distribution.
ii. When the population variance is unknown
02 : Unbiased variance of error variation
@
5= 1—P(ta|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.
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(2) Usage
Double precision:

ierr = ASL_d3iesr (x, n,y, &yv, x0, cl, t, stat, iswl, isw2, w);

Single precision:

ierr = ASL r3iesr (x, n, y, &yv, x0, cl, t, stat, iswl, isw2, w);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. retment at Type Size nput/ Contents
Return Value Output

1 X Dx n Input | Values of independent variable X of sample,
R x;(i =1,n)

2 n I 1 Input | Number of sample data n

3 Dx n Input | Values of dependent variable Y of sample,
R yi(i =1,n)

4 yv Dx 1 Input | Variance of the population to which depen-
Rx dent variable Y belongs(if isw2 = 1)

Output | Unbiased variance of error variation o2 (if
isw2 = 2) (See 10.2.1)

5 x0 D 1 Input | Value of zy to obtain the estimated value or

R the theoretical value (If iswl = 1 or iswl =
2, initialization is not necessary.)

6 cl D 1 Input | Confidence level 100(1 — a)(%)
R

7 t D« 2 Output | t[0] : Confidence interval lower bound #;
R+ t[1] : Confidence interval upper bound 2

8 stat D+ 2 Output | stat[0] : The sample regression coefficient
Rx stat[1] : The sample constant term
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
9 iswl I 1 Input | The switch for selection of the statistic.
iswl=1: To obtain the confidence interval of
the regression coefficient.
iswl=2: To obtain the confidence interval of
the constant term.
iswl=3 : To obtain the confidence interval of
the estimated value.
iswl=4: To obtain the confidence interval of
the theoretical value.
10 isw2 I 1 Input | Switch for variance
isw2=1 : The variance of the population is
entered for yv
isw2=2 : The variance (not an unbiased es-
timate) of the sample data is entered for yv
11 w D+ 29 Work | Work area
()
12 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) iswl € {1,2,3,4}
(b) isw2 € {1,2}
(¢) n>3
(d) 0.0 <cl<100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 ¢1=100.0 The negative minimum value is set for t[0]
and the positive maximum value is set for
t[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
4000 There are no difference among indepen-
dent variable X.
4100 The Unbiased variance of error variation
is 0.0. (See 10.2.1)

(6) Notes
None

345



ASL_d3iesr, ASL_r3iesr
Interval Estimation in the Simple Linear Regression

(7) Example

(a) Problem
From the following one set of sample data of size 9, obtain the confidence interval regression coefficient
of population with 95% confidence level.

8
g

0 g O U W N
0 o N O Ut Ut W W

9 9

The variance value of the population to which the samples belongs is unknown.

(b) Input data
iswl=1, isw2=2 n=9, array x, array y and cl=95.0.
(¢) Main program

/* C interface example for ASL_d3iesr */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int n;

double cl;
double yv;
double x0;
double t[2];
double stat[2];
double w[29];
int iswl;

int isw2;

int ierr;

double *x;
double *y;

int i;

FILE *fp;

fp = fopen( "d3iesr.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *x% ASL_d3iesr **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &iswl);
fscanf( fp, "%d", &isw2);
fscanf( fp, "%d", &n );

fscanf( fp, "J%Llf", &cl );
fscanf( fp, "%1f", &x0 );

x = ( double * )malloc((size_t)( sizeof (double) * (n) ));
%f( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

y = ( double * )malloc((size_t)( sizeof(double) * (n) ));
if( y == NULL )

printf( "no enough memory for array y\n" );
return -1;
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for( i=0; i<mn; i++ )
fscanf( fp,

for( i=0; i<n; i++ )

"hLE", &x[i] );

fscanf( fp, "%Llf", &yl[il );

}
fclose( fp );

printf( "\n\t** ASL_

printf( "\tiswi
printf( "\tisw2
printf( "\tn
printf( "\tx0
printf( "\tcl
printf("\n\t samplel
for( i=0; i<n; i++ )

printf( "\t%8.3g

ierr = ASL_d3iesr(x,

printf( "\n

d3iesr **\n");
%6d\n", iswl);
%6d\n", isw2);
%6d\n", n);
%8.3g\n", x0);
%8.3g\n", cl);
sample2\n") ;

%8.3g\n", x[il, y[il);

n, y, &v, %0, cl, t, stat, iswl, isw2, w);

** Output **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

if( iswl ==

){
printf( "\tInterval

}Yelse if( iswl ==

)1
printf( "\tInterval of constant term = (%8.3g, %8.3g)\n", t[0], t[1] );

}else if( iswl ==

printf( "\tInterval of predictive value =

}else if( iswl ==

)4
printf( "\tInterval theoretical value = (%8.3g, %8.3g)\n", t[0], t[1] );

}
printf( "\n" );

printf( "\tRegression coefficient of sample
printf( "\tConstant term of sample

free( x );
free( y )

return O;

}
(d) Output results

**%k ASL_d3iesr ***

** Input *x*

**% ASL_d3iesr **

iswl = 1
isw2 = 2
n = 9

x0 = 5

cl = 95
samplel sample2
1 3

2 3

3 5

4 5

5 6

6 7

7 8

8 8

9 9

** Qutput **

ierr = 0

Interval of regression coefficient = (

Regression coefficient of sample
Constant term of sample

0.783
2.08
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of regression coefficient = (8.3g, %8.3g)\n", t[0], t[1] );

(%8.3g, %8.3g)\n", t[0], t[1] );

%8.3g\n", stat[0] );
%8.3g\n", stat[1] );
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6.3 TESTS

6.3.1 ASL_d3tsra, ASL_r3tsra
Test of the Population Ratio According to One Set of Samples

(1) Function
When the number of data having the observed characteristic in the one set of sample data of size n is m,
test the hypothesis p = pg related to the ratio p in the population to which the respective set of sample

data belong with the confidence level 1 — a. The test criteria are as follows.

(a) When the alternative hypothesis is p # pg
For f; and f5 defined as follows

fi = 2(” - m)po
T 2(m 1)1 po)
f2 _ 2m(1 — po)

2(n —m+ 1)po

If fi > Fy or fo > F3, reject
If f1 < F1 and fs < Fy, accept
Here,
% =1 P(F|2(n —m +1),2m) = 1 — P(Fs|2(m + 1),2(n — m))
P(F|ny,ng2) is the cumulative distribution function (c.d.f.) of a F distribution having numbers of

degrees of freedom ny and no.

(b) When the alternative hypothesis is p < pg
For f; defined as follows
2(n —m)po
2(m +1)(1 = po)

If f1 > Fy, reject
If f1 < FY, accept

fi=

ere,

a=1—P(F/2(m+1),2(n —m))

P(F|ny,n2) is the cumulative distribution function (c.d.f.) of a F distribution having numbers of
degrees of freedom ny and no.
(c) When the alternative hypothesis is p > pg
For f5 defined as follows
2m(1 — po)
2(n —m+1)(1 — po)

fa=

Here,

If fo > Fy, reject
If fo < F¥, accept

a=1—-P(F}2(n—m+1),2m)

P(F|ny,n2) is the cumulative distribution function (c.d.f.) of a F distribution having numbers of

degrees of freedom ny and no.
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(2) Usage
Double precision:
ierr = ASL_d3tsra (n, m, cl, p0, &ir, f, isw);
Single precision:
ierr = ASL_r3tsra (n, m, cl, p0, &ir, f, isw);

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. retument an Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 m I 1 Input | Number of samples having the characteristic
being observed m
3 cl D 1 Input | Confidence level 100(1 — «)(%)
R
4 pO D 1 Input | Tested ratio value pg
R
5 ir I* 1 Output | Test result

ir=0 : Hypothesis p = pg is accepted
ir=1: Hypothesis p = py is rejected
6 f {D*} 4 Output | When isw=1

f[0] : Value of f;

f[1] : Value of fo

f2] : Value of F distribution Fy
f[3] : Value of F distribution F;
When isw=2

f[0] : Value of f;

f[1] : Value of F distribution F}'
When isw=3

f[0] : Value of f,

f[1] : Value of F distribution F
7 isw I 1 Input | The alternative hypothesis switch

isw=1:

When the alternative hypothesis is p # pg
isw=2:

When the alternative hypothesis is p > pg
isw=3:

When the alternative hypothesis is p < pg

8 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) isw € {1,2,3}
(b)

(¢) 0<m<n

(d)

(e) 0.0 <cl <100.0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 isw=1: isw=1:
cl=100.0 0.0 or the positive maximum value is set
for {[2] and f[3].
isw=2or 3 : isw=2 or 3 :
cl=0.0 or cl=100.0. 0.0 or the positive maximum value is set
for {[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
When the number of sample data having the observed characteristic in the independent sample of size

19 is 5, test the hypothesis p = 0.5 related to the population ratio p with 95% confidence level. Assume
that the alternative hypothesis is p # 0.5.

(b) Input data
isw=1, n=19, m=5, p=0.5 and cl=95.0.
(¢) Main program

/* C interface example for ASL_d3tsra */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int n;

int m;
double pO;
double cl;
int ir;
double f[4];
int isw;

int ierr;
int i;

int nf;

printf( " *x% ASL_d3tsra **x\n" );
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printf( "\n ** Input **\n\n" );
n=19;

m=5;
p0=0.5€0;
cl1=95.0e0;
isw=1;
nf=4;

%6d\n", isw);
%6d\n", n);
%6d\n", m);
%8.3g\n", p0);
%8.3g\n", cl);

printf( "\tisw
printf( "\tn
printf( "\tm
printf( "\tpO
printf( "\tcl

ierr = ASL_d3tsra(n, m, cl, pO, &ir, f, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %4d\n\n", ierr );

if ( ir == 0 ){

printf( "\tHypothesis, p = %8.3g, is accepted.\n ", pO );
Yelse{

printf( "\tHypothesis, p = %8.3g, is rejected.\n ", p0 );

printf ("\n");
for( i=0 ; i<nf/2 ; i++ )

printf( "\tf[%2d] = %8.3g\tf[%2d] = %8.3g\n", i, f[il, i+2, £[i+2] );

return O;

}

(d) Output results

*%k ASL_d3tsra *¥*

*k Input *%

isw = 1

n = 19

m = 5

p0 = 0.5
cl = 95
** Qutput **
ierr = 0

Hypothesis, p = 0.5,
£[ 0] 2.33 f[ 2]
f[ 1] 0.333 f[ 3]

is accepted.

2.45
3.31
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6.3.2 ASL_d3tsrd, ASL_r3tsrd

Test of the Difference of the Population Ratios According to Two Sets of
Independent Samples

(1) Function
When the number of data having the observed characteristic in the two sets of independent sample data of
sizes n1 and ny are my and me, respectively, test the hypothesis p; = p2 related to the ratios p; and ps in
the population to which the respective sets of sample data belong with the confidence level 1 — .

Let the sample ratios in the two sets of independent samples, respectively, be p; and po as shown below.

my ma

b1 = y P2 =
ni n2

The test criteria are as follows.

(a) When no continuity correction is performed

i. When the alternative hypothesis is p; # p2
For z defined as follows
P1— D2
- A1 1
V=P + )
{ If |z] > ze, reject

z =

g,
If [2] < zg, accept

where, p and § are as follows.

nip1 +nep2 M1+ ma
ni+ny  ni+ng

:].7P(Z%)

MlQ 3>

Here, P(z) is the c.d.f. value of the standard normal distribution.

ii. When the alternative hypothesis is p; < p2
For z defined as follows
P1— P2
VPO =D+ 75)

If z < —z,, reject

z =

If 2 > —z,, accept
where, p and « are as follows.
. mip1+nePe My +me
ni + ng o+ N9
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

iii. When the alternative hypothesis is p; > p2
For z defined as onllowAs
P1 — D2
VPO =)+ 75)

If z > z,, reject

z =

If z < z,, accept
where, p and « are as follows.
nip1 +ngp2 My +ma

p= ni + no N ni + no
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a=1—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution
(b) When continuity correction is performed

i. When the alternative hypothesis is p; # pa
For z defined as follows

—0.5(L + L
2= PRI ) (e > )
V=P + )
p1— P2+ 0.5(5 +nl
p= G 2)(whenﬁ1 < p2)
VPO = D)+ )
{ If [2] > zq, reject

If |z| < 2%, accept

where, p and  are as follows.
p= nip1 4 nepy M+ Mo
ny + N2 ni + no
@
5 =1- P(Z%)

Here, P(z) is the c.d.f. value of the standard normal distribution
ii. When the alternative hypothesis is p; < p2
For z defined as follows

P1— P2 —0.5(7- + =

z = t ( 2)(When ]31 Z ]32)
\/pl— n_1 n21)
p P2+ 0.5 -+t
L ( 2)(Whenﬁl < p2)
\/plfp (i +75)

If z < —z,, reject

If 2> —

Za, accept
where, p and « are as follows

o Mapinapy Mg+ my
ny + ng ny + ng
a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution
iii. When the alternative hypothesis is p1 > po
For z deﬁned as follows

P2—05(%+%)
’ﬂg)
- p2+o5( -+ .5)

(when py < p2)
\/pl— At ns)

If z > z,, reject

(when py > p2)

If z < z4, accept
where, p and « are as follows

. nip1 + ngp2 _ mitmo
ni + ne ni + no
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution
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(2) Usage
Double precision:

ierr = ASL_d3tsrd (nl, ml, n2, m2, cl, &ir, z, iswl, isw2);

Single precision:

ierr = ASL_r3tsrd (nl, ml, n2, m2, cl, &ir, z, iswl, isw2);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

R:Single precision real C:Single precision complex

long as for 64bit Integer

I { int as for 32bit Integer}

Argument and ) Input/
Type Size
Return Value Output

No.

Contents

nl I 1 Input

Number of first sample data n

2 ml I 1 Input

Number of data having the observed charac-

teristic in first sample data m;

3 n2 I 1 Input

Number of second sample data ns

4 m2 I 1 Input

Number of data having the observed charac-

teristic in second sample data mgy

5 cl D 1 Input
R

Confidence level 100(1 — «)(%)

6 ir I* 1 Output

Test result
ir=0 : Hypothesis p; = p» is accepted
ir=1: Hypothesis p; = p2 is rejected

7 z Dx 2 Output
Rx

When isw2=1

z[0] : Values of z

z[1] : Values of a standard normal distribu-
tion za

When isw2=2

z[0] : Values of z

z[1] : Values of a standard normal distribu-
tion —z,

When isw2=3

z[0] : Values of z

z[1] : Values of a standard normal distribu-

tion z,

8 iswl I 1 Input

Processing switch
iswl=1 : Continuity correction is not per-
formed

iswl=2 : Continuity correction is performed
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
9 isw2 I 1 Input | The alternative hypothesis switch
isw2=1:
When the alternative hypothesis is p # pg
isw2=2:
When the alternative hypothesis is p > pg
isw2=3:
When the alternative hypothesis is p < pg
10 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) iswl € {1,2}
(b) isw2 € {1,2,3}
(¢) n1 >0,n2>0
(d) 0 <ml <nl, 0 <m2<n2
(e) 0.0 <cl <100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 isw2=1: isw2=1:
cl=100.0 The positive maximum value is set for
z[1].
isw2=2 or 3 : isw2=2 or 3 :
¢c1=0.0 or ¢1=100.0. The positive maximum value or the neg-
ative minimum value is set for z[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes

None
(7) Example

(a) Problem
When the numbers of data having the observed characteristic in the two sets of independent samples
of size 200 and 250 are 140 and 150, respectively, test the hypothesis p; = ps related to the popula-
tion ratios p; and ps with 95% confidence level and perform continuity correction. Assume that the

alternative hypothesis is p1 # pa.

(b) Input data
iswl=2, isw2=1 n1=200, m1=140, n2=250, m2=150 and cl=95.0.
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(¢) Main program

/* C interface example for ASL_d3tsrd */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int ni;
int mil;
int n2;
int m2;
double cl;
int ir;
double z[2];
int iswi;
int isw2;
int ierr;
int i;

printf( " *x% ASL_d3tsrd **x\n" );
printf( "\n ** Input **\n\n" );

iswl=2;
isw2=1;
n1=200;
m1=140;
n2=250;
m2=150;
c1=95.0e0;

printf( "\tiswl= %6d\n", iswl);
printf( "\tisw2= %6d\n", isw2);
printf( "\tnl %6d\n", nil);
printf( "\tml %6d\n", mil);
printf( "\tn2 %6d\n", n2);
printf( "\tm2 %6d\n", m2);
printf( "\tcl %8.3g\n", cl);

ierr = ASL_d3tsrd(nl, mi, n2, m2, cl, &ir, z, iswl, isw2);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %4d\n\n", ierr );
if (ir == 0 ){
printf( "\tHypothesis, pl = p2, is accepted.\n " );
Yelsed{

printf( "\tHypothesis, pl = p2, is rejected.\n " );
printf ("\n");
for( i=0 ; i<2 ; i++ )
printf( "\tz[%2d] = %8.3g\n", i, z[i] );
return O;
}
(d) Output results

***x ASL_d3tsrd ***

*k Input *%

iswl= 2
isw2= 1
nl = 200
ml = 140
n2 = 250
m2 = 150
cl = 95

** Qutput **
ierr = 0
Hypothesis, pl = p2, is rejected.

z[ 0] 2.1
z[ 1] 1.96
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6.3.3 ASL_d3tsme, ASL_r3tsme
Test of the Population Mean According to One Set of Samples

(1) Function
From the mean p, and variance (or population variance) o2 of one set of sample data of size n, test the

hypothesis p = pg with the confidence level 1 — a.. The test criteria are as follows.

(a) When the population variance is known

i. When the alternative hypothesis is u # g

For z defined as follows
5 = Mz — [0

a2

n
If [2] > zg, reject
If |2| < zg, accept
where,

0?2 : Population variance

e
5 =1- P(Z%)
P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

ii. When the alternative hypothesis is pu < uo

For z defined as follows
_ Ha — Ho
y=rx 0
a2

If z > —z,, accept
where,

{ If z < —z,, reject

o? : Population variance
a=1-P(z4)
P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

iii. When the alternative hypothesis is pu > po

For z defined as follows
Mz — Ho

a2
n

If z > z,, reject
If z < z4, accept
where,

Zz =

o2 : Population variance
a=1-P(z,)
P(z) is the cumulative distribution function (c.d.f.) of a standard normal distribution.

(b) When the population variance is unknown

i. When the alternative hypothesis is u # g

For t defined as follows
Mz — Ho

t= ——
a2
n
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If [t| > ta, reject
If [t| < tg, accept
where,

o? : Unbiased estimate of population variance

o

5 1—P(tgln—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

ii. When the alternative hypothesis is p < o

For t defined as follows
t = Mz — [0

a2
n

Ift > —t,, accept
where,

{ If t < —t,, reject

o2 : Unbiased estimate of population variance

a=1—P(tyjn—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of
degrees of freedom n.

iii. When the alternative hypothesis is p > g For ¢ defined as follows
Hz — Ho

t:*
a2
n

If t < tq, accept
where,

{ If t > t,, reject

o? : Unbiased estimate of population variance
a=1—P(tan—1)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number of

degrees of freedom n.

(2) Usage
Double precision:
ierr = ASL_d3tsme (n, xe, xv, cl, xi, &ir, z, iswl, isw2);
Single precision:

ierr = ASL_r3tsme (n, xe, xv, cl, xi, &ir, z, iswl, isw2);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real  C:Single precision complex long as for 64bit Integer
No. ?{fsie?/;lir;d Type Size Ig;f;gé . Contents
n I 1 Input | Number of sample data n

2 xe D 1 Input | Mean of sample data z
it

3 XV D 1 Input | Variance of sample data or population o2
)

4 cl D 1 Input | Confidence level 100(1 — «)(%)
it

5 xi D 1 Input | Tested population mean ug
)

6 ir I* 1 Output | Test result

ir=0 : Hypothesis pu = o is accepted
ir=1: Hypothesis u = g is rejected
7 z {D*} 2 Output | When isw2=1

z[0] : Value of z or ¢

z[1] : Value of a normal distribution za or
value of a ¢ distribution ¢g

When isw2=2

z[0] : Value of z or ¢

z[1] : Value of a normal distribution —z, or
value of a t distribution —t,,

When isw2=3

z[0] : Value of z or ¢

z[1] : Value of a normal distribution z, or

value of a t distribution ¢,

8 iswl I 1 Input | Switch for variance

iswl=1 : The variance of the population is
entered for xv

iswl=2 : he variance (not an unbiased esti-
mate) of the sample data is entered for xv

iswl=3 : The variance (unbiased estimate)

of the sample data is entered for xv
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
9 isw2 I 1 Input | The alternative hypothesis switch
isw2=1:
When the alternative hypothesis is p # po
isw2=2:
When the alternative hypothesis is p > o
isw2=3:
When the alternative hypothesis is p < pg
10 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) iswl € {1,2,3}
(b) isw2 € {1,2,3}
(c) n>2
(d) xv>0.0
(e) 0.0 <cl <100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 isw2=1: isw2=1:
cl=100.0 The positive maximum value is set for
z[1].
isw2=2 or 3 : isw2=2 or 3 :
c1=0.0 or ¢c1=100.0. The positive maximum value or the neg-
ative minimum value is set for z[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
When the number of sample data is 10, the sample mean is 20.54 and the population variance is 0.08,
test the hypothesis 1 = 20.52 related to the population mean p with 95% confidence level. Assume
that the alternative hypothesis is p # 20.52.

(b) Input data
iswl=1, isw2=1, n=10, xe=20.54, xv=0.08, xi=20.52 and cl=95.0.
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(¢) Main program

/* C interface example for ASL_d3tsme */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;
double xe;
double xv;
double cl;
double xij;
int ir;
double z[2];
int iswi;
int isw2;
int ierr;
int i;

printf( " *x* ASL_d3tsme **x\n" );
printf( "\n ** Input **\n\n" );

iswl=1;
isw2=1;
n=10;
xe=20.54e0;
xv=0.08e0;
x1=20.52e0;
cl1=95.0e0;

printf( "\tiswl= %6d\n", iswl);
printf( "\tisw2= %6d\n", isw2);
printf( "\tn %#6d\n", n);

printf( "\txe %8.3g\n", xe);
printf( "\txv %8.3g\n", xv);
printf( "\txi %8.3g\n", xi);
printf( "\tcl %8.3g\n", cl);

ierr = ASL_d3tsme(n, xe, xv, cl, xi, &ir, z, iswl, isw2);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %4d\n\n", ierr );

if (ir == 0 ){

printf( "\tHypothesis, mu = %8.3g, is accepted.\n\n", xi );
Yelse{

printf( "\tHypothesis, mu = %8.3g, is rejected.\n\n", xi );
for( i=0 ; i<2 ; i++ )

printf( "\tz[%2d] = %8.3g\n", i, z[i]l );
return O;

}
(d) Output results

**k*k ASL_d3tsme ***

*k Input *%

iswl= 1
isw2= 1
n = 10
xe = 20.5
xv = 0.08
xi = 20.5
cl = 95

** Qutput **

ierr = 0

Hypothesis, mu = 20.5, is accepted.
z[ 0] = 0.224

z[ 1] = 1.96
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6.3.4 ASL_d3tssu, ASL_r3tssu
Test of the Difference of the Population Means According to Two Sets of
Independent Samples
(1) Function
From the means 1., and p,, and variances (or population variances) o7 and o3 of two sets of independent
sample data of sizes ny and ng, respectively, test the hypothesis p; = po related to the means p; and pe in

the population to which the respective sets of sample data belong with the confidence level 1 — . The test

criteria are as follows.

(a) When the population variances are known

i. When the alternative hypothesis is p1 # p2 For z defined as follows

My — Hazo

= D
of | o3

mn1 na

If |z > za, reject
If [2] < zg, accept
[e3

where g is as follows.

%:1fp@g
Here, P(z) is the c.d.f. value of the standard normal distribution.
0%, o3 : Population variances of the two sets
ii. When the alternative hypothesis is pu1 < po
For z defined as follows

Hzy — M,

z= 2 2
91 4 %2

ni no

If z < —z,, reject

If z > —z,, accept
where « is as follows.

a=1—P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.
0%, 03 : Population variances of the two sets
iii. When the alternative hypothesis is p1 > po

For z defined as follows

My — Mo

z= 2 2
91 4 %2

ni no

If z > z,, reject
If z < z,, accept
where « is as follows.

a=1-—P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.
0?, 03 : Population variances of the two sets
(b) When the population variances of the two sets are equal and that value is unknown

i. When the alternative hypothesis is u1 # us

For t defined as follows
= My — P

1 1
sp(ar +77)
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{ If [t| > tg, reject
If [t| < ta, accept
where 52 and § are as follows.

(n1 — Dot + (n2 — 1)o3
- ni+no—2
=1-P(tg|n +n2 —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

IV ReRN

freedom. o, 03 : Unbiased estimates of the population variances.
ii. When the alternative hypothesis is pu1 < po
For ¢ defined as follows
¢ — Har — Has

1 1
sp(ar +75)

If t < —t,, reject
If t > —t,, accept

where sf7 and «a are as follows.
2o (m— Dot + (ng — 1)o3

p

niy + no — 2
a=1—P(ta|n1 +na2 —2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.

0?, 02 : Unbiased estimates of the population variances.

iii. When the alternative hypothesis is p1 > pa
For ¢ defined as follows
= Ky — Hay
&+ L)

Pi\ny 71—2
If t > t,, reject
If t < ty, accept

where sg and « are as follows.
2o (m— Dai + (ng — 1)o3

p

niy + no — 2

a=1—P(ty|ns +n2 —2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of
freedom.

0?, 03 : Unbiased estimates of the population variances.
(¢) When the population variances of the two sets are not equal and those values are unknown

i. When the alternative hypothesis is 1 # pa

For ¢ defined as follows
_ Hzy — U

! of | o3
Voar T o
At + gt
t*g — 2 2
2 B1 + B2
If |t| > t&, reject
2
If |t] < ta, accept

where 5 is as follows.

% =1- Pt~ 1) =1~ P(t|ns — 1)
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Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
af o3
Br=—,0P2=—=
ni n2

0?, 03 : Unbiased estimates of the population variances

ii. When the alternative hypothesis is pu1 < po

For ¢ defined as follows
Hzy — Has

b=
VE+2
o _ Bite) & Bot?)
¢ Bi+ B2
If t < —t, reject
{ If t > —t,, accept

where « is as follows.
a=1—PtWP|n, —1)=1—-PtP|ny — 1)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
2 2
_ 07 _ 03
fr=—,02=—=
ni n2

0%, 03 : Unbiased estimates of the population variances

iii. When the alternative hypothesis is p1 > po
For ¢ defined as follows

t = My — Mo

o2 o2

ny | no
o _ Bute + Bt
¢ B1 + B2

Ift >t} reject
If t <}, accept
where « is as follows.

a=1-PtWPn, —1)=1-PtP|ny — 1)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
2 2
_ 07 _ 03
Bl _762 -
ni n2

0?, 03 : Unbiased estimates of the population variances

(2) Usage
Double precision:
ierr = ASL_d3tssu (nl, xel, xvl, n2, xe2, xv2, cl, &ir, z, iswl, isw2);
Single precision:

ierr = ASL._r3tssu (nl, xel, xvl, n2, xe2, xv2, cl, &ir, z, iswl, isw2);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real  C:Single precision complex long as for 64bit Integer
No. ?{fsie?/;lir;d Type Size Ig;f;gé . Contents
nl I 1 Input | Number of sample data n;
2 xel D 1 Input | Mean of sample data p,
it
3 xvl D 1 Input | Variance of sample data or population o2
)
4 n2 I 1 Input | Number of sample data ns
xe2 D 1 Input | Mean of sample data p,
)
6 XVv2 D 1 Input | Variance of sample data or population o2
it
7 cl D 1 Input | Confidence level 100(1 — «)(%)
)
8 ir I* 1 Output | Test result

ir=0 : Hypothesis p; = o is accepted
ir=1 : Hypothesis p1 = usq is rejected
9 z {D*} 2 Output | When isw2=1

z[0] : Value of z or ¢

z[1] : Value of a standard normal distribution
zg or value of ¢ distribution ts or t*%

When isw2=2

z[0] : Value of z or ¢

z[1] : Value of a standard normal distribution
—2q or value of t distribution —¢,, or —t},
When isw2=3

z[0] : Value of z or ¢

z[1] : Value of a standard normal distribution

Zq Or value of ¢ distribution ¢, or ¢,
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Argument and

Return Value

Type

Size

Input/
Output

Contents

10

iswl

I

Input

Switch for variance

iswl=1: The population variances of the two
sets are entered for xvl and xv2

iswl=2: The population variances of the two
sets are equal, and the variances (not unbi-
ased estimates) of the sample data are en-
tered for xvl and xv2

iswl=3: The population variances of the two
sets are equal, and the variances (unbiased
estimates) of the sample data are entered for
xvl and xv2

iswl=4: The population variances of the two
sets are not equal, and the variances (not un-
biased estimates) of the sample data are en-
tered for xvl and xv2

iswl=5: The population variances of the two
sets are not equal, and the variances (unbi-
ased estimates) of the sample data are en-

tered for xvl and xv2

11

isw2

Input

The alternative hypothesis switch
isw2=1":

When the alternative hypothesis is p1 # o
isw2=2:

When the alternative hypothesis is p1 < o
isw2=3:

When the alternative hypothesis is p11 > po

12

ierr

Output

Error indicator (Return Value)

(4) Restrictions

(a)
(b)
()
)
)

(d) xv1> 0.0, xv2> 0.0

(e

a) iswl € {1,2,3,4,5}

isw2 € {1,2,3}

nl> 2, n2> 2

0.0 <cl £100.0
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 isw2=1: isw2=1:
cl=100.0 The positive maximum value is set for
z[1].
isw2=2 or 3 : isw2=2 or 3 :
¢c1=0.0 or ¢c1=100.0. The positive maximum value or the neg-

ative minimum value is set for z[1].

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
When the number of sample data, the sample mean and the population variance in the two sets of
independent samples are 20, 62.0, 64.0 and 25, 67.0, 81.0, respectively, test the hypothesis p1 = po
related to the each population mean p; and pe with 95% confidence level. Assume that the alternative

hypothesis is 1 # po.

(b) Input data
iswl=1, isw2=1, n1=20, xel=62.0, xv1=64.0, 12=25, xe2=67.0, xv2=81.0 and cl=95.0.
(¢) Main program

/* C interface example for ASL_d3tssu */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int nil;
double xel;
double xvi;
int n2;
double xe2;
double xv2;
double cl;
int ir;
double z[2];
int iswi;
int isw2;
int ierr;
int i;

printf( " *x*x ASL_d3tssu ***\n" );
printf( "\n *x Input **\n\n" );

iswl=1;
isw2=1;
nl1=20;
xe1=62.0e0;
xv1=64.0e0;
n2=25;
xe2=67.0e0;
xv2=81.0e0;
c1=95.0e0;
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printf( "\tiswl= %6d\n", iswl);
printf( "\tisw2= %6d\n", isw2);
printf( "\tnl %6d\n", ni1);

printf( "\txel %8.3g\n", xel);
printf( "\txvl %#8.3g\n", xvl);
printf( "\tn2 %6d\n", n2);

printf( "\txe2 %8.3g\n", xe2);
printf( "\txv2 = %8.3g\n", xv2);
printf( "\tcl %8.3g\n", cl);

ierr = ASL_d3tssu(nl, xel, xvl, n2, xe2, xv2, cl, &ir, z, iswl, isw2);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %4d\n\n", ierr );
if ( ==

ir == 0 ){
printf( "\tHypothesis, mu_1 = mu_2, is accepted.\n\n");
Yelse{
printf( "\tHypothesis, mu_1 = mu_2, is rejected.\n\n");

for( i=0 ; i<2 ; i++ )

printf( "\tz[%2d] = %8.3g\n", i, z[i] );
return O;

(d) Output results

**kk ASL_d3tssu ***

*k Input *%

iswl= 1
isw2= 1
nl = 20
xel = 62
xvl = 64
n2 = 25
xe2 = 67
xv2 = 81
cl = 95

** Qutput **
ierr = 0
Hypothesis, mu_1 = mu_2, is rejected.

z[ 0]
z[ 1]

-1.97
1.96

368



ASL_d3tsva, ASL_r3tsva
Test of the Population Variance Due to One Set of Samples

6.3.5 ASL_d3tsva, ASL_r3tsva
Test of the Population Variance Due to One Set of Samples

(1) Function
From the variance (or population variance) s? of one set of sample data of size n, test the hypothesis 0% = o3
related to the population variance o2 in the population to which the respective set of sample data belong

with the confidence level 1 — «. The test criteria are as follows.

(a) When the alternative hypothesis is 02 # o3
For x? defined as follows
s (n—1)s?

= 2
99

If 2 < Xi% or x2 > x%, reject
If X%_% <x?< XQ%, accept
«

where 5 is as follows.

o
5 = 1= P&In—1)=P(i_gln—1)

P(x?|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.

52 : Unbiased estimate of population variance

(b) When the alternative hypothesis is 0% < o2
For x? defined as follows

2 (n— 1)s?

a3
If x2 < x3_,, reject
If x? > x?_,,, accept
where « is as follows.

a=Pi aln-1)

P(x?%|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.

52 : Unbiased estimate of population variance

(c) When the alternative hypothesis is 02 > o3
For x? defined as follows

2 (n— 1)s?

= 2
99

If x? > x2, reject
If x2 < x2, accept
where « is as follows.

a = P(xaln—1)

P(x?|n) is the cumulative distribution function (c.d.f.) of a x? distribution having number of degrees
of freedom n.
52 : Unbiased estimate of population variance
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(2) Usage
Double precision:
ierr = ASL_d3tsva (n, xv, cl, xi, &ir, z, iswl, isw2);
Single precision:

ierr = ASL r3tsva (n, xv, cl, xi, &ir, z, iswl, isw2);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

R:Single precision real C:Single precision complex

as for 32bit Integer}

) int
" | long as for 64bit Integer

A t and I t
No. FETment ai Type Size nput/ Contents
Return Value Output
1 n I 1 Input | Number of sample data n
2 XV D 1 Input | Variance of sample data s
R
3 cl D 1 Input | Confidence level 100(1 — a)(%)
R
4 xi D 1 Input | Tested variance og
R

5 ir I* 1 Output | Test result
ir=0 : Hypothesis 02 = o2 is accepted
ir=1: Hypothesis 02 = o2 is rejected

6 z Dx 3 Output | z[0] : Value of x?

R z[1] : Value of x? distribution XQ%
z[2] : Value of x? distribution X%_%

7 iswl I 1 Input | iswl=1: The variance (not an unbiased es-
timate) of the sample data is entered for xv
iswl=2 : The variance (unbiased estimate)
of the sample data is entered for xv

8 isw2 I 1 Input | The alternative hypothesis switch
isw2=1":

When the alternative hypothesis is 02 # o2
isw2=2:

When the alternative hypothesis is 02 < o2
isw2=3 :

When the alternative hypothesis is 02 > o3

9 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 isw2=1: isw2=1:
cl=100.0 The positive maximum value is set for
z[1].
isw2=2 or 3 : isw2=2 or 3 :
cl=0.0 or cl=100.0. 0.0 or the positive maximum value is set
for z[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

When the number of sample data is 25 and the sample variance (unbiased estimate) is 182.25, test the

hypothesis 02 = 100.0 related to the population variance with 95% confidence level. Assume that the

alternative hypothesis is o2 # 100.0.

Input data
iswl=2, isw2=1, n=25, xv=182.25, xi=100.0 and cl=95.0.
Main program

/*

C interface example for ASL_d3tsva */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int

main()

int n;
double
double
double

int ir
double

;z[3];

int iswi;
int isw2;
int ierr;

int i;
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printf( " *x* ASL_d3tsva **x\n" );
printf( "\n ** Input **\n\n" );
iswl=2;

isw2=1;

n=25;
xv=182.25e0;

xi1=100.0e0;

cl1=95.0e0;

printf( "\tiswl= %6d\n", iswl);
printf( "\tisw2= %6d\n", isw2);
printf( "\tn = %6d\n", n);
printf( "\txv = %10.6g\n", xv);
printf( "\txi = %10.6g\n", xi);
printf( "\tcl = %10.6g\n", cl);

ierr = ASL_d3tsva(n, xv, cl, xi, &ir, z, iswl, isw2);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
if (ir == 0 ){
printf ( "\tHypothesis, sigma2 = 8.3g, is accepted.\n\n", xi );
Yelse{

printf ( "\tHypothesis, sigma2

for( i=0 ; i<3 ; i++ )

%8.3g, is rejected.\n\n", xi );

printf( "\tz[%2d] = %8.3g\n", i, z[i] );

return O;

(d) Output results

*%kk ASL_d3tsva *¥*

*k Input *%

iswl= 2
isw2= 1

n = 25

v = 182.25

xi = 100
cl = 95
*% Qutput *x*
ierr = 0

Hypothesis, sigma2 =

z[ 0] = 43.7
z[ 1] = 39.4
z[ 2] = 12.4

100, is rejected.
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6.3.6 ASL_d3tstc, ASL_r3tstc
Test of the Population Correlation Coefficient According to One Set of Sam-

ples

(1) Function
From the sample correlation coefficient r of one set of sample data of size n, test the hypothesis p = pg
related to the population correlation coefficient p in the population to which the respective set of sample

data belong with the confidence level 1 — a. The test criteria are as follows.

(a) Hypothesis: p =0
i. When the alternative hypothesis is p # 0

For t defined as follows
n—2
1—1r2

{ If |t| > te, reject

t=r

57
If [t| < tg, accept
(e}

where, 5 is as follows.

«
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a t distribution with n degrees of

freedom.

ii. When the alternative hypothesis is p < 0

For t defined as follows
n—2
1—17r2

Ift > —t., reject
If t < —t,, accept

where, 5 is as follows.

% =1— P(taln —2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

t=r

freedom.

iii. When the alternative hypothesis is p > 0
For t defined as follows
n—2
1— 72

{ If t > t,, reject

t=r

If t < ty, accept

where, 5 is as follows.

% =1— P(taln—2)
Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution with n degrees of

freedom.
(b) Hypothesis: p = po

i. When the alternative hypothesis is p # pg
For ¢ defined as follows

t=(z—20)vVn—3

373



ASL_d3tstc, ASL_r3tstc
Test of the Population Correlation Coefficient According to One Set of Samples

77
If [t| < zg, accept
where, z, 29 and 5 are as follows.

{ If [t| > za, reject

11 1+7r

z= —log, ——
2 1,

2 l10 L+ po
«

—=1-P(ze

Here, P(z) is the c.d.f. value of the standard normal distribution.
ii. When the alternative hypothesis is p < pg
For t defined as follows
t=(z—2)vVn—3
If t < —z,, reject
{ Ift > —z,, accept
where, 2, 29 and 5 are as follows.

11 147

z= =log, ——

2 gelfr
1 1

ZO:_loge o
2 1 —po

o

—=1-P(z,

: (20)

Here, P(z) is the c.d.f. value of the standard normal distribution.
iii. When the alternative hypothesis is p > pg
For ¢ defined as follows
t=(z—2)vVn—3
{ Ift > z,, reject

If t < z4, accept
where, z, 29 and 5 are as follows.

11 1+7r
z = —log, ——
9 %1,
2—110 L+ o
@

—=1—P(zq

Here, P(z) is the c.d.f. value of the standard normal distribution.

(2) Usage
Double precision:
ierr = ASL_d3tstc (n, r, cl, r0, &ir, z, isw);
Single precision:
ierr = ASL_r3tstc (n, r, cl, 10, &ir, z, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. retunent an Type Size nput/ Contents
Return Value Output
n I 1 Input | Number of sample data n
2 r D 1 Input | The sample correlation coefficient r of one set
R of sample data (See Note (a))
3 cl D 1 Input | Confidence level 100(1 — «)
R
4 r0 D 1 Input | Value of tested correlation coefficient pg
R
5 ir I* 1 Output | Test result

ir=0 : Hypothesis p = pg is accepted
ir=1 : Hypothesis p = pg is rejected
6 z {D*} 2 Output | When isw=1

Rx z[0] : Value of ¢

z[1] : Value of ¢ distribution g or value of a
standard normal distribution zg

When isw=2

z[0] : Value of ¢

z[1] = Value of ¢ distribution —¢, or value of

a standard normal distribution —z,

7 isw I 1 Input | The alternative hypothesis switch
isw=1:

When the alternative hypothesis is p # pg
isw=2:

When the alternative hypothesis is p < po
isw=3:

When the alternative hypothesis is p > po

8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

isw € {1, 2, 3}

n>4

—-1.0<r0< 1.0

)
)
c) —1.0<r<1.0
)
) 0.0 < cl < 100.0
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(5) Error indicator (Return Value)

¢l=0.0 or cl=100.0.

ierr value Meaning Processing
0 Normal termination.
1000 isw=1: isw=1:
cl=100.0 The positive maximum value is set for
z[1].
isw=2or 3 : isw=2or 3 :

The positive maximum value or the neg-

ative minimum value is set for z[1].

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.
(6) Notes
(a) The sample correlation coefficient r for n sample data, {x;,y;} (¢ = 1,---,n), is defined as follows.

ASL_r2ccmt

(See 4.4.1 {ASL_d2ccmt}

> )i — )

(7) Example

(a) Problem

From the following one set of sample data of size 10, test the hypothesis p = 0.0 related to the

population correlation coefficient p with 95% confidence level.

T Yi
10.129 634
12.611 60.1
13.900 57.2
16.532 46.5
20.822 439
26.025 39.6
28.283 39.7
29.199 39.1
30.766  37.8
32.664 27.8

Assume that the alternative hypothesis is p # 0.0.

(b) Input data
n=10, r0=0.0 and cl=95.0.
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(¢) Main program
/* C interface example for ASL_d3tstc */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n;

double r;
double cl;
double rO0;
int ir;
double z[2];
int isw_tstc;
int ierr;
double *a;
int na;

int m;

int nr;

int ns;
double *x1;
double *rr;
double *wk;
int isw_ccmt;
int kerr;

int i, j;
FILE *fp;

fp = fopen( "d3tstc.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d3tstc **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%Llf", &cl );
fscanf( fp, "%lf", &r0 );
fscanf( fp, "%d", &isw_tstc );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &nr );
fscanf( fp, "%d", &isw_ccmt );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*m) ));
if( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

x1 = ( double * )malloc((size_t) ( sizeof(double) * m ));
if ( x1 == NULL )

printf( "no enough memory for array xi\n" );
return -1;

rr = ( double * )malloc((size_t) ( sizeof (double) * (nr*m) ));
if ( rr == NULL )

printf( "no enough memory for array rr\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

printf( "\t** ASL_d2ccmt **\n");
printf( "\tna %#6d\n", na);
printf( "\tn %6d\n", n);
printf( "\tm %6d\n", m);
printf( "\tnr %#6d\n", nr);
printf( "\tisw_ccmt = %6d\n", isw_ccmt);

printf("\n\t samplel sample2\n");
for( i=0; i<n; i++ )

printf ("\t");
for( j=0; j<m; j++ )
{
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fscanf ( fp, "%1f", &ali+naxj] );
printf( "%8.3g", ali+na*jl );
%rintf("\n");
%close( fp );
kerr = ASL_d2ccmt(a, na, n, m, &ns, x1, rr, nr, isw_ccmt, wk);
if ( kerr != 0 )

printf ("Error occured in ASL_d2ccmt. kerr=%6d\n", kerr);
return -1;

r=rr[1];

printf( "\n\t** ASL_d3tstc **\n");
printf( "\tn = %6d\n", n);
printf( "\tr %8.3g\n", r);
printf( "\tr0 %8.3g\n", r0);
printf( "\tcl %8.3g\n", cl);
printf( "\tisw_tstc= %6d\n", isw_tstc);

ierr = ASL_d3tstc(n, r, cl, r0, &ir, z, isw_tstc);

printf( "\n ** Qutput **\n\n" );
printf( "\t** ASL_d2ccmt **\n");
printf( "\tkerr = %6d\n", kerr );
printf( "\tr = %8.3g\n", r );
printf ( "\n\t** ASL_d3tstc **\n");
printf( "\tierr = %6d\n\n", ierr );

if (ir == 0 ){
printf ( "\tHypothesis, rho = ¥8.3g, is accepted.\n\n", r0 );
Yelseq{
printf( "\tHypothesis, rho = 8.3g, is rejected.\n\n", r0 );
for( i=0 ; i<2 ; i++ )
printf( "\tz[%2d] = %8.3g\n", i, z[il );
free( a );
free( rr );
free( x1 );
free( wk );

return O;

}
(d) Output results

*xx ASL_d3tstc *x*
** Input *x*

**% ASL_d2ccmt **

na = 10
n = 10
m = 2
nr = 10
isw_ccmt = 0

samplel samg%e2

10.1 .4
12.6 60.1
13.9 57.2
16.5 46.5
20.8 43.9
26 39.6
28.3 39.7
29.2 39.1
30.8 37.8
32.7 37.8
**% ASL_d3tstc **
n = 10
r = -0.945
r0 = 0
cl = 95
isw_tstc= 1

** Qutput **

**% ASL_d2ccmt **
kerr
r

0
-0.945
**% ASL_d3tstc **
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ierr = 0

Hypothesis, rho = 0, is rejected.
z[ 0] = -8.15

z[ 1] = 2.31
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6.3.7 ASL_d3tscd, ASL_r3tscd

Test of the Difference of the Population Correlation Coefficients According
to Two Sets of Independent Samples

(1) Function
From the correlation coefficients 1 and ro of two sets of independent sample data of sizes n; and no,
respectively, test the hypothesis p; = ps related to the population correlation coefficients p; and ps in the

population to which the respective set of sample data belong with the confidence level 1 — . The test
criteria are as follows.

(a) When the alternative hypothesis is p1 # pa
For t defined as follows
= A%
1 1
ny—3 ne—3

{ If |¢t| > za, reject

7 b
If [t| < zg, accept
where, 21, 22 and § are as follows.

11 1+7r

z — 10

! 2 gel*?”l
11 1+17r

zZ9 = — 10,

2 9 gel*?"g

«

521_P<Z%)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(b) When the alternative hypothesis is p1 < p2
For t defined as follows

Z1 — 22

t = -
1 1

n1—3 n2—3

If t < —z,, reject
Ift > —z,, accept
where, z1, z9 and « are as follows.

].1 1+T1

z1==lo

L= 9%
11 1+7

zo = =lo

2 2 gel*?”g

a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(c) When the alternative hypothesis is p1 > pa
For t defined as follows
Z1 — 22

1 + 1

n1—3 n2—3

t =
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If t > z,, reject
Ift < z4, accept
where, z1, z9 and « are as follows.

zlzllog L+m
2 e].*Tl
1 1+7r

2= Elogel—Tg

a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

(2) Usage
Double precision:

ierr = ASL_d3tscd (nl, rl, n2, r2, cl, &ir, z, isw);

Single precision:

ierr = ASL_r3tscd (nl, rl, n2, r2, cl, &ir, z, isw);

(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

7 Z Dx 2
Rx

A t and I t
No. FEUIMEnt atl Type Size nput/ Contents
Return Value Output
1 nl I 1 Input | Number of first sample data n;
2 rl D 1 Input | The correlation coefficient r1 of first sample
R data (See Note (a))
3 n2 I 1 Input | Number of second sample data ng
4 r2 D 1 Input | The correlation coefficient ro of second sam-
R ple data (See Note (a))
5 cl D 1 Input | Confidence level 100(1 — «)
R
6 ir I* 1 Output | Test result
ir=0 : Hypothesis p; = ps is accepted
ir=1: Hypothesis p; = ps is rejected
Output | When isw=1

z[0] : Value of ¢

z[1] : Value of a standard normal distribution

I

V\jhen isw=2
z[0] : Value of ¢

z[1] : Value of a standard normal distribution
—

When isw=3

z[0] : Value of ¢

z[1] : Value of a standard normal distribution

2

381




ASL_d3tscd, ASL_r3tscd
Test of the Difference of the Population Correlation Coefficients According to Two Sets of Independent Samples

A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
8 isw I 1 Input | The alternative hypothesis switch
isw=1:
When the alternative hypothesis is p1 # p2
isw=2:
When the alternative hypothesis is p1 < p2
isw=3:
When the alternative hypothesis is p1 > p2
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) isw € {1, 2, 3}
(b) n1 >4,n2>4
(¢) -1.0<rl1<1.0,-1.0<r2<1.0
(d) 0.0 <cl <100.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 isw=1: isw=1:
cl=100.0 The positive maximum value is set for
z[1].
isw=2or 3 : isw=2 or 3 :
cl=0.0 or cl=100.0. The positive maximum value or the neg-
ative minimum value is set for z[1].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
(6) Notes
(a) The sample correlation coefficient r for n sample data, {x;,y;} (¢ = 1,---,n), is defined as follows.

(See 4.4.1 {ASL-dQccmt}
ee 4.4.

ASL_r2ccmt

%Z iZ(yi — )’

(7) Example
See the example in Section 6.2.6 (7).
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6.3.8 ASL_d3tssr, ASL_r3tssr
Test in the Simple Linear Regression

(1) Function
For regression coefficient a and constant term b in the following simple linear regression expression (or

regression line) related to one set of sample data {z;, y;} (1, --,n) of size n
Yi = axi +b

test the hypothesis related to the regression coefficient A and constant term B in the population to which
the respective set of sample data belong with the confidence level 1 — a. Assume that y; corresponding
to each x; is the random sample from the normal population having the mean Az; — B and the variance
o2. Obtain the regression coefficient a and constant term b of the sample data from the following normal

equations.
n n
Z Yi =a Z x; +bn
i=1 =1 .
inyi = afo + bei
i=1 i=1 i=1

The test criteria are as follows.

(a) Regression coefficient
Hypothesis: A = Ag
i. When the population variance is known
A. When the alternative hypothesis is A # Ay

For t defined as follows
r— a — AO

Sa
{ If [t| > zg, reject
If [t| < zg, accept
where s, is as follows.

o2

(@i — pa)?
o? : Population variance
% —1— P(zs)
Here, P(z) is the c.d.f. value of the standard normal distribution.
B. When the alternative hypothesis is A < Ag
For t defined as follows

CL*AO

Saq —

Sq
Ift > —z,, reject
Ift < —zq, accept

where s, is as follows.

o2

Z(xi - Mw)2

o? : Population variance
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

Saq —
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C. When the alternative hypothesis is A > Ag

For t defined as follows
a — AO

Sa
If t > z,, reject
If t < z,, accept
where s, is as follows.

o2

(@i — pa)?
o? : Population variance
a=1-P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.

Sq =

ii. When the population variance is unknown

A. When the alternative hypothesis is A < Ay

For t defined as follows
a — AO

=

{ If [t| > ta, reject
If [t| < tg, accept

where s, is as follows.

o2

Do (T — pa)?

o2 : Unbiased variance of error variation
«
5= 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Sq =

of degrees of freedom n.

B. When the alternative hypothesis is A < Ag

For t defined as follows
a — AO

Sq

{ If t > —t,, reject
If t < —t,, accept
where s, is as follows.

o2

Z(xi - Mw)2
o2 : Unbiased variance of error variation
a=1—P(ta|n —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Saq —

of degrees of freedom n.

C. When the alternative hypothesis is A > Ay

For ¢ defined as follows
= a — AQ

Sa
If t > t,, reject
If t < ty, accept
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where s, is as follows.

o2

2(i = pa)?

o2 : Unbiased variance of error variation
a=1—P(tan—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

Saq —

of degrees of freedom n.
(b) Constant term
Hypothesis: B = By
i. When the population variance is known

A. When the alternative hypothesis is B # By

For t defined as follows
b— By
Sp
{ If |¢t| > za, reject

bR

If |t| < ze, accept

7 )
where s is as follows.

1 12
sp=4/02 [— e
\/ no (@ = pa)?

o? : Population variance
a
5 =1- P(Z%)
Here, P(z) is the c.d.f. value of the standard normal distribution.

B. When the alternative hypothesis is B < By

For t defined as follows
L b— By

Sb
{ Ift > —z,, reject
Ift < —z,, accept
where s is as follows.

1 12
Sp = 02 |:_ + ___rr
\/ no (@ — pha)?

o? : Population variance
a=1-P(z,)
Here, P(z) is the c.d.f. value of the standard normal distribution.

C. When the alternative hypothesis is B > By

For t defined as follows
— By
Sp

If¢ > zg, reject
Ift < zg, accept
where sy is as follows.

1 12
Sp = g2l = + _rx
\/ [n (@i — pa)?
o? : Population variance
a=1-—P(z,)

Here, P(z) is the c.d.f. value of the standard normal distribution.
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ii. When the population variance is unknown

A. When the alternative hypothesis is B # By

For ¢ defined as follows
b— By
Sb
{ If [t] > ta, reject

If |t| < t2, accept

5 b
where s is as follows.

1 2
sp = 4[02 {— =
\/ no (@ = pa)?

o2 : Unbiased variance of error variation
«
5= 1 —P(t%|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.

B. When the alternative hypothesis is B < By

For t defined as follows
L b— By

Sp
{ If t > —t,, reject

If t < —t,, accept
where s is as follows.

1 12
— 2 €T
sp=1/0%| =+ =2 ——
\/ |:n (i — pa)?
o2 : Unbiased variance of error variation
a=1—P(ty|n—2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.

C. When the alternative hypothesis is B > By
For t defined as follows
b— By
Sp
{ It >tg, reject
Ift <tg, accept
where s is as follows.

1 2
— 2 T
sp=4/0%| -+ =—L—
\/ {n DT — pa)?
o2 : Unbiased variance of error variation
a=1—P(tan —2)

Here, P(t|n) is the cumulative distribution function (c.d.f.) of a ¢ distribution having number

of degrees of freedom n.
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(2) Usage
Double precision:
ierr = ASL_d3tssr (x, n, y, &yv, x0, cl, &ir, z, stat, iswl, isw2, isw3, w);
Single precision:

ierr = ASL.r3tssr (%, n, y, &yv, x0, cl, &ir, z, stat, iswl, isw2, isw3, w);

(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real = Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex '

No. Argument and Type Size fnput/ Contents
Return Value Output
1 X Dx n Input | Values of independent variable X of sample,
{R*} x;(i =1,n)
2 n I 1 Input | Number of sample data n
3 y Dx n Input | Values of dependent variable Y of sample,
{R*} yi(izlvn)
4 yv Dx 1 Input | Variance of the population to which depen-
{R*} dent variable Y belongs(if isw2 = 1) (See
10.2.1)
Output | Unbiased variance of error variation o2
(When isw2=2)
5) x0 D 1 Input | When iswl=1
{R} Tested regression coefficient value Ag
When iswl=2
Tested constant term value By
6 cl D 1 Input | Confidence level 100(1 — «)(%)
it
7 ir Dx 1 Output | Test result
{R*} When iswl=1,
ir=0 : Hypothesis A = Ay is accepted
ir=1: Hypothesis A = Ay is rejected
When iswl=2,
ir=0 : Hypothesis B = By is accepted
ir=1: Hypothesis B = By is rejected
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Argument and

Return Value

Type

Size

Input/
Output

Contents

Z

o)

Output

When isw2=1 and isw3=1

z[0] : Value of ¢

z[1] : Values of a standard normal distribu-
tion zg

When isw2=1 and isw3=2

z[0] : Value of ¢

z[1] : Values of a standard normal distribu-
tion —z,

When isw2=1 and isw3=3

z[0] : Value of ¢

z[1] : Values of a standard normal distribu-
tion z,

When isw2=2 and isw3=1

z[0] : Value of ¢

z[1] : Value of ¢ distribution tg

When isw2=2 and isw3=2

z[0] : Value of ¢

z[1] : Value of ¢ distribution —t,

When isw2=2 and isw3=3

z[0] : Value of ¢

z[1] : Value of ¢ distribution ¢,

stat

Output

stat[0] : The sample regression coefficient

stat[1] : The sample constant term

10

iswl

Input

The switch for selection of the statistic.
iswl=1 : Testing the population regression
coeflicient

iswl=2 : Testing the population constant
term

11

isw2

Input

Switch for variance

isw2=1 : The variance of the population is
entered for yv

isw2=2 : The variance (not an unbiased es-

timate) of the sample data is entered for yv
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A t and Input
No. rgument an Type Size nput/

Contents
Return Value Output

12 isw3 I 1 Input | The alternative hypothesis switch
For iswl=1,
iswd=1:

When the alternative hypothesis is A # Ay
isw3=2:

When the alternative hypothesis is A < Ay
isw3=3:

When the alternative hypothesis is A > Ay
For iswl1=2,
isw3=1:

When the alternative hypothesis is B # By
isw3=2:

When the alternative hypothesis is B < By
isw3=3 :

When the alternative hypothesis is B > By
13 w {D*} 29 Work | Work area

Rx

14 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) iswl € {1,2}
(b) isw2 € {1,2}
(c) isw3 € {1,2,3}
(d)

(e) 0.0 <cl <100.0

n>3
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 iswd=1: isw3=1:
cl=100.0 The positive maximum value is set for
z[1].
isw3d=2or 3 : isw3=2 or 3 :
cl=0.0 or ¢c1=100.0. The positive maximum value or the neg-

ative minimum value is set for z[1].

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

3040 Restriction (e) was not satisfied.

4000 There are no difference among indepen-

dent variable X.
4100 The Unbiased variance of error variation

is 0.0. (See 10.2.1)

(6) Notes
None

(7) Example

(a) Problem
From the following one set of sample data of size 9, test the hypothesis A = 0 related to the population

regression coefficient with 95% confidence level.

8
g

0 N O U R W N =
0 o N O Ot Ut W W

9 9

Assume that the alternative hypothesis is A # 0 and the population variance value is unknown.

(b) Input data
iswl=1 isw2=2, isw3=1, n=9, array x, array y, x0=0.0 and c1=95.0.
(¢) Main program

/* C interface example for ASL_d3tssr */
#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()
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int n;

double cl;
double yv;
double x0;

int ir;

double z[2];
double stat[2];
double w[29];
int iswi;

int isw2;

int isw3;

int ierr;

double *x;
double *y;

int i;

FILE *fp;

fp = fopen( "d3tssr.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *x% ASL_d3tssr ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &iswl);
fscanf( fp, "%d", &isw2);
fscanf( fp, "%d", &isw3);
fscanf( fp, "%d", &n );

fscanf( fp, "%lf", &x0 );
fscanf( fp, "%Llf", &cl );

x = ( double * )malloc((size_t)( sizeof(double) * (n) ));
%f( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

= ( double * )malloc((size_t) ( sizeof(double) * (n) ));
if( y == NULL )

A

printf( "no enough memory for array y\n" );
return -1;

for( i=0; i<n; i++ )

¢ fscanf( fp, "J1f", &x[i] );
for( i=0; i<n; i++ )

€ fscanf( fp, "%1f", &yl[i] );
%close( fp );

printf( "\n\t** ASL_d3tssr **\n");
printf( "\tiswl = %6d\n", iswl);
printf( "\tisw2 %6d\n", isw2);
printf( "\tisw3 %6d\n", isw3);
printf( "\tn %6d\n", n);
printf( "\tx0 %8.3g\n", x0);
printf( "\tcl %8.3g\n", cl);
printf("\n\t samplel sample2\n");
for( i=0; i<n; i++ )

printf( "\t%8.3g %8.3g\n", x[il, y[il);

ierr = ASL_d3tssr(x, n, y, &yv, x0, cl, &ir, z, stat, iswl, isw2, isw3, w);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
if (ir == 0

)
printf( "\tHypothesis, rho = %8.3g, is accepted.\n ", x0 );
Yelse{
printf( "\tHypothesis, rho = %8.3g, is rejected.\n ", x0 );

}
printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tz[%2d] = %8.3g\n", i, z[i]l );

}
printf( "\n" );
printf( "\tRegression coefficient of sample = %8.3g\n", stat[0] );
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}

printf( "\tConstant term of sample

return O;

(d) Output results

%k ASL_d3tssr *¥*

** Input *x*

%% ASL_d3tssr **

iswl = 1
isw2 = 2
isw3 = 1
n = 9
x0 = 0
cl = 95

samplel sampleg

OCO~NOUIWN -
WO~ U

*% Qutput *x*
ierr = 0
Hypothesis, rho = 0, is rejected.

14.8
2.36

0.783

Regression coefficient of sample
2.08

Constant term of sample

= %8.3g\n", stat[1] );
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Chapter 7
ANALYSIS OF VARIANCE AND DESIGN OF
EXPERIMENTS

7.1 INTRODUCTION

Design of experiments is one of the fields of inductive statistics. With design of experiments, an actual
measurement value z is considered to be the realized value of the random variable X, and the internal structure
of X corresponding to the experiment conditions is considered and analyzed through the actual measurement
values. To perform the analysis, the experiment must be designed in advance. However, to analyze the actual
measurement values, the within class variation or between class variation and error variation quantities are
systematically sought by using tables called analysis of variance tables. This type of analysis method is called
analysis of variance.

This library provides the following functions for performing design of experiments and analysis of variance.

e One-way Layout

e Two-way Layout

Multiple-way Layout

e Randomized Block Design

Greco-Latin Square Method

Cumulative Method

Balanced Incomplete Block Design (BIBD)
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Explanation

7.1.1 Explanation

(1) One-way Layout

With the one-way layout analysis of variance method, given one-way layout data {z;;}(i = 1,---,n;;j =

1

whether or not there is a difference among the means of m population distributions based on this data. At

this time, the structure equation of the one-way layout observed values is defined as follows.

Tij = P+ Q; + €

1 represents the total mean over all observed values, «; represents the effect in level 4, and €;; represents
the observation error, and the observed values are assumed to be mutually independent values that obey a

normal distribution N (0,0?). The following kinds of data are calculated in the analysis. Mean of each level:

nj
E Lij
i=1
nj

Variance of each level :

nj
~ N2
> (zij — ;)
i=1
Vi= ~
J
Total mean :
m My
> w
j=1i=1

xr =

m
P
j=1

Here, «; is n; when a sample variance is used, and «; is n; — 1 when an unbiased variance is used.

Variation :

e Total variation

m My

ST = Z Z(.’I” — .f)2

j=11i=1

e Between class variation

m

Sa=> (z,—x)

=1

e FError variation
Sg =81 —54

Degrees of freedom :

T; = — ]:]_,

e Degrees of freedom of total variation

m
¢T:an -1
j=1

,-++,m) consisting of m levels so that the number of repetitions in each level is n;, the problem is to test
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e Degrees of freedom of between class variation
pa=m—1

e Degrees of freedom of error variation

m

¢p =y (n;—1)

=1

Unbiased variance :

e Unbiased variance of between class variation

Sa

| —

b

e Unbiased variance of error variation

SE

Ve = —

(o5)
Variance ratio :
Va
Fy=-=
A Ve

Contribution ratio :

e Contribution ratio of between class variance
_ Sa—¢a-Vg
St

e Contribution ratio of error variance

Py

Prp=1— P4

The test is performed by using the critical value of an F' distribution for which the variance ratio F4 has
degrees of freedom ¢4 and ¢p.

Two-way Layout
Given factors A and B consisting of m, and m; levels respectively and two-way layout data {zgi;}(k =
1,---,ng0=1,---,mg;j =1,---,mp) for which the number of repetitions in the combination of each level
is n;;, the problem is to test the effect a; in level ¢ factor A, the effect §8; in level j of factor B, and the
interaction effect +;; when the structure equation of the two-way layout observed values is defined as follows
based on this data.

Trij = o+ i + B+ vij + €nij

1 represents the total mean over all observed values, €;; represents the observation error, and the observed
values are assumed to be mutually independent values that obey a normal distribution N (0,0?). Since each
effect is a constant, this kind of model is called a parameter model. For details, refer to the reference

bibliography.

Multiple-way Layout
This method is a generalization of the two-way layout method in which the number of factors is increased.
The problem is to test the effects of each factor and the interaction effects between the factors. For details,

refer to the reference bibliography.
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(4)

Randomized Block Design

Randomized block design is one type of experimental design. Generally, when performing an experiment,
there may be factors that tend to increase the efficiency of the experiment if they are taken into account
in advance even though they are secondary factors from the viewpoint of conditions (factors) having to do
with the immediate objective. To eliminate the effect of these kinds of factors, randomized block design
uses blocks that group the factors so that the effect of these secondary factors is reduced. Generally, the
blocks are arranged so that the secondary conditions increase between different blocks and decrease within
the same block. With randomized block design, equal subdivisions are provided in the levels of factors in

each block, and for each block, the various levels of factors are randomly assigned to each subdivision.

Greco-Latin Square Method

The n Latin characters A, B,--- arranged in n rows and n columns so that the same Latin character is
not duplicated in the same row or same column is called an n x n Latin Square. By making experimental
arrangements using this kind of Latin square to eliminate nonuniformity in the row and column directions,
you can test differences in significance among treatments A, B, - - - (Latin Square Method). However, in this
case, interactions between row effects and column effects must not exist, and the general mean, row effect,
column effect, treatment effect, and experimental error must be additively combined for the experimental
data. An analysis of variance performed using a table obtained by combining two orthogonal Latin Squares
(Greco-Latin square) in place of a Latin square is called the Greco-Latin Square Method. The Greco-Latin
Square Method can be used when the number of factors is 4, the number of levels for each factor is the same

and at least 4, and no interactions of the factors exist.

Cumulative Method
For details, refer to the reference bibliography.

Balanced Incomplete Block design (BIBD) In a block experiment, when each block contains a complete
set of treatments, it is called a complete block design. If this is not the case and one set of treatments to
be compared is incomplete and is not entered in the blocks, it is called an incomplete block design. In
particular, a block design in which the number of repetitions of each trial is equal and the number of times

two arbitrary trials appear in the same block is equal is called a balanced incomplete block design.

7.1.2 Reference Bibliography

(1)

Fisher, R. A. , “The design of experiments”, 7th ed. , Oliver and Boyd, Edinburgh (1966)
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7.2 ONE-WAY LAYOUT

7.2.1 ASL_d41wrl, ASL r4lwrl
One-Way Layout Analysis of Variance

(1) Function
Given one-way layout data {x;;}(i = 1,---,n;;5 = 1,---,m) consisting of m levels so that the number of
repetitions in each level is n;, the ASL_d41wrl or ASL_r41wrl obtains the mean and variance of each level
and the total mean over all levels and performs an analysis of variance.
The mean and variance of each level and the total mean over all levels for the one-way layout data {z;;} (i =
1,---,nj;5 =1,---,m) are defined by the following equations.

Mean of each level :

nj

E Lij

_g=1 )
:1:"]7— _]7 ,...7m
nj

Variance of each level :

nj
D (@ —2)°
V= =1 j=1,---,m
Q;
Total mean :

m My

PIPIEZ

j=1i=1

T =

m
> m
j=1

Here, o is n; when a sample variance is used, and «a; is n; — 1 when an unbiased variance is used.
Also, the analysis of variance results are defined by the following equations.

Variation :

e Total variation

m My

ST = ZZ(I” — 1_7)2

j=11i=1

o Between class variation

m

Sa=) (¥ —x)

j=1

e Error variation
Sg =87 -S54
Degrees of freedom :

e Degrees of freedom of total variation

m
¢T = an -1
j=1
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e Degrees of freedom of between class variation
pa=m—1

e Degrees of freedom of error variation

m

¢p =y (n;—1)

=1

Unbiased variance :

e Unbiased variance of between class variation

Sa

Vpy=—

dA

e Unbiased variance of error variation

Sk

Ve = —

r
Variance ratio :
Va
Fy=-—=
A Ve

Contribution ratio :

o Contribution ratio of between class variation
_Sa—¢a-Ve
St

e Contribution ratio of error variation

Py

Pp=1-Py4

(2) Usage
Double precision:
ierr = ASL_d41wrl (a, na, m, n, nr, stat, &x1, v, isw);
Single precision:
ierr = ASL_r41wrl (a, na, m, n, nr, stat, &x1, v, isw);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxm Input | Matrix in which observed values are stored
{R*} (i) (See Note (a))
2 na I 1 Input | Adjustable dimension of array a
m I 1 Input | Number of levels m
4 n I* m Input | Number of repetitions in jth level n; (not
used when nr> 1)
5 nr I 1 Input | Number of repetitions when the numbers of
repetitions in each level are equal n; = ng =
- = ng. When the numbers of repetitions
in each level are not equal, set a value that is
less than or equal to zero.
6 stat Dx mx?2 Output | Mean and variance of each level (See Note
{R* } (b))
7 x1 Dx 1 Output | Total mean
1)
8 v D+ 11 Output | Analysis of variance results
{R*} (For the storage method of the analysis of
variance results, see Table 7—1 in Note (c).)
9 isw I 1 Input | Processing switch
0: Calculate the unbiased variance
1: Calculate the sample variance
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw =0, 1

(b) nr<0 and na > nfi] (i=0,---,m—1)

or na>nr
(c) m>1

(d) nr<O0and nfi]>1 (i=0,---,m—1)
or nr>1
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 The following five conditions were satis- The absolute value maximum that can be
fied at the same time. represented is set for each stat[i—1+4m)] for
(a) isw=0 which n[i]= 1, and the other stat[i—1+m)]
(b) m> 1 are calculated normally.
(c)nr< 1
(d) nfij =1 for some i (i=0,---,m—1).
(e) n[0]=n[l]= --- =n[m—1]= 1 does not
hold

1020 One of the following conditions was satis- The absolute value maximum that can be
fied. represented is set for v[6] to v[10].
(a) m=1 and nr< 1 and n[0]> 1
(b) m=1 and isw=1
(¢) m> 1 and nr=1 and isw=1
(d) m> 1 and nr< 1 and isw= 1
and n[0]=n[l]= - =n[m-1]= 1.

1030 One of the following conditions was satis- The absolute value maximum that can be
fied. represented is set for all stat[i — 1 + m)]
(a) nr=1 and isw= 0 (i=0,---,m—1) and for v[6] to v[10].
(b) nr< 1 and isw= 0
and n[0]=n[l]="--- =n[m-1]=1

3000 Any of restriction (b), (¢) or (d) were not Processing is aborted.
satisfied.

(6) Notes

(a) The observed values (z;;) are stored in array a as a real matrix (two-dimensional array type) data (See

Appendix A).

(b) The mean and variance of each level are stored as follows in the array stat

stat[j —
stat[j —

1] : Mean z;

14m] Variance v;

jzla"'vm

(¢) The analysis of variance results are stored as follows in the array v.

Table 7—1 Analysis of Variance Table

Element Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
Total v[0] v[3]
Between level | v[1] v[4] v[6 v[8] v[9]
Error v[2] v[5] v[7 v[10]

(d) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.
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(7) Example

(a)

Problem
For one-way layout data given by the matrix X shown below, obtain the mean and variance of each

level and the total mean over all levels and perform an analysis of variance.

71 83 8 84 82
74 79 84 80 T8
76 83 89 82 83
72 77T 82 85 83

Input data
One-way layout data X, na=100, m=>5, nr=4 and isw=0.
Main program

/* C interface example for ASL_d4lwrl */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int m;

int *n;

int nr;
double *stat;
double x1;
double v[11];
int isw;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d41lwrl.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#x* ASL_d41lwrl **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );

fscanf( fp, "%d", &nr );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*m) ));
if ( == NULL )

printf( "no enough memory for array a\n" );

return -1;
stat = ( double * )malloc((size_t)( sizeof (double) * (m*2) ));
if ( stat == NULL )

printf( "no enough memory for array stat\n" );

return -1;

/* Array n is not used when nr is larger than 0 */

n = ( int * dmalloc((size_t)( sizeof(int) * m ));
if ( == NULL )

printf( "no enough memory for array n\n" );

return -1;
printf( "\tna = %6d\n", na );
printf( "\tm = %6d\n", m );
printf( "\tnr = %6d\n", nr );

printf( "\tisw = %6d\n", isw )

printf ( "\n\tObservations\n\n");
for( i=0 ; i<nr ; i++ )

printf( "\t" );
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for( j=0 ; j<m ; j++ )

fscanf ( fp, "%1lf", &ali+naxj] );
printf( "%8.3g ", ali+naxj] );

}
printf( "\n" );

);

ierr = ASL_d41lwri(a, na, m, n, nr, stat, &x1, v, isw);

fclose( fp
printf( "\n
printf( "\t

ierr

** Output **\n\n" );

%6d\n", ierr

);

printf( "\n\tMean over all levels = %8.3g\n",x1);
printf("\n\tMean and variance in each level\n\n");

printf( "\t Level

printf( "\t

Mean Variance\n");

for( i=0 ; i<m ; i++ )

\n");

printf ("\t%6d %8.3g %8.3g\n",i+1,stat[i],stat[i+m]);

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\t Factor

printf( "\t

S.S.

D.F.

M.S.

V.R.

C.R.\n" );

printf( "\t Total

%8.3g %8.3g\n", v[0],v[3] );
printf( "\t Level ¥8.3g %8.3g %8.3g %8.3g %8.3g\n",
v[1],v[4],v[6],v[8],v[9])

printf( "\t Error 78.3g %8.3g’%8.3g %8.3g\n",
v[2],v[5],v[7],v[10]);
free( a );
free( stat );
return O;
}
(d) Output results
%% ASL_d4lwrl ***
** Input *x*
na = 100
m = 5
nr = 4
isw = 0
Observations
71 83 85 84 82
74 79 84 80 78
76 83 89 82 83
72 77 82 85 83
** Qutput **
ierr = 0
Mean over all levels = 80.6
Mean and variance in each level
Level Mean Variance
1 73.3 4.92
2 80.5 9
3 85 8.67
4 82.8 4.92
5 81.5 5.67
Analysis of variance table
Factor S.S. D.F. M.S V.R. C.R.
Total 415 19
Level 315 4 78.8 11.9 0.696
Error 99.5 15 6.63 0.304
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7.3 TWO-WAY LAYOUT

7.3.1 ASL_d42wrn, ASL_r42wrn
Two-Way Layout Analysis of Variance

(1) Function
For factors A and B consisting of m, and m; levels respectively and two-way layout data {z;;}(i =
1,--+,mg;j =1,---,myp) for which there are no repetitions in the combination of each level, the ASL_d42wrn
or ASL_r42wrn obtains the mean and variance of each level for each factor and the total mean over all levels
and performs an analysis of variance.
The mean and variance of each level for each factor and the total mean over all levels are defined by the
following equations.

Mean of each level of factor A :
_ 1 &
B =y 2
Jj=1
Variance of each level of factor A :
1 &
V., = — o F )2
T Z(w” %)
j=1
Mean of each level of factor B :
_ 1 4
:ZZJ = m—a Zl ZZT,L]

Variance of each level of factor B :

Total mean :

1 Mg My

> i
Mg - My <

i=1 j=1

T =

Here, a, = m, and o = myp when a sample variance is used, and o, = mg, — 1 and ap = mp — 1 when an
unbiased variance is used.
Also, the analysis of variance results are defined by the following equations.

Variation :

e Total variation

Mg Mp

ST = ZZ(LE” — 1_7)2

i=1 j=1

e Variation of factor A

Sa=my Z(ji. —z)?
=1
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e Variation of factor B

mpy

S =myg Z(.’Z'] — i’)2

=1

e Error variation
Sgp=Sr—(Sa+ SB)
Degrees of freedom :
e Degrees of freedom of total variation
¢ =mq-my — 1
e Degrees of freedom of factor A variation
pa=mg—1
e Degrees of freedom of factor B variation
¢p=mp—1
e Degrees of freedom of error variation
¢ = (ma—1) - (mp — 1)
Unbiased variance :

e Unbiased variance of factor A variation

Sa
Vpy=—
dA
e Unbiased variance of factor B variation
Sp
Vg = —
B
e Unbiased variance of error variation
Sk
Ve = —
r

Variance ratio :

e Variance ratio for unbiased variance of factor A variation

Va
Fy=—
A Vs
e Variance ratio for unbiased variance of factor B variation
VB
Fp=—
B Ve

Contribution ratio :

o Contribution ratio of factor A variation

Sa—¢a-Ve
py=2A"7PAVE
A Sy
e Contribution ratio of factor B variation
Sn — .
Py = 2B ¢ - VE
St
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e Contribution ratio of error variation
Pp=1—P4y— Pp
(2) Usage
Double precision:
ierr = ASL_d42wrn (a, na, la, b, stata, statb, &x1, v, isw);
Single precision:
ierr = ASL_r42wrn (a, na, la, 1b, stata, statb, &x1, v, isw);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEUmEnt Al Type Size nput/ Contents
Return Value Output
1 a D+ naxlb Input | Matrix in which observed values are stored
R (21;) (See Note (a))
2 na I 1 Input | Adjustable dimension of array a
3 la I 1 Input | Number of levels of factor A m,
4 b I 1 Input | Number of levels of factor B my
5 stata D+ lax2 Output | Mean and variance of each level of factor A
R+ (See Note (b))
6 statb Dx Ibx2 Output | Mean and variance of each level of factor B
R+ (See Note (b))
7 x1 Dx 1 Output | Total mean
Rx
8 v D+ 16 Output | Analysis of variance table
R (For the storage method of the analysis of
variance table, see Table 7—2 in Note (c).)
9 isw I 1 Input | Processing switch
0: Calculate the unbiased variance
1: Calculate the sample variance
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) isw =0, 1
(b) na>la>1

(¢c) mb>1
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (a) was not satisfied. Processing continues with isw=0.
1010 isw = 0 was specified when la=1or 1b = If la = 1, the absolute value maximum
1. that can be represented is set for the vari-
ance of each level of factor B. If Ib = 1,
the absolute value maximum that can be
represented is set for the variance of each
level of factor A. Also, the absolute value
maximum that can be represented is set
for v[8] to v[15].
1020 isw = 1 was specified when la=1or 1b = The absolute value maximum that can be
1. represented is set for v[8] to v[15].
3000 Any of restriction (b) or (c) were not Processing is aborted.
satisfied.
(6) Notes

(a) The observed values (z;;) are stored in array a as a real matrix (two-dimensional array type) data (See

Appendix A).

(b) The mean and variance of each level of factors A and B are stored as follows in the arrays stata and

, =1 laj=1,--1b

statb.
stata[i — 1] Mean of each level of factor A Z;.
stata[i — 1+la] Variance of each level of factor A V,;
statb[j — 1] Mean of each level of factor B z.;

statb[j — 1+1b]

Variance of each level of factor B Vj;

(¢) The analysis of variance table elements are stored as follows in the array v.

Table 7—2 Analysis of Variance Table Storage Status

Element | Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
Total v[0] v[4]
Factor A|  v[1] v[5] v[8] v[11] v[13]
Factor B v[2] v[6] v[9] v[12] v[14]
Error v[3] v[7] v[10] v[15]

(d) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a
population for which sampling with replacement is performed from an infinite or finite population.
Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.

(7) Example

(a) Problem

Given two-way layout data for which there are no repetitions and having factors A and B as shown in
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matrix X below, obtain the mean and variance of each level of each factor and the total mean over all

levels and perform an analysis of variance.

1.26 1.21 1.19
X=1]129 1.23 1.23
1.38 1.27 1.22

Input data
Two-way layout data X, na=10, la=3, 1b=3 and isw=0.

Main program

/* C interface example for ASL_d42wrn */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;

int na, la, lb;

double *stata, *statb;
double x1;

double v[16];

int isw;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d42wrn.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d42wrn ***\n" );
printf( "\n *#x Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &la );
fscanf( fp, "%d", &lb );
fscanf( fp, "%d", &isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (nma*lb) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

stata = ( double * )malloc((size_t) ( sizeof (double) * (la*2) ));
if ( stata == NULL )

printf( "no enough memory for array stata\n" );
return -1;

statb = ( double * )malloc((size_t)( sizeof(double) * (1b*2) ));
if ( statb == NULL )

printf( "no enough memory for array statb\n" );
return -1;

%6d\n", na

printf( "\tna )3
%6d\n", la );
)s

printf( "\tla
printf( "\tlb
printf( "\tisw

%6d\n", 1b
%6d\n", isw )

printf( "\n\tObservations\n\n" );
for( i=0 ; i<la ; i++ )

printf( "\t" );
for( j=0 ; j<lb ; j++ )

fscanf( fp, "Jlf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
}

fclose( fp );
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ierr = ASL_d42wrn(a, na, la, 1lb, stata, statb, &xl, v, isw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tMean over all levels = %8.3g\n",x1);

printf( "\n\tMean and variance in each level of factor A\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t \n");

for( i=0 ; i<lb ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+1,statali],statali+lal);

printf( "\n\tMean and variance in each level of factor B\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t \n");

for( i=0 ; i<lb ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+1,statb[i],statb[i+1lb]);

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S. V.R. C.R.\n" );

printf( "\t e \n" );

printf( "\t Total %8.3g %8.3g\n", v[0],v[4] );

printf( "\t A %8.3g %8.3g %8.3g %8.3g %8.3g\n",
v[1],v[5],v[8],v[11],v[13]);

printf( "\t B %8.3g %8.3g %8.3g %8.3g %8.3g\n",
v[2],v[6],v[9],v[12],v[14]);

printf( "\t Error ¥%8.3g %8.3g %8.3g %8.3g\n",
v[31,v[7],v[10],v[15]1);

free( a );
free( stata );
free( statb );

return O;

}
(d) Output results

*kk ASL_d42wrn ***

*k Input *%

na = 10

la = 3

1b = 3

isw = 0

Observations
1.26 1.21 1.19
1.29 1.23 1.23
1.38 1.27 1.22

** Qutput **
ierr = 0
Mean over all levels = 1.25

Mean and variance in each level of factor A

Level Mean Variance
1 1.22 0.0013
2 1.25 0.0012
3 1.29 0.0067

Mean and variance in each level of factor B

Level Mean Variance
1 1.31 0.0039
2 1.24 0.000933
3 1.21 0.000433

Analysis of variance table

Factor S.S. D.F. M.S. V.R. C.R.
Total 0.0258 8
A 0.0074 2 0.0037 4.72 0.226
B 0.0153 2 0.00763 9.74 0.531
Error 0.00313 4 0.000783 0.243
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7.3.2 ASL_d42wrm, ASL _r42wrm
Two-Way Layout Analysis of Variance (With Missing Values)

(1) Function
For factors A and B consisting of m, and my levels respectively and two-way layout data {z;;}(i =
1,--+,mq;j = 1,---,my) for which there are no repetitions in the combinations of each level and no data
has been obtained for combinations of ng levels, the ASL_d42wrm or ASL_r42wrm obtains the mean and
variance of each level for each factor and the total mean over all levels and performs an analysis of variance.
The data values of the combinations of levels for which no data has been obtained are called missing values,
and estimates are substituted for the missing values in the calculations of each statistic.

Mean of each level of factor A:
_ 1 &
Jj=1
Variance of each level of factor A:
1 &
Vai = — i — Ti)”
o ;(CEJ T;.)

Mean of each level of factor B:

Variance of each level of factor B:
1 & .
Voj = Q_Z(wij — ;)
@ i=1

Total mean:

TI
3

ling
L]

Here, (o, = m, and ap = my when a sample variance is used, and o, = m, — 1 and o = my — 1 when an
unbiased variance is used.
Also, the analysis of variance results are defined by the following equations.

Variation:

e Total variation

Ma My

Sr=Y Y (v —1)

i=1 j=1

e Variation of factor A
Ma
Sa=my» (2 — 1)
i=1
e Variation of factor B

Sp =mg Z(f.j — )

j=1
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e Error variation
Sg =Sr—(Sa+ SB)
Degrees of freedom:
e Degrees of freedom of total variation
b1 =mq - mp —ns — 1
e Degrees of freedom of factor A variation
pa=mg —1
e Degrees of freedom of factor B variation
¢p=mp—1
e Degrees of freedom of error variation
g =(mg—1) - (mp — 1) — ng
Unbiased variance:

e Unbiased variance of factor A variation

Sa
Vjy=—
A
e Unbiased variance of factor B variation
Sp
Vg = —
B
e Unbiased variance of error variation
SE
Vg = —
PE

Variance ratio:

e Variance ratio for unbiased variance of factor A variation

V A
Fyp=—
A Ve
e Variance ratio for unbiased variance of factor B variation
Vi
Fg=—
B Ve

Contribution ratio:

e Contribution ratio of factor A variation

Sa—¢a- Vg
Py=——=
A Sy
e Contribution ratio of factor B variation
S — .
Py = 2B ¢ - Ve
St

e Contribution ratio of factor error variation

Pr=1—-P4—Pp
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Missing value estimates:
The missing value estimates are determined so that the error variation Sg is minimized. To obtain estimates
that will minimize Sg, you should solve the following equation with the missing values z ((s,t) € S) as

unknowns.

0SE

8xst

=0 ((s,t) € 9)

Here, S is assumed to be the set of combinations of levels for which missing values occurred. Since Sg is
a quadratic equation, this equation is a set of n, simultaneous linear equations with the missing values as
unknowns.

For example, for the following two-way layout data in which 13 and z92 are missing values,

1.0 1.1 T13
X = 1.2 T2 1.3
1.1 1.0 1.3

the error variation is as follows.

4 4 2
SE =178 — ]..41713 - ]..41722 + §$%3 + 517%2 + §$13$22

Differentiating this with respect to x13 and w2 produces the following simultaneous linear equations.

0SE 8 2
=-14+4 — — =0
921 + 95613 + 9!1022
0SE 2 8
=-14+4 — — =0
8$22 + 91.13 + 9!E22

Solving these simultaneous linear equations yields the missing value estimates x13 = 1.26 and x92 = 1.26.

Usage
Double precision:

ierr = ASL_d42wrm (a, na, la, lb, ist, isn, stata, statb, &x1, v, isw, iwk, wk);
Single precision:

ierr = ASL_r42wrm (a, na, la, b, ist, isn, stata, statb, &x1, v, isw, iwk, wk);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxlb Input | Matrix in which observed values are stored
{R*} (x:i5) (See Note (b)).
Output | Matrix in which observed values are stored
(xij). However, estimates are stored in the
elements corresponding to missing values.
2 na I 1 Input | Adjustable dimension of array a.
3 la I 1 Input | Number of levels of factor A m,
4 b I 1 Input | Number of levels of factor B my
5 ist I* isnx2 Input | Information about combinations of levels for
which missing values occurred. (See Note
()
6 isn I 1 Input | Number of missing values ng
7 stata Dx lax2 Output | Mean and variance of each level of factor A
{R*} (See Note (c))
8 statb Dx Ibx2 Output | Mean and variance of each level of factor B
{R*} (See Note (c))
9 x1 D+ 1 Output | Total mean
()
10 v Dx 16 Output | Analysis of variance table
{R*} (For the storage method of the analysis of
variance table, see Table 7—3.)
11 isw I 1 Input | Processing switch
0: Calculate the unbiased variance
1: Calculate the sample variance
12 iwk I* See Work | Work area
Contents Size:la x 1b 4 isn
13 wk Dx See Work | Work area
{R*} Contents Size:isn? + 2 x isn +la +1b + 1
14 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

2000 Estimates of missing values could not be The missing value data is replaced by the
calculated. mean of the non-missing value data, and

processing continues.

3000 Any of restrictions (b) to (f) was not Processing is aborted.

satisfied.
(6) Notes

(a) The factor A level of the i-th missing value is stored in ist[i — 1] and the factor B level is stored in
ist[isn +1— 1].

(b) The observed values (z;;) are stored in array a as a real matrix (two-dimensional array type) (See
Appendix A).

(¢) The mean and variance of each level of factors A and B are stored as follows in the arrays stata and

statb.
stata[i — 1] Mean of each level of factor A Z;.
statali — 1+la] Variance of each level of factor A V; . .
. 9 Zzlv"'ala‘;]zla"'vlb
statb[j — 1] Mean of each level of factor B Z.;

[
statb[j — 1+1b) Variance of each level of factor B Vj,

(d) The analysis of variance table elements are stored as follows in the array v.

Table 7—3 Analysis of Variance Table Storage Status

Element | Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
Total v[0] v[4

]
Factor A|  v[1] v[5] v[8] v[11] v[13]
Factor B v[2] v[6] v[9] v[12] v[14]
Error v[3] v[7] v[10] v[15]

(e) Statistics obtained when an unbiased variance is calculated can be applied to a population for which
sampling with replacement is performed from an infinite or finite population. Statistics obtained when
a sample variance is calculated can be applied to a population for which the population and sample
match.
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(7) Example

(a) Problem
Given two-way layout data for which there are no repetitions and having factors A and B as shown in
matrix X below, obtain the mean and variance of each level of each factor and the total mean over
all levels and perform an analysis of variance. However, * indicates that the corresponding data is a

missing value.

4 6 8 10 12
7 10 x 16 %
x 14 18 22 26
13 18 23 28 33

(b) Input data
Two-way layout data X, na=4, la=4, Ib=5, isn=3, isw=0,
ist[0]=2, ist[isn]=3, ist[1]=4, ist[isn+1]=1 and ist[1]=2, ist[isn+1]=5.

(¢) Main program

/* C interface example for ASL_d42wrm */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;

int na, la, 1lb;
int isn,*ist;
double *stata, *statb;
double x1;
double v[16];
double *wk;

int isw;

int *iwk;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d42wrm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_d42wrm ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &isw );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &la );
fscanf( fp, "%d", &lb );
fscanf( fp, "%d", &isn );

a = ( double * )malloc((size_t)( sizeof(double) * (na*lb) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
stata = ( double * )malloc((size_t)( sizeof(double) * (la¥2) ));
if ( stata == NULL )

printf( "no enough memory for array stata\n" );

return -1;
statb = ( double * )malloc((size_t)( sizeof(double) * (1b*2) ));
if ( statb == NULL )

printf( "no enough memory for array statb\n" );

return -1;

ist = ( int * )malloc((size_t) ( sizeof(int) * (isn*2) ));
%f( ist == NULL )
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printf( "no enough memory for array ist\n" );
return -1;

iwk = ( int * )malloc((size_t) ( sizeof(int) * (la*lb+isn) ));
if ( iwk == NULL )

printf( "no enough memory for array iwk\n" );
return -1;

( double * Jmalloc((size_t) (sizeof (double)*(isn*isn+2*isn+la+1b+1)));
1f( statb == NULL )

printf( "no enough memory for array wk\n" );
return -1;

%6d\n", isw
%6d\n", na

printf( "\tisw );
)3
%6d\n", la );
);
)3

printf( "\tna
printf( "\tla
printf( "\tlb
printf( "\tisn

%6d\n", 1b
%6d\n", isn

printf( "\n\tMissed values\n\n" );
for( i=0 ; i<isn ; i++ )

fscanf( fp, "%d %d", &ist[i], &ist[i+isn] );
printf( "\t a(/%6d,%6d)\n", ist[i], ist[i+isn] );

}
printf ( "\n\tObservations\n\n" );
for( i=0 ; i<la ; i++ )

printf( "\t" );

for( j=0 ; j<lb ; j++ )

fscanf ( fp, "%1lf", &ali+naxjl );
printf( "%8.3g ", ali+naxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_d42wrm(a,na,la,lb,ist,isn,stata,statb,&x1,v,isw,iwk,wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tEstimated missed values\n\n" );
{or( i=0 ; i<isn ; i++ )

printf( "\t a(%6d,%6d) = %8.3g\n",
ist[i], ist[i+isn], alist[i]-1+na*(ist[i+isn]l-1)] );

}

printf( "\n\tMean over all levels = %8.3g\n",x1);

printf( "\n\tMean and variance in each level of factor A\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t --\n");

for( i=0 ; i<la ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+l,statalil,statali+lal);

printf( "\n\tMean and variance in each level of factor B\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t --\n");

for( i=0 ; i<lb ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+1,statb[i],statb[i+1b]);

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S. V.R. C.R.\n" );
printf( "\t -— \n" );
printf( "\t Total %8.3g %8.3g\n", v[O] v[4] );

printf( "\t A  %8.3g %8.3g %8.3g %8.3g %8.3g\n",

v[1],v[5], v[8] v[11] v[13]);

printf ( "\t %8.3g %8.3g Y8. 3g %8.3g %8.3g\n",
v[2],v[6], v[9] v[12] v[14]1);

printf ( "\t Error %8.3g %8.3g %8.3g %8.3g\n",

v[3],v[7],v[10],v[15]);

free( a );
free( stata );
free( statb );
free( ist );
free( iwk );
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free( wk );

return O;

(d) Output results

*kk ASL_d42wrm ***

** Input *x*
isw = 0
na = 4
la = 4
1b = 5
isn = 3

Missed values

a( 2, 3)
a( 4, 1)
a( 2, 5)
Observations
4 6
7 10
0 14
13 18

** Qutput *x*

ierr = 0

Estimated missed values

a( 2, 3) =
a( 4, 1) =
a( 2, 5) =

Mean over all levels

Mean and variance in

8 10
0 16
18 22
23 28
14.4

14.3

21.7

15.3

12

26
33

each level of factor A

Level Mean Variance
1 8 10
2 13.8 32.2
3 16 100
4 23.3 56.2

Mean and variance in each level of factor B

Level Mean Variance
1 6.33 36.6
2 12 26.7
3 15.9 39.8
4 19 60
5 23.2 77.1
Analysis of variance table
Factor S.S. D.F. M.S. V.R. C.R.
Total 1.39e+03 16
A 597 3 199 14.5 0.399
B 670 4 168 12.2 0.442
Error 124 9 13.8 0.158
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7.3.3 ASL_d42wrl, ASL_r42wrl
Two-Way Layout Analysis of Variance (Repetition Data)

(1) Function
For factors A and B consisting of m, and m; levels respectively and two-way layout data {xp;;}(k =
1,---,nyi=1,---,mg;j =1,---,myp) for which the number of repetitions in the combination of each level
is n45, the ASL_d42wrl or ASL_r42wrl obtains the mean and variance of each level for each factor and the
total mean over all levels and performs an analysis of variance.
The mean of the repetitions in the combination of each level, the mean and variance of each level for each
factor, and the total mean over all levels are defined by the following equations.

Mean of the repetitions in the combination of each level :

Mean of each level of factor A :

mp  Tij

_ 1
T4 = ™y E E Tkij
E =1 k=1
T4 J
j=1

Variance of each level of factor A :

my MNij

Vai = 5 Z Z(wkij —7..)?

vj=1k=1

Mean of each level of factor B :

1 mq Mij

Toj = w2 E E Tkij
E nij i=1 k=1
=1

Variance of each level of factor B :

Mg Mij

Vij = %Z > (ki — T.5)°

i=1 k=1
Total mean :

Mg My MNij

_ 1
T= e m ZZZIW
E E nij i=1 j=1 k=1

i=1 j=1

Here, alpha; and beta; are given by

mpy Ma
Qi = E nij, By = E Nij
j=1 i=1

when a sample variance is used, and alpha; and beta; are given by

my Mq
Oéi:E nij—l, ﬂj:E nij—l
j=1 i=1

417



ASL_d42wrl, ASL_r42wrl
Two-Way Layout Analysis of Variance (Repetition Data)

when an unbiased variance is used.
Also, the analysis of variance results are defined by the following equations.

Variation :

e Total variation

Mg mp Mij

Sr=2_> > (wny — 2

i=1 j=1 k=1
e Variation of factor A
Me My
- —\2
SA == ZZn”(xl — x)
i=1 j=1

e Variation of factor B

Maq Mp

SB = ZZTL”(J_?J — 1_7)2

i=1 j=1

Interaction variation

Saxp = Sap — (Sa+ SB)
Here,

Sap = i nij (2. — 7)°

i=1 j=1

e Error variation
Sg =57 — Sas
Degrees of freedom :

e Degrees of freedom of total variation

G =mg-mp — 1

e Degrees of freedom of factor A variation
pa=mg—1
e Degrees of freedom of factor B variation
¢p=mp—1
e Degrees of freedom of interaction variation
baxp = (mq —1)(mp — 1)
e Degrees of freedom of error variation
mq Mmp
S =) Mg —Ma -y
i=1 j=1

Unbiased variance :

e Unbiased variance of factor A variation
Sa

V=24
47 a

418



ASL_d42wrl, ASL_r42wrl
Two-Way Layout Analysis of Variance (Repetition Data)

e Unbiased variance of factor B variation
— SB
bB

e Unbiased variance of interaction variation

\%:

SAXB
¢A><B

VA><B =

e Unbiased variance of error variation
SE
(o5)

Variance ratio :

Ve

e Variance ratio for unbiased variance of factor A variation

Va
Fp=-=
A Ve
e Variance ratio for unbiased variance of factor B variation
Vi
g ==
B Ve

e Variance ratio for unbiased variance of interaction variation

VA x B
Ve

F AxB —
Contribution ratio :

o Contribution ratio of factor A variation

Sa—¢a-Ve
py=2A"0A""8
A Sy
e Contribution ratio of factor B variation
Py — Sp—¢p- Ve
St

e Contribution ratio of interaction variation

SaxB — ¢axB - Ve
St

e Contribution ratio of error variation

PAxB:

Pp=1—Ps— P — Paxn

(2) Usage
Double precision:
ierr = ASL_d42wrl (a, na, ma, la, Ib, n, nr, y, stata, statb, &x1, v, isw, wk);
Single precision:

ierr = ASL_r42wrl (a, na, ma, la, b, n, ur, y, stata, statb, &x1, v, isw, wk);

419



ASL_d42wrl, ASL_r42wrl
Two-Way Layout Analysis of Variance (Repetition Data)

(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ See Input | Observed values (xy;;) (See Note (a))
{R*} Contents Size: naxmaxlb

2 na I 1 Input | Adjustable dimension of first dimension of ar-
ray a

3 ma I 1 Input | Adjustable dimension of second dimension of
array a

4 la I 1 Input | Number of levels of factor A m,

5 Ib I 1 Input | Number of levels of factor B my

6 n I* maxlb Input | Number of repetitions in the combination
(1,7) of each level n;;

(not used when nr > 1)
7 nr I 1 Input | Number of repetitions when the numbers of
repetitions in the combination of each level
are equal
ML = " = Ny, = N1 = -+ = Ngm, =
= M1 = = Ny
When the numbers of repetitions in the com-
bination of each level are not equal, set a
value that is less than or equal to zero.
8 y D+ maxl1b Output | Mean of the repetitions in the combination
{R*} (1,7) of each level Z.;;

9 stata Dx lax2 Output | Mean and variance of each level of factor A
{R*} (See Note (b))

10 statb D Ibx2 Output | Mean and variance of each level of factor B
{R*} (See Note (b))

11 x1 Dx 1 Output | Total mean
()

12 v D+ 21 Output | Analysis of variance table
{R*} (For the storage method of the analysis of

variance table, see Table 7—4 in Note (c).)
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output

13 isw I 1 Input | Processing switch
0: Calculate the unbiased variance
1: Calculate the sample variance

14 wk Dx la Work | Work area

e
15 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

or na>nr> 1

(i=0,---Ja—1;j=0,...lb—1)

(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.

1000 Restriction (a) was not satisfied. Processing continues with isw=0.

1010 la=1 or Ib=1 was specified. The absolute value maximum that can be
represented is set for v[10] to v[20]. For
the values stored in stata and statb. (See
Note (e))

3000 Any of restriction (b) to (d) was not Processing is aborted.

satisfied.
(6) Notes

(a) Observed values xy;; are stored as follows in the array a.
alk-1+nax (i-14max (k-1))]=zki; (k=1,---,ny;i=1,--- ,mg;j=1,---,my)

(b) The mean and variance of each level of factors A and B are stored as follows in the arrays stata and

statb.
statafi — 1] Mean of each level of factor A Z.;.
stata[i — 1+1a] Variance of each level of factor A V;; i1 daj=1,
statb[j — 1] : Mean of each level of factor B Z..; ’ . ’
statb[j — 1+1b] : Variance of each level of factor B V4;
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(¢) The analysis of variance table elements are stored as follows in the array v.

Table 7—4 Analysis of Variance Table Storage Status

Factor | Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
Total v[0] v[5]
Factor A|  v[1] v[6] v[10] v[14] v[17]
Factor B v[2] v[7] v[11] v[15] v[18]
AxB v[3] v[8] v[12] v[16] v[19]
Error v[4] v[9] v[13] v[20]

(d) Statistics obtained when calculations are performed using an unbiased estimate can be applied to a

population for which sampling with replacement is performed from an infinite or finite population.

Statistics obtained when calculations are performed using a sample variance can be applied to a pop-

ulation for which the population and sample match.

(e) If ierr=1010 occurred when isw=0 was specified, the following processing is performed.

i.

ii.

iii.

iv.

When nr=1 and la=1 :

The absolute value maximum that can be represented is set for all statb[j — 1+1b] (j =1,---

When nr=1 and lb=1:
The absolute value maximum that can be represented is set for all statali — 1+la] (i =1,---

1b).

Ja).
When n[j — 1]=1 for a j for which nr<1 and la=1:
The absolute value maximum that can be represented is set for statb[j — 1+1a].

When n[i — 1]=1 for an ¢ for which nr<1 and lb=1:

The absolute value maximum that can be represented is set for stata[i — 1+la].

When none of the conditions in 6(e)i. to 6(e)iv. occurs:
All stata[i — 1+la] (i = 1,--- la) and statb[j — 1+1b](j = 1,- - - ,Ib) are calculated normally.

(7) Example

(a) Problem
Given two-way layout data for which the number of repetitions is 2 and having factors A and B as

shown in matrices X; and X5 below, obtain the mean in the combinations of each level, mean and

variance of each level of each factor, and the total mean over all levels and perform an analysis of

variance.
[ 79 98 132 13.1 |
X, = 10.3 146 159 95
91 121 111 7.0
[ 8.7 9.3 140 12.0 |
X, = 11.0 14.0 146 85
| 8.6 129 10.0 82

(b) Input data
Two-way layout data X; and Xo,
na=100, ma=>5, la=3, Ib=4, nr=2 and isw=0.

422



ASL_d42wrl, ASL_r42wrl
Two-Way Layout Analysis of Variance (Repetition Data)

(¢) Main program

/* C interface example for ASL_d42wrl */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()
{

double *a;

int na, ma, la, 1b;
int *n;

int nr;

double *y;

double *stata, *statb;
double x1;

double v[21];

int isw;

double *wk;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d42wrl.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d42wrl ***\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &na )
fscanf( fp, "%d", &ma
fscanf( fp, "%d", &la
fscanf( fp, "%d", &lb
fscanf( fp, "%d", &nr
fscanf( fp, "%d", &isw );

)
)
)
)

a = ( double * )malloc((size_t)( sizeof(double) * (na*maxlb) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

= ( double * )malloc((size_t)( sizeof(double) * (ma*lb) ));
if ( y == NULL )

A

printf( "no enough memory for array y\n" );
return -1;

stata = ( double * )malloc((size_t) ( sizeof (double) * (la*2) ));
if( stata == NULL )

printf( "no enough memory for array stata\n" );
return -1;

statb = ( double * )malloc((size_t) ( sizeof (double) * (1b*2) ));
if ( statb == NULL )

printf( "no enough memory for array statb\n" );
return -1;

wk = ( double * )malloc((size_t) ( sizeof (double) * la ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

/* Array n is not used when nr is larger than 0 */
n = ( int * )malloc((size_t) ( sizeof(int) * (maxlb) ));
if( n == NULL )

printf( "no enough memory for array n\n" );
return -1;

%6d\n", na
%6d\n", ma
%6d\n", la
%6d\n", 1b
%6d\n", nr
%6d\n", isw

printf( "\tna
printf( "\tma
printf( "\tla
printf( "\tlb
printf( "\tnr
printf( "\tisw
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printf ("\n\tObservations\n");
printf ("\n\tlst time in repetition\n\n");
for( i=0 ; i<la ; i++ )

printf( "\t" );
for( j=0 ; j<lb ; j++ )

fscanf( fp, "%1f", &al[na*i+na*ma*j] );
printf( "%8.3g", alnakxi+na*maxj] );

}
printf( "\n" );

}
printf("\n\t2nd time in repetition\n\n");
for( i=0 ; i<la ; i++ )

printf( "\t" );
for( j=0 ; j<1lb ; j++ )

fscanf( fp, "Jlf", &al[l+na*i+na*max*j] );
printf( "%8.3g", all+naxi+na*maxj] );
}
printf( "\n" );
}

fclose( fp );

ierr = ASL_d42wrl(a, na, ma, la, 1b, n, nr, y,
stata, statb, &x1, v, isw, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tMean over all levels = %8.3g\n",x1);
printf( "\n\tMean for repetition\n\n" );
for( i=0 ; i<la ; i++ )

printf ("\t");
for( j=0 ; j<lb ; j++ )
printf( "%8.3g ", yli+ma*jl);
}
printf("\n");

printf ("\n\tMean and variance in each level of factor A\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t \n");

for( i=0 ; i<la ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+1,statali],statali+lal);

printf ("\n\tMean and variance in each level of factor B\n\n");
printf( "\t Level Mean Variance\n");

printf( "\t \n");

for( i=0 ; i<lb ; i++ )

printf ("\t%6d %8.3g %8.3g\n",i+1,statb[i],statb[i+1lb]);

printf( "\n\tAnalysis of variance table\n\n" );
printf( "\t Factor S.S. D.F. M.S. V.R. C.R.\n" );
Printf ( M\t \n" );
printf( "\t Total %8.3g %8.3g\n", v[0], v[5] )
printf( "\t A  %8.3g %8.3g %8.3g %8.3g %8.3g\n",
v[1],v[6], v[iO] v[14] v[17]);
printf( N\t %8 3g 8. 3g 78 3g %8.3g %8.3g\n",
v[2],vI[7], v[11] v[15] v[18])
printf ( Nt 2’X B ¥s. 3g 8. 3g 78 3g %8.3g %8.3g\n",
v[3],v(8],v[12],v[16],v[19]);
printf( "\t Error %8.3g %8.3g %8.3g %8.3g\n",
v[4],v[9],v[13],v[20]);

free( a );
free( y );
free( stata );
free( statb );
free( wk );
free( n );

return O;
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(d) Output results

sk ASL_d42wrl *k*

* % Input * %
na = 100
ma = 5
la = 3
1b = 4
nr = 2
isw = 0
Observations

1st time in repetition

7.9 9.8 13.2 13.1
10.3 14.6 15.9 9.5
9.1 12.1 11.1 7
2nd time in repetition
8.7 9.3 14 12
11 14 14.6 8.5
8.6 12.9 10 8.2
** Qutput **
ierr = 0
Mean over all levels = 11.1
Mean for repetition
8.3 9.55 13.6 12.6
10.7 14.3 15.3 9
8.85 12.5 10.6 7.6

Mean and variance in each level of factor A

Level Mean Variance
1 11 5.5
2 12.3 7.77
3 9.88 4.13

Mean and variance in each level of factor B

Level Mean Variance
1 9.27 1.35
2 12.1 4.73
3 13.1 4.9
4 9.72 5.57

Analysis of variance table

Factor S.S. D.F. M.S. V.R. C.R.
Total 145 23
A 23.6 2 11.8 28.8 0.156
B 62.6 3 20.9 51 0.422
AXB 54.3 6 9.04 22.1 0.356
Error 4.91 12 0.409 0.0647
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7.4.1 ASL_d4mwrf, ASL _rdmwrf
Multiple-Way Layout Analysis of Variance

(1) Function
For m factors Ay, Aa,- -, Ay, (where m is at most 6) consisting of I3, la, - - -, I, levels respectively and multi-
way layout data g jyej (K = 1,---,n4 = 1,---,m;j5; = 1,---,1;) for which the number of repetitions
in the combination of each factor level is a fixed value n, the ASL_ddmwrf or ASL_rdmwrf performs an
analysis of variance. At this time, specified interactions can be confounded. For the explanations below,
the operations ¥; and A; are defined as follows.

L
§ ) Al
ji=1

>

L
=S
ji=1

The mean of the repetitions in the combination of each level and the total mean over all levels are defined
by the following equations.

Mean of the repetitions in the combination of each level :

n
_ 1
x'jlj2"'jm = E E xkjljZ"'jm
k=1
Total mean :

1 n
T = m DIIDICREED I E Tkij1jo-jm
k=1

nle

Also, the analysis of variance results are defined by the following equations.
Variation :

e Total variation

ST — 2122 e Em Z(ij1j2...jm — 1_7)2
k=1

e Variation of factor A;

SAi = %21(2122 cee Zi—lAiEH-l cee Zmi'j1j2"-jm)2
LT
j=1
e Variation of the interaction A;; x A;, x -+ x A;_ is of s(s < m) factors A;,, Asy, -+, Ai,
SAil><Ai2><---><AiS = S r ™
(JTw.)- (I w)

= 2
EigflAigzigle s Eis,lAisEiSH cee me'jlj2"'Jm)
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e Error variation
When there are no repetitions :
Sg = Sr — (Sum of variations of each factor)
—  (Sum of variations of interactions other than the highest order interaction

[A1><A2><---><Am])

When there are repetitions :

Sg = St — (Sum of variations of each factor) — (Sum of variations of interactions)
Degrees of freedom :

e Degrees of freedom of total variation

(bT:nﬁli—l
i=1

e Degrees of freedom of factor A; variation

pa=1li—1

e Degrees of freedom of variation of the interaction A;, x A;, X -+ x A,

S

¢Ai1><Ai2><"'><Ais - H(llk - ]-)

k=1
e Degrees of freedom of error variation

When there are no repetitions :

¢ = ¢r — (Sum of degrees of freedom of variations of each factor)
—  (Sum of degrees of freedom of variations of interactions other than the highest

order interaction)
When there are repetitions :

¢ = ¢r — (Sum of degrees of freedom of variations of each factor)

—  (Sum of degrees of freedom of variations of interactions)
Unbiased variance :

e Unbiased variance of factor A; variation

Sa.
Vi = A
A A,

e Unbiased variance of variation of the interaction A4;, x A;, x --- X A;_

SAil XAiQ ><"'><Ai$
VAzl XAZZX"'XAZS -
¢Ai1 X Ajy XX Agg

However, the unbiased variance of the variation of the highest order interaction can be defined only

when there are repetitions.

e Unbiased variance of error variation
SE

Ve = 22
T g
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Variance ratio :

e Variance ratio for unbiased variance of factor A; variation
Va,

i

i:VE

e Variance ratio for unbiased variance of variation of the interaction A;, x A;, x --- x A;,

Fy

Fawnsnn = VA, x Asy xx A,
T
i1 ig is VE

However, the variance ratio of the variation of the highest order interaction can be defined only when

there are repetitions.
Contribution ratio :

e Contribution ratio of factor A; variation

Py, = o, _;;Ai —

e Contribution ratio of variation of the interaction A;, x A;, x --- X A,

P S X Ay XX Ay, T DA x Ay xx Ay, - VE
Ai1><Ai2><"'><Ai3 - ST

e Contribution ratio of error variation
When there are no repetitions :
Pr = ¢r — (Sum of contribution ratios of variations of each factor)
—  (Sum of contribution ratios of variations of interactions other than the highest

order interaction)
When there are repetitions :

Pr = ¢r — (Sum of contribution ratios of variations of each factor)
— (Sum of contribution ratios of variations of interactions)
(2) Usage
Double precision:
ierr = ASL_d4mwrf (a, na, n, 1t, m, ipt, ipn, y, &x1, v, wk);
Single precision:
ierr = ASL_rdmwrf (a, na, n, It, m, ipt, ipn, y, &x1, v, wk);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ naxml Input | Observed values (rxg) (See Note (a)) Here,
{R*} ml = [1tfi— 1]
i=1
2 na I 1 Input | Adjustable dimension of array a
n I 1 Input | Number of repetitions in the combination of
each level n
4 It I* m Input | Number of levels of each factor [;
5 m I 1 Input | Number of factors m
6 ipt I* m2 Input | Factor numbers of factors to be confounded
(See Note (b)) Here, when ipn>0, m2=ipn,
and when ipn=0, the argument ipt should be
a dummy argument.
ipn I 1 Input | Number of factors to be confounded

ml Output | Mean of repetitions in combination of each

level Z.5. (See Note (a).) Here, ml =

ﬁlt[i— 1]

1 Output | Total mean z

(For the storage method of the analysis of
variance table, see Table 7—5 in note (c).)

11 wk m3 Work | Work area.

Here, m3 = H(lt[i —-1]+1)
i=1
12 ierr I 1 Output | Error indicator (Return Value)

10 v {D*} (2™+1)x5| Output | Analysis of variance table

(4) Restrictions
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(5) Error indicator (Return Value)

(a) Multi-way layout data having m factors Aj, Ag,---

ierr value Meaning Processing
0 Normal termination.
1000 1t[{] was specified for some ¢ (i = The absolute value maximum that can be
0,1,---,m—1). represented is set for items other than the
variation and degrees of freedom items of
the analysis of variance table.
3000 Any of restriction (a) to (e) was not Processing is aborted.
satisfied.
(6) Notes

, Ay, for which the number of repetitions in the

combination of each factor level is a fixed value n is represented using m + 1 subscripts as follows.
Lkj1ja-jm (k = 177”7Z = 177m;]1 = 177Z’L)

However, in this function, the multi-way layout data is represented using 2 subscripts as follows, and

that data is stored in array a as a real matrix (two-dimensional array type) (See Appendix A).
Thjyjo-jm 7 Thkp
Here, 3 is defined as follows.
m 1—1
f=j1+ Z(]z H Ik)
i=2 k=1
Similarly, the mean of the repetitions in the combination of each level, which is given by
j'.7‘1.7‘2"']‘7n (Z = 1’ T 7m7.77z = 1? e 711)
can be represented by one subscript as follows and stored in array y as a one-dimensional vector.
i"jle"'jm — .fﬁ
Here, 3 is defined as follows.

m i—1
f=j1+ Z(]z H Ik)
k=1

1=2

(b) The factors that are subject to an analysis of variance are numbered as follows.

e One-way layout

Factor number Factor
1 Total
2 Ay
3 Error
e Two-way layout
Factor number Factor
Total
2 Ay
3 A,
4 A x Ay
5 Error
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e Three-way layout

Factor number Factor
1 Total
2 Ay
3 Ay
4 A x Ag
5 As
6 A1 x As
7 Ay X As
8 Ay X Ay X Az
9 Error

e Four-way layout

Factor number Factor
1 Total
2 Ay
3 Ay
4 A x Ag
5 As
6 A1 x As
7 Ay X As
8 Ay X Ay X Az
9 Ay
10 Ay x Ay
11 Az X Ay
12 Al x Ay x Ay
13 Ag x Ay
14 Al x A3 x Ay
15 Ay X Az X Ay
16 Al X Ay x A3 X Ay
17 Error
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e Five-way layout

Factor number Factor
1 Total
2 Ay
3 Ay
4 A x Ay
5 As
6 A x As
7 Ay x Aj
8 Ay X Ay X Az
9 Ay
10 A1 x Ay
11 Az X Ay
12 Al x Ay x Ay
13 Ag x Ay
14 Al x A3 x Ay
15 Ay X Az X Ay
16 Al X Ay x Az x Ay
17 As
18 Ay X As
19 Ay X As
20 A1 X Ay X As
21 Az x As
22 Ay x Az x As
23 Ao X Ag x As
24 Ay X Ay X A3z x Ay
25 Ay X As
26 Ay X Ay X As
27 Ay x Ay X As
28 A1 x Ay x Ay x As
29 Az x Ay X As
30 Ay X A3 x Ay x As
31 Ay X Az X Ag X Ay
32 Al X Ay x A3 x Ay x Ag
33 Error
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e Six-way layout

Factor number Factor Factor number Factor
1 Total 34 Ay X Ag
2 Ay 35 Ao X Ag
3 Ao 36 Ay X Ay X Ag
4 A1 X Ay 37 As x Ag
5 Az 38 Ay X Az X Ag
6 Al X As 39 Ay X Az X Ag
7 Ay x Ag 40 Ay X Ay x Az X Ag
8 Al X Ay X A3 41 Ay x Ag
9 Ay 42 Al x Ay X Ag
10 Al x Ay 43 Ay x Ay X Ag
11 As x Ay 44 Al X Ay x Ay X Ag
12 Al X Ay X Ay 45 Az x Ay X Ag
13 Ag x Ay 46 Ay x Az x Ay X Ag
14 Al x A x Ay 47 Ay x As x Ay X Ag
15 Ay X Ag X Ay 48 Al X Ay X Az X Ay X Ag
16 Ay X Ay x A3z x Ay 49 As X Ag
17 As 50 Ay X A X Ag
18 Ay x As 51 Ay X As X Ag
19 Ay X As 52 Al X Ay X As X Ag
20 Ay X As x As 53 A3z X A X Ag
21 A3z x As 54 Al X A3z X A5 X Ag
22 Al x Ag X As 55 As X A3z X A5 X Ag
23 Ay x Az x As 56 Ay X Ay x Az x As X Ag
24 Ay X Ay x A3z X Ay 57 Ay X A X Ag
25 Ay x As 58 Ay X Ay x As X Ag
26 Al X Ay X As 59 As X Ay X As X Ag
27 Ay x Ay x As 60 Al x Ay x Ay x As x Ag
28 Ay X Ay X Ag X Ay 61 Az x Ay x Ag X Ag
29 Az x Ay X As 62 Al X Az X Ay X As X Ag
30 Ay X A3 x Ay x As 63 Ay X Az x Ay x As X Ag
31 Ay X Az x Ag X Ay 64 A1 X Ao X Az X Ay X A5 X Ag
32 Al X Ay x A3 x Ay x Asg 65 Error
33 Ag
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(¢) The analysis of variance table elements are stored as follows in the array v.

Table 7—5 Analysis of Variance Table Storage Status

Factor number | Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
1 v[0] vinl + 1] * * *
2 v[1] vinl + 1] v[2 X nl + 1] v[3 x nl +1] v[4 x nl +1]
3 v[2] vinl + 2] v[2 X nl + 2] v[3 x nl + 2] v[4 x nl + 2]
nl—1 v[nl — 2] v[2 x nl — 2] v[3 x nl — 2] v[4 x nl — 2] v[5 x nl — 2]
nl vinl — 1] v[2 x nl —1] v[3 x nl — 1] * v[5 x nl —1]

Here, n1 = 2™ 4+ 1. The absolute value maximum that can be represented is set for array elements
v[2 x nl + 1], v[3 x nl + 1], v[4 x nl1 4+ 1], and v[4 x nl — 1], which are elements for which there is
no corresponding analysis of variance table item. Also, when there are no repetitions, 0.0 is set for
the value of each item for the highest order interaction factor (factor number nl — 1). In addition, for
the error, 0.0 is set for the value of each item for the factors specified in array ipt, which are to be

confounded.
(7) Example

(a) Problem
Perform an analysis of variance for three-way layout data for which the number of levels for each factor
is 3 and the number of repetitions is 2. Assume that the transpose matrix X7 of the observation

matrix X is given as follows.
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(b)
()

[ 55 5.4
6.3 6.5
6.9 6.8
54 5.3
6.5 6.3
6.9 6.5
5.5 5.3
6.5 6.2
70 6.8
4.9 4.6
5.7 5.6
6.2 6.0
5.0 5.2
6.1 6.5
6.6 6.5
4.8 4.2
5.7 54
6.9 6.4
4.2 4.0
5.0 4.9
54 5.3
4.5 4.3
52 5.0
6.1 6.0
4.9 4.3
5.3 5.2

| 6.4 6.3 |

Input data

Observation matrix X, na=2, n=2, m=3, ipn=0, 1t[0]=3, 1t[1]=3 and 1t[2]=3.

Main program

/* C interface example for ASL_d4mwrf */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *a;
int na;

int n;

int *1t;
int m;

int *ipt;
int ipn;
double *y;
double x1;
double *v;
double *wk;
int ierr;
int i,ml,nv,m3;
FILE *fp;

fp = fopen( "d4mwrf.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;

printf( " *#x* ASL_d4mwrf ***\n" );
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printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%4d", &ipn );

printf( "\tna=%2d, =n=%2d, m=%2d, ipn=J2d\n", na, n, m, ipn );

1t = ( int * )malloc((size_t)( sizeof(int) * m ));
if( 1t == NULL )

printf( "no enough memory for array lt\n" );
return -1;

printf( "\n\tNumber of level of each factor\n\n" );
ml = 1;

B

m3 = 1;

nv = 1;
printf( "\t" );
{or( i=0 ; i<m ; i++)

fscanf( fp, "%d", &lt[i] );
printf( "j6d ",1t[i] );

ml *= 1t[i];
m3 *= 1t[i]+1;
nv *x= 2;

}
printf( "\n" );

nv += 1;
a = ( double * )malloc((size_t)( sizeof(double) * (na*ml) ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
) return -1;
y = ( double * )malloc((size_t)( sizeof(double) * ml ));
if( y == NULL )
{
printf( "no enough memory for array y\n" );
) return -1;
v = ( double * )malloc((size_t)( sizeof(double) * nv * 5 ));
%f( v == NULL )

printf( "no enough memory for array v\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * m3 ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
/* ArraE ipt is not used when ipn is equal to 0 */
ipt=NULL;

printf ( "\n\tObservations\n\n" );
printf( "\t 1st time in repetition\n" );
for( i=0 ; i<ml ; i++ )

%f( i%6 == 0 )
printf( "\n\t" );

}
fscanf( fp, "%1lf", &ali*nal );
printf( "%8.3g", ali*nal );

}
printf( "\n\n" );

printf( "\t 2nd time in repetition\n" );
for( i=0 ; i<ml ; i++ )

%f( i%6 == 0 )
printf( "\n\t" );

}
fscanf( fp, "Jlf", &al[l+i*nal );
printf( "%8.3g", all+i*nal );

}
printf( "\n" );
fclose( fp );

ierr = ASL_d4mwrf(a, na, n, 1lt, m, ipt, ipn, y, &x1, v, wk);
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printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\n\tMean over all levels = %8.3g\n", x1 );

printf( "\n\tMean for repetition\n" );
for( i=0 ; i<ml ; i++ )
if( i%5 == 0 )
printf( "\n\t" );

}
printf( "%8.3g", yl[il );

printf( "\n\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S. V.R. C.R.\n" );
printf( "\t -—- -— \n" );
printf( "\t Total %8.3g %8.3g\n", v[0],v[nv] );

%or( i=1 ; i<nv-1 ; i++)

printf( "\t %6d %8.3g %8.3g %8.3g %8.3g %8.3g\n",
i+1,v[i],v[nv+i] ,v[2*nv+i] ,v[3*nv+il ,v[4*nv+il);

printf( "\t Error ¥8.3g %8.3g %8.3g %8.3g\n",
v[nv-1],v[2*nv-1],v[3*nv-1],v[6*nv-1]) ;

free( a );

free( 1t );

free( y );

free( v );

free( wk );

return O;

}
(d) Output results

*xx ASL_d4mwrf ***
** Input **
na= 2, n=2, m=3, ipn=0
Number of level of each factor
3 3 3
Observations

1st time in repetition

5.5 6.3 6.9 5.4 6.5
6.9 5.5 6.5 7 4.9
5.7 6.2 5 6.1 6.6
4.8 5.7 6.9 4.2 5
5.4 4.5 5.2 6.1 4.9
5.3 6.4
2nd time in repetition
5.4 6.5 6.8 5.3 6.3
6.5 5.3 6.2 6.8 4.6
5.6 6 5.2 6.5 6.5
4.2 5.4 6.4 4 4.9
5.3 4.3 5 6 4.3
5.2 6.3
*% Output *x*
ierr = 0
Mean over all levels = 5.67
Mean for repetition
5.45 6.4 6.85 5.35 6.4
6.7 5.4 6.35 6.9 4.75
5.65 6.1 5.1 6.3 6.55
4.5 5.55 6.65 4.1 4.95
5.35 4.4 5.1 6.05 4.6
5.25 6.35
Analysis of variance table
Factor S.S. D.F. M.S. V.R. C.R.
Total 36.1 53
2 21.6 2 10.8 289 0.596
3 0.703 2 0.351 9.39 0.0174
4 0.513 4 0.128 3.43 0.0101
5 10.4 2 5.18 138 0.285
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6 0.314
7 1.25
8 0.356
Error 1.01

2

NI FNEN

0.0785

0.313
0.0445
0.0374

2.1 0.00456
8.37  0.0305
1.19 0.00157

0.0549
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7.4.2 ASL_d4mwrm, ASL_r4mwrm
Multiple-Way Layout Analysis of Variance (With Missing Values)

(1) Function

For m factors Ay, As,- -, Ay, (where m is at most 6) consisting of 11, ls, - - -, I, levels respectively and multi-
way layout data xj, j,...5,, (i = 1,---,m; j; = 1,---,1;) for which there are no repetitions in the combinations
of levels of each factor and no data has been obtained for combinations of ng combinations of levels, the
ASL_d4mwrm or ASL_rdmwrm performs an analysis of variance. At this time, specified interactions can be
confounded. The data values of the combinations of levels for which no data has been obtained are called
missing values, and estimates are substituted for the missing values in the calculations of each statistic.
For the explanations below, the operations ¥; and A; for factor A; are defined as follows.

li li
E .- E
ji=1 ji=1

>

The total mean over all levels is defined by the following equation.

Total mean:

1 n
T=——X1X XN, E Thijrjo-jim
k=1

i1
i=1

Also, the analysis of variance results are defined by the following equations.

Variation:

e Total variation

n

ST — 2122 cee Em Z(ij1j2...jm — f)Q
k=1

e Variation of factor A;

1
Sa, = ——Zi(Z1%2 - Bin1A i1 Do)
LT
j=1
e Variation of the interaction A;; x A;, x --- x A;_ of s(s < m) factors A;,, Aiy, -+, Ai..

n

SAilei2><~~~><A 3

(ITe)-(JTw)
k=1 k

=1
X Ei1zi2"'Eis(zl"'Eil—lAilzil-‘rl"'
Bi 185,041 B 1A, T 1 By g )

is

However, the variation of the highest order interaction A; X Ag X - -+ X Ayy,.

e FError variation
Sg = Sr — (Sum of variations of each factor)

— (Sum of variations of interactions other than the highest order interaction

[A1><A2><---><Am])

439



ASL_d4mwrm, ASL_rdmwrm
Multiple-Way Layout Analysis of Variance (With Missing Values)

Degrees of freedom:

e Degrees of freedom of total variation

ng:nﬁlifnsfl

i=1

e Degrees of freedom of factor A; variation
pa=1li—1

e Degrees of freedom of variation of the interaction A;, x A;, x --- x A,

S

PAi, x Asyx-x A, = H(lik -1)

k=1

e Degrees of freedom of error variation

¢ = ¢r — (Sum of degrees of freedom of variations of each factor)
—  (Sum of degrees of freedom of variations of interactions other than the highest

order interaction -ny)
Unbiased variance:

e Unbiased variance of factor A; variation

Sa.
Vo = —
A A,

e Unbiased variance of variation of the interaction A4;, x A;, x --- x A;,

Vv o SAi1><Ai2><"'><AiS
iy X Ay XX Ay, = T

e ¢Ai1><Ai2><---><A

However, the unbiased variance of the variation of the highest order interaction is not defined.
e Unbiased variance of error variation
¢

Variance ratio:

Ve

e Variance ratio for unbiased variance of factor A; variation

e Variance ratio for unbiased variance of variation of the interaction A;, x A4;, x --- x A;,

Fa i snn = VA xAiy xx A,
T
11 2 13 VE

However, the variance ratio of the variation of the highest order interaction is not defined.
Contribution ratio:

e Contribution ratio of factor A; variation

_ SAi 7¢Ai Vi

Py,
A Sy
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e Contribution ratio of variation of the interaction A4;, x A;, x --- X A;,

P S X Ay X Ay, T PA XAy xx Ay, VE
AiIXAigx“'XAiS - ST

However, the contribution ratio of the variation of the highest order interaction is not defined.

o Contribution ratio of error variation
Pr = ¢ — (Sum of contribution ratios of variations of each factor)
—  (Sum of contribution ratios of variations of interactions other than the highest
order interaction)
Missing value estimates:

The missing value estimates are determined so that the error variation Sg is minimized. To obtain estimates

that will minimize Sg, you should solve the following equation with the missing values

Tsysg...sm ((S1,82,...,8m) €5)

as unknowns.
0SE

8xst

=0 ((s,t) € 9)

Here, S is assumed to be the set of combinations of levels for which missing values occurred. Since Sg is
a quadratic equation, this equation is a set of n, simultaneous linear equations with the missing values as
unknowns.

For example, for the following three-way layout data in which there are three levels of each of the factors
A, B, and C and z132 and x322 are missing values,

11 12 10

Xi=1|11 10 12 Factor A level 1 data
L 12 T132 13
(11 11 12

Xo=1| 13 14 11 Factor A level 2 data
9 10 12
10 12 11

Xs=1] 10 x390 12 Factor A level 3 data
12 8 11

the error variation is as follows.

Sg = St —58a—Sp—5c—SaxB — Spxc —Scxa
= 69714 — 5400x132 — 57241392 + 216$%32 + 2162390 + 1082132392

Differentiating this with respect to z132 and x322 produces the following simultaneous linear equations.

a8

B 5400 4 4322139 + 1082390 = 0
0%132
a8

E o o 5724 1 1083135 + 4322309 = 0
0x322

Solving these simultaneous linear equations yields the missing value estimates z130 = 9.8 and w322 = 10.8.
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(2) Usage
Double precision:

ierr = ASL_d4mwrm (a, lt, m, ist, isn, ipt, ipn, &x1, v, iwk, wk);

Single precision:

ierr = ASL rdmwrm (a, 1t, m, ist, isn, ipt, ipn, &x1, v, iwk, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ ml Input | Observed values (z3) . (See Note (a).)
{R*} Here ml = Hlt[i —1)
i=1
Output | Observed values (z3). However, estimates
are stored in the elements corresponding to
missing values.
2 It I* m Input | Number of levels of each factor I;
3 m I 1 Input | Number of factors m
4 ist I* isnxm Input | Information about combinations of levels for
which missing values occurred (See Note (b))
5 isn I 1 Input | Number of missing values ng
ipt I* m2 Input | Number of factors to be confounded (See
Note (c¢)) However, when ipn > 0, m2 = ipn,
and when ipn = 0, the argument ipt should
be a dummy argument.
7 ipn I 1 Input | Number of factors to be confounded
8 x1 Dx 1 Output | Total mean z
v}
9 v D« (2™+1)x5| Output | Analysis of variance table
{R*} (For the storage method of the analysis of
variance table, see Table 7—6 in Note (c).)
10 iwk I* m3 Work | Work area. m3 = H Itfi — 1] +isn
i=1
11 wk Dx m4 Work | Work area. m4 = H(lt[i — 1]+ 1) +isn® +
B ol
2xisn+1
12 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 1<m<6

(b) It[i] >1 (i=1,---,m)

(c) 0<ipn<2™—2

(d) 2 <iptfi] <2m™—1 (i=0,---,m—1)

(e) 1<isn <L, (It[i—1] —1)

(f) 1 <ist[i +j*isn] <lt[j] (¢=0,1,---,isn—1;45=0,1,---,m—1)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
2000 Estimates of missing values could not be The missing value data is replaced by the
calculated. mean of the non-missing value data, and

processing continues.

3000 Any of restrictions (a) to (f) was not Processing is aborted.
satisfied.
(6) Notes
a) Multi-way layout data with no repetitions and having m factors Aj, A, -+, A, is represented usin
y 1a] g g

m subscripts as follows.
Ljrja-jm (Z = ]-a ceeymygi =100 ll)

However, in this function, the multi-way layout data is represented using one subscripts as follows, and

that data is stored in array a as a real vector (one-dimensional array).
Lj1joejm — LB
Here, [ is defined as follows.
m i—1
=i+ Z(]z H Ik)
i=2 k=1

(b) The combinations of levels of the i-th missing value (j1,j2, -, jm) are represented as a single integer
B according to the method described in Note (a), and that value is stored in ist[i — 1]).

(¢) The factors that are subject to an analysis of variance are numbered as follows.

e One-way layout

Factor number Factor
1 Total
2 Error

e Two-way layout

Factor number Factor
1 Total
2 Ay
3 A
4 Error
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e Three-way layout

Factor number Factor
1 Total
2 Ay
3 Ay
4 A x Ay
5 As
6 A x As
7 Ay x Aj
8 Error

e Four-way layout

Factor number Factor
1 Total
2 Aq
3 Ao
4 A x Ay
5 As
6 A x As
7 Ay x Ag
8 A1 X Ay X Az
9 Ay
10 Ay x Ay
11 As x Ay
12 A x Ay X Ay
13 Az X Ay
14 Al x A3 x Ay
15 Ay x Az X Ay
16 Error
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e Five-way layout

Factor number Factor
1 Total
2 Ay
3 Ay
4 A x Ag
5 As
6 A1 x As
7 Ay X As
8 Ay x Ay x Az
9 Ay
10 Ay x Ay
11 Ay X Ay
12 Ay x Ay x Ay
13 Az x Ay
14 Al x A3 x Ay
15 Ay x A3 x Ay
16 Al X Ay x A3 X Ay
17 As
18 Ay X As
19 Ag x As
20 A1 X Ay X As
21 Az x As
22 A x A3 x As
23 Ao X Ag x As
24 A X Ay x Az x As
25 Ay X As
26 Ay x Ay x As
27 Ay x Ay X As
28 A X Ay x Ay X As
29 Az x Ay x As
30 Al x A3 x Ay X As
31 Ao x Ag x Ay X As
32 Error

445



ASL_d4mwrm, ASL_rdmwrm
Multiple-Way Layout Analysis of Variance (With Missing Values)

e Six-way layout

Factor Factor Factor Factor

number number
1 Total 33 A1 x Ag
2 Ay 34 Ay X Ag
3 As 35 Ay X Ag
4 A x Ay 36 A1 x Ay x Ag
5 As 37 A3 X Ag
6 A x As 38 A x Az x Ag
7 Ay x Ag 39 Ay X Ag X Ag
8 A x Ay X Asg 40 A X Ay x Az X Ag
9 Ay 41 Ay x Ag
10 Al X Ay 42 Al x Ay X Ag
11 Ag x Ay 43 Ay x Ay X Ag
12 A x Ay X Ay 44 Al X Ay x Ay X Ag
13 Az x Ay 45 Az x Ay x Ag
14 Al x A3 x Ay 46 Al x As x Ay X Ag
15 Ay x A3 x Ay 47 Ao x Ag x Ay X Ag
16 Al X Ay x Az x Ay 48 A1 X Ay x A3Ay X Ag
17 As 49 As x Ag
18 Aq X As 50 A x As x Ag
19 Ay X As 51 Ay X A X Ag
20 A x Ay x Ag 52 A X Ay x Ag X Ag
21 Az x As 53 A3z X A5 x Ag
22 A x A3 x Ag 54 A1 x A3 x Ag x Ag
23 Ao X Ag x As 55 Ay X Az x As X Ag
24 A1 X Ay x Az x As 56 A X Ay x A3z x As x Ag
25 Ay x As 57 Ay X As X Ag
26 Al x Ay X As 58 Al X Ay x As X Ag
27 Ay x Ay x Ag 59 Ao x Ay x Ag X Ag
28 Al X Ay x Ay x Ay 60 Al x Ay x Ay X As x Ag
29 Az x Ay x As 61 Az x Ay x Ag X Ag
30 Ay X A3 x Ay x As 62 Al x As x Ay x As x Ag
31 Ag x A3 x Ay X As 63 Ao x A3 x Ay x As X Ag
32 Al x Ay x A3 x Ay x Ag 64 Error
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(d) The analysis of variance table elements are stored as follows in the array v.

Table 7—6 Analysis of Variance Table Storage Status

Factor number | Variation | Degrees of freedom | Unbiased variance | Variance ratio | Contribution ratio
1 v[0] vinl + 1] * * *
2 v[1] vinl + 1] v[2 X nl + 1] v[3 x nl + 1] v[4 x nl +1]
3 v[2] vinl + 2] v[2 X nl + 2] v[3 x nl + 2] v[4 x nl + 2]
nl—1 v[nl — 2] v[2 X nl — 2] v[3 x nl — 2] v[4 x nl — 2] v[5 x nl — 2]
nl vinl — 1] v[2 x nl — 1] v[3 x nl — 1] * v[5 x nl —1]

Here, n1 = 2™.
v[2 x nl + 1], v[3 x n1 + 1], v[4 x n1 4+ 1] and v[4 x nl — 1], which are elements for which there is no

corresponding analysis of variance table item. In addition, for the error, 0.0 is set for the value of each

The absolute value maximum that can be represented is set for array elements

item for the factors specified in array ipt, which are to be confounded.
(7) Example

(a) Problem
Perform an analysis of variance for three-way layout data having no repetitions and for which the
number of levels for each factor is 3. However, the observation value vector X = x5 is given as follows,

where the * portions are missing values.
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[ 13
21
*
18
29
40
23
37
51
21
*
47
27
44
61
*
o4
75
29
47
65
36
59
82
43
71
99

(b) Input data
Observation matrix X, na=2, n=2, m=3, ipn=0, isn=3, 1t[0]=3, 1t[1]=3, 1t[2]=3, ist[0]=1, ist[3]=3,
ist[6]=2, ist[1]=2, ist[4]=1, ist[7]=2, ist[2]=3, ist[5]=1 and ist[8]=L.

(¢) Main program

/* C interface example for ASL_d4mwrm */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *a;
int *1t;
int m;

int *ipt;
int ipn;
int *ist;
int isn;
double x1;
double *v;
double *wk;
int *iwk;
int ierr;
int i,j,ml,nv,m3,iwkl,iwk2;
FILE x*fp;

fp = fopen( "d4mwrm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
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printf( " *#x* ASL_d4mwrm ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &m );
printf( "\tm=%6d\n", m );

1t = ( int * )malloc((size_t)( sizeof(int) * m ));
if( 1t == NULL )

printf( "no enough memory for array lt\n" );
return -1;

printf( "\n\tNumber of level of each factor\n\n" );
ml = 1;

s

m3 = 1;

nv = 1;

printf( "\t" );

%or( i=0 ; i<m ; i++)
fscanf( fp, "%d", &lt[i] );
printf( "%6d ",1t[i] );

ml *= 1t[i];
m3 *= 1t[i]+1;
nv k= 2;

}
printf( "\n" );

fscanf( fp, "%d", &ipn );
printf( "\n\tipn=%6d\n\n", ipn );

fscanf( fp, "%d", &isn );
printf( "\tisn=%6d\n\n", isn );

ist = ( int * )malloc((size_t) ( sizeof(int) * (isn*m) ));
if( ist == NULL )

printf( "no enough memory for array ist\n" );
return -1;

printf( "\tMissed values\n\n");
for( i=0 ; i<isn ; i++){
printf( "\t a(" );
for( j=0 ; j<m-1 ; j++){
fscanf( fp, "%d", &ist[i+j*isn] );
printf( "%6d,",ist[i+j*isn] );

3
fscanf( fp, "%d", &istl[i+(m-1)*isn] );
printf( "%6d)\n",ist[i+(m-1)*isn] );

}
a = ( double * )malloc((size_t) ( sizeof (double) * ml ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
}
v = ( double * )malloc((size_t) ( sizeof(double) * nv * 5 ));
%f( v == NULL )

printf( "no enough memory for array v\n" );
return -1;

iwk = ( int * )malloc((size_t) ( sizeof(int) * (ml+isn)));
if ( iwk == NULL )

printf( "no enough memory for array iwk\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (m3+isn*isn+2*isn)));

if ( wk == NULL )
printf( "no enough memory for array wk\n" );
return -1;
/* Array ipt is not used when ipn is equal to O */
ipt=NULL;

printf( "\n\tObservations\n\n" );
for( i=0 ; i<ml ; i++ )

if( i%5 == 0 )
printf( "\n\t" );
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fscanf( fp, "J1lf", &alil );
printf( "%8.3g", alil );

}

printf( "\n\n" );

fclose( fp );

ierr = ASL_d4mwrm(a, 1t, m, ist, isn, ipt, ipn, &x1, v, iwk, wk);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tEstimated missed values\n\n");
for( i=0 ; i<isn ; i++){
printf( "\t a(" );
iwkl = 0;
iwk2 = 1;
for( j=0 ; j<m-1 ; j++){
printf( "%6d,",ist[i+j*isn] );
iwkl += (ist[i+j*isn]-1)*iwk2;
iwk2 *= 1t[j];

%rintf( "%6d) = ",ist[i+(m-1)*isn] );
iwkl += (ist[i+j*isn]-1)*iwk2;
iwk2 *= 1t[§];
printf( "%8.3g\n", aliwki] );
}

printf( "\n\tMean over all levels = %8.3g\n", x1 );

printf( "\n\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S. V.R. C.R.\n" );
printf( "\t e \n" );
printf( "\t Total ¥%8.3g %8.3g\n", v[0],v[nv] );

for( i=1 ; i<nv-1 ; i++)

printf( "\t %6d %8.3g %8.3g %8.3g %8.3g %8.3g\n",
i+1,v[i],v[nv+i],v[2*nv+i] ,v[3*nv+il ,v[4*nv+il);

printf( "\t Error %8.3g %8.3g %8.3g %8.3g\n",
v[nv-1],v[2*nv-1] ,v[3*nv-1],v[5*nv-1]);

free( 1t );
free( ist );
free( a );
free( v );
free( iwk );
free( wk );

return O;

}
(d) Output results

sk ASL_d4mwrm kkk
** Input *x*
m= 3
Number of level of each factor
3 3 3
ipn= 0
isn= 3

Missed values

a( 1, 3, 2)
a( 2, 1, 2)
a( 3, 1, 1)
Observations
13 21 1 18 29
40 23 37 51 21
1 a7 27 44 61
1 54 75 29 47
65 36 59 82 43
71 99

** Qutput **
ierr = 0

Estimated missed values
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a( 1, 3, 2) = 32.3
a( 2, 1, 2) = 35.1
a( 3, 1, 1) = 25.3
Mean over all levels = 43.9
Analysis of variance table
Factor S.S. D.F. M.S. V.R. C.R.
Total 1.19e+04 23
2 5.1e+03 2 2.55e+03 3e+03 0.43
3 1.84e+03 2 919 1.08e+03 0.155
4 231 4 57.8 68 0.0192
5 4.16e+03 2 2.08e+03 2.45e+03 0.351
6 479 4 120 141 0.0402
7 36.3 4 9.08 10.7 0.00278
Error 4.25 5 0.85 0.00165
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7.5 CUMULATIVE METHOD

7.5.1 ASL_d4mu01, ASL_r4mu01
Analysis of Variance Using the Cumulative Method

(1) Function
The ASL_d4mu01 or ASL_r4dmu0O1 performs an analysis of variance using the cumulative method for data
for which the number of repetitions is fixed and the number of factors is at most 3. The number of decision
makers is assumed to be r people, and the decision is assumed to be made in d steps. Although the
explanation presented below takes as an example the case when the number of factors is 3, one- and two-
way layouts can also be handled by setting the number of levels of unused factors to 1.

Let the input data be represented as follows

i 1,---,m, ; Factor A
7 = 1,---,mp ; Factor B
xgjs,)d E = 1,---,m. ; Factor C
[l = 1,---,r ; Decision maker R
s 1,---,n ; Number of repetitions

and let it take integer values from 1 to d. mg, mp and m. are the number of levels in factors A, B, and
C, respectively, and r is the number of decision makers. In the explanations below, unless explicitly stated
otherwise, summations by the > symbol and their weights W, (m =1,---,d — 1) are defined as follows for

subscripts such as ¢, j, k, [ and s.

s@m _ [ 1 (When a3, <m)
ikl 0 (otherwise)
22222 Sui
P, =
Mg - Mp M7+ N
1
Wy = -
P,(1—Py)

The correction factor CF' is defined as follows.

&

-1

_ 1 s
oF = 2 EE L X ()

1

3
Il

Also, the analysis of variance table consists of the following elements.

e Sum of squares

- EEET
- LYY

- EYE
- Yy
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SiB,

SiCa

(m)
SBO,

Sitha

m)

m)
S(CRM

(m)
SABC,,

St

Sa
Sp
Sc
Sap
Spc
Sac
Sk
Sar
SBr
Scr

Sapc

PBIL
ZZZ%W
ZZZ%W
ZZZ%@
ZZZ%@
ZZZ%@
ZZ%@

(Z—l7~.~,ma;j:17~.~,mb;l{j:17...,mc)
(l:]w,'r',m:]_’,dfl)
Mg -mp-Mme-1r-n-(d—1)
1 S (m)
)2 Wy, — CF
mm”n;;w>w c
1 S (m)
"2 W, — CF
Mg - M+ T nmzlzj:(SBj)W C
1 d—1 -
. m)\2 B
ma-mb-%nm:l;(SCk ) W — CF
d—1
— SN (S )2 W — CF — Sa— S
mc~7’.nm:1 - - AB;j
d—1
: ZZZ(S(W) )>W,, — CF — S — S¢:
Mg TN - AB m
m=1 j k
d—1
1 ZZ(s(m) V2W,, — CF — Sa — Sc
mp - 1en S AB
1 S (m)
Mg - Mp * Me nm:1;<st ) Wiy — CF
d—1
mp - Me N o= == ARy
1 d—1 (
m 2 _ B _
M - Me n;;;(%ﬁa )Wy, —CF — Sp — Sk
1 d—1 o
) VW, —CF — S¢ —
d—1
1 SN SN (S, )2 Wi — CF — Sa — Sp — Sc — Sap
.’f‘-’nm 15 J . ijk
—Sac — Spc
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S = S7r—8Sa4a—-S—Sc—Sap—Sac—SBc—Sr—S4ar — SBR
—Scr — SaBc

e Degrees of freedom

dr = (mg-mp-me-r-n—1)(d-1)
pa = (ma—1)(d—1)
¢ = (mp—1)(d—1)
pc = (me—1)(d-1)

¢ap = (ma—1)(my—1)(d—1)

¢opc = (mp—1)(me—1)(d—1)

pac = (ma—1)(mec—1)(d—-1)
or = (r—1)(d—1)

¢ar = (ma—1)(r—1)(d—1)

¢pr = (mp—1)(r—1)(d-1)

¢cr = (me—1)(r—1)(d-1)

papc = (mq—1)(mp —1)(me—1)(d—1)

Y = ¢r— A — OB —dc — PaB — PBC — PaCc — PR — QAR — PBR
—¢cr — PABC

e Unbiased variance

b= o
T
- s
VAB:%
VBC:‘Z;%E
VAC:Z:%
P,
VAR:‘Z:%
VBR:%
ch%Z%
e = 2
P
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e Variance ratio

Fap = %
Fpe = VVLEC
Fac = %
Far = Vvi;
Fpr = VVLI;
Fer = VVL};
Fapce = V;ZC

e Contribution ratio

_ Sa—¢a-Vg
pa = 75&
~ Sp—9¢-VE
PR T e
_ Sc—¢c-Vi
o = g
_ Sap—¢a- Vg
T
_ Spc—¢Bc Vi
peC = o
T
_ Sac —dac- Ve
T
~ SrR—¢r"'VE
PR = 75%
~ Sar—¢ar- Ve
T
_ Spr—¢BR"VE
PBR - S—
T
~ Scr—¢cr-VE
T

Sapc — ¢aBc - Ve
PABC =
St

The contribution ratio is calculated only when a significance of 5% or 1% is obtained by an F test.
Otherwise, 0.0 is set.
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The density frequency is defined as follows.

s)(m
51_§kl )

T 1

Tija

T

T

Tijk‘

Tijki

1 When wgrlg =m
0 otherwise

ZZZZZ%W)
TrT L
ZZZZ%W
ZZZZ%W
ZZZ%W
ZZZMZ
IPIPILIHE

4 k m=1

DD W
j m

) SPILIL

J k m=1

Z;Zléz]kl

) IPILTHL

i j m=l1

ISP

k m=1

SPII

i m=1

3 s
j m=1
>3 s
I m=1

> g™

m=1
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The predicted frequency of each level of each factor is defined as follows.

_ s
Agm) _ — A;
A
m=1
(m)
am _ B
J mp _(m)
> B
m=1

_ S(m)

C}gm) — o Ck
S
m=1

s)(m
Z §§jkl )
T(m) _ ijkls

Mg - Mp - Me TN

The cumulative predicted frequency ﬂgﬂ) is defined as follows.
) (5 ) ()
Agm) Bj(m) C—,]im)

(o 1
AW o= — L n=1,d-1)

Qm =

ijk

. (d
/‘Ejl)c = 1

The predicted frequency ‘3‘1(';7@) is defined as follows.

A (1)

Qi = Mk

~(m ~(m ~(m—1

az('jk) = Mz('jk) - N’Ejk ) (m=2,---,d)
(2) Usage

Double precision:
ierr = ASL_d4mu01 (ia, id, v, ix, nx, &nte, nt, f, tx, om, ma, am, al, mt, p, g);
Single precision:
ierr = ASL_rdmu01 (ia, id, v, ix, nx, &nte, nt, {, tx, om, ma, am, al, mt, p, g);
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEtment ai Type Size nput/ Contents
Return Value Output
1 ia I* ml Input | Input data acf;,)cl (See Note (a))
4
Here, m1 = Hid[i]
i=0
2 id I* 6 Input | Number of levels of each factor, number of
decision makers, number of repetitions, and
number of steps (See Note (b))
3 v Dx m2 Output | Analysis of variance table
R+ (For the storage method of the analysis of
variance table, see Tables 7—7, 7—8 and 7—9
in note (c).) Here, m2 is 28 when the number
of factors is 1, 46 when the number of factors
is 2, and 74 when the number of factors is 3.
4 ix I* nxxid[5] | Output | Density frequency table (See Note (e))
5 nx I 1 Input | Adjustable dimension of arrays ix and nt
6 ntc I* 1 Output | Size of density frequency table
7 nt I* nx x4 Output | Frequency density table numbers (See Note
(©)
8 f Dx 3x9xid[5]| Output | Frequency in each step of each level /_ll(-m),
p(m)  A(m)
R+ B, Cy
9 tx D« id[5) Output | 7™
R«
10 om Dx maxid[5] | Output QE;,? (See Note (f))
R«
11 ma I 1 Input | Adjustable dimension of arrays om, am, al
and mt
12 am D+ maxid[5] | Output | Predicted cumulative frequency ﬂgﬂ) (See
R Note (f))
13 al D« maxid[5] | Output | Predicted frequency dl(-;?(See Note (f))
R«
14 mt I* max3 Output QE;,?, ﬂg;}c) or @1(';1? numbers (See Note (f))
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No. | e | Type | s | (P Contents
15 p D« id[5) Output | P,
()
16 g Dx id[5] Output | Weight W,
i
17 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 2 < id[0] < 9
(b) 1<idij <9 (i=1,2)
(¢) 1<id[3] €100
(d) 1<id4] <5
(e) 1 <id[p] <11
() x> (d@Bl+1)x  J[  Gdil+1)

)mzﬂmq

(h) If the number of factors of the input data is 2, id[2] = 1. If the number of factors of the input data is

1, id[1] =id[2] = 1
(n1gmmgm®
(i JTidb -1

=0

0,1,

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Any of restriction (a) to (g) was not Processing is aborted.
satisfied.
3010 Restriction (h) was not satisfied.
3020 Restriction (i) was not satisfied.
(6) Notes

(s
(a) The input data z;; ,)d
(s)

lala] =
a = i—1+(—1)x1id[0]
+(k — 1) xid[0] x id[1]

(1 — 1) % id[0] x id[1] x id[2]

is stored in array ia as follows.

+(s—1) x id[0] x id[1] x id[2] x id[3]

That is, the input data is stored so that the subscripts vary in the order of ¢, j, k and [.
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(b) Information related to the input data 955;1)@1 is stored in array id as follows.

id[0] Number of levels of factor A m,
id[1] Number of levels of factor B m;
id[2] : Number of levels of factor C m,
id[3] Number of decision makers r
id[4] : Number of repetitions n

id[5] : Number of steps d

If the number of factors is 2, the number of levels of factor C should be set to 1. If the number of
factors is 1, the number of levels of factor B and the number of levels of factor C should be set to 1.

(¢) The analysis of variance table elements are stored as follows in the array v.
e Number of factors =1

Table 7—7 Analysis of Variance Table Storage Status (Number of Factors = 1)

Factor Sum of | Degrees of | Unbiased Variance Contribution| F test
squares freedom variance ratio ratio result

T v[0] v[6]

A v[1] v[7] v[12] v[17] v[20] v[25]

R v[2] v[8] v[13] v[18] v[21] v[26]

AR v[3] v[9] v[14] v[19] v[22] v[27]

E v[4] v[10] v[15] v[23]

(E) v[5] v[11] v[16] v[24]

e Number of factors = 2

Table 7—8 Analysis of Variance Table Storage Status (Number of Factors = 2)

Factor Sum of | Degrees of | Unbiased Variance Contribution| F test
squares freedom variance ratio ratio result
T v[0] v[9]
A v[1] v[10] v[18] v[26] v[32] v[40]
B v[2] v[11] v[19] v[27] v[33] v[41]
R v[3] v[12] v[20] v[28] v[34] v[42]
AB v[4] v[13] v[21] v[29] v[35] v[43]
AR v[5] v[14] v[22] v[30] v[36] v[44]
BR v[6] v[15] v[23] v[31] v[37] v[45]
E v[7] v[16] v[24] v[38]
(E) v[8] v[17] v[25] v[39]

e Number of factors = 3

(d) The value of an F' test result term of array v is set to 1.0 if the test result is a 1% significance, and it

is set to 5.0 if the test result is a 5% significance. Otherwise, it is set to 0.0.

(e) The method of storing the density frequency table in array ix is explained below by taking as an example

the case when the number of factors is 3. First, the following subscripts are provided corresponding to

the subscripts 4, j, k and [ of density frequency Ti(;}zl).

i = 0,1,2,,ma

j/ = 071727"'7mb

460



ASL_d4mu01, ASL_r4mu01
Analysis of Variance Using the Cumulative Method

Table 7—9 Analysis of Variance Table Storage Status (Number of Factors = 3)

Factor Sum of | Degrees of | Unbiased Variance Contribution F test
squares freedom variance ratio ratio result

T v[0] v[12]
A v[1] v[13] v[26] v[39] v[50] v[63]
B v[2] v[14] v[27] v[40] v[51] v[64]
C v[3] v[15] v[28] v[41] v[52] v[65]
R v[4] v[16] v[29] v[42] v[53] v[66]
AB v[4] v[17] v[30] v[43] v[54] v[67]
AC v[5] v[18] v[31] v[44] v[55] v[68]
AR v[6] v[19] v[32] v[45] v[56] v[69]
BC v[7] v[20] v[33] v[46] v[57] v[70]
BR v[7] v[21] v[34] v[47] v[58] v[71]
CR v[g] v[22] v[35] v[48] v[59] v[72]
ABC v[9] v[23] v[36] v[49] v[60] v[73]
E v[10] v[24] v[37] v[61]
(E) v[11] v[25] v[3§] v[62]

K o= 0,1,2,---,me

! = 0,1,2,---,r

Then, D( ,)k, , is defined as follows.
When none of 7/, 7/, k' and I’ is 0 :

m m
Dg/j’)k/l/ - Ti(/j/zc/l/

When any of i/, 5/, k' and I’ is 0 :
Dy jrrpr is defined as the summation of T(,nﬁf?c/ ;+ for the subscript or subscripts that are 0. For example,

when j' =0 and ¢', ¥’ and !’ are not 0, D( ,)k,l, is defined as follows.

(m) (m) __ (m)
D,L'/j/k/l/ - ZT/L Jk/l/ - Ti/'k/l/
J

Or, when i/ = k' = 0 and j' and I’ are not 0, D(, /)k,l, is defined as follows.
S I
The density frequency table and these numbers are stored as follows in arrays ix and nt.
ix[8+ (m—1) x nd] = z(’J’)k’l’
e
nt[8 + nz] = 5’
nt[8 + 2 x nz] =k’
nt[B+3 x nz] =1
B =104k xid[3] +j' xid[2] x id[3] + i’ x id[1] x id[2] x id[3]

That is, the subscripts of Ty /471y vary in the order of I/, &/, j” and ¢’ according to the variation of array
subscript 5. However, if the number of factors is 2, the values of nt[8 + 2 X nx] are set to 0, and if the

number of factors is 1, the values of nt[8 + nx| and nt[S + 2 x nx] are set to 0.
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(f)

(m) -~ (m)

Qijk s Bk s and d(h,?

ij and the numbers corresponding to them are stored as follows in arrays om, am,

al and mt.

om[3 + (m — 1) x ma] = Qf;’,?

am(B + (m — 1) x ma] = 17}
all + (m — 1) x ma] = a7y
mt[] = i

mt[f + ma] = j

mt[8 + 2 x ma] = k
B=k+jxid2] +i x id[1] x id[2]

That is, the subscripts of QZ(.;’Z), ﬂgﬂ), and ‘3‘1(';7@) vary in the order of k, j and i according to the variation

of array subscript 8. However, if the number of factors is 2, the values of mt[5 + 2 X ma] are set to 0,

and if the number of factors is 1, the values of mt[8 + ma] and mt[8 + 2 x ma] are set to 0.

(7) Example

(a)

Problem
Perform an analysis of variance according to the cumulative method for the following observation data

for which the number of factors is 2.

X = {2,3,3,1,2,3,2,3,2,1,2,2,2,3,2,1,1,3,2, 3,
3,1,3,3,2,3,2,1,3,2,2,3,3,1,2,3,3,2,3,2,
3,2,3,2,3,1,2,1,3,1,3,1,2,3,1,2,3,1, 3,3,
2,3,3,2,3,2,1,3,2,2,2,3}

Assume that the number of levels of factor A is 3, the number of levels of factor B is 2, the number of

decision makers is 6, the number of repetitions is 2 and that the decisions are made in 3 steps.

Input data
Observed data X, nx==84, ma=6,
id[0]=3, id[1]=2, id[2]=1, id[3]=6, id[4]=2 and id[5]=3.

Main program

/* C interface example for ASL_d4muOl */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int *ia, id[6];
double *v;

int *ix;

int nx, ntc;

int *nt;

double *f, *tx, *om;
int ma;

double *am, *al;
int *mt;

double *p, *g;
int ierr;

int i,j,ml,m2;
FILE *fp;

fp = fopen( "d4muO1.dat", "r" );
if( fp == NULL )
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printf( "file open error\n" );

return -1;
printf( " #x% ASL_d4muO1 =**\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &nx );
fscanf( fp, "%d", &ma );

for( i=0 ; i<6 ; i++ )

fscanf( fp, "%d", &id[i] );

}

printf( "\tNumber of A (id[0]) = %3d\n" , id[0] );
printf( "\tNumber of B (id[1]) = %3d\n" , id[1] );
printf( "\tNumber of C (id[2]) = %3d\n" , id[2] );
printf( "\tNumber of persons (id[3]) = %3d\n" , id[3] );
printf( "\tNumber of iterations(id[4]) = %3d\n" , id[4] );
printf( "\tNumber of steps (id[5]) = %3d\n\n" , id[5] );

ml id[0]*id[1]*id [2]*id[3]*id [4];
ia ( int * )malloc((size_t)( sizeof(int) * ml ));
if ( ia == NULL )

printf( "no enough memory for array ia\n" );
return -1;

(-]

v = ( double * )malloc((size_t) ( sizeof(double) * 46 ));
%f( v == NULL )

printf( "no enough memory for array v\n" );

return -1;

= ( int * )malloc((size_t)( sizeof(int) * (nx*id[5]) ));
1f( ix == NULL )

printf( "no enough memory for array ix\n" );

return -1;

= ( int * )malloc((size_t)( sizeof(int) * (nx*4) ));
if ( nt == NULL )

printf( "no enough memory for array nt\n" );

return -1;

= ( double * )malloc((size_t) ( sizeof (double) * (3*9*id[5]) ));
£f(C £ ULL )

e

printf( "no enough memory for array f\n" );
return -1;

tx = ( double * )malloc((size_t) ( sizeof (double) * id[5] ));
if ( tx == NULL )
printf( "no enough memory for array tx\n" );
return -1;
= ( double * )malloc((size_t)( sizeof (double) * (maxid[5]) ));
if( om == NULL )
printf( "no enough memory for array om\n" );
return -1;
= ( double * )malloc((size_t)( sizeof (double) * (ma*xid[5]) ));
if ( am == NULL )
printf( "no enough memory for array am\n" );
return -1;
( double * dmalloc((size_t)( sizeof (double) * (ma*id[5]) ));
1f( al == NULL )
printf( "no enough memory for array al\n" );
return -1;
( int * )malloc((size_t) ( sizeof(int) * (ma*3) ));
1f( mt == NULL )

printf( "no enough memory for array mt\n" );
return -1;
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p = ( double * )malloc((size_t)( sizeof(double) * id[5] ));
if( p == NULL )
{

printf( "no enough memory for array p\n" );
return -1;

g = ( double * )malloc((size_t)( sizeof(double) * id[5] ));
if( g == NULL )

printf( "no enough memory for array g\n" );
return -1;

%4d\n", nx );
%4d\n\n", ma );

printf( "\tnx
printf( "\tma

printf( "\tObservations\n" );
for( i=0 ; i<ml ; i++ )

%f( i%10 == 0 )
printf( "\n\t" );

¥
fscanf( fp, "%d", &ialil );
printf( ")5d", iali] );

}

fclose( fp );

ierr = ASL_d4mu0O1(ia, id, v, ix, nx, &ntc, nt, f,
tx, om, ma, am, al, mt, p, g);

printf( "\n\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S." );
printf( " V.R. C.R. R.F.\n" );

printf( "\t-———-——m—m ")
printf( " \n" );

printf( "\t 1 %8.3g %8.3g\n", v[0],v[9] );

for( i=2 ; i<8 ; i++)

printf( "\t %6d %8.3g %8.3g %8.3g %8.3g %8.3g %8.3g\n",
i,v[i-1]1,v[i+8],v[i+16],v[i+24],v[i+30],v[i+38]);

}

printf( "\t 8 %8.3g %8.3g %8.3g %#8.3g\n",
v[7],v[16],v[24],v[38]);

printf( "\t 9 %8.3g %8.3g %8.3g %#8.3g\n",

v[8],v[17],v[25],v[39]);

printf( "\n\tDensity frequency\n\n" );

printf( "\t  ABCR\n" )

printf( "\t \n" );
{or( i=0 ; i<ntc ; i++ )

printf( "\t %1d%1d%1d%1d ",
nt[i],nt[i+nx] ,nt[i+2*nx] ,nt [i+3*nx]);
for( j=0 ; j<id[5] ; j++ )
printf( "%6d ", ix[i+j*nx]);

}
printf( "\n" );
}

printf( "\n\tFrequencies at n step in A level\n\n" );
1{for( i=0 ; i<id[0] ; i++ )

printf( "\t" );
for( j=0 ; j<id[5] ; j++ )

printf( "%8.3g ", f[3xi+27*j] );

}
printf( "\n" );
}

printf( "\n\tFrequencies at n step in B level\n\n" );
{or( i=0 ; i<id[1] ; i++ )

printf( "\t" );
for( j=0 ; j<id[B] ; j++ )

printf( "%8.3g ", f[1+3*i+27%j] );

}
printf( "\n" );
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printf( "\n\tFrequencies at n step in tx level\n\n" );
printf( "\t" );
for( j=0 ; j<id[5]-1 ; j++ )

printf( "%8.3g ", tx[j]l );
}
printf( "\n" );

m2 = id[0]*id[1]*id[2];

printf( "\n\tOmega\n\n" );

printf( "\t ABC\n" );

printf( "\t \n" );
for( i=0 ; i<m2 ; i++ )

printf( "\t  %1d%1d%1d ",mt[i],mt[i+ma],mt[i+2*mal);
for( j=0 ; j<id[5]-1 ; j++ )

printf( "%8.3g ", om[i+j*mal );

}
printf( "\n" );
}

printf( "\n\tMu\n\n" );
printf( "\t ABC\n" );
printf( "\t \n" );
for( i=0 ; i<m2 ; i++ )

printf( "\t  %1d%1d%1d ",mt[i],mt[i+ma],mt[i+2*ma]);
for( j=0 ; j<id[5]l-1 ; j++ )

printf( "%8.3g ", am[i+j*mal );

}
printf( "\n" );
}

printf( "\n\tAlpha\n\n" );

printf( "\t ABC\n" );

printf( "\t -\n" );
for( i=0 ; i<m2 ; i++ )

printf( "\t  %1d%1d%1d ",mt[i],mt[i+ma],mt[i+2*ma]);
for( j=0 ; j<id[5]l-1 ; j++ )

printf( "%8.3g ", alli+j*mal );

}
printf( "\n" );
}

printf( "\n\tP\n\n" );
printf( "\t" );
for( i=0 ; i<id[B] ; i++ )

printf( "%8.3g ", plil );
}
printf( "\n" );

printf( "\n\tWeight\n\n" );
printf( "\t" );
for( i=0 ; i<id[5] ; i++ )

printf( "%8.3g ", glil );
}
printf( "\n" );

free( ia );
free( v );
free( ix
free( nt
free( £ );
free( tx );
free( om );
free( am );
free( al );
free( mt );
free( p );
free( g );

}
(d) Output results

%k ASL_d4muOl ***
*k Input *%

Number of A (idfol) = 3
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Number of B (idf1]) = 2
Number of C (ia[2]) = 1
Number of persons (id[3]) = 6
Number of iterations(id[4]) = 2
Number of steps (id[5]) = 3
nx = 84
ma = 6
Observations
2 3 3 1 2 3 2 3 2 1
2 2 2 3 2 1 1 3 2 3
3 1 3 3 2 3 2 1 3 2
2 3 3 1 2 3 3 2 3 2
3 2 3 2 3 1 2 1 3 1
3 1 2 3 1 2 3 1 3 3
2 3 3 2 3 2 1 3 2 2
2 3
** Qutput **
ierr = 0
Analysis of variance table
Factor S.S. D.F. M.S. V.R. C.R. R.F.
1 144 142
2 30.2 4 7.55 10.8 0.189 1
3 8.45 2 4.23 6.06 0.0484 1
4 6.9 10 0.69 0.99 0 0
5 8.08 4 2.02 2.9 0.0356 5
6 20.4 20 1.02 1.46 0 0
7 5.84 10 0.584 0.838 0 0
8 64.1 92 0.697 0
9 97.3 132 0.737 0.727

Density frequency
ABCR

0000
1000
2000
3000
0100
0200
0001
0002
0003
0004
0005
0006
1100
1200
2100
2200
3100
3200
1001
1002
1003
1004
1005
1006
2001
2002
2003
2004
2005
2006
3001
3002
3003
3004
3005
3006
0101
0102
0103
0104
0105
0106
0201
0202
0203
0204
0205
0206
1101
1102
1103
1104

e
=

-

HOOORRLRNWWHFRPORFPROOOOOOROOOONOONFWNNRLFPLORFEFLONNFRFWHERWHEFEWEN
e =N
ONWHROWON

FPREPERPOWORWWNWNNWNFEFWORNRPRNORRPWNNWHERNRAPRPOWWNOIONW
OFREFEENNEBENONWWWWWHARWRPWRWNPARWREPEPNOOORRFEELENOUIOWOIOINO
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1105
1106
1201
1202
1203
1204
1205
1206
2101
2102
2103
2104
2105
2106
2201
2202
2203
2204
2205
2206
3101
3102
3103
3104
3105
3106
3201
3202
3203
3204
3205
3206

Frequencies at n step in A

0.458
0.0833
0.0417

Frequencies

0.0833
0.306

Frequencies

0.194
Omega

ABC

QOO0 OO0OOO0OO0OO0OOOO0OOHOOOOOROORFENNNREFEO

0.417
0.375
0.333

0.389
0.361

0.569

ONOORRRLRFEPORFPONOORNFROOROREERELROOOREN

0.125
0.542
0.625

at n step in B

0.528
0.333

110
120
210
220
310
320

Mu
ABC

3.14
0.648
29.2
6.03
61.1
12.6

110
120
210
220
310
320

Alpha
ABC

0.242
0.607
0.0331
0.142
0.0161
0.0734

[eXelofoloXo)

.826
.914
.364
.561
.289
.476

110
120
210
220
310
320

0.194
Weight
6.38

0.242
0.607
0.0331
0.142
0.0161
0.0734

0.569

4.08

[elelololot o]

.584
.307
.331
.419
.273
.402

NONNORRFRENRREPNONNOORNNRREPRROOOO0OO0OO0OO0O

level

level

at n step in tx level
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7.6 RANDOMIZED BLOCK DESIGN

7.6.1 ASL_d4rb01, ASL_r4rb01
Analysis of Variance Using Randomized Block Design

(1) Function
The ASL_d4rb01 or ASL_r4rb01 performs an analysis of variance using randomized block design.
The analysis of variance results for observed values {z;;}, ({ = 1,---,n; j = 1,---,t) obtained using n
blocks and ¢ trials are defined as follows.

Total sum :

n t
T=) >

i=1 j=1

Total sum for each block :

t
Ti. = Z Lij
j=1
Total sum for each trial :

n
T;=)
=1

Variation :

e Total variation

e Inter-block variation
1 & \?
i=1

Inter-trial variation

t 2
1 T
Sr—az@‘?)

Jj=1

e Error variation
Se=8—(Sp+5Sr)

Degrees of freedom :
¢:7'Lt*1, ¢C:15 ¢p:n717 ¢T:t71

pe=(n—-1)t—-1)
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Unbiased variance :

S Sy S,
Vo = _P’ ‘/r - _77 Ve ===
P gy Or Pe
Variance ratio :
Vo Vi
=y =y

(2) Usage
Double precision:
ierr = ASL_d4rb01 (a, na, nb, nt, v);
Single precision:
ierr = ASL_r4rb01 (a, na, nb, nt, v);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer

A t and Input
No. FEHment ai Type Size nput/ Contents
Return Value Output
1 a D+ naxnt Input | Matrix in which observed values are stored
R+ (i)
2 na I 1 Input | Adjustable dimension of array a
3 nb I 1 Input | Number of blocks n
4 nt I 1 Input | Number of trials ¢
5 v D+ 15 Output | Analysis of variance results (See Table 7—10
Rx in note (a))
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) na>nb>1
(b) nt>1
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.

1000 nb=1 or nt=1 was specified. The absolute value maximum that can be
represented is set for the unbiased vari-
ance and variance ratio.

3000 Restriction (a), (b) was not satisfied. Processing is aborted.
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(6) Notes

(a) The analysis of variance results are stored as follows in the array v.

Table 7—10 Analysis of Variance Table

Factor | Variation | Degrees of freedom | Unbiased variance | Variance ratio
Total v[0] v[5]
Mean v[1] v[6]
Inter-block v[2] v[7] v[10] v[13]
Inter-trial v[3] v[g] v[11] v[14]
Error v[4] v[9] v[12]

(7) Example

(a) Problem
When the observed values are given by matrix X shown below, perform an analysis of variance using
randomized block design.

42 28 19 7 4
X=115 14 -19 -4 -6
-8 30 -—-17 9 =31

(b) Input data
Observation matrix X, na=100, nb=3 and nt=>5.

(¢) Main program

/* C interface example for ASL_d4rb01 */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;

int na;

int nb;

int nt;

double v[15];

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d4rbO1l.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );

return -1;

printf( " *x% ASL_d4rb01 **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &nb );
fscanf( fp, "%d", &nt );

a = ( double * )malloc((size_t)( sizeof(double) * (na*nt) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;
printf( "\tna=/3d, =nb=)3d, =nt=)3d\n", na, nb, nt );

printf ("\n\tObservations\n\n");
for( i=0 ; i<nb ; i++ )

printf( "\t" );
for( j=0 ; j<nt ; j++ )
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fscanf( fp, "Jlf", &ali+naxj] );
printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_d4rbOi1(a, na, nb, nt, v);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\tFactor S.S. D.F. M.S. V.R.\n" );
printf( "\t e \n" );
printf( "\tTotal %8.3g %8.3g\n", v[0],v[5] );

printf( "\tMean %8.3g %8.3g\n", v[1],v[6]);

printf( "\tBlock %8.3g %8.3g %8.3g %8.3g\n",

v[2],v[7]1,v[10],v[13]);

printf( "\tTreatment %8.3g %8.3g %8.3g %8.3g\n",
v[3],vI8],v[11],v[14]);

printf ( "\tError %8.3g %8.3g %8.3g\n",
v[4],v[9],v[12]);

free( a );

return O;

(d) Output results

sxk ASL_d4rbOl s**x
** Input **

na=100, nb= 3, nt= 5

Observations
42 28 19 7 4
15 14 -19 -4 -6
-8 30 -17 9 -31

** Qutput **
ierr = 0

Analysis of variance table

Factor S.S. D.F. M.S. V.R.
Total 5.64e+03 14

Mean 459 1

Block 1.6e+03 2 799 4.35
Treatment 2.58e+03 4 644 3.51
Error 1.47e+03 8 184
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7.7 GRECO-LATIN SQUARE METHOD

7.7.1 ASL_d4gl01, ASL _r4gl0o1
Analysis of Variance Using the Greco-Latin Square Method

(1) Function
The ASL_d4gl01 or ASL r4gl01 performs an analysis of variance using the Greco-Latin Square method.
The analysis of variance results for the two orthogonal Latin squares MT and MG and observed values
{Zijn } (i Levels of factor P; j: Levels of factor Q; k and I: Constitute Greco-Latin square) are defined

as follows.

Total sum, row sum, and column sum :

T = Z Z Tij(ki)> T = Z Tij(kl)s Tj = Z Lij(kl)
j=1 i=1

i=1 j=1

Ty = Z Tijry, 11 = Z Tij(kl)

keEMT leMG
Variation:

e Total variation
n n 2
T
Ss = ZZ (fﬂij(kz) - F)
=1 j=1
Inter-row variation

n T 2
D)

=1

Inter-column variation

1< T\”

=1

Inter-R variation

1 T\?

k=1

e Inter-A variation

e FError variation
Se=S8s—(Sp+ 5+ S5+ 5,)

Degrees of freedom :
¢s:n271a ¢p:¢q:¢r:¢a:n717 ¢e:(n*1)(n*3)

Unbiased variance :

S Sq ST Sa Se

Vv, =22,
p (bp
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Variance ratio :

(2) Usage
Double precision:
ierr = ASL_d4gl01 (a, na, n, mt, mg, v, iwk, wk);
Single precision:
ierr = ASL._r4gl01 (a, na, n, mt, mg, v, iwk, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
1 a Dx naxn Input | Matrix in which observed values are stored
Rx (l’ij(kl))
2 na I 1 Input | Adjustable dimension of arrays a, mt and mg
3 n I 1 Input | Number of trials n
4 mt I* naxn Input | Latin square MT
5 mg I* naxn Input | Latin square MG
6 v D+ 19 Output | Analysis of variance results (See Table 7—11
R in note (a))
7 iwk I* nxn Work | Work area
8 wk Dx n Work | Work area
Rx
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) na>n>3
(b) mt and mg are Latin squares.
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.

1000 n=3 was specified. The absolute value maximum that can be
represented is set for the unbiased vari-
ance and variance ratio.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.
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(6) Notes

(a) The analysis of variance results are stored as follows in the array v.

Table 7—11 Analysis of Variance Table

Factor Variation | Degrees of freedom | Unbiased variance | Variance ratio
P (row) v[0] v[5] v[10] v[15]
Q (column) v[1] v[6] v[11] v[16]
R v[2] v[7] v[12] v[17]
A v[3] v[8] v[13] v[18]
Error v[4] v[9] v[14]

(b) The factors are allocated so that factors P and Q are in a two-dimensional arrangement, and factors
R and A are associated with Latin squares MT and MG for using the various levels.

Table 7—12 Experiment Allocation for Greco-Latin Square Method

1 Q2 Qs Q4

Py | RoAy | RyAz | R1As | R3Ay
Py | R4yAs | RoAy | R3Ay | R1As
P3| R1Ay | R3As | RoAsz | Ry
Py | R3As | R1Ay | R4Ay | RoAs

(7) Example

(a) Problem
When the observed values X and two Latin squares MT and MG are given as shown below, perform

an analysis of variance using the Greco-Latin square method.

[ 86 11.0 17.2 18.2
¥ - 13.5 134 20.3 19.0
N 14.8 20.5 16.9 18.7
| 18.7 172 20.7 22.8
(1 2 3 47
1 4
VT — 2 3
3 41 2
|4 3 2 1 |
1 3 4 27
2 4 1
MG = 3
3 1 2 4
4 2 1 3 |

(b) Input data

Observation matrix X, Latin squares M7 and MG, na=100 and n=4.
(¢) Main program

/* C interface example for ASL_d4glO1l */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
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int main()
{

double *a;

int na, n;

int *mt, *mg;
double v[19];
int *iwk;

double *wk;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "d4glOl.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " #%% ASL_d4glOl **kx\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &n );

a = ( double * )malloc((size_t)( sizeof(double) * (na*n) ));
%f( a == NULL )

rintf( "no enough memory for array a\n" );

Eeturn -1; & 4
mt = ( int * )malloc((size_t) ( sizeof(int) * (na*n) ));
if ( mt == NULL )

printf( "no enough memory for array mt\n" );

return -1;
mg = ( int * )malloc((size_t) ( sizeof(int) * (na*n) ));
if( mg == NULL )

printf( "no enough memory for array mg\n" );

return -1;
iwk = ( int * )malloc((size_t) ( sizeof(int) * (n*n) ));
if ( iwk == NULL )

printf( "no enough memory for array iwk\n" );

return -1;
wk = ( double * )malloc((size_t)( sizeof(double) * n ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;

printf( "\tna
printf( "\tn

%6d\n", na );
%6d\n", n );

printf ("\n\tObservations\n\n") ;
for( i=0 ; i<n ; i++ )
printf( "\t" );
for( j=0 ; j<n ; j++ )
fscanf ( fp, "%1lf", &ali+naxjl );
printf( "%8.3g ", ali+naxj] );
}
printf( "\n" );
}

printf ("\n\tLatin square mt\n\n");
for( i=0 ; i<n ; i++ )
printf( "\t" );
for( j=0 ; j<n ; j++ )
fscanf ( fp, "%d", &mt[i+naxjl );
printf( "%6d ", mt[i+na*xj] );

}
printf( "\n" );
}

printf ("\n\tLatin square mg\n\n");
{or( i=0 ; i<n ; i++ )

475



ASL_d4gl01, ASL_r4gl01
Analysis of Variance Using the Greco-Latin Square Method

}

printf( "\t" );
for( j=0 ; j<n ; j++ )

fscanf( fp, "%d", &mgli+naxjl );
printf( "%6d ", mgli+na*jl );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_d4glOi(a, na, n, mt, mg, v, iwk, wk);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\tFactor S.S. D.F. M.S. V.R.\n" );
printf( "\t _— -\n"
printf( "\tRow %8.3g %8.3g %8.3g %8.3g\n",

v[0],v[5],v[10], v[15])

printf ( "\ tColumn %8.3g %8.3g %8.3g %8.3g\n",

v[1],v[6],v[11] ,v[16]),

printf ( "\tTreatment R/%8.3g %8.3g %8.3g %8.3g\n",

v[2],v[7],v[12],v[171);

printf( "\tTreatment A%8.3g %8.3g %8.3g %8.3g\n",

VBJVBJVUSJVUN),
printf( "\tError %8.3g %8.3g %8.3g\n",
v[4],v[9],v[14]);

free( a );

free( mt );
free( mg );
free( iwk );
free( wk );

return O;

(d) Output results

*xx ASL_d4glOl *xx*

*k Input *%

na = 100
n = 4
Observations
8.6 11 17.2 18.2
13.5 13.4 20.3 19
14.8 20.5 16.9 18.7
18.7 17.2 20.7 22.8
Latin square mt
1 2 3 4
2 1 4 3
3 4 1 2
4 3 2 1
Latin square mg
1 3 4 2
2 4 3 1
3 1 2 4
4 2 1 3

*% Qutput *x*
ierr = 0

Analysis of variance table

Factor S.S. D.F. M.S. V.R.
Row 77.6 3 25.9 5.89
Column 88.4 3 29.5 6.7
Treatment R 37.6 3 12.5 2.85
Treatment A 1.56 3 0.519 0.118
Error 13.2 3 4.4
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7.8 BALANCED INCOMPLETE BLOCK DESIGN

7.8.1 ASL_d4biO1, ASL_r4biO1
Analysis of Variance Using Balanced Incomplete Block Design

(1) Function

The ASL_d4bi01 or ASL_r4bi01 performs an analysis for balanced incomplete block design data. An incom-
plete block design indicates the case in which one set of trials (treatments) to be compared is incomplete
and is not entered in the blocks. In particular, a block design in which the number of repetitions of each
trial is equal and the number of times two arbitrary trials appear in the same block is equal is called a
balanced incomplete block design.

The following example shows a situation in which the number of blocks is 4, number of trials is 4, and
number of trials per block is 3.

Blocks Trials T,.
1 2 3 4

Ay x11 z13 | 14 | Th.

A Toy | a3 | wag | T

Az T31 | T32 | T33 Ts.

Ay T41 | Ta2 Taq | Ty

T, | Ty |Ts|Ts|Tu|T

For this example, the number of times two arbitrary trials appear in the same block at the same time is 2.
Given the data {x;;}, (i = 1,---,n;j = 1,---,t), which is allocated using a balanced incomplete block
design for which the number of blocks is n, number of trials is ¢, and number of trials per block is m, the
analysis of variance results are defined as follows.

Total sum :

n t
T = Z Z T Tij

i=1 j=1

Total sum for each block :

t
Ti. = Z T Tij
j=1
Total sum for each trial :

n
Tj=) nijzi
=1

Total sum for each block-adjusted trial :

n

Qj = m-T;—= (ny-T;)
i=1
(n4j : (¢,7) element of incidence matrix N)
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Variation :
e Total variation

n t
S = ZZnij;v?j - CF

i=1 j=1
Here, C'F is defined as follows.

T2 n t
CF = = e [ X Yoy

i=1 j=1

2

e Inter-block variation
1 n
Sp=—)Y T-CF
B= = - i

o Inter-trial variation (block adjusted)
t—1 :
Sp =" - 2
’ n-m2-(m-—1) ZQ'J
Jj=1
e Error variation

Sg=S—(Sg+ Sr)

Degrees of freedom :

o = n-m-—1

¢p = n-1

¢or = t—1

o = n-m—-n—t+1

Unbiased variance :

S
Vo = 2—;
Vg = ﬁ_i
Vg = ¢—§
Variance ratio :
\%
Pr= V—Z
(2) Usage

Double precision:

ierr = ASL_d4bi01 (a, na, nb, nt, m, n, v, wl);
Single precision:

ierr = ASL_r4bi01 (a, na, nb, nt, m, n, v, wl);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx naxnt Input | Matrix in which observed values are stored
{R* } (i)
2 na I 1 Input | Adjustable dimension of arrays a and n
3 nb I 1 Input | Total number of blocks n
4 nt I 1 Input | Number of trials ¢
5 m I 1 Input | Number of trials per block m
6 n D« naxnt Input | Incidence matrix (n;;). When trial j is per-
{ R*} formed in the i-th block, n;; = 1, otherwise
ng; = 0.
7 v Dx 11 Output | Analysis of variance results (For the method
{R*} of storing the analysis of variance results, see
Table 7—13 in note (b))
8 wl Dx nb Work | Work area
()
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

is an integer.
nt

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
3010 Restriction (c) was not satisfied.
(6) Notes

(a) The analysis of variance results are stored as follows in the array v.

Table 7—13 Analysis of Variance Table

Element Variation | Degrees of freedom | Unbiased variance | Variance ratio
Sum of squares of observed values v[0] v[4]
Inter-block v[1] v[5] v[8] v[11]
Inter-trial (block adjusted) v[2] v[6] v[9]
Error v[3] v[7] v[10]
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(7) Example

(a) Problem
Perform an analysis of variance for the data allocated using a balanced incomplete block design given
by the matrix A shown below. The asterisks (*) represent portions for which no corresponding observed

values exist.

2 % 4 0
| o= 32 13 23
| 20 14 31 x

7 3 x 11

The incidence matrix N is given as follows.

=
=)
O = =
_ o V=

(b) Input dataData allocated by a balanced incomplete block design A, incidence matrix N, na=4, nb=4,
nt=4 and m=3.
(¢) Main program

/* C interface example for ASL_d4biO1 */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int nb;

int nt;

int m;

int *n;
double v[12];
double *wl;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "d4biO1.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **%* ASL_d4biO1 ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &nb );
fscanf( fp, "%d", &nt );
fscanf( fp, "%d", &m );

a = ( double * )malloc((size_t) ( sizeof (double) * (na*nt) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

B Y

int *Lim§lloc((size_t)( sizeof (int) * (na*nt) ));

= (
if( n NU.

P

printf( "no enough memory for array n\n" );
return -1;

wl = ( double * )malloc((size_t) ( sizeof(double) * nb ));
if( wl == NULL )

printf( "no enough memory for array wiln" );
return -1;
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}
printf( "\tna = %6d nb = %6d\n", na, nb );
printf( "\tnt = %6d m = %6d\n", nt, m );

printf( "\n\t Matrix a\n\n");
{or( i=0 ; i<nmb ; i++ )

for( j=0 ; j<nt ; j++ )

fscanf ( fp, "%1lf", &ali+naxjl );
printf( "%8.3g", ali+na*jl );

}

printf( "\n" );
printf( "\n\t Matrix n\n\n");
for( i=0 ; i<mb ; i++ )

for( j=0 ; j<nt ; j++ )

fscanf( fp, "%d", &nli+naxj]l );
printf( "%6d", nli+naxj]l );

}
printf( "\n" );

fclose( fp );
ierr = ASL_d4biO1(a, na, nb, nt, m, n, v, wil);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tAnalysis of variance table\n\n" );

printf( "\t Factor S.S. D.F. M.S. V.R.\n" );

printf( "\t ———mmmm \n" );

printf( "\t Total %8.3g %8.3g\n", v[0],v[4] );

printf( "\t SB %8.3g %8.3g %8.3g %8.3g\n", v[1],v[5],v[8],v[11]);
printf( "\t ST %8.3g %8.3g %8.3g\n", v[2],v[6],v[9]);

printf( "\t Error %8.3g %8.3g %8.3g\n",v[3],v[7],v[10]);

free( a );
free( n );
free( wl );

o

return O;

}
(d) Output results

*xk ASL_d4biOl1 *x**

*k Input *%

na = 4 nb = 4
nt = 4m = 3
Matrix a
2 0 4 0
0 32 13 23
20 14 31 0
7 3 0 11
Matrix n
1 0 1 1
0 1 1 1
1 1 1 0
1 1 0 1

*% Qutput *x*
ierr = 0

Analysis of variance table

Factor S.S. D.F. M.S. V.R.
Total 1.34e+03 11
SB 975 3 325 0.00632
ST 6.17 3 2.06
Error 363 5 72.6
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Chapter 8
NONPARAMETRIC TESTS

8.1 INTRODUCTION

In traditional statistical tests, a normal distribution often is assumed as the population distribution. It is also
a prerequisite that the observed values are continuous quantities. A test of this kind for which the population
distribution is fixed and the observed values are assumed to be continuous quantities is called a parametric
test. In contrast, a test for which the population distribution is not fixed or for which the data subject to the
test is represented by sequences or frequencies, not by observed values that are complete quantities, is called a
nonparametric test.

This library provides the following functions for performing nonparametric tests.

e Test of Goodness of Fit

e x? Test (2 x 2 Contingency Table)
e x? Test (m x n Contingency Table)
e Median Test

e Sign Test

e Wilcoxon Test

e Mann-Whitney’s U Test

e Spearman’s Rank Correlation Test
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Explanation

8.1.1 Explanation

(1) Test of Goodness of Fit

Given observed frequencies, this test tests whether or not their distribution is equal to a theoretical distri-
bution postulated by the researcher. The goodness-of-fit test is performed by obtaining the x? value for
the test for the theoretical probabilities p;, (i = 1,---,n) and observed frequencies f;, (i = 1,---,n) of n
classes as defined below:

n 2
2 _ (fi —e)
X Z €q
=1
and comparing this value with the critical value of a x? distribution with n — 1 degrees of freedom.

x? Test (2 x 2 Contingency Table)

This is a test for testing the independence of two factors by using a 2 x 2 contingency table.

A A Sum
B a1 a2 ai1 + a2
B az1 az2 ag1 + a2
Sum | a11 +a21 | a1z + ag n

In the 2 x 2 contingency table shown above, A means that the subject has the characteristic being observed
by factor A, and A means that the subject does not have the characteristic. B and B have similar meanings
for factor B. Also, a;; represents the actual measured frequency of the corresponding characteristics. The
x? value, which is the test quantity, for the above contingency table is given as follows.

n

2
s n <|a11a22 - a12a21| - 5)

B (@11 + a12)(a21 + a22)(a11 + a21)(a12 + a22)

Here, n = a11 + a12 + as1 + a22. This equation contains Yates’ correction for continuity term —%. The x2
test is performed by comparing this x? value with the critical value of a x? distribution with 1 degree of
freedom.

x? Test (m x n Contingency Table)

This is a test for testing the independence of two factors by using an m X n contingency table.

Bl BQ s Bj s Bn Sum
Ay a11 a12 . Q1n ai.
A a1 a2 : QA2n as.
Al [£27] Q;
Am Am1 Am?2 : Amn Q.-
Sum | a; o G o G S

In the m x n contingency table shown above, A; means that the subject has the ith level of the characteristic
being observed by factor A, and each level is assumed to be independent. The meanings are similar for B;

and factor B. Also, a;; represents the actual measured frequency of the subject having the characteristics
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for both the ith level of factor A and the jth level of factor B. The x? value for the above contingency table
is given as follows.

m
x2:Z

n
=1 j=

(aij — eiy)*
1 €ij

The 2 test is performed by obtaining this x? value and comparing it with the critical value of a 2
distribution with (m — 1)(n — 1) degrees of freedom. Here, e;; is defined according to the following values.

Row sum :
n
;. = E Qi
j=1
Column sum :
m
a; = ay
i=1
Total sum :
m n
S = E E aij
i=1 j=1
Expected value :

Qj. - Q.5

S

eij =

Median Test

The median test tests the hypothesis that the median values of two groups are equal. The test is performed
by obtaining the x? value and comparing it with the critical value of a x? distribution with one degree of
freedom.

Sign Test

When the observed values of two samples are individually associated and their relative sizes can be judged
(including determining that they are equal), the sign test tests the hypothesis that it is equally probable
that the judgements “it is larger” (+) and “it is smaller” (—) will appear. The critical value of a standard
normal distribution is used for the test.

Wilcoxon Test
The Wilcoxon test is a more precise test than the sign test. The critical value of a standard normal
distribution is used for the test.

Mann-Whitney’s U Test
When two independent groups of samples are given, Mann-Whitney’s U Test tests whether or not the
distributions of the populations to which those samples belong are equal. The critical value of a standard

normal distribution is used for the test.

Spearman’s Rank Correlation Test

When n pairs of observed values (z;,y;), (¢ = 1,---,n) are given, if z; and y; are each independently
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ranked and the rankings are represented by R(x;) and R(y;), the Spearman’s rank correlation coefficient 7,

is defined as follows.

n3—n

Spearman’s rank correlation coefficient is an index representing the strength of the association of R(x;) and
R(y;). This index can be used to test the hypothesis that there is no correlation between x; and y;.

8.1.2 Reference Bibliography
(1) Gibbons, J. D. , “Nonparametric Statistical Inference”, McGraw-Hill (1971)

(2) Lehmann, E. L. |, “Nonparametrics: Statistical methods based on ranks”, Holden-Day, San Francisco (1975)
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8.2 TESTS USING y? DISTRIBUTION
8.2.1 ASL_d5chef, ASL_r5chef
Test of Goodness of Fit

(1) Function
The ASL_d5chef or ASL_r5chef tests the goodness of fit to the expected frequencies (theoretical frequencies)
of given observed frequencies. The values for the theoretical probabilities p;, (i = 1,---,n) and observed
frequencies f;, (i =1,---,n) of n classes are defined by the equations below.

Total of frequencies of all classes :

S=) f
i=1

Expected frequency (theoretical frequency) of ith class :
e =25"pi

x? value for test :
n 2
2 _ (fi —ei)
Ve

Degrees of freedom :
o=n-—1

(2) Usage
Double precision:
ierr = ASL_d5chef (p, n, f, &idf, &chi);
Single precision:
ierr = ASL_r5chef (p, n, f, &idf, &chi);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. retunent an Type Size nput/ Contents
Return Value Output
1 P D« n Input | Theoretical probabilities {p;}
Rx
2 n I 1 Input | Number of classes of expected frequencies n
f D+ n Input | Observed frequencies { f;}
Rx
4 idf I* 1 Output | Degrees of freedom ¢
chi D 1 Output | x? value
Rx
6 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>2
(b) O<plij<l (i=0, ---, n-1)
n—1
(c) Y pli<1
i=0
(d) fli=0 (i=0,---, n-1)
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
(6) Notes

(a) For the given theoretical probabilities p[i— 1], (i=1,---,n), the error is reduced by replacing p[n — 1]
by the following:

plo—1)=1- 3 pli- 1
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(7) Example

(a) Problem
When the number of classes is 7 and the theoretical probability p; and observed frequency f; of each
class are given as shown below, perform a test of the goodness of fit to the expected frequencies

(theoretical frequencies) of the observed frequencies.

Class | p; fi
1 0.1 |10
2 0.2 |20
3 0.3 | 30
4 0.1 |10
5 0.1 | 10
6 0.12 | 12
7 005 5

(b) Input data

Theoretical probabilities p;, observed frequencies f; and n = 7.
(¢) Main program

/* C interface example for ASL_d5chef */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *p;
int n;
double *f;
int idf;
double chi;
int ierr;
int i;

FILE *fp;

fp = fopen( "d5chef.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **%* ASL_db5chef ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );

p = ( double * )malloc((size_t)( sizeof(double) * n ));
if( p == NULL )

{
printf( "no enough memory for array p\n" );
return -1;

}

f =

( double * dmalloc((size_t)( sizeof(double) * n ));
%f( f == NULL )

printf( "no enough memory for array f\n" );
return -1;

printf( "\tn = %6d\n\n", n );

printf( "\tProbability Frequency\n" );
printf( "\t -=-\n" );
for( i=0 ; i<n ; i++ )

fscanf( fp, "%1f %1f", &plil,&f[i] );
printf( "\t%8.3g %8.3g\n", plil,f[i] );

}
fclose( fp );
ierr = ASL_d5chef(p, n, f, &idf, &chi);
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printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

%6d\n", idf );
%6.3g\n", chi );

printf( "\n\tDegree of freedom
printf( "\n\tChi square value

free( p );
free( £ );

return O;

}
(d) Output results

*x*x ASL_dSchef **x
** Input *x*
n = 7

Probability Frequency

0.1 10
0.2 20
0.3 30
0.1 10
0.1 10
0.12 12
0.05 5

*% Qutput *x*

ierr = 0
Degree of freedom = 6
Chi square value = 1.07
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8.2.2 ASL_d5chtt, ASL_r5chtt
x? Test (2 x 2 Contingency Table)
(1) Function
The ASL_d5chtt or ASL_r5chtt obtains the x? value, which is the test quantity including the Yates’ correction

for continuity term, by using a 2x2 contingency table.

A A Sum
B a1 a1z ai1 + a2
B a1 a22 az1 + a2
Sum | a1 +a21 | a1z + ass n

In the 2 x 2 contingency table shown above, A means that the subject has the characteristic being observed
by factor A, and A means that the subject does not have the characteristic. B and B have similar meanings
for factor B. Also, a;; represents the actual measured frequency of the corresponding characteristics. The

x? value, which is the test quantity, for the above contingency table is given as follows.

nA 2
n (|a11a22 - G12G21| - 5)

(@11 + a12)(a21 + a22)(a11 + a21)(a12 + a22)

2

Here, n = a11 + a12 + a21 + aga.
The x? test tests the independence of two factors by comparing this x? value with the critical value of a 2
distribution with 1 degree of freedom.

(2) Usage
Double precision:
ierr = ASL_d5chtt (f, &chi);
Single precision:
ierr = ASL._r5chtt (f, &chi);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. SHIMCLE an Type Size put/ Contents
Return Value Output
1 f D+ 2x2 Input | Observed frequencies constituting the contin-
Rx gency table a;;
2 chi Dx 1 Output | x? value
R
3 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 All observed frequencies were zero. The absolute value maximum that can be
represented is set for the x? value.
3000 Restriction (a) was not satisfied. Processing is aborted.
(6) Notes

(a) The observed frequencies of the contingency table are stored in array f as the following real matrix

(two-dimensional array type) (See Appendix A).

(7) Example

()

Problem

Obtain the x? value, which is the test quantity including the Yates’ correction for continuity term, by

using the following 2x2 contingency table.

A | A | Sum
B 6|0 6
B [1]|3] 4
Sum | 7 | 3 10
Input data

fl0] = 6.0, f[1] = 1.0, f[2] = 0.0 and f[3] = 3.0.

Main program

/* C interface example for ASL_d5chtt */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double f[2x*2];
double chi;
int ierr;

int i,j;

FILE *fp;

fp = fopen( "dbchtt.dat",
if( fp == NULL )

yn );

printf( "file open error\n" );
return -1;

***x ASL_d5chtt ***\n" );
** Input **\n\n" );

printf( "
printf( "\n

printf ("\tTwo-by-two contingency table\n\n");
for( i=0 ; i<2 ; i++ )

printf( "\t" );
for( j=0 ; j<2 ; j++ )

fscanf( fp, "Y1f", &f[i+2%j] );
printf( "%8.3g ", fl[i+2*j] );

}
printf( "\n" );
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fclose( fp );
ierr = ASL_d5chtt(f, &chi);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tChi square value = %8.3g\n", chi );

return O;

}
(d) Output results

*x*% ASL_dSchtt **x*
** Input *x*
Two-by-two contingency table

6 0
1 3

*% Output *x*
ierr = 0

Chi square value = 3.35

492



ASL_d5chmn, ASL_r5chmn
x? Test (m x n Contingency Table)

8.2.3 ASL_d5chmn, ASL_r5chmn
x? Test (m x n Contingency Table)
(1) Function
The ASL_d5chmn or ASL_r5chmn obtains the x? value, which is the test quantity, by using an m x n

contingency table.

Bl BQ e Bj e Bn Sum
Ay a11 a12 . A1n aj.
A a1 a2 : QA2n as.
Al [£27] a;
Am Am1 am?2 : Amn Q.-
Sum | a; o G5 v Gy S

In the m x n contingency table shown above, A; means that the subject has the ith level of the characteristic
being observed by factor A, and each level is assumed to be independent. The meanings are similar for
B; and B. Also, a;; represents the actual measured frequency of the subject having the characteristics for
both the ith level of factor A and the jth level of factor B. The x2 value, which is the test quantity, for the

above contingency table is given as follows.
n

2 _ N\ (e —eqy)?
=20

=1 j—1 €ij
Here, the expected values e;; are defined as follows.
Expected value :

A;. * Q.5

S

eij =
Row sum :
n
a;. = Z aij
j=1
Column sum :
m
a.j = Z aij
i=1
Total sum :
m n
=33
i=1 j=1
The x? test tests the independence of two factors by comparing this x? value with the critical value of a 2

distribution with (m — 1)(n — 1) degrees of freedom.
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(2) Usage
Double precision:
ierr = ASL_d5chmn (a, na, m, n, &idf, &chi, wk);
Single precision:
ierr = ASL_r5chmn (a, na, m, n, &idf, &chi, wk);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. SHIMCLE an Type Size nput/ Contents
Return Value Output
1 a Dx naxn Input | Observed frequencies constituting the contin-
R gency table (a;;)
2 na I 1 Input | Adjustable dimension of array a
3 m I 1 Input | Number of rows of contingency table m
4 n I 1 Input | Number of columns of contingency table n
5 idf I* 1 Output | Degrees of freedom ¢
6 chi Dx 1 Output | x?2 value
R«
7 wk D+ max(m, n)| Work | Work area
Rx
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) na>m>2
(b) n>2
(¢) a[(i-1)4+(j-1)xna]>0 (i=1,---, m; j=1,---, n)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 The expected value in one or more cells chi and idf are calculated.

was less than or equal to 1.0.

3000 Restriction (a), (b) was not satisfied. Processing is aborted.
3010 Restriction (c) was not satisfied.
4000 All observation frequencies were 0.0 or the

expected value was less than or equal to
0.0.
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(6) Notes

(a) The observed frequencies of the contingency table are stored in array f as an m X n real matrix (two-

dimensional array type) defined as A = (a; ;) (See Appendix A).

(7) Example

(a)

Problem

Obtain the x? value by using the following 3 x4 matrix, which corresponds to a 3x4 contingency table

of observed frequencies.

34 50 24 12
22 65 115 24
12 41 68 20

Input data

Array corresponding to observed frequencies a, na =5, m =3 and n = 4.

Main program

/* C interface example for ASL_d5chmn */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int na;

int m;

int n;

int idf;
double chi;
double *wk;
int ierr;
int i,j;
FILE *fp;
fp = fopen( "d5chmn.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );
return -1;

**% ASL_d5chmn ***\n" );
*x Input **\n\n" );

printf( "
printf( "\n

fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &n );

( double * )malloc((size_t)( sizeof (double)

a=
%f( a == NULL )

printf( "no enough memory for array a\n" );

return -1;

wk = ( double *))malloc((size_t)( sizeof (double) * n ));

if ( wk == NULL

printf( "no enough memory for array wk\n" );

return -1;

printf( "\tna=%2d, m=%2d,

printf("\n\tContingency table\n\n");
for( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<n ; j++ )

fscanf( fp, "Jlf", &ali+naxj] );

printf( "%8.3g ", ali+na*j] );

}
printf( "\n" );

n=%2d\n", na, m, n );
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}
fclose( fp );
ierr = ASL_d5chmn(a, na, m, n, &idf, &chi, wk);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tDegree of freedom = %6d\n", idf );
printf( "\n\tChi square value = %7.3g\n", chi );
free( a );

free( wk );

return O;

}
(d) Output results

*xx ASL._dSchmn ***
** Input *x*
na= 5, m= 3, n= 4

Contingency table

34 50 24 12
22 65 115 24
12 41 68 20

*% Qutput *x*

ierr = 0

]
[}

Degree of freedom

Chi square value 48.6
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8.2.4 ASL_d5chmd, ASL_r5chmd

(1)

Median Test

Function
The ASL_d5chmd or ASL_r5chmd obtains the x2? value, which is the test quantity, by using the median test

for two independent samples.

The value for the observation values z;, (1 =1,2,---,n) and y;, (j =1,2,---,m) of two samples is defined
by the following equation.
x? value :
2
(n+m) <| a-d—b-c| _n—;m)
2 _
X @+ b)(c+d)(a+)b+d)

Here, a, b, ¢, and d indicate the following values.

a: Among z;, number of observed values that are larger than the median value of the (n + m) observed

values

b: Among x;, number of observed values that are smaller than the median value of the (n +m) observed

values

¢: Among y;, number of observed values that are larger than the median value of the (n + m) observed

values

d: Among y;, number of observed values that are smaller than the median value of the (n + m) observed

values

However, for observed values that are equal to the median value of the (n 4+ m) observed values, frequencies
of 0.5 each are added to both the number that are larger and the number that are smaller.

The median test tests the hypothesis that the median values of two groups are equal by comparing this x>
value with the critical value of a x? distribution with one degree of freedom.

Usage
Double precision:

ierr = ASL_d5chmd (a, n, b, m, &chi, wk);
Single precision:

ierr = ASL_r5chmd (a, n, b, m, &chi, wk);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

) int as for 32bit Integer
" | long as for 64bit Integer

A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Observed values of sample A {x;}
Rx
2 n I 1 Input | Number of observed values of sample A n
3 b D+ m Input | Observed values of sample B {y;}
Rx
4 m I 1 Input | Number of observed values of sample B m
5 chi Dx 1 Output | x? value
Rx
6 wk Dx n-+m Work | Work area
Rx
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>2
(b) m>2
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 Sample A and sample B are mutually 0.0 is set for chi.
prime.
3000 Restriction (a), (b) was not satisfied. Processing is aborted.
(6) Notes
None

(7) Example

(a) Problem

Given the following observed values for two independent samples,

and

{x;} = {160,160, 140, 190}

{y:} = {117,145,147,120, 150, 120}

obtain the x? value by using the median test.

(b) Input data
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(¢) Main program

/* C interface example for ASL_d5chmd */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;

int n;

double *bj;

int m;

double chi;
double *wk;

int ierr;

int i;

FILE *fp;

fp = fopen( "d5chmd.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;

printf( " *#x* ASL_d5chmd ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

a = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

(o)

b = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( b == NULL )

-~

printf( "no enough memory for array b\n" );
return -1;

wk = ( double * )malloc((size_t)( sizeof(double) * (n+m) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
printf( "\tn=%2d, m=%2d\n", n, m );

printf("\n\tObservations A\n\n");
for( i=0 ; i<n ; i++ )

fscanf( fp, "%lf", &alil );
printf( " \t%8.3g\n", alil );

printf("\n\tObservations B\n\n");
for( i=0 ; i<m ; i++ )

fscanf( fp, "JLlf", &b[il );
printf( " \t%8.3g\n", bl[i] );
}

fclose( fp );
ierr = ASL_d5chmd(a, n, b, m, &chi, wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\n\tChi square value = %8.3g\n", chi );

free( b ;
free( wk );

return O;
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(d) Output results

*%% ASL_dbSchmd ***
* % Input * %
n= 4, m= 6
Observations A

16

160

140

190
Observations B

117

145

147

120

150

120
** Qutput **
ierr = 0

Chi square value = 0.417
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8.3 TESTS USING OTHER DISTRIBUTION

8.3.1 ASL_d5tesg, ASL_r5tesg
Sign Test

(1) Function
The ASL_d5tesg or ASL_rbtesg performs a sign test when the observed values of two samples are individually
associated.
When (X,Y) is assumed to be a pair of random variables and n pairs of observed values (x;,y;), (i =
1,2,---,n) are given as the actual values for them, this function tests the null hypothesis Hy :“P.(X >
Y)=P.(X <Y)=0.5" against the alternative hypothesis Hy: “P.(X >Y) > 0.5 (or < 0.5).”
The value for the n pairs of observed values (z;,y;), (i = 1,2,---,n) is defined by the equations shown
below.
The following kinds of values a, b, x, and m are obtained from the observed values.

a : Number of pairs of observed values for which z; > y;.
b : Number of pairs of observed values for which z; < y;.
x = min (a, b)

m=a+b

Probability :

e For m <25

()
=0 \ °

e For m > 25
z 1 2
P= /_Oo \/ﬁe 2 dx
Here, Z is defined as follows.

m
z+0.5— —
Z=—2

SV
2
(Z obeys a standard normal distribution N(0,1).)
(2) Usage
Double precision:
ierr = ASL_d5tesg (a, n, b, &izr, &isn, &p);

Single precision:
ierr = ASL_r5tesg (a, n, b, &izr, &isn, &p);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. SHIMCLE an Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Observed values of sample A {x;}
Rx
2 n I 1 Input | Number of observed values in each of the two
samples n
3 b Dx n Input | Observed values of sample B {y;}
Rx
4 izr I* 1 Output | Number of times the difference of the corre-
sponding observed values of samples A and
B is not zero m
5 isn I* 1 Output | Smaller number of appearances of the signs of
the difference of the corresponding observed
values (number of appearances of + or —) x
6 p D 1 Output | Probability (one-tailed test) P
R«
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>1
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 Samples A and B are equal (izr=0). isn=0 and p=1 are set.
3000 Restriction (a) was not satisfied. Processing is aborted.
(6) Notes

(a) The number of observed values in the two samples must be equal.

(b) When this function is used, the test is a one-tailed test. However, when this procedure is used for a two-
tailed test, if the significance level is «, the null hypothesis is rejected when the following relationship
holds.

pP<

| e
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(7) Example

(a)

Problem
Perform a sign test for the following set of observed values of two samples.
{(xivyi)} = {(472)7(473)7(573)7(573)7(373)7(273)7(573)7(373)7(172)7
(5,3),(5,2),(5,2),(4,5),(5,2),(5,5), (5,3), (5, 1)}
Input data

Set of observed values {(z;,y;)} and n=17.

Main program

/% C interface example for ASL_d5tesg */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;

int n;

double *b;

int izr;

int isn;

double p;

int ierr;

int i;

FILE *fp;

fp = fopen( "d5tesg.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );

return -1;

printf( " **%x ASL_dbtesg *x*\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );

a = ( double * )malloc((size_t) ( sizeof(double) * n ));
if( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

b = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( b == LL )

printf( "no enough memory for array b\n" );
return -1;

printf( "\tn = %6d\n", n );

printf ("\n\tObservations\n\n");

printf ("\t No. A B\n");
printf ("\t -\n");
for( i=0 ; i<n ; i++ )

fscanf( f£p, "%1f %1f", &alil, &b[il );
printf( "\t%6d %8.3g %8.3g\n", i+1, alil, b[i] );
}

fclose( fp );
ierr = ASL_dbtesg(a, n, b, &izr, &isn, &p);

printf( "\n *x Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf ( "\n\tNumber of pairs = %6d\n", izr );

printf( "\n\tNumber of sigs = %6d\n", isn );

printf( "\n\tProbability = %8.3g significant at 0.05 level\n", p );

free( a );
free( b );

return O;
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(d) Output results

***x ASL_dbtesg ***
** Input *x*

n = 17
Observations

No.

QOO UTWN -

QOO ACIUTRWOINWOIOTR D | >
FWUOINTINNWNWWWWWWWN | o

*% Output *x*

ierr = 0
Number of pairs = 14
Number of sigs = 3

Probability =  0.0287 significant at 0.05 level
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8.3.2 ASL_d5tewl, ASL_r5tewl
Wilcoxon Test

(1) Function

The ASL_d5tewl or ASL_r5tewl performs a Wilcoxon test when the observed values of two samples are
individually associated.

When (X,Y) is assumed to be a pair of random variables and n pairs of observed values (z;,v;), (i =
1,2,---,n) are given as the actual values for them, this function tests the null hypothesis Hp: “P.(X >
Y)=P.(X <Y)=0.5" against the alternative hypothesis Hy: “P.(X >Y) > 0.5 (or < 0.5).”

The value for the n pairs of observed values (z;,y;), (i = 1,2,---,n) is defined by the equations shown
below.
Difference of corresponding observed value of two samples :

dizxi_yiv (221,,71)

The following kinds of values m, R;, Tp, and Ty are obtained from the observed values.
m : Number of d; that are not zero.
R; : For nonzero d;, ranks assigned to their absolute values. The mean rank is assigned for equal ranks.
Tp : Sum of ranks assigned to positive d;
Tn : Sum of ranks assigned to negative d;
Test statistic :
T =min (Tp,TN)
Expected value of T :
E[T) = W

Variance of T':

Probability :

po [0 L2y
= e 2 dx
/_Oo V2-m

Here, Z is defined as follows.

,_ T—ElT]
VT

(The Z for which T has been normalized obeys a standard normal distribution N(0,1).)
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(2) Usage

Double precision:
ierr = ASL_d5tewl (a, n, b, &izr, &t, &z, &p, iwk, wk);
Single precision:
ierr = ASL_r5tewl (a, n, b, &izr, &t, &z, &p, iwk, wk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
1 a D+ n Input | Observed values of sample A {x;}
R«
2 n I 1 Input | Number of observed values in each of the two
samples n
3 b D+ n Input | Observed values of sample B {y;}
Rx
4 izr I* 1 Output | Number of times the difference of the corre-
sponding observed values of samples A and
B is not zero m
5 t Dx 1 Output | Test statistic T’
Rx
6 Z D+ 1 Output | Value for computing the significance of t ac-
R cording to a normal distribution (value for
which t has been normalized) Z
7 p Dx 1 Output | Probability (one-tailed test) P
R«
8 iwk I* 3xn Work | Work area
9 wk Dx 2xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) n>2

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Samples A and B are equal (izr=0). t=0 and p=0 are set, and the absolute
value maximum that can be represented
is set for z.
3000 Restriction (a) was not satisfied. Processing is aborted.
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(6) Notes

(a) The number of observed values in the two samples must be equal.

(b) When this function is used, the test is a one-tailed test. However, when this procedure is used for a two-
tailed test, if the significance level is «, the null hypothesis is rejected when the following relationship
holds.

p<?

-2

(7) Example

(a) Problem

Perform a Wilcoxon test for the following set of observed values of two samples.

{(zi,y:)} = {(28,36),(96,24), (37,47), (34,73), (85, 15), (56, 34), (67, 80),
(56,82), (19,78), (27,41), (61, 56), (76, 32), (13,31), (43,41)}

(b) Input data
Set of observed values {(z;,y;)} and n=14.

(¢) Main program

/* C interface example for ASL_d5tewl */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int n;
double *bj;
int izr;
double t;
double z;
double p;
int *iwk;
double *wk;
int ierr;
int i;
FILE *fp;

fp = fopen( "d5tewl.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#x* ASL_d5tewl **x\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );

a = ( double * )malloc((size_t) ( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
b = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( b == NULL )

printf( "no enough memory for array b\n" );

return -1;
iwk = ( int * )malloc((size_t) ( sizeof(int) * (3*n) ));
if ( iwk == NULL )

printf( "no enough memory for array iwk\n" );

return -1;

}

wk = ( double * )malloc((size_t)( sizeof(double) * (2%n) ));
%f( wk == NULL )
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printf( "no enough memory for array wk\n" );
return -1;

printf( "\tn = %6d\n", n );

printf ("\n\tObservations\n\n");

printf ("\t No. A B\n");
printf ("\t -—- \n");
for( i=0 ; i<n ; i++ )

fscanf( fp, "%1f %1f", &alil, &bli] );
printf( "\t%6d %8.3g %8.3g\n", i+1, alil, b[i] );

fclose( fp );
ierr = ASL_d5tewl(a, n, b, &izr, &t, &z, &p, iwk, wk);

printf( "\n ** Output **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf ( "\n\tNumber of pairs = %6d\n", izr );

printf( "\n\tStatistical value = %8.3g\n", t );

printf( "\n\tNormalized value = %8.3g\n", z );

printf( "\n\tProbability = %8.3g not significant at 0.05 level\n", p );
free( a );

free( b );

free( iwk );

free( wk );

return O;

}
(d) Output results

**kk ASL_dbtewl ***

*k Input *%

n = 14
Observations
No A B
1 28 36
2 96 24
3 37 47
4 34 73
5 85 15
6 56 34
7 67 80
8 56 82
9 19 78
10 27 41
11 61 56
12 76 32
13 13 31
14 43 41

*% Output *x*

ierr = 0

Number of pairs = 14

Statistical value = 49

Normalized value = -0.22

Probability = 0.413 not significant at 0.05 level
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8.3.3 ASL_d5temh, ASL_r5temh
Mann-Whitney’s U Test

(1) Function
The ASL_d5temh or ASL_r5temh performs Mann-Whitney’s U test for two independent samples.
Given n observed values x;, (i = 1,---,n) and m observed values y;, (j = 1,---,m), which were in-
dependently taken from two populations [, and [], having continuous distribution functions Fi(x) and
F5(z), this function tests the null hypothesis Ho: “Fj(x) = Fa(x)” against the alternative hypothesis Hj:
“Fi(z) > Fa(x)” or Hy: “Fi(x) < Fy(x).” The value for the n observed values z;, (i = 1,---,n) and m
observed values y;, (j =1,---,m) (where n < m) is defined by the equations shown below.
The following kinds of values R; and T are obtained from the observed values.

R;: Ranks assigned to (n + m) observed values obtained by combining z; and y;. The mean rank is
assigned for equal ranks.

T: Sum of ranks assigned to z;

Test statistic :
U = min (Ul, UQ)

Here, U; and U, are defined as follows.

n(n+1)

U =n-m+ -T

ngn-m—Ul

Expected value of U :
n-m
EU] = —
v ="

Variance of U:

e No equal ranks exist
n-m(n—+m+1)
12

VU] =
e Equal ranks exist

vivl= 12(n + m)(n +m—1)

Here, S is defined as follows.

S=> (1)

t : Number of values having equal ranks according to assigned ranks

(n+m)®—(n+m)—=>_9)

Probability :

v
Il
I
] N
ﬂH
3
g
|
o
QU
)

Here, Z is defined as follows.

_U- B[]
- VIO

Z

(The Z for which U has been normalized obeys a standard normal distribution N(0,1).)
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(2) Usage
Double precision:
ierr = ASL_d5temh (a, n, m, r, &u, &z, &p, iwk);
Single precision:
ierr = ASL_r5temh (a, n, m, r, &u, &z, &p, iwk);

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex

R:Single precision real C:Single precision complex

as for 32bit Integer}

) int
" | long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx n+m Input | Of the two independent samples, enter the
{R*} observed values of the one having fewer
observed values first, followed by the ob-
served values of the one having more observed
values.
2 n I 1 Input | Number of observed values in the sample hav-
ing fewer observed values n
3 m I 1 Input | Number of observed values in the sample hav-
ing more observed values m
4 r Dx n-+m Output | Ranks assigned to observed values obtained
{R*} by combining the two samples {R;}
5 u D+ 1 Output | Test statistic U
()
6 Z Dx 1 Output | Value for computing the significance of u ac-
{R*} cording to a normal distribution (value for
which u has been normalized) Z
7 p D 1 Output | Probability (one-tailed test) P
()
8 iwk I* See Work | Work area
Contents Size: 3x(n+m)
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) n>1
(b) m>20

(¢) n<m
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Any of restriction (a) to (c¢) were not Processing is aborted.
satisfied.
(6) Notes

(a) When this function is used, the test is a one-tailed test. However, when this procedure is used for a two-

tailed test, if the significance level is «, the null hypothesis is rejected when the following relationship

holds.

(7) Example

p<?
)

(a) Problem
Perform Mann-Whitney’s U test for the two independent samples given by the following observed

values.

and

{wi} ={13,12,12,10,10,10,10,9,8,8,7,7,7,7,7,6}

{y:} = {17,16,15,15,15, 14, 14,14,13,13,13,12,12,12,12, 11, 11, 10, 10, 10, 8,8, 6}

(b) Input data

Observed values {z;}, n=16, observed values {y;} and m=23.

(¢) Main

/%

program

C interface example for ASL_d5temh */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int n;

int m;

double *r;
double u;
double z;
double p;
int *iwk;
int ierr;
int i;

FILE *fp;

fp = fopen( "d5temh.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *#x* ASL_d5temh **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

a = ( double * )malloc((size_t)( sizeof(double) * (n+m) ));
if( a == NULL )

printf( "no enough memory for array a\n" );

return -1;

r = ( double * )malloc((size_t)( sizeof(double) * (n+m) ));
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if ( r == NULL )
printf( "no enough memory for array r\n" );
return -1;
iwk = ( int * )malloc((size_t) ( sizeof(int) * 3 * (n+m) ));
if ( iwk == NULL )
printf( "no enough memory for array iwk\n" );
return -1;
printf( "\tn=%3d, m=%3d\n", n, m );

printf("\n\tObservations A\n");
for( i=0 ; i<n ; i++ )

if( i%5 == 0 )
printf( "\n\t" );

}
fscanf( fp, "Jlf", &alil );
printf( "%8.3g", alil );

}
printf( "\n" );

printf ("\n\tObservations B\n");
for( i=n ; i<n+m ; i++ )

%f( (i-n)%5 == 0 )
printf( "\n\t" );

%scanf( fp, "Wlf", &ali]l );
printf( "%8.3g", alil );
%rintf( "\n" );
fclose( fp );
ierr = ASL_d5temh(a, n, m, r, &u, &z, &p, iwk);

printf( "\n ** Qutput **\n\n" );

printf( "\tierr = %6d\n", ierr );

printf ( "\n\tU-value %8.3g\n", u );

printf( "\n\tNormalized value %8.3g\n", z );

printf( "\n\tProbability = %8.3g significant at 0.05 level\n", p );

free( a );
free( r );
free( iwk );

return O;

}
(d) Output results

**%*% ASL_dbStemh ***
*k Input *%
n= 16, m= 23

Observations A

13 12 12 10 10
10 10 9 8 8
7 7 7 7 7
6
Observations B

17 16 15 15 15
14 14 14 13 13
13 12 12 12 12
11 11 10 10 10

8 8 6

*% Qutput *x*

ierr = 0
U-value = 64
Normalized value = -3.45

Probability = 0.000279 significant at 0.05 level
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8.3.4 ASL_d5tesp, ASL_r5tesp
Spearman’s Rank Correlation Test

(1) Function

The ASL_d5tesp or ASL_rbtesp obtains Spearman’s rank correlation coefficient and tests the correlation
between two samples.

When (X,Y) is assumed to be a pair of random variables and n pairs of observed values (z;,v;), (¢ =1,---,n)
are given as the actual values for them, this function tests the null hypothesis Hy: “X and Y are independent”
against the alternative hypothesis Hi: “There is a positive correlation between X and Y” or Hy: “There is
a negative correlation between X and Y.”

The value for the n pairs of observed values (z;,y;), (i =1,---,n) is defined by the equations shown below.
First, the two samples are ranked individually and represented by a; and b;, respectively. The mean rank is

assigned for equal ranks.

Spearman’s rank correlation coefficient :

e No equal ranks exist

e Equal ranks exist

(n®—n—281)+ 1> —n—5) — 122(% — b;)?
i=1

rs =

2y/(n3 —n—81)(n®* —n —S)
Here, S7, which is the correction factor of the first sample, and S, which is the correction factor of

the second sample, are defined as follows.

Sp=> (b —t1)
Sy = Z(tzg — t2)
t : Number of values having equal ranks according to assigned ranks
Test statistic :
[ n—2
T=rs R
(The T obeys a t distribution with n — 2 degrees of freedom.)

(2) Usage
Double precision:
ierr = ASL_d5tesp (a, n, b, &idf, rl, r2, &rs, &t, iwk);
Single precision:
ierr = ASL_r5tesp (a, n, b, &idf, r1, r2, &rs, &t, iwk);
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. retment at Type Size nput/ Contents
Return Value Output

1 a D+ n Input | Observed values of sample A {x;}
Rx

2 n I 1 Input | Number of observed values in each of the two

samples n

3 b Dx n Input | Observed values of sample B {y;}
Rx

4 idf I* 1 Output | Degrees of freedom

rl Dx n Output | Ranks assigned to observed values of sample

R A {a;}

6 r2 D+ n Output | Ranks assigned to observed values of sample
R B {b:}

7 S Dx 1 Output | Spearman’s rank correlation coefficient 7
R«

8 t Dx 1 Output | Value for computing the significance of rs ac-
R+ cording to a t distribution 7'

9 iwk I* 3xn Work | Work area

10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) n>10

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 rs was -1 or 1.
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(6) Notes

(a) The number of observed values in the two samples must be equal.
(b) The rankings rl and r2 correspond to the samples A and B, respectively.

(¢) When this function is used, the test is a one-tailed test. However, when this procedure is used for a
two-tailed test, if the number of degrees of freedom is n and the significance level is a, he null hypothesis
Q@
is rejected when the either of the following relationships holds, based on the value of ¢ (n, 5) :

(0%

t >t (71,52)
[0
= (n3)

(7) Example

or

(a) Problem
Obtain Spearman’s rank correlation coefficient and test the correlation between the two samples for
the following set of observed values of two samples.

{(zi,y)} = {(93,53),(98,46), (76,28), (28, 25), (103, 65), (99, 80), (98, 73),
(71,44), (74,51), (116, 82), (97,54)}

(b) Input data
Set of observed values {(z;,y;)} and n=11.

(¢) Main program

/* C interface example for ASL_d5tesp */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *a;
int n;
double *bj;
int idf;
double *ri;
double *r2;
double rs;
double t;
int *iwk;
int ierr;
int i;

FILE *fp;

fp = fopen( "d5tesp.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " #%% ASL_d5tesp **x\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );

a = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

b = ( double * )malloc((size_t)( sizeof(double) * n ));
if( b == NULL )

printf( "no enough memory for array b\n" );
return -1;

515



ASL_d5tesp, ASL_r5tesp
Spearman’s Rank Correlation Test

rl = ( double * )malloc((size_t) ( sizeof(double) * n ));
if( r1 == NULL )

printf( "no enough memory for array ri\n" );
return -1;

r2 = ( double * )malloc((size_t) ( sizeof(double) * n ));
if( r2 == NULL )

printf( "no enough memory for array r2\n" );
return -1;

iwk = ( int * )malloc((size_t) ( sizeof(int) * (3%n) ));
if ( iwk == NULL )

printf( "no enough memory for array iwk\n" );
return -1;

printf( "\tn = %6d\n", n );

printf ("\n\tObservations\n\n");

printf ("\t No. A B\n");
printf ("\t -— \n");
for( i=0 ; i<n ; i++ )

fscanf( fp, "%1f %1f", &alil, &bli] );
printf( "\t%6d %8.3g %8.3g\n", i+1, alil, b[i] );

fclose( fp );
ierr = ASL_db5tesp(a, n, b, &idf, rl, r2, &rs, &t, iwk);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tn = %6d\n", n );

printf( "\n\tTied ranked\n\n" );

printf ("\t No. A B\n");
printf ("\t -— \n");
for( i=0 ; i<n ; i++ )

printf( "\t%6d %8.3g %8.3g\n", i+1, ri[i], r2[i] );

printf( "\n\tDegree of freedom = %6d\n", idf );
printf( "\n\tSpearman rank correlation coefficient = %8.3g\n", rs );
printf( "\n\tStatistical value = 8.3g significant at 0.05 level\n", t);

free( a );
free( b );
free( rl );
free( r2 );
free( iwk );

return O;
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(d) Output results

***x ASL_dbtesp ***

*% Input *%

n = 11
Observations
No. A B
1 93 53
2 98 46
3 76 28
4 28 25
5 103 65
6 99 80
7 98 73
8 71 44
9 74 51
10 116 82
11 97 54

** Qutput **
ierr = 0
n = 11

Tied ranked

No A B
1 5 6
2 7.5 4
3 4 2
4 1 1
5 10 8
6 9 10
7 7.5 9
8 2 3
9 3 5
10 11 11
11 6 7
Degree of freedom = 9
Spearman rank correlation coefficient = 0.861
Statistical value = 5.08 significant at 0.05 level
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Chapter 9
MULTIVARIATE ANALYSIS

9.1 INTRODUCTION

When several sets of various individuals are observed, an analysis of that data is called multivariate analysis.

This library provides the following functions for performing a multivariate analysis.
e Principal Component Analysis

e Factor Analysis

Canonical Correlation Analysis

Discriminant Analysis

Cluster Analysis
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9.1.1 Explanation

(1)

Principal Component Analysis
The objective of a principal component analysis is to explain numerous variates according to a small number
of variates. Let the mean vector and variance-covariance matrix of the probability vector & = [z, -+, 2,]T

be represented by p and ¥, respectively. Consider the following linear combination of @ according to the

vector c.
y=c'(x—p)ce=1
The n variates y; = ¢;T (x — p) that satisfy the following conditions :

e y; maximizes the variance of y in relation to c.

e When vy, -, yx are defined for k < n, ypr1 = cxr1’ (x — pu) maximizes the variance of y in relation

to ¢ based on Cov(y,y;) =0,i=1,--- k.

are called the ith principal components of z, and the ¢; are called the principal component vectors. The ¢;
also constitute the orthonormal eigenvectors of X. That is, if the eigenvalues of 3 are given by A\ < -+ < Ay,
the corresponding orthonormal eigenvector is C' = [e1, - - -, ¢y,]. The contribution ratio of the ith principal

component, which is defined as follows:

Ai
Z?:l Ai

represents the proportion of the total variation of the variance of y;. Also, the cumulative contribution ratio

up to the kth principal component is given as follows.

Zf:l Ai
Z?:l Ai

The principal component score vector of individual j is defined as follows.
yj = CT(z; — p)

Generally, since p and ¥ are unknown, the sample mean vector and sample variance-covariance matrix
are used as estimates instead. Also, since the principal components are not invariant based on a scaling
transformation, in practice, the principal component analysis is performed for a standardized variate in

place of x.

Factor Analysis

The objective of a factor analysis is to explain the correlation relationships among several variables according
to “factors” (which are fewer in number than the number of variables). Let the observed values of m variates
x; (i =1,2,---,m) consisting of n observed values be represented by z;; (¢ =1,2,---,m; j=1,2,---,n),

2
79

and let the mean and variance of each variate be represented by Z; and o7, respectively. Let the vector

zj = 214,22, " 2m,j]° consist of the standardized variables z; ; that correspond to each variate, where

the z; ; are defined as follows:

L Ty — Ti
Zij = .
1

Assume that the vector z; has the following kind of structure.

Zj:Ffj+Uj
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Herea F = (ai,k) (Z = 1727' s, My k= 1727 o 71) f_] = [fl,j7f2,j7' . '7fl,j]T7 and u; = [ul,j7u2,j7' o 7ul,j]T
represent the following values, respectively:

e a;;: Factor loading (unknown constant) related to the kth factor of the ith variable

® fi;: kth common factor score of jth observed value

e uy ;: Characteristic factor score related to the kth variable of the jth observed value

At this time, the correlation coefficient matrix between the standardized variables R can be decomposed as

follows.
R=FF' +D=R*+D

Here, D is a diagonal matrix whose ith principal diagonal term element is called the specificity related to the
ith variable. The ith principal diagonal term element of R* is called the communality of the ith variable.
Let the eigenvalues of R* be \;, and let the corresponding eigenvectors be W = [wyq, - - -, wy] = (w; ;). To

form an [ factor model, represent the factor matrix F' as follows.

F=[Vhw, - Vhw)]

The factor scores H = [f,, fo, -+, f,,] are obtained by solving the following equations.
H=7ZW
(FTE)YW =F
Here, Z = [z1, 22, -, 2,]7. Generally, the factor matrix does not take a suitable form for interpreting

the actual contents of each factor. Therefore, a method is considered of applying a suitable orthogonal
rotation (factor orthogonal rotation) to the factor matrix to make the results easier to interpret. When
performing an orthogonal rotation of the factor matrix, you need to determine the kind of factor structure
to aim for when performing the rotation. A representative example of an orthogonal rotation criterion is
the varimax criterion. With the varimax method, the factor matrix is orthogonally rotated so that
the sum for all factors of the squared variance of the factor loading of each factor (varimax criterion) is

maximized. The procedure is as follows.

(@ Obtain the communality before rotation.
k
2 2
hi = Z a;;
j=1

(i =1,2,---,m; (Number of variates), j=1,2,---,k;(Number of factors))

A = (a;;); Factor loading matrix
(@ Normalize the factor loading matrix.

bl_] :a/l_]/\/hz2 (Z: 17237m7 ]: 17277k)

(® Perform an orthogonal rotation that maximizes the variance of the factor loading matrix, which is

shown below.

m m

m Z(b?j)Q - (Z b?j)Q

Ve = Z =1 — =1 (¢c=1,2, -, r(Maximum number of iterations))

Jj=1
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Let the transformation matrix T}; for the pair (j,j’) among k factors be as follows.

j — th column j’ — th column
1

1

cos@ -+ --- ... —ginh

1
Ty =
1
I Ty
1
0

At this time, let u;, v;, p, ¢, r and s be defined as follows.

w; = aij/hi, vi = aij/h;

m
q=2) uu
i=1
m
=) {(uf = v})? — duv}
i=1

m
s= 42%‘1}1‘(%2 —v?)
i=1

Then, @ is given by the following equation.

1 s- 4
= -tan ! ——m (T <cpcT
g 7og 1507
m

The rotation for the combination of all factors is given as follows:

AT 2T 5 T Te3 - Tog - The1k

j — th row

j’ — th row

and V. is calculated at this time. This value is compared with V._; of the previous time, and the

calculation ends if the following condition is satisfied.

Ve —Vei| <e

If this condition is not satisfied, rotation is repeated. Here, ¢ is 10~7 for single precision and 10~'2 for

double precision. Also ¢ denotes number of rotation iterations.
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(@ When the final V, is calculated, the difference of the communality for the factor matrix after rotation,
which is denoted by f; as follows :

k
fi=> al (i=1,2,--,m)
=1

and the communality before rotation is calculated as follows.
di =hi—f;

(3) Canonical Correlation Analysis
When observed values z; j (i =1,2,---,n; j =1,2,---,1+m) for [ + m variables z; (j =1,2,---,1 +m)
concerning n subjects are given, a canonical correlation analysis is a method in which these [ + m variables
are divided into two groups according to some criteria, and the relationships between these two groups are
analyzed according to the canonical correlation coefficients. Let the mean and variance of the observed values
for each variable be represented by Z; and sz, respectively. The standardized results u; ; corresponding to
each variable are defined as follows.

Tij — Ty

Ui j =
aj

Now, assume that the (standardized) observed values are divided into the following two groups.
First group: u; (i =1,2,---,n;j =1,2,---,1)
Second group: u; ;(i =1,2,---,n;j=14+1,2,---,14+m)

At this time, consider the composite variables z and w determined as follows by the values.

l
2 = Zj:l piti g
_ l4+m
w; =300 Qi

The coefficients p; and ¢; are determined so that the values of the variances o2 and o2, of the composite
variables z and w, respectively, are 1. At this time, the composite variables z and w are called canonical

variates, and the correlation coefficients p.,, of z and w are called the canonical correlation coefficients.
2

P

n
Z;W;
Pzw = Ozw = E
" n
i=1

Since o o2 =1, the following relationship holds.

Here, 0., is the covariance of the composite variables z and w. A canonical correlation analysis determines
the coefficients p = {p;} and ¢ = {g;} so that the values of the canonical correlation coefficients are
maximized and views the strength of the relationship between the two groups that were divided according
to the canonical correlation coefficients at that time. Now, let the correlation coefficient matrix of the first
group be S (size: I x 1), the correlation coefficient matrix of the second group be T' (size: m x m), and the
correlation coefficient matrix of the first and second groups be R (size: | x m). For indeterminate constants

A and p the following equations are obtained by using Lagrange’s method of indeterminate coefficients.

Rq = \Sp
R'p = yuTq

Now, from the following relationships:
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we find that:

A= K= Pzw
STIRT-'RTp = N?p
q= A_lT_lRTp

and A, that is p,., is obtained from the maximum eigenvalues of the matrix ST'RT'R”. Now, p and q

should be determined so that the following relationships are satisfied among the corresponding eigenvectors.
pl'Sp=1
q¢'Tg=1

The number of nonzero canonical correlation coefficients is said to be the number of dimensions of a canonical
variate. The number of dimensions can be determined by sequentially performing hypothesis tests that test

the following null hypothesis:
Hi:dy1=--=X\=0

against the following alternative hypothesis:
Ky, : Hy is not true

That is, if Hy,---, Hi_1 are rejected and Hy, is adopted, the number of dimensions is assumed to be k. The
test is performed by using the following fact. If Wilks’ A, which is defined by the following equation, is

used:

!
Ay = H 1-X?)

i=k+1

based on hypothesis Hy, the following xi values:
Xi=—{n—051+m+1)}log, A

asymptotically obey a x? distribution with (I — k)(m — k) degrees of freedom.

Discriminant Analysis

A discriminant analysis deals with the problem of discriminating the population to which a certain individual
belongs among the k populations 7y, ---, 7 based on observed values for that individual. A prerequisite
of this problem is that the individual for which the population is to be discriminated belongs to some
population among my, - - -, mr. When the various populations are normal populations of order p represented
by N(v1,%),- -, N(vg, 2), the following kind of linear function (linear discriminant function):

. 1
y () =8 e — iuiTE_lui
can be used to discriminate:
max y’ (¢) =y’ (x) = = € 7,
J

When the parameters are unknown, these estimates can be used for discrimination.
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(5) Cluster Analysis
From a statistical data analysis viewpoint, classification means to provide a scale for representing the
similarities and differences seen among the classification subjects and dividing those subjects into several
groups (clusters) according to that scale. With this meaning, classification can be called a clustering
method or cluster generation method. Cluster analysis uses an (individual)x (variate) multivariate
characteristic value data matrix for the data handled as the classification subjects. At this time, both the
individuals and the variates are treated as classification subjects. In either case, the cluster generation
process requires a measure for representing the similarities or differences of the classification subjects. This
measure is called the similarity measure or dissimilarity measure. If individuals or variates having
n characteristics are to be used as classification subjects when the (individual)x (variate) multivariate
characteristic value data matrix (a;) or (ax;) (i = 1,2,---,n;k = 1,2,-- -, p) is given, the following measures,

for example, can be used as the dissimilarity measure d;; (¢,7 =1,2,---,n).

e Fuclidean quadratic distance

p

dij = Z(aik —a)? (i,j=1,---,n)

k=1

e Standardized Euclidean quadratic distance

dii = - (aik*ajk)Q i1
ij*Zig(%]* ;)

s
k=1 k

Here, s7, which is the variance of the variate, is defined by the following equation.

ak = E alk

This is the same as obtaining the FEuclidean quadratic distance when the variance of each variate is
standardized to 1.

n

-1
1:1

o Generalized distance of Mahalanobis
p p
dlj = Z Z (aik - ajk)vkm(aim - ajm) (Zv.] = ]-7 c '777’)
k=1m=1

Here, vy, is the (k, m) element of the inverse matrix of the variance-covariance matrix of the individuals

and variates.
e Minkowski distance
P
dij ={>_ lam —aj ["}/" (r > 1.05i,j =1, ,n)

k=1
Also, to perform the classification, a measure must be defined for use when individuals or variates are merged
as a cluster. When a new cluster ¢ is created by merging cluster p and cluster ¢, the following measures
are used as the dissimilarity measure d;. between cluster ¢ and a separate arbitrary cluster r. Here, n,
represents the number of subjects contained in cluster p.

e Nearest neighbor method
dir = min(dpr, dgr)

e Furtherest neighbor method
diy = max(dpr, dgr)
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e Group mean method

dir = (Npdpr + ngdgr)/(np + ng)

e Center of gravity method
n n nyNn
dy = L - T _d, — P9 g
' np + Ng g +”p+”q ! (np +ng)? .
e Median method
1 1 1
dir = §dpr + Edqr - deq
e Ward’s method
Ny + Ny Ng + Ny Ny
dtr = pT qr — dpq
ng + Ny ng + Ny ne + Ny
e Variable method
1-— 1-— 1
dtr: 26dpr+ 26dqr+ﬂdpq (7Z§B§0)

The center of gravity method, median method, and Ward’s method assume that the dissimilarity measure

is given by the (standardized) Euclidean quadratic distance.

9.1.2 Reference Bibliography

(1) Anderson, T. W. , “An Introduction to Multivariate Statistical Analysis”, John Wiley & Sons, New York
(1958)
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9.2 PRINCIPAL COMPONENT ANALYSIS

9.2.1 ASL_d6cpcc, ASL_r6cpcc

(1)

Principal Component Cumulative Contribution Ratio

Function

Let the mean vector and variance-covariance matrix of the probability vector & = [z, -+, 2m,]? consisting
of m variates be represented by pu and X, respectively. If the eigenvalues of ¥ are given by Ay < -+ < Ay,
and the corresponding orthonormal eigenvector is given by C' = [e1, - -, ¢, the contribution ratio of the

ith principal component, which is defined as follows:

represents the proportion of the total variation of the variance of y;. Also, the cumulative contribution ratio

up to the kth principal component is given as follows.

k
PR
o = 121
PR
i=1
When the eigenvalues A\; < --- < )\, are given, and the given criterion value is represented by s, the

ASL_d6cpee or ASL_r6epec obtains the minimum k = k,, value and the cumulative contribution ratio

ek (k=1,2, - k) that satisfies the following relationship.
cr > S

Usage
Double precision:

ierr = ASL_d6cpee (a, m, cons, cp, &num);
Single precision:

ierr = ASL_r6cpee (a, m, cons, cp, &num);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. retunent an Type Size nput/ Contents
Return Value Output
1 a D« m Input | Eigenvalues A; (See Note (a))
R«
2 m I 1 Input | Number of variates m
cons I 1 Input | Criterion value s
4 cp Dx m Output | Cumulative contribution ratio ck values c
Rx (Z:]'vzaakm)
5 num I* 1 Output | k,, value
ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) m>1
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
(6) Notes

(a) The eigenvalues must be arranged in ascending order.
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9.2.2 ASL_d6cpsc, ASL_r6¢cpsc

(1)

Principal Component Scores

Function

Let the mean vector and variance-covariance matrix of the probability vector & = [z1,- -+, 2,]7 consisting
of m variates be represented by pu and X, respectively. If the eigenvalues of ¥ are given by Ay < -+ < Ay,
and the corresponding orthonormal eigenvector is given by C' = [e1, - - -, €], the principal component score

vector of individual j is defined as follows.
Y = CT<mJ _IJ’) (]71 = 1727"'7m)

Given n observed values for m variates z;; (¢ = 1,2,---,n; j =1,2,---,m) and the mean p; ( =1,2,---,m)
of each variate and orthonormal eigenvectors of the variance-covariance matrix ¢; = (¢;;) (j =1,2,---,m;l =
1,2,---,m), the ASL_d6cpsc or ASL_r6cpsc obtains the principal component scores of each individual. Here,
k(k < m) represents the number of principal components to be obtained. Also, the scores are obtained for

standardized variates as follows, where o; is the standard deviation of each variate.

% cji(wij — pj) . 7
Yil ; - (i=1,2,---,m;l=1,2,--- k)
Usage
Double precision:
ierr = ASL_d6cpsc (a, ma, m, n, num, x1, sd, ev, mev, z);
Single precision:
ierr = ASL_r6epsc (a, ma, m, n, num, x1, sd, ev, mev, z);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
Argument and Input
No. retunent an Type Size nput/ Contents
Return Value Output
1 a D+ maxm Input | Observation data matrix (z;;) (See Note (a))
Rx
2 ma I 1 Input | Adjustable dimension of array a
3 m I 1 Input | Number of variates m
4 n I 1 Input | Number of observed values n
5 num I 1 Input | Number of principal components k
6 x1 Dx m Input | Mean of each variate p;
Rx
7 sd Dx m Input | Standard deviation of each variate o;
Rx
8 ev D+ mevXxm Input | Matrix composed of eigenvectors (cj;) (See
R Note (a))
9 mev I 1 Input | Adjustable dimension of array ev
10 z Dx maxnum | Output | Matrix composed of principal component
R scores (yi1) (See Note (a))
11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(d) sd[i — 1] > Unit for determining error(i=1,---,m)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
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(6) Notes

(a) The matrices (z;;) and (c;;) are stored in arrays a and ev, respectively, as real matrices (two-dimensional
array type). The matrix (y;) is stored in array z as a real matrix (two-dimensional array type). For

the method of the matrix data storage, see Appendix A.
(7) Example

(a) Problem
Obtain the eigenvalues and eigenvectors based on the correlation coeflicient matrix, and then obtain

the cumulative contribution ration of the eigenvalues and the principal component scores.

(b) Input data
Observation data matrix stored in array a:

90.0 91.0 98.0 90.0
92.0 97.0 94.0 92.0
94.0 93.0 90.0 97.0
97.0 940 950 95.0
99.0 105.0 94.0 106.0
102.0 103.0 103.0 107.0
104.0 95.0 110.0 110.0
105.0 106.0 107.0 104.0
108.0 109.0 105.0 100.0
109.0 107.0 104.0 99.0

Correlation coefficient matrix stored in array r:

[ 1.0000 0.8000 0.7650 0.6400
0.8000 1.0000 0.4500 0.4575
0.7650 0.4500 1.0000 0.5800

| 0.6400 0.4575 0.5800 1.0000

x1[0] = 100.0,
x1[1] = 100.0,
x1[2] = 100.0,
x1[3] = 100.0,
sd[0] = 6.6667,
sd[1] = 6.6667,
sd[2] = 6.6667,
sd[3] = 6.6667,

ma = 10,mev =4, m =4, n = 10 and cons = 0.80.
(¢) Main program

/* C interface example for ASL_d6cpsc, STAT_d6cpcc */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *a;

int ma;

int m, n;

int num;

double *x1, *sd, *ev;
int mev;

double *z, *e;
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double cons;
double *cp;
int ierr;

double *r,*wl;

int i,j;
FILE *fp;
mev= 4;
ma =10;
m = 4;
n =10;
cons=0.8;

fp = fopen( "d6cpsc.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_d6cpsc ***\n" );
printf( "\n ** Input **\n\n" );

printf( "\tmev=%3d\n", mev );
printf( "\tma =%3d\n", ma );
printf( "\tm =%3d\n", m );

printf( "\tn =%3d\n", n );
printf( "\tcons=/6.3g\n\n", cons );

a = ( double * )malloc((size_t)( sizeof(double) * (maxm) ));
if( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
x1 = ( double * )malloc((size_t)( sizeof (double) * m ));
if ( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
sd = ( double * )malloc((size_t)( sizeof(double) * m ));
if ( sd == NULL )

printf( "no enough memory for array sd\n" );

return -1;
}
r = ( double * )malloc((size_t)( sizeof(double) * (m*m) ));
%f( r == NULL )

printf( "no enough memory for array r\n" );
return -1;

ev = ( double * )malloc((size_t)( sizeof (double) * (mev*m) ));
if( ev == NULL )

printf( "no enough memory for array ev\n" );

return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e == NULL )
printf( "no enough memory for array e\n" );
) return -1;
z = ( double * )malloc((size_t)( sizeof(double) * (ma*m) ));
%f( z == NULL )

printf( "no enough memory for array z\n" );
return -1;

wl = ( double * )malloc((size_t) ( sizeof(double) * m ));
if( wl == NULL )

printf( "no enough memory for array wiln" );
return -1;

cp = ( double * )malloc((size_t)( sizeof(double) * m ));
if( cp == NULL )

printf( "no enough memory for array cp\n" );

return -1;

for( j=0 ; j<m ; j++ )
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for( i=0 ; i<n ; i++ )
fscanf( fp, "J4Llf", &ali+tmaxj] );
}

printf( "\tArray a\n" );
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g", ali+ma*jl );
printf( "\n" );
%rintf( "\n" );
for( j=0 ; j<m ; j++ )
¢ for( i=0 ; i<m ; i++ )
fscanf( fp, "%lf", &rli+mxj]l );
}

printf( "\tArray r\n" );
for( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g", rli+m*jl );
}
printf( "\n" );
}
printf( "\n" );

printf( "\tArray x1\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )

fscanf( fp, "%1lf", &x1[i] );
printf( "%8.3g", x1[i] );

}
printf( "\n\n" );

printf( "\tArray sd\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )

fscanf( fp, "JLlf", &sd[i] );
printf( "%8.3g", sdl[i] );

%rintf( "\n" );
fclose( fp );
for( j=0 ; j<m ; j++ )
for( i=0 ; i<m ; i++ )
ev[i+tmev*j]l=r[i+m*j];
}
ierr = ASL_dcsmaa(ev, mev, m, e, wil);

printf( "\n ** Output (ASL_dcsmaa) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tArray e (Eigenvalues)\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )
printf( "%8.3g", eli] );
}
printf( "\n" );
printf( "\tArray ev (Eigenvectors)\n" );
for( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g", ev[itmevx*j] );

}
printf( "\n" );
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}

ierr = ASL_d6cpcc(e, m, cons, cp, &num);

printf( "\n ** Output (ASL_d6cpcc) **\n\n" );

%6d\n", ierr );
%6d\n\n", num );

printf( "\tierr
printf( "\tnum

printf( "\tArray cp (Cumulative Ratio)\n" );

printf( "\t" );
for( i=0 ; i<num ; i++ )

printf( "%8.3g", cplil );

}
printf( "\n" );

ierr = ASL_d6cpsc(a, ma, m, n, num, x1, sd, ev, mev, z);

printf( "\n *#* Output (ASL_d6cpsc) **\n\n" );

printf( "\tierr = %6d\n\n", ierr );

printf( "\tArray z (Principal Component Score)\n" );

for( i=0 ; i<mn ; i++ )

printf( "\t" );
for( j=0 ; j<num ; j++ )

printf( "%8.3g\t", z[i+ma*j] );

}
printf( "\n" );
}

free( a );
free( x1 );
free( sd );
free( r );
free( ev );
free( e );
free( z );
free( wl );
free( cp );

return O;

}
(d) Output results

***x ASL_d6cpsc ***

** Input *x*

mev= 4
ma = 10
m = 4
n =10
cons= 0.8

Array a

91 98 90

92 97 94 92

94 93 90 97

97 94 95 95

99 105 94 106

102 103 103 107

104 95 110 110

105 106 107 104

108 109 105 100

109 107 104 99
Array r

0.8 0.765 0.64

0.8 1 0.45 0.458

0.765 0.45 1 0.58

0.64 0.458 0.58 1
Array x1

100 100 100 100
Array sd

6.67 6.67 6.67 6.67

** Qutput (ASL_dcsmaa) *x
ierr = 0
Array e (Ei%envalues)
0.0923 .435 0.61 2.86
Array ev (Eigenvectors)
0.791 0.157 -0.175 0.565
-0.468 -0.161 -0.728 0.475

-0.387 0.656 0.424 0.491
-0.0747 -0.721 0.51 0.463
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** Qutput (ASL_d6cpcc) *x

0
2

ierr
num

Array cp (Cumulative Ratio)
0.716 0.868

** Qutput (ASL_d6cpsc) *x
ierr = 0

Array z (Principal Component Score)
-2.33 0.353

-1.89 -0.456
-1.95 0.0566
-1.4 0.0334
0.247 -0.442
1.09 0.346
1.41 1.84
1.64 -0.0353
1.69 -0.875
1.49 -0.823
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9.3 FACTOR ANALYSIS

9.3.1 ASL _dé6fald, ASL _r6fald
Factor Loading Matrix

(1) Function
The ASL_d6fald or ASL_r6fald obtains the factor loading matrix and communality (contribution ratio of
principal components) based on the eigenvalues and eigenvectors.
Factor loading matrix (a;;) :

aij = /Ajvi; (i =1,2,---,m (Number of variates); j =1,2,---,k (Number of factors); k < m)

Here, \j (A1 > Ao > --- > A > 0) is eigenvalues and v;; is the ith component of the eigenvector for
eigenvalue ;.

Communality

(2) Usage
Double precision:
ierr = ASL_d6fald (e, m, ev, Ime, num, fm, Imf, oc);
Single precision:

ierr = ASL_r6fald (e, m, ev, lme, num, fm, lmf, oc);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and I t
No. FEUment al Type Size nput/ Contents
Return Value Output
1 e D« m Input | Eigenvalues A; (See Notes (a) and (b))
Rx*
2 m I 1 Input | Number of eigenvalues m
ev D+ Imexm Input | Matrix composed of eigenvectors correspond-
R ing to each eigenvalue (v;;) (See Note (a))
Ime I 1 Input | Adjustable dimension of array ev
5 num I 1 Input | Number of factors k
6 fm Dx Imfxnum | Output | Factor loading matrix (a;;)
Rx*
7 Imf I 1 Input | Adjustable dimension of array fm
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A t and Input
No. retment at Type Size nput/ Contents
Return Value Output
8 oc D m Output | Initial communality (contribution ratio for
Rx variates) h?
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 1<num<m<lme, lmf
(b) e[i-1](i=1, - -- m) must be arranged in ascending order.
(¢) e[m—num]>0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
(6) Notes

(a) The eigenvalues must be arranged in ascending order. Also, the eigenvectors must be arranged corre-
sponding to the eigenvalues. Matrix composed of eigenvectors (v;;) and factor loading matrix (a,;) are

stored in arrays ev and fm as real matrices (two-dimensional array type) (See Appendix A).

(b) The largest num eigenvalues and corresponding eigenvectors are used for the calculation.
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9.3.2 ASL_d6favr, ASL_r6favr

(1)

Rotation According to the Varimax Criterion

Function
The ASL_d6favr or ASL_r6favr performs orthogonal rotations of the factor loading matrix according to the
varimax criterion

Also obtain the following values.

Communality
k
hi = Z afj (1 =1,2,---,m (Number of variates); j =1,2,---,k (Number of factors))
j=1

Here, A = (a;;) is the factor loading matrix.

Variance of factor loading matrix

m

m Z(b?j)2 - (Z bzzj)2
V. = Z =1 — =1 (c=1,2,--+,r(Maximum number of orthogonal rotations))
j=1

Here, b;; is defined as follows.

bij = aii/\/h? (i=1,2,---;m; j=1,2,---k)

Usage
Double precision:

ierr = ASL_d6favr (fm, lmf, m, num, &ic, com, lmc, v);
Single precision:

ierr = ASL_r6favr (fm, lmf, m, num, &iec, com, lme, v);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

) int as for 32bit Integer
" | long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 fm D+ Imfxnum | Input | Factor loading matrix before rotations (See
{R*} Note (a))
Output | Factor loading matrix after final rotation
2 Imf I 1 Input | Adjustable dimension of array fm
3 m I 1 Input | Number of variates m
4 num I 1 Input | Number of factors k
5 ic I* 1 Input | Maximum number of orthogonal rotations
(See Note (b))
Output | Actual number of orthogonal rotations
6 com D+ Imex 3 Output | coml[i-1]:
{R*} Communality before rotations
com[i-1+1mc]:
Communality after final rotation
com[i-142% lmc]:
(Communality before rotations)
— (Communality after final rotation)
(i=1,---,m)
7 Imc I 1 Input | Adjustable dimension of array com
8 v Dx ic+1 Output | Variance of factor matrix for each rotation
{R*} v[0]: Variance before rotations
vl[i]: Variance after i-th rotation
(i=1, - --, ic)
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1<num<m<Imf, Imc

(b) ic >1

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
5000 The solution did not converge even The factor loading matrix, communality,
though the assigned maximum number of and variance at that time are returned.
orthogonal rotations was reached.
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(6) Notes

(a)

(b)

Factor loading matrix (a;;) are stored in array fm as real matrix (two-dimensional array type) (See
Appendix A).

A value of approximately 50 is suitable for ic.

(7) Example

()

Problem
Obtain the eigenvalues, eigenvectors, and factor loading matrix of the following correlation coefficient
matrix:
1.00000 0.80000 0.76500 0.64000
A 0.80000 1.00000 0.45000 0.45750

0.76500 0.45000 1.00000 0.58000
0.64000 0.45750 0.58000 1.00000

and performs orthogonal rotations of the factor loading matrix according to the varimax criterion and

obtain the factor loading matrix after rotations and so on.

Input data
Correlation coefficient matrix A, m=4, lme=>5, num=2, Imf=5, ic=10 and Imc=5.
Main program

/* C interface example for ASL_d6favr */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *fm;
int 1lmf;

int m;

int num;

int ic;
double *com;
int lmc;
double *v;
int ierr;

double *a, *ev, *oc, *wl;
int lme;

int maxic;

int i,j;

FILE *fp;

m=4;
1me=5;
num=2;
1mf=5;
maxic=10;
1mc=5;
ic=maxic;

fp = fopen( "d6favr.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d6favr ***\n" );
printf( "\n ** Input **\n\n" );

printf( "\t m=%3d\n", m );
printf( "\tlme=%3d\n", lme );
printf ( "\tnum=%3d\n", num );
printf( "\tlmf=%3d\n", 1lmf );
printf( "\t ic=%3d\n", ic );
printf ( "\tlmc=%3d\n\n", lmc );

a = ( double * )malloc((size_t) ( sizeof(double) * (m) ));
if ( a == NULL )
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printf( "no enough memory for
return -1;

ev = ( double * )malloc((size_t)(
if ( ev == NULL )
printf( "no enough memory for
return -1;
fm = ( double * )malloc((size_t)(
if ( fm == NULL )
printf( "no enough memory for
return -1;
oc = ( double * )malloc((size_t)(
if( oc == NULL )
printf( "no enough memory for
return -1;
wl = ( double * )malloc((size_t)(
if ( wi == NULL )

printf( "no enough memory for
return -1;

array a\n" );

sizeof (double)

array ev\n" );

sizeof (double)

array fm\n" );

sizeof (double)

array oc\n" );

sizeof (double)

array wi\n" );

*

*

*

*

(Ime*m) ));

(lmf*num) ));

m ));

(m) ));

com = ( double * )malloc((size_t)( sizeof (double) * (1lmc*3) ));

if( com == NULL )

printf( "no enough memory for array com\n" );

return -1;

o

v =
if ( = NULL )
{

printf( "no enough memory for
return -1;

array v\n" );

printf( "\tCorrelation matrix\n\t" );

for( i=0 ; i<m ; i++ )

for( j=0 ; j<m ; j++ )

fscanf( fp, "%Llf", &ev[i+lmexjl );
printf( "%8.3g ", ev[i+lme*xj]l );

}
printf( "\n\t" );

fclose( fp );

printf( "\n ** Output **\n\n"

);

ierr = ASL_dcsmaa(ev, lme, m, a, wl);

printf ( "\t** ASL_dcsmaa **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tEigen value\n" );

printf( "\t" );

for( i=0 ; i<m ; i++ )
printf( "%8.3g ", alil );

}

printf( "\n" );

printf( "\tEigen vector\n" );

for( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g ", ev[i+lmex*j] );

}
printf( "\n" );

}
printf( "\n" );

ierr = ASL_d6fald(a, m, ev, lme, num, fm, lmf, oc);

printf ( "\tx* ASL_d6fald **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
printf( "\tFactor loading matrix\n" );
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for( j=0 ; j<num ; j++ )

{
printf( "\t" );
for( i=0 ; i<m ;

printf( "%8.3g ", fm[i+lmf*j] );

}
printf( "\n" );

}
printf( "\n" );

i++ )

printf( "\tCommunalities\n" );

printf( "\t" );
for( i=0 ; i<m ; i++

)

printf( "%8.3g ", oclil );

}
printf( "\n\n" );

ierr = ASL_d6favr(fm, 1lmf, m, num, &ic, com, lmc, Vv);

printf ( "\tx* ASL_d6favr **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tFactor loading matrix\n" );

for( j=0 ; j<num ; j++ )

{
printf( "\t" );
for( i=0 ; i<m ;

printf( "%8.3g ", fm[i+lmf*j] );

}
printf( "\n" );

}
printf( "\n" );

i++ )

printf( "\tic = %6d\n\n", ic );

for( i=0 ; i<ic+1l ; i++ )

printf( "\tv[/2d] = %8.3g\n", i,v[i] );

}
printf( "\n" );

printf( "\tCommunalities\n" );

printf( "\t" );
for( i=0 ; i<m ; i++

)

printf( "%8.3g ", oclil );

}
printf( "\n\n" );
printf( "\tvariable

printf( "\t

original final difference\n" );
for( i=0 ; i<m ; i++ )

%2d  %8.3g %8.3g %8.3g\n",

i, com[i], com[i+lmc], com[i+lmc*2] );

}

free( a );
free( ev )
free( fm

free( oc )
free( wi )
free( com
free( v );

;
;
;
2
);

return O;

}
(d) Output results

*%k ASL_d6favr ¥

** Input *x*

m= 4
lme= 5
num= 2
Imf= 5
ic= 10
Imc= 5
Correlation matrix
1 0.8
0.8 1
0.765 0.45

0.64 0.458

** Qutput *x*

0.765 0.64
0.45 0.458
1 0.58
0.58 1
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**% ASL_dcsmaa **

ierr = 0
Ei%en value
.0923 0.435 0.61
Eigen vector
0.791 0.157 -0.175
-0.468 -0.161 -0.728
-0.387 0.656 0.424
-0.0747 -0.721 0.51
**% ASL_d6fald **
ierr = 0
Factor loading matrix
0.955 0.803 0.831
-0.136 -0.568 0.331
Communalities
0.931 0.968 0.799
**% ASL_d6favr **
ierr = 0
Factor loading matrix
0.622 0.221 0.84
-0.738 -0.959 -0.306
ic = 4
v[ 0] = 0.0257
v[ 1] = 0.195
v[ 2] = 0.237
v[ 3] = 0.262
vl 4] = 0.262
Communalities
0.931 0.968 0.799
variable ori%inal final
0 .931 0.931
1 0.968 0.968
2 0.799 0.799
3 0.773 0.773

2.86

.565
.475
.491
.463

[efelote]

0.784
0.398

0.773

0.85
-0.225

0.773

difference
0

-1.11e-16

-2.22e-16
1.11e-16
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9.4 CANONICAL CORRELATION ANALYSIS

9.4.1 ASL_d6cvan, ASL_r6cvan
Canonical Correlation Analysis

(1) Function
To perform a canonical correlation analysis for two groups of observed values, the ASL_d6cvan or ASL_r6cvan
performs the following processing.
Given the correlation coefficient matrix of the first group Ri1 (size: mq x mq),
the correlation coefficient matrix of the second group Raa (size: ma X mg),
and the correlation coefficient matrix of the first and second groups Rjs (size: my X ma),

solve the following eigenvalue problem to perform a correlation analysis.

Rii 'RiaRas 'Ris"p = N2p
g=X\"Ry 'Rix"p

Define the following kind of matrix R by collecting together the correlation coefficient matrices.

Rii Rpp”
Ri2  Ra

Next, from the eigenvalues A2 and eigenvectors p; and g; that were found, obtain the canonical correlation
coefficients, Wilks’ A, as well as the canonical coefficients of each group, which are defined by the following
equations.
Canonical correlation coefficients=\; (i =1,---,m)
However, Ay > Ay > -+ > A\, m = min(mq, ma).
Wilks” A:

l

Ay = H (1-X7)

i=k+1
Canonical coeflicients of first group: (p1,P2, ", Pm)
Canonical coefficients of second group: (g1,q2, ", qm,)

The number of nonzero canonical correlation coefficients is said to be the number of dimensions of a canonical
variate. The number of dimensions can be determined by sequentially performing hypothesis tests that test

the following null hypothesis:
Hg: Agr1=--=X=0

against the following alternative hypothesis:
K}, : H is not true

That is, if Hy,---, Hix_1 are rejected and Hy, is adopted, the number of dimensions is assumed to be k. The
test is performed by using the following fact. If Wilks” A is used, based on hypothesis Hy, the following x?

values:
X = —{n—0.5(m1 + ma + 1)} log, Ax

asymptotically obey a x? distribution with (m1 — k)(mg — k) degrees of freedom.
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(2) Usage
Double precision:
ierr = ASL_d6cvan (n, m1, m2, r, mr, co, col, mecol, co2, mco2, e, wil, chi, ndf, wl);
Single precision:

ierr = ASL_r6cvan (n, m1, m2, r, mr, co, col, mcol, co2, mco2, e, wil, chi, ndf, wl);

(3) Arguments and Return Value

long as for 64bit Integer

D:Double precision real  Z:Double precision complex I int as for 32bit Integer
R:Single precision real C:Single precision complex '

A t and I t
No. retment at Type Size nput/ Contents
Return Value Output
1 n I 1 Input | Number of observed values
2 ml I 1 Input | Number of variates of first group
3 m2 I 1 Input | Number of variates of second group
4 r D See Input | Correlation coefficient matrix R
Rx Contents Size: mrx(ml + m2)
5 mr I 1 Input | Adjustable dimension of array r
co Dx ml Output | Canonical correlation coefficients
R«
7 col Dx mcolxml | Output | Canonical coefficient matrix of first group
Rx
8 mcol I 1 Input | Adjustable dimension of array col
9 co2 D mco2xml | Output | Canonical coefficient matrix of second group
R«
10 mco2 I 1 Input | Adjustable dimension of array co2
11 e Dx ml Output | Eigenvalues
R«
12 wil Dx ml Output | Wilks” A
Rx
13 chi D ml Output | x? values x3
Rx
14 ndf I* ml Output | Number of degrees of freedom for x? test
15 wl Dx See Work | Work area
Rx Contents Size: mr x (ml 4+ m2)
16 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

a) n>2

(
(b

ml<m2

)
)

(¢) ml4+m2<mr
)

(d) 2<ml<mcol, 2<m2<mco2

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

400042 When performing an LU decomposition,

the pivot was 0.0 during the processing of
the i-th step.

5000 The solution did not converge during the Processing is aborted.
step for obtaining the eigenvalues.

6000 The eigenvalue was smaller than the unit
for determining error.

(6) Notes
None
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9.4.2 ASL_d6cvsc, ASL_r6cvsc
Canonical Variate Scores

(1) Function
The ASL_d6cvsc or ASL _r6evsc obtains the canonical variate values (scores) of the observed values based on

the canonical coefficients (matrix). The canonical variate z; of the observed values z; ; (i =1,2,---,n; j =
1,2,---,mq) for my variables z; (j = 1,2, - -, m1) concerning n subjects is defined by the following equation.
T — T
Y]
zi = ———
e
j=1

Here, T; and ch2- represent the mean and variance of the observed values and p = {p;} represents the

canonical coefficient vector.

(2) Usage
Double precision:
ierr = ASL_d6cvse (n, m1, m2, a, ma, col, mcol, co2, mco2, x1, sd, z);
Single precision:

ierr = ASL_r6cvse (n, ml, m2; a, ma, col, mcol, co2, mco2, x1, sd, z);
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(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 n I 1 Input | Number of observed values
2 ml I 1 Input | Number of variates of first group
3 m2 I 1 Input | Number of variates of second group
4 a Dx See Input | Observed value matrix

Contents Size: max (ml + m2)

ot
=
o

1 Input | Adjustable dimension of arrays a and z

col mcolxml| Input | Canonical coefficient matrix of first group

= I
¥ X

mcol 1 Input | Adjustable dimension of array col

co2 mco2xml| Input | Canonical coefficient matrix of second group

= I
¥ X

10 x1 ml4+m?2 Input | Mean of each variate

= g
¥ X

11 sd ml+m2 Input | Standard deviation of each variate

12 z See Output | Canonical variate values

Contents Size: max (2 x ml)

8 { }
9 mco2 I 1 Input | Adjustable dimension of array co2

13 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 2<n<ma

(b) 2<ml<mcol, 2<m2<mco2

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
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(6) Notes

(a) The canonical variate values are stored in array z as the following kind of real matrix (two-dimensional
array type) (See Appendix A).

Uy U2 - Uilml Vi1 V12 o Ulml
U1 . . V2,1
un,l DRI DRI un,ml /Un’l DRI ... vn,nll

Here, uy ; and v ; have the following meanings.

ug; (1 =1,2,---,ml;k = 1,2,---,n): Canonical variate of first group for i-th canonical correlation
coefficient
v (j=1,2,---,ml;k=1,2,---,n): Canonical variate of second group for j-th canonical correlation
coeflicient

(7) Example

(a) Problem

Obtain the canonical coeflicient matrix from the following observed value matrix.

90.0 91.0 950 103.0 75.0 |
97.0 98.0 98.0 92.0 76.0
93.0 92.0 970 106.0 77.0
99.0 90.0 99.0 108.0 78.0
102.0 97.0 101.0 105.0 79.0
A= 100.0 100.0 100.0 100.0 80.0
103.0 99.0 103.0 103.0 81.0
106.0 98.0 101.0 101.0 82.0
111.0  90.0 99.0 104.0 83.0
108.0  98.0 103.0 102.0 84.0
104.0 97.0 105.0 99.0 85.0 |

Also obtain the canonical correlation coefficients and canonical variates.

(b) Input data
Observed value matrix A, n=11, m1=2, m2=3, mr=>5, ma=11, mcol=3 and mco2=3.

(¢) Main program

/* C interface example for ASL_d6cvsc, STAT_d6cvan */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

int n, ml, m2;

double *a;

int ma;

double *col, *co2;

int mcol, mco2;

double *x1, *stat, *sd, *z;

double *r;

int mr;

double *co, *e, *wil, *chi;
int *ndf;

double *wl;

int ierr;

int m,isw;
int i,j;
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int ns;
FILE *fp;

n=11;
mil=2;
m2=3;
mr=5;
mcol=3;
mco2=3;
ma=11;
m=ml+m2;

fp = fopen( "d6cvsc.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_d6cvsc ***\n" );
printf( "\n ** Input **\n\n" );

printf( "\tn  =%3d\n", n );
printf( "\tml =%3d\n", ml );
printf( "\tm2 =%3d\n", m2 );
printf( "\tmr =%3d\n", mr );
printf( "\tmcol=%3d\n", mcol );
printf ( "\tmco2=%3d\n", mco2 );
printf( "\tma =%3d\n\n", ma );

a = ( double * )malloc((size_t)( sizeof(double) * (maxm) ));
if( a == NULL )

printf( "no enough memory for array a\n" );
return -1;

(o)

r = ( double * )malloc((size_t)( sizeof(double) * (mr*m) ));
%f( r == NULL )

printf( "no enough memory for array r\n" );

return -1;

co = ( double * )malloc((size_t)( sizeof (double) * ml ));
if( co == NULL )

printf( "no enough memory for array co\n" );
return -1;

(-]

( double * )malloc((size_t) ( sizeof (double) * ml ));
e ULL )

e =
if(
{

printf( "no enough memory for array e\n" );

return -1;
wil = ( double * )malloc((size_t)( sizeof(double) * ml ));
%f( wil == NULL )

printf( "no enough memory for array wil\n" );

return -1;
chi = ( double * )malloc((size_t)( sizeof(double) * ml ));
if ( chi == NULL )

printf( "no enough memory for array chi\n" );

) return -1;
ndf = ( int * )malloc((size_t)( sizeof(int) * ml ));
%f( ndf == NULL )
printf( "no enough memory for array ndf\n" );
) return -1;

col = ( double * )malloc((size_t)( sizeof(double) * (mcol*ml) ));
%f( col == NULL )

printf( "no enough memory for array col\n" );
return -1;

}

co2 = ( double * )malloc((size_t)( sizeof(double) * (mco2*ml) ));
if ( co2 == NULL )

printf( "no enough memory for array co2\n" );
return -1;

wl = ( double * )malloc((size_t) ( sizeof (double) * (mr*m) ));

549



ASL_d6cvse, ASL_r6evsc
Canonical Variate Scores

if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;
x1 = ( double * )malloc((size_t)( sizeof(double) * m ));
if( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
sd = ( double * )malloc((size_t)( sizeof (double) * m ));
if( sd == NULL )

printf( "no enough memory for array sd\n" );
return -1;

(-]

z = ( double * )malloc((size_t)( sizeof(double) * (ma*2xm1) ));
%f( z == NULL )
printf( "no enough memory for array z\n" );
return -1;
stat = ( double * )malloc((size_t)( sizeof(double) * (m*5) ));
if ( stat == NULL )
printf( "no enough memory for array stat\n" );
return -1;
for( j=0 ; j<m ; j++ )
{
for( i=0 ; i<n ; i++ )

fscanf( fp, "%1lf", &ali+maxjl );
}

}
printf( "\tArray a\n" );
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )

printf( "%8.3g", ali+ma*j] );
%rintf( "\n" );
%close( fp );
isw=0;
ierr = ASL_d2bams(a, ma, n, m, &ns, stat, isw);

printf( "\n ** Qutput (ASL_d2bams) **\n\n" );
printf( "\tierr = %6d\n", ierr );

for( i=0 ; i<m ; i++ )
x1[i]=stat [i+m];
sd[i]=stat [i+m*4];
ierr = ASL_d2ccmt(a, ma, n, m, &ns, x1, r, mr, isw, wl);

printf( "\n ** Output (ASL_d2ccmt) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tArray x1(Mean of variables)\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )

printf( "%8.3g", x1[i] );
printf( "\n\n" );

printf( "\tArray sd(Standard deviation)\n" );
printf( "\t" );
for( i=0 ; i<m ; i++ )

printf( "%8.3g", sdl[i] );
}
printf( "\n\n" );

printf( "\tArray r(Correlation matrix)\n" );
for( i=0 ; i<m ; i++ )

printf( "\t" );
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for( j=0 ; j<m ; j++ )
printf( " %7.3f", rli+mr*j] );

}
printf( "\n" );
}

ierr = ASL_d6cvan(n, ml, m2, r, mr, co,
col, mcol, co2, mco2, e, wil, chi, ndf, wil);

printf( "\n ** OQutput (ASL_d6cvan) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\t co e wil chi ndf\n" );
for( i=0 ; i<ml ; i++ )

printf( "\t%8.3f %8.3f ¥8.3f %8.1f ’%6d\n",
co[il, elil, wil[il, chi[il, ndf[i] );

printf( "\n" );

printf( "\tArray col(Canonical coefficient of the first set)\n" );
for( j=0 ; j<ml ; j++ )
{

printf( "\t" );
for( i=0 ; i<ml ; i++ )

printf( "%8.3g", colli+mcolxjl );
}
printf( "\n" );
}
printf( "\n" );

printf( "\tArray co2(Canonical coefficient of the second set)\n" );
for( j=0 ; j<ml ; j++ )

{
printf( "\t" );
for( i=0 ; i<m2 ; i++ )
printf( "%8.3g", co2[i+mco2xj] );
}
printf( "\n" );
}

ierr = ASL_d6cvsc(n, ml, m2, a, ma, col, mcol, co2, mco2, x1, sd, z);

printf( "\n ** Output (ASL_d6cvsc) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tArray z(Canonical score of the first set)\n" );
for( i=0 ; i<n ; i++ )
printf( "\t" );
for( j=0 ; j<ml ; j++ )
printf( "%8.3g", z[i+ma*xj] );
}
printf( "\n" );
}
printf( "\n" );
printf( "\tArray z(Canonical score of the second set)\n" );
for( i=0 ; i<n ; i++ )
printf( "\t" );
for( j=ml ; j<2*ml ; j++ )
printf( "%8.3g", z[i+ma*j] );

}
printf( "\n" );
}

free( a
free( r
free( c
free( e
free( wil )
free( chi )
free( ndf g

)

o

)
)
)

;
2
);
;

free( col );
free( co2 );
free( wl )

free( x1 );
free( sd );
free( z );

free( stat );

return O;
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(d) Output results

%% ASL_d6cvsc *¥*

*% Input *%

n =11

mli = 2

m2 = 3

mr = 5

mcol= 3

mco2= 3

ma = 11

Array a
90 91 95 103 75
97 98 98 92 76
93 92 97 106 77
99 90 99 108 78
102 97 101 105 79
100 100 100 100 80
103 99 103 103 81
106 98 101 101 82
111 90 99 104 83
108 98 103 102 84
104 97 105 99 85

** Output (ASL_d2bams) *x
ierr = 0
** Output (ASL_d2ccmt) *x
ierr = 0

Array x1(Mean of variables)
101 95.5 100 102 80

Array sd(Standard deviation)
6.27 3.86 2.91 4.25 3.32

Array r(Correlation matrix)

1.000 0.257 0.694 -0.008 0.879
0.257 1.000 0.610 -0.582 0.328
0.694 0.610 1.000 -0.122 0.848
-0.008 -0.582 -0.122 1.000 -0.014
0.879 0.328 0.848 -0.014 1.000
** Qutput (ASL_d6cvan) *x
ierr = 0
co e wil chi ndf
0.891 0.794 0.067 21.6 6
0.821 0.675 0.325 9.0 2
Array col(Canonical coefficient of the first set)
0.874 0.312
-0.554  0.987
Array co2(Canonical coefficient of the second set)
0.169 -0.18 0.839
1.33 -0.55 -1.34

** Output (ASL_d6cvsc) *x

ierr =

0

Array z(Canonical score of the first set)
-1.92 -0.152

-0.377
-1.42 -
-0.744
0.239
0.203
0.54
0.877
0.927
1.16 0
0.517

1.02
0.161

-1.2
0.323

1.27
0.746
0.226
-2.26
.0488
0.146

Array z(Canonical score of the second set)
-1.58 -0.429

-0.699
-1.09 -
-0.816 -
-0.327
0.0836
0.373
0.602
0.619
1.17 -
1.66

1.96
0.709
0.457
0.442
0.229
0.809
-0.25
-1.95
0.271
0.628
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9.5 DISCRIMINANT ANALYSIS

9.5.1 ASL_d6dafn, ASL_r6dafn

(1)

Discriminant Functions

Function
Given g groups of observed values xm(k) (l=1,2,---,ng;i =1,2,--- ,myk = 1,2,---,g) for which vg =

(E(lk )) where T.;(*) is defined as follows:
ng

1
= (k) — = (k)
z.,\%) = E x;
Lt b

is the mean vector of the variates of the k-th group and ¥ = (0; ;) where o; ; is defined as follows:

N

g
k _ k _
SN @ -7 W) @) — 3,0
Z'Z:l(nk -1)

is the variance-covariance matrix over all groups and for which the populations for the observed values
are normal populations of order m represented by N(v1,%), -, N(vg, ), the ASL_d6dafn or ASL_r6dafn

obtains the coefficients of the linear discriminant function of w defined by the following equation.

_ 1 B
y(p)(u) R 75 Yy iukTE 'k (p=1,2,--,9)

It also obtains the quantity D?, which is defined by the following equation.

m m g
D? = Z Z Ui,j_l Z”k@i(’“) _ E_i)@j(k) —z,)
1=1

i=1 j=1

Here, T.;, which represents the mean of the variates over all groups, is defined by the following equation.

k=1 g
k=1
0;,; ! is an element of ¥ 7. The function also obtains the maximum value ypm(l’k) related top=1,2,---,g
of the value y®) (u(-¥)) of the discriminant function of u; "% = 2; ;) (i =1,2,---,m) and the value p,,"¥

of p at that time. In addition, it obtains the maximum probability of the discriminant function, which is

defined by the following equation.

1

P(l’k): g (l:17277nk7k:172779)

> expy® (@) —y,, M)
k=1

Usage
Double precision:

ierr = ASL_d6dafn (a, ma, m, n, k, x1, mx1, ¢, tm, &dist, co, mco, p, num, iw, wl);
Single precision:

ierr = ASL_r6dafn (a, ma, m, n, k, x1, mx1, ¢, tm, &dist, co, mco, p, num, iw, wl);
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ maxm Input | Observation data matrix (z;;*)) (See Note
{R* } (a))
2 ma I 1 Input | Adjustable dimension of array a
3 m I 1 Input | Number of variates m
4 n I* k Input | Number of observed values of each group (ny)
5 k I 1 Input | Number of groups g
6 x1 D+ mx1xk Input | Mean of variates of each group (f(lk ))(See
{R*} Note (a))
Output | Discriminant function value y(9) (u(»9)) (See
Note (a))
7 mx1 I 1 Input | Adjustable dimension of array x1
8 ¢ Dx mx1xm Input | Variance-covariance matrix ¥
()
9 tm D+ m Input | Mean of variates over all groups T.;
()
10 dist Dx 1 Output | D? value
v}
11 co D mcoxk Output | Discriminant function coefficients vTx 7!
{R*} and — 21T S vy (See Note (a))
12 mco I 1 Input | Adjustable dimension of array co
13 p D+ See Output | Probability PGR) (1 = 1,2,--- gk =
{R*} Contents 1,2,---,g) related to the maximum discrimi-
nant function of each sample over all groups
(See Note (a))
Size: n[0]+---+nfk—1]
14 num I* See Output | Number p,, &% (1 = 1,2,---,npk =
Contents 1,2,---,g) of the discriminant function hav-
ing the largest probability (See Note (a))
Size: nf[0]+---+n[k — 1]
15 iw I* m Work | Work area
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Argument and

Input
Type Size nput/ Contents

Return Value Output
16 wl {D*} m+2 Work | Work area

Rx

17 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing

0 Normal termination.

3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
3040 Restriction (e) was not satisfied.

(6) Notes

(a) Consider g groups for which there are m variates and ny (k = 1,2, -+, g) observed values of each variate
and assume that each observed value is given by xl,i(k) (=12 ngi=12--- mk=12---9).
The observation data is stored in array a as the following kind of real matrix (two-dimensional array

type) (See Appendix A).

C e @ 2o® gy @
Igﬁl(l) I'Q_’Q(l) x2,m(1)
wnl,l(l) $n1,2(1) T wnhm(l)
211® 2@ o2y, @
$n271(2) $n2,2(2) ‘T’ﬂ2>m(2)
951,1(9) 951,2(‘(]) . me(g)

i xnml(g) $n9,2(g) xnmm(g) ]

The means of the variates of each group are stored in array x1 as the real matrix (two-dimensional
array type) E = (e; ) (i =1,2,---,m;k=1,2,---,g), which is defined as follows (See Appendix A).
(k)

)

eik =17
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On output, the data corresponding to the first row of matrix E is replaced by the values of the
discriminant function y® (u("s9)) (p = 1,2,---,g). Also, the discriminant function coefficients are
stored in array co as the real matrix (two-dimensional array type) C = (¢; ) (1 =1,2,---,m+ 1;k =
1,2,---,g), which is defined as follows (See Appendix A).

cir=we'2N); (i=1,2,---,m)
_ _l Tz—l
Cm1k = (=5 Vi)
The input time data of arrays ¢ and x1 used by this function can be generated from array a by using
ASL_d2vcgr

. (Where, t =n[0] + - - k—1
ASL_r2vcgr} (Where n0] +---+nf )

the function 4.3.2 {
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9.5.2 ASL_d6dasc, ASL_r6dasc
Discriminant Function Scores

(1) Function
Assume there are g groups, the number of observed values consisting of m variates of each group is ny (k =
1,2,---,g), the variance-covariance matrix over all groups is ¥, and the populations for the observed values
are normal populations of order m represented by N(v1,X), -+, N(vg,X). Given the observed values
;% (1=1,2,--- ng;i = 1,2,---,m;k = 1,2,---,g) of the g groups and the coefficients C' = (¢; 1) (i =
1,2,---,m+1;k=1,2,---,g) of the linear discriminant function of the m -dimensional vector u defined by

the following equation:
Yy (u) = T8y — %VkTE_luk p=12,---,9:k=1,2,---,9)
where the ¢; j; are defined as follows:
Cik = (VkTE_l)i (i=1,2,---,m)
Cmtlk = (—%VkTE_luk)
the ASL_d6dasc or ASL_r6dasc obtains the value (discriminant score) z; ;@ = y®) (u-F) (p =1,2,---,g)

of the discriminant function corresponding to each observed value u; (%) = xl,i(k) (1=1,2,---,m).

(2) Usage
Double precision:
ierr = ASL_d6dasc (a, ma, m, n, k, co, mco, z);
Single precision:

ierr = ASL_r6dasc (a, ma, m, n, k, co, mco, z);
(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value ’ Output

1 a D« maxm Input | (21,%)) (See Note (a))
()

2 ma, I 1 Input | Adjustable dimension of array a

3 m I 1 Input | Number of variates m

4 n I* k Input | Number of observed values of each group (ny)

5 k I 1 Input | Number of groups g

6 co Dx mcoxk Input | Discriminant function coefficient ¢;, (See
{R*} Note (a))
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A t and Input
No. retment at Type Size nput/ Contents
Return Value Output
7 mco I 1 Input | Adjustable dimension of array co
8 z D+ maxk Output | Discriminant function score y® (u(-F)
R«
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 2<m+1<mco
(b) k>2
(¢)nfi—1]>2 (i=1,---,k)
(d) n[0]+---+nk—1] <ma
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
(6) Notes
(a) Consider g groups for which there are m variates and ny (k =1,2,---, g) observed values of each variate
and assume that each observed value is given by xl,i(k) (l=1,2,---,ng;i=1,2,--- m;k=1,2,---,9).
The observation data is stored in array a as the following kind of real matrix (two-dimensional array
type).
[z 2™ gy, W]
291D @y, g, (D
znl,l(l) l’nl,2(1) znl,m(l)
£11®  2,® T1,m®?
$n2,1(2) In2,2(2) l’n2_’m(2)
301,1(‘7) 951,2(‘(]) . me(g)
i $ng,1(9) xng,2(g) xnmm(g) |

Also, the discriminant function coefficients are stored in array co as the real matrix (two-dimensional
array type) C = (¢; ) (i=1,2,---,m+1;k=1,2,---,g), which is defined as follows.

Cik = (VkTZ_l)i (i=1,2,---,m)

1 _
Cm+1,k = (*?%TE 'uk)
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The values (discriminant scores) z;;?) = y® (u(:®) (p = 1,2,---,g) of the discriminant functions
corresponding to the observed values u; (W% = xlﬂ-(k) (1 =1,2,---,m) are stored in array z as a real

matrix (two-dimensional array type), which is defined as follows.

BTG I C RN O
1@ 2@ @
Zm,l(l) an)l(Q) an,l(g)
oM 2@ 2 ,®
Zn2,2(1) Zn2,2(2) an,z(g)
M 2,® @

L an»g(l) an79(2) an»g(g) J

For the method to store the matrix data, see Appendix A.
(7) Example

(a) Problem
Read observation data consisting of three groups and obtain the variance-covariance matrix. Based
on this variance-covariance matrix, obtain the generalized distance of Mahalanobis (D?), discriminant

function, criteria values for discriminating, and discriminant scores.

(b) Input data

Observation data matrix:

100 3.0 7.0
11.0 5.0 8.0
12.0 7.0 6.0
14.0 4.0 9.0
17.0 12.0 8.0
18.0 11.0 6.0

A=

18.0 13.0 7.0

11.0 4.0 11.0

12.0 6.0 12.0

13.0 8.0 10.0

150 5.0 6.0

| 180 10.0 13.0 |
n[0] = 4,
n[l] =3,
n[2] =5,

k=3, m=3,ma=12,

mx1 = 3 and mco = 4.
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(¢) Main program

/* C interface example for ASL_d6dasc, STAT_d6dafn */
#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()
{

double *a;
int ma, m;
int *n;

int k;
double *co;
int mco;
double *z;
double *x1;
int mx1;

double *c, *tm;
double dist;

double *p;

int *num, *iw, *ns;
double *wl,*wk;

int ierr;

int i,j,1,nt,11,12,isw;

FILE *fp;

fp = fopen( "d6dasc.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_d6dasc **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &ma );
fscanf( fp, "%d", &m );
fscanf( fp, "%d", &k );

mx1=m;
mco=mx1+1;
isw=0;

printf( "\tma =%3d\n", ma );
printf( "\tm =%3d\n", m );
printf( "\tk =%3d\n", k );
printf( "\tmx1=%3d\n", mx1 );
printf( "\tmco=%3d\n", mco );
printf( "\tisw=%3d\n\n", isw );

a = ( double * )malloc((size_t)( sizeof(double) * (maxm) ));
if( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
x1 = ( double * )malloc((size_t)( sizeof (double) * (mxi*k) ));
if ( x1 == NULL )

printf( "no enough memory for array xi\n" );

return -1;
tm = ( double * )malloc((size_t)( sizeof(double) * m ));
if( tm == NULL )

printf( "no enough memory for array tm\n" );

return -1;
num = ( int * )malloc((size_t)( sizeof(int) * ma ));
if ( num == L)

printf( "no enough memory for array num\n" );
return -1;

B Y

= ( int * )malloc((size_t)( sizeof(int) * k ));
if( n == NULL )

P

printf( "no enough memory for array n\n" );
return -1;

iw = ( int * )malloc((size_t)( sizeof(int) * m ));
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if ( iw == NULL )

printf( "no enough memory for array iw\n" );
return -1;

(-]

c = ( double * )malloc((size_t)( sizeof (double) * (mxl*m) ));
%f( ¢ == NULL )

printf( "no enough memory for array c\n" );

return -1;

co = ( double * )malloc((size_t)( sizeof (double) * (mco*k) ));
if ( co == NULL )
printf( "no enough memory for array co\n" );

return -1;

= ( double * )malloc((size_t)( sizeof(double) * ma ));
if( p == NULL )

P ks - I

printf( "no enough memory for array p\n" );
return -1;

(o)

N

( double * )malloc((size_t)( sizeof(double) * (maxk) ));
z ULL )

N

P

printf( "no enough memory for array z\n" );
return -1;

wl = ( double * )malloc((size_t)( sizeof (double) * (m+2) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;
ns = ( int * )malloc((size_t)( sizeof(int) * k ));
if( ns == NULL )

printf( "no enough memory for array ns\n" );

return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * (m*mxk+m) ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );

return -1;
for( i=0 ; i<ma ; i++ )

for( j=0 ; j<m ; j++ )

fscanf( fp, "%1f", &ali+maxjl );

}
for( i=0 ; i<k ; i++ )

fscanf( fp, "%d", &n[i] );
}

fclose( fp );

printf( "\tNumber of observations(each group)\n" );
printf( "\t" );
for( i=0 ; i<k ; i++ )
printf( "%6d", nl[i] );
}
printf( "\n\n" );
printf( "\tObservation Data\n" );
nt=0;
for( i=0 ; i<k ; i++ )
nt+=n[il;
printf( "\tGroup %2d\n", i );
for( 1=0 ; 1<n[i] ; 1++ )

printf( "\t%2d ", nt-n[il+l );
for( j=0 ; j<m ; j++ )

printf( "%8.3g", alnt-n[il+l+maxj]l );

}
printf( "\n" );
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}
printf( "\n" );

ierr = ASL_d2vcgr(a, ma, m, n, k, ns, tm, x1, mxl, c, mxl, isw, wk);

printf( " #*% Output (ASL_d2vcgr) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tMean of variables\n" );
for( j=0 ; j<k ; j++ )

{
printf( "\tGroup %2d\n\t", j );
for( i=0 ; i<m ; i++ )
printf( "%8.3g", x1[i+mx1*j] );
}
printf( "\n\n" );
}

printf( "\tTotal mean of variables\n\t" );
for( i=0 ; i<m ; i++ )

printf( "%8.3g", tml[il );
}
printf( "\n\n" );

printf( "\tVariance covariance matrix\n" );
{or( i=0 ; i<m ; i++ )

printf( "\t" );
for( j=0 ; j<m ; j++ )
printf( "%8.3g", cli+mx1*j] );
;}>rintf( "\n" );
%rintf( "\n" );

ierr = ASL_d6dafn(a, ma, m, n, k, x1, mxl, c, tm,
&dist, co, mco, p, num, iw, wil);

printf( " ** Output (ASL_d6dafn) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tMaharanobis distance\n" );
printf( "\t\tdist = %8.3g\n\n", dist );

rintf( "\tDiscriminant coefficient\n" );
P
for( j=0 ; j<m ; j++ )
{
printf( "\t "),
for( i=0 ; i<k ; i++ )
rintf( "%8.3g", col[j+mco*il] );
) P g J
printf( "\n" );
printf( "\t Constant " );
for( i=0 ; i<k ; i++ )
rintf( "%8.3g", colm+mco*i] );
} p g
printf( "\n\n" );
rintf( "\tEvaluation of classification\n" );
El-O'
12=nf01;
%or( i=0 ; i<k ; i++ )

printf( "\n\tGroup %2d\n" , i );
printf( "\tMaximum probability Maximum function no\n" );
for( j=11 ; j<12 ; j++ )

printf( "\t%8.3g %6d\n", pl[jl, num[j] );

}
11+=n[i];
12+=n[i+1];

}
printf( "\n" );
ierr = ASL_d6dasc(a, ma, m, n, k, co, mco, z);

printf( " ** Output (ASL_d6dasc) **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tDiscriminant score\n" );
printf( "\t" );
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for( j=0 ; j<k ; j++ )
printf( " Group %1d ", j );

}
printf( "\n" );
for( i=0 ; i<nt ; i++ )

printf( "\t" );
for( j=0 ; j<k ; j++ )

printf( "%8.3g ", z[i+ma*j] );

}
printf( "\n" );
}

free( num );
free( n );

free( iw );
free( a );
free( x1 )
free( tm )
free( c
free( c
free( p
free( z
free( w
free( n
free( w

return

}
(d) Output results

**%*% ASL_d6dasc ***
** Input *x*
ma 12
m
k
mx1
mco=
isw=

OoOPWwWwwW

Number of observations(each group)
4 3 5

Observation Data

Group O
0 10 3 7
1 11 5 8
2 12 7 6
3 14 4 9

Grou 1
P 17 12 8
5 18 11 6
6 18 13 7

Grou 2
P 11 4 11
8 12 6 12
9 13 8 10
10 15 5 6
11 18 10 13

** Output (ASL_d2vcgr) *x
ierr = 0

Mean of variables

Group O

11.8 4.75 7.5
Group 1

17.7 12 7
Group 2

13.8 6.6 10.4

Total mean of variables
14.1 7.33 8.5
Variance covariance matrix
4.47 2.37 0.433
2.37 3.77 1.14
0.433 1.14 4.02
** Qutput (ASL_d6dafn) *x

ierr = 0
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Maharanobis distance
39.3

dist =

Discriminant coefficient

Constant

3.13
-1.28
1.89
-22.4

3.51
0.611
1.19
-38.9

Evaluation of classification

Group O

Maximum probability Maximum

0.922
0.788
0.849
0.592

Group 1

W ==

Maximum probability Maximum
2

0.997
0.998
1

Group 2

2
2

Maximum probability Maximum

0.65
0.854
0.708
0.765
0.982

WHWWwW

** Output (ASL_d6dasc) *x

ierr = 0

Discriminant score

Groug 0 Group 1
18.2 6.43
20.7 12.3
17.5 14.7
33.3 23.5
30.5 37.7
31.1 38.2
30.4 40.6
27.7 15.3
30.1 21.2
26.9 23.6
29.4 24
45.6 45.9

NV OWOTPODWH N

3.49
-1.22
2.56
-33.3

function no

function no

function no

564



9.6 CLUSTER ANALYSIS

9.6.1 ASL_d6clds, ASL_r6clds
Dissimilarity Measures

(1) Function
If individuals or variates having n characteristics are to be used as classification subjects when the (individ-
ual) x (variate) multivariate characteristic value data matrix (a;;) or (ag;) (1 =1,2,---,n;k =1,2,---,p)
is given, the ASL_d6clds or ASL_r6clds obtains the dissimilarity measure d;; (1,7 = 1,2,---,n) between the

i-th and j-th individual or variate by using the measures described below.

e Fuclidean quadratic distance

p

dij = Z(aik —a)? (i,j=1,---,n)

k=1

e Standardized Euclidean quadratic distance
p 2
(a-k —a k) ..
dij :Z% (i,j=1,--,n)
k=1 k
Here, s7, which is the variance of the variate, is defined by the following equation.

1 O 1
2 _ SN2 —
Sk = 7 > (e — ax)*(ax = Elg_l aik)

=1

This is the same as obtaining the Euclidean quadratic distance when the variance of each variate is
standardized to 1.

o Generalized distance of Mahalanobis
PP
dij = Z Z(aik — @jk)Vkm (Qim — ajm) (4,5 =1,---,n)
k=1m=1
Here, v, is the (k, m) element of the inverse matrix of the variance-covariance matrix of the individuals

and variates.

o Minkowski distance
p
diy = {5 sk —age ['}V7 (72> 10305 =1, m)
k=1

(2) Usage
Double precision:
ierr = ASL_d6clds (a, Ix, ly, nx, ny, ml, diss, isw, wl);
Single precision:
ierr = ASL_r6clds (a, Ix, ly, nx, ny, ml, diss, isw, wl);
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

R:Single precision real C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

Argument and . Input/
Type Size
Return Value Output

No.

Contents

1 a D+ Ixxly Input
R«

Observation data a;; or ag; (i = 1,2,--+,n;
k=1,2,---,p) (See Note (a))

2 Ix I 1 Input

Adjustable dimension of array a

ly I 1 Input

Second dimension of array a

4 nx I 1 Input

Number of rows of observation data matrix

(n or p)

5 ny I 1 Input

Number of columns of observation data ma-

trix (p or n)

6 ml I 1 Input

max(lx, ly)

7 diss D See Input
Contents

When isw=14 or 24 (Minkowski distance),
enter the value of r (r > 1.0) for diss[0].
Otherwise, this setting is unnecessary.
Size:

When nx=n, the size is (mlxnx)

When ny=n, the size is (mlxny)

Output

Dissimilarity measure matrix (real symmetric

matrix)

8 isw I 1 Input

Dissimilarity measure calculation processing
switch
isw=11 or 21:

Euclidean quadratic distance
isw=12 or 22:

Standardized Euclidean quadratic distance
isw=13 or 23:

(Generalized) distance of Mahalanobis
isw=14 or 24:

Minkowski distance
For isw=1x, nx=n

For isw=2x, ny=n
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
9 wl Dx See Work | Work area
R Contents Size:
When nx=n, the size is ny x (ml+ 1) + 2
When ny=n, the size is nx x (ml + 1) + 2
10 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 1<nx<lIx,1<ny<ly
(b) ml = max(Ix, ly)
(c) isw € {11,12,13,14, 21,22, 23,24}
(d) When isw = 14 or 24, diss[1] > 1.0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
3020 Restriction (c) was not satisfied.
3030 Restriction (d) was not satisfied.
4000 For the entered observation data, the cal-
culation cannot be performed using the
(generalized) distance of Mahalanobis.
(see Section 9.1.1)

(6) Notes

(a) When the Euclidean quadratic distance or Minkowski distance is used for the dissimilarity measure
calculation and the units of the observation data subjects differ, the data should be standardized in

advance so that a suitable positional relationship between the subjects is reflected (see the example).
(7) Example

(a) Problem

Standardize the following observation data matrix:

[ 0321 119 6 40 6 6 12 29
0301 112 9 38 4 2 3 31
0288 133 15 53 4 5 12 30
0280 112 9 47 4 2 10 24
e 0261 109 3 21 1 3 13 21
0256 107 8 34 4 2 17 38
0253 95 16 57 4 6 7 37
0.250 100 13 46 4 3 13 37
0249 92 17 48 6 2 23
| 0227 88 12 45 4 0 3 33 |
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let the number of rows be the number of subjects, and obtain the dissimilarity measure matrix by using

the Euclidean quadratic distance.

(b) Input data
Observation data matrix A, Ix =11,y =9, nx =10, ny = 8, ml = 11 and isw = 11.

(¢) Main program

/* C interface example for ASL_d6clds */

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#include <asl.h>

int main()
{

double *a;
int 1x, ly;
int nx, ny;
int ml;
double *diss;
int isw;
double *wl;
int ierr;

int i,j;
double sum,*av,*c;
FILE *fp;
1x=11;

ly= 9;
nx=10;

ny= 8;
mi=11:
isw=11;

fp = fopen( "d6clds.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **%* ASL_d6clds ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t)( sizeof (double) * (lx*ly) ));
if( a == NULL )

printf( "no enough memory for array a\n" );

return -1;
diss = ( double * )malloc((size_t)( sizeof(double) * (ml*nx) ));
if ( diss == NULL )

printf( "no enough memory for array diss\n" );

return -1;

wl = ( double * )malloc((size_t)( sizeof (double) * (ny*(ml+1)+2) ));
if( wl == NULL )
printf( "no enough memory for array wiln" );
return -1;
av = ( double * )malloc((size_t)( sizeof(double) * ny ));
if ( av == NULL )

printf( "no enough memory for array av\n" );

return -1;
}
c = ( double * )malloc((size_t)( sizeof(double) * ny ));
%f( c == NULL )

printf( "no enough memory for array c\n" );
return -1;

printf( "\tisw=%3d\n", isw );
printf( "\tlx =%3d, 1ly =%3d\n", 1lx, ly );
printf( "\tnx =%3d, ny =%3d\n", nx, ny );
printf( "\tml =%3d\n\n", ml );

printf( "\t A B C D");
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printf( " E F G H\n");
printf( "\t oy,
printf( " ----\n");

{or( i=0 ; i<nx ; i++ )

printf( "\t" );
for( j=0 ; j<mny ; j++ )

fscanf ( fp, "%1lf", &ali+lx*jl );
printf( "%7.3g", ali+lx*j] );

}
printf( "\n" );
}
fclose( fp );
for( j=0 ; j<my ; j++ )
{
sum=0.0;
for( i=0 ; i<nx ; i++ )
sum += ali+lx*j];

}
av[j] = sum / (double) nx;

for( i=0 ; i<ny ; i++ )

sum=0.0;
for( j=0 ; j<nx ; j++ )
{
sum += (a[j+lx*i]-av[i])*(a[j+lx*i]l-av[i]);
}

c[i] = sum / ( (double) nx-1.0);
for( i=0 ; i<nx ; i++ )
for( j=0 ; j<mny ; j++ )
ali+lx*j] = (ali+lxxjl-av[jl)/sqrt(c[jl);
}
ierr = ASL_d6clds(a, 1lx, ly, nx, ny, ml, diss, isw, wil);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tMatrix diss\n\n" );
for( i=0 ; i<nx ; i++ )

printf( "\t" );
for( j=0 ; j<mx ; j++ )
printf( "%6.1f", diss[i+ml*j] );
}
printf( "\n" );
}
free( a );
free( diss );
free( wl );
free( av );
free( c );

return O;

}
(d) Output results

***x ASL_d6clds ***

*k Input *%

isw= 11
1x =11, 1ly = 9
nx = 10, ny = 8
ml = 11
A B [ D E F G H
0.321 119 6 40 6 6 12 29
0.301 112 9 38 4 2 3 31
0.288 133 15 53 4 5 12 30
0.28 112 9 47 4 2 10 24
0.261 109 3 21 1 3 13 21
0.256 107 8 34 4 2 17 38
0.253 95 16 57 4 6 7 37
0.25 100 13 46 4 3 13 37
0.249 92 17 48 6 2 7 23
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9.6.2 ASL_d6clan, ASL_r6clan
Cluster Analysis (Input Dissimilarity Measure or Similarity Measure)
(1) Function
Given the dissimilarity measure d;; or similarity measure 1.0 — d;; (4,5 = 1,2,---,n), the ASL_d6clan or
ASL_r6clan performs a cluster analysis based on this measure. When a new cluster ¢ is created by merging

cluster p and cluster g, the following measures are used as the dissimilarity measure d;. between cluster ¢

and a separate arbitrary cluster r. Here, n, represents the number of subjects contained in cluster p.

e Nearest neighbor method

dyr = min(dp,, dgr)

Furtherest neighbor method
dir = max(dp,, dgr)
e Group mean method

dir = (npdpr + ngdyr)/(np +ng)

e Center of gravity method
n n nyNn
d.. = p d q d.. — P°"q d
" np + Ng o+ Np + Ng " (np +ng)? r
e Median method
1 1 1
diy = §dpr + Edqr - deq
e Ward’s method
Ny, +n Ng +n n
tr — ~ Td K - qr - dpq

netne U ngtne U gt
Variable method
_1-8
2

The center of gravity method, median method, and Ward’s method assume that the dissimilarity measure

1- 1
dtr dp'r + 9 6dqr +ﬂdpq <_Z < ﬂ < 0)

is given by the (standardized) Euclidean quadratic distance.

(2) Usage
Double precision:
ierr = ASL_d6clan (a, Ina, nc, ipos, Inp, dis, iswl, isw2, iw);
Single precision:
ierr = ASL_r6clan (a, lna, nc, ipos, lnp, dis, iswl, isw2, iw);

071



ASL_d6clan, ASL_r6clan

Cluster Analysis (Input Dissimilarity Measure or Similarity Measure)

(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

R:Single precision real C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

Argument and . Input/
Type Size
Return Value Output

No.

Contents

1 a D+ Inaxnc Input
Rx

Dissimilarity measure or similarity mea-
sure matrix (real symmetric matrix) (two-
dimensional array type, upper triangular
type) (See Note (a))

Output

Entered contents are not saved.

2 Ina I 1 Input

Adjustable dimension of array a

nc I 1 Input

Second dimension of array a

4 ipos I* Inpx 2 Output

Information indicating cluster merging (See
Note (b))

This information indicates that the i-th
merge was a merging of the ipos[i — 1]-th
cluster and the ipos[i — 1 + Inp]-th cluster
(i=1,---,nc—1)

5 Inp I 1 Input

Adjustable dimension of array ipos

dis D+ nc—1 Input
Rx

When isw2=7, enter the value of 5 (—1/4 <
B < 0) for dis[0] (Default value:3 = —1/4).
Otherwise, this setting is unnecessary.

Output

Cluster merging distance information (See
Note (c))

This information indicates that clusters were
merged using distance dis[i — 1] during the

i-th merge (i=1,---,nc—1)

7 iswl I 1 Input

Processing switch (See Note (c))

iswl=1: When the dissimilarity measure ma-
trix is given for array a

iswl=2: When the similarity measure matrix

is given for array a

8 isw2 I 1 Input

Analysis method selection switch
isw2=1: Nearest neighbor method
isw2=2: Furtherest neighbor method
isw2=3: Group mean method
isw2=4: Center of gravity method
isw2=>5: Median method

isw2=6: Ward’s method

isw2=T7: Variable method (input 3)
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
9 iw I* nc Work | Work area
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a
(b

G

)
)
(c) iswl=l or iswl=2
)
)

1 < nc <lna

Inp>nc—1

1<isw2 <7

(e) When isw2 =7, —1/4 < dis[0] < 0

(Except when entering 1.0 to set the default value)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (e) was not satisfied. Processing is performed with the default
value set.

3000 Restriction (a) was not satisfied. Processing is aborted.

3010 Restriction (b) was not satisfied.

3020 Restriction (c) was not satisfied.

3030 Restriction (d) was not satisfied.

(6) Notes

(a) The matrix assigned for array a must be a real symmetric matrix. This function uses only the upper

triangular portion to perform the processing.

(b) Information indicating which cluster was merged with which cluster during which merge is stored in

array ipos. However, the lowest cluster number of the two clusters before merging is assigned to the

merged cluster. For example, the cluster formed by merging cluster 3 and cluster 5 is named cluster 3.

(c) When the matrix (a;;) given for array a is a similarity measure matrix, the function performs the anal-

ysis after internally converting this to a dissimilarity measure matrix by using the following equation.

aij = 10 - aij

Therefore, in this case, the distances calculated by using the values that were converted by using the

equation shown above are stored in dis[i— 1J(i=1,---,nc — 1).
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(7) Example

()

(b)
(©)

Problem

Perform a cluster analysis using the following dissimilarity measure matrix as an index.

Input data

0.000
11.432
10.328
10.369
26.271
16.179
21.455
17.142
23.111
33.883

11.432
0.000
12.656
4.942
18.957
13.443
16.062
11.350
14.159
11.996

10.328
12.656
0.000
8.019
28.694
15.942
12.338
10.771
18.421
27.228

10.369
4.942
8.019
0.000

14.353

10.042

14.833
7.866
9.040

12.615

26.271
18.957
28.694
14.353
0.000
16.356
37.180
22.924
33.453
28.872

16.179
13.443
15.942
10.042
16.356
0.000

17.771
3.919

19.886
15.906

21.455
16.062
12.338
14.833
37.180
17.771
0.000
5.752
12.359
13.710

17.142
11.350
10.771
7.866
22.924
3.919
5.752
0.000
10.465
8.982

23.111
14.159
18.421
9.040
33.453
19.886
12.359
10.465
0.000
8.556

33.883
11.996
27.228
12.615
28.872
15.906
13.710
8.982
8.556
0.000

Dissimilarity measure matrix A, iswl = 1, isw2 = 3, Ina = 11, nc = 10 and Inp = 9.

Main program

/* C interface example for ASL_d6clan */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()

double *a;

int lna;
int nc;

int *ipos;

int lnp;

double *dis;

int iswl, isw2;

int *iw;
int ierr;
int i,j;
FILE *fp;

1lna=11;
nc =10;
1np=9;

iswl=1;
isw2=3;

fp = fopen( "d6clan.dat",
if( fp == NULL )

nypn );

printf( "file open error\n" );
return -1;

printf( "
printf( "

printf( "
printf( "
printf( "

printf( "\tiswl
printf( "\tisw2

*%xx ASL_d6clan ***\n" );

\n

\tlna
\tnc
\tlnp

%4d\n", 1lna
%4d\n", nc
%4d\n", 1lnp
%4d\n", iswl
%4d\n", isw2

(AN

s
s
H
s
s

** Input **\n\n" );

a = ( double * )malloc((size_t)( sizeof(double) * (lna*nc) ));

if( a ==

printf( "no enough memory for array a\n" );

NULL )

return -1;

dis = ( double * )malloc((size_t)( sizeof (double)
if( dis == NULL )

* (nc-1) ));

printf( "no enough memory for array dis\n" );
return -1;

ipos = ( int * )malloc((size_t)( sizeof(int) * (nc * 2) ));
if ( ipos == NULL )

printf( "no enough memory for array ipos\n" );
return -1;
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iw = ( int * )malloc((size_t)( sizeof(int) * nc ));
if ( iw == NULL )

printf( "no enough memory for array iw\n" );
return -1;

printf( "\n\tArray a\n\n" );

for( i=0 ; i<nc ; i++ )

printf( "\t" );
for( j=0 ; j<nc ; j++ )

fscanf ( fp, "%1lf", &ali+lnaxj] );
printf( "%6.3g", ali+lna*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_d6clan(a, lna, nc, ipos, lnp, dis, iswl, isw2, iw);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

for( i=0 ; i<nc-1 ; i++ )

printf( "\t%6d --- %6d %8.3g\n",
ipos[i], iposl[i+lnp], dis[il] );
}
free( a );
free( ipos );
free( dis );

free( iw );

return O;

}
(d) Output results

***x ASL_d6clan ***

*k Input *%

lna = 11
nc = 10
Inp = 9
iswl = 1
isw2 = 3
Array a
0 11.4 10.3 10.4 26.3 16.2 21.5 17.1 23.1 33.9
11.4 0 12.7 4.94 19 13.4 16.1 11.3 14.2 12
10.3 12.7 0 8.02 28.7 15.9 12.3 10.8 18.4 27.2
10.4 4.94 8.02 0 14.4 10 14.8 7.87 9.04 12.6
26.3 19 28.7 14.4 0 16.4 37.2 22.9 33.5 28.9
16.2 13.4 15.9 10 16.4 0 17.8 3.92 19.9 15.9
21.5 16.1 12.3 14.8 37.2 17.8 0 5.75 12.4 13.7
17.1 11.3 10.8 7.87 22.9 3.92 5.75 0 10.5 8.98
23.1 14.2 18.4 9.04 33.5 19.9 12.4 10.5 0 8.56
33.9 12 27.2 12.6 28.9 15.9 13.7 8.98 8.56 0

*% Qutput *x*

ierr = 0
6 —--—- 8 3.92
2 --- 4 4.94
9 -——- 10 8.56
1 -— 3 10.3
1 -— 2 10.6
6 ——- 7 11.8
6 —-—- 9 13.6
1 - 6 15.9
1 -— 5 25.2
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9.6.3 ASL_d6clda, ASL_r6clda
Cluster Analysis (Input Observation Data, Use Dissimilarity Measure)

(1) Function
If individuals or variates having n characteristics are to be used as classification subjects when the (individ-
ual) x (variate) multivariate characteristic value data matrix (a;;) or (ar;) (1 =1,2,---,n; k=1,2,---,p)
is given, the ASL_d6clda or ASL_r6clda obtains the dissimilarity measure d;; (4,5 = 1,2, - -,n) between the
i-th and j-th individual or variate by using the measures described below and performs a cluster analysis

using this as an index.

e Fuclidean quadratic distance
P

dij = Z(aik —a)? (i,j=1,---,n)

k=1
e Standardized Euclidean quadratic distance

d..,zp T T
ij — 82 (Zv.]* 7"'7“)
k=1 k

Here, s7, which is the variance of the variate, is defined by the following equation.

—
(7=
—
&
B
\
S
>
N
—
S
B
\
| =
&
>
S~—

52 =

This is the same as obtaining the FEuclidean quadratic distance when the variance of each variate is
standardized to 1.

e Generalized distance of Mahalanobis

p p
dij = Z Z(aik = @)V (@im — @jm) (4,5 =1,-+-,n)

k=1m=1
Here, vy, is the vg., element of the inverse matrix of the variance-covariance matrix of the individuals

and variates.

o Minkowski distance

p
dij = {Z | air — ajp |T}1/r (r>1.0;i,7=1,---,n)
k=1

When a new cluster ¢ is created by merging cluster p and cluster ¢, the following measures are used as
the dissimilarity measure d; between cluster ¢ and a separate arbitrary cluster r. Here, n, represents the

number of subjects contained in cluster p.

e Nearest neighbor method
dir = min(dpr, dgr)
e Furtherest neighbor method
diy = max(dpy, dgr)
e Group mean method
der = (npdpr + nqdgr)/(np + ng)

e Center of gravity method

p Nq Nplq

dtr =

dpr +

dgp — ————=d
np + Ng np + Ng " (np +ng)? .
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o Median method

1 1 1
dtr = §dpr + idqr — deq
e Ward’s method
Ny +n Ng + N n
dy = -2 “d,y ! "y — " d
T iy U i, T g4, M
e Variable method
1-— 1-— 1
dtr: 26dpr+ 26dqr+ﬂdpq <_Z§ﬂ§0)

The center of gravity method, median method, and Ward’s method assume that the dissimilarity measure

is given by the (standardized) Euclidean quadratic distance.

(2) Usage
Double precision:
ierr = ASL_d6clda (a, 1x, ly, nx, ny, ml, nc, ipos, lnp, dis, iswl, isw2, iw, wl);
Single precision:
ierr = ASL_r6elda (a, Ix, ly, nx, ny, ml, nc, ipos, lnp, dis, iswl, isw2, iw, wl);
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 a D+ Ixxly Input | Observation data a;, or ag; (i = 1,2,---,n;
{R*} k=1,2,---,p) (See Note (a))
2 Ix I 1 Input | Adjustable dimension of array a
ly I 1 Input | Second dimension of array a

4 nx I 1 Input | Number of rows of observation data matrix
(n or p)

5 ny I 1 Input | Number of columns of observation data ma-
trix (p or n)

6 ml I 1 Input | max(lx, ly)

7 nc I 1 Input | Number of objects n (nx or ny)

8 ipos I* Inpx 2 Output | Information indicating cluster merging (See
Note (b))
This information indicates that the i-th
merge was a merging of the ipos[i — 1]-th
cluster and the ipos[i — 1]-th cluster (i =
1,---,nc—1)

9 Inp I 1 Input | Adjustable dimension of array ipos

10 dis D+ nc—1 Input | When iswl=14 or 24 (Minkowski distance),

{R*} enter the value of r (r > 1.0) for dis[0].
When isw2 = 7, enter the value of 5 (—1/4 <
B <0) for dis[1] (Default value: 8= —1/4).
Otherwise, this setting is unnecessary.
Output | Cluster merging distance information.

This information indicates that clusters were
merged using distance dis[i — 1] during the
i-th merge (i=1,---,nc—1).
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Argument and

Return Value

Type

Size

Input/
Output

Contents

11

iswl

Input

Dissimilarity measure calculation processing

switch
iswl=11 or 21:

Euclidean quadratic distance
iswl=12 or 22:

Standardized Euclidean quadratic distance

iswl=13 or 23:
(Generalized) distance of Mahalanobis
iswl=14 or 24:
Minkowski distance
For isw1=11,12,13 or 14, nx=n.
For isw1=21,22,23 or 24, ny=n.

12

isw2

Input

Analysis method selection switch
isw2=1: Nearest neighbor method
isw2=2: Furtherest neighbor method
isw2=3: Group mean method
isw2=4: Center of gravity method
isw2=>5: Median method

isw2=6: Ward’s method

isw2=T7: Variable method (input 3)

13

iw

I*

nc

Work

Work area

14

wl

()

See

Contents

Work

Work area

Size:

When iswl =11, 12, 13 or 14

the size is ml X nc 4+ ny x (ml + 1) + 2.
When iswl =21, 22, 23 or 24

the size is ml X nc +nx x (ml + 1) + 2.

15

ierr

Output

Error indicator (Return Value)
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(4) Restrictions

(Except when entering 1.0 to set the default value)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Restriction (h) was not satisfied. Processing is performed with the default
value set.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
3010 Restriction (c) was not satisfied.
3020 Restriction (d) was not satisfied.
3030 Restriction (e) or (f) was not satisfied.
3040 Restriction (g) was not satisfied.

4000 For the entered observation data, the cal-
culation cannot be performed using the
(generalized) distance of Mahalanobis.
(see Section 9.1.1)

(6) Notes

(a) When the Euclidean quadratic distance or Minkowski distance is used for the dissimilarity measure
calculation and the units of the observation data subjects differ, the data should be standardized in

advance so that a suitable positional relationship between the subjects is reflected.

(b) Information indicating which cluster was merged with which cluster during which merge is stored in
array ipos. However, the lowest cluster number of the two clusters before merging is assigned to the
merged cluster. For example, the cluster formed by merging cluster 3 and cluster 5 is named cluster

3. Where, if nc=nx then m=ny, else if nc=ny then m=nx.
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(7) Example

(a)

Problem

From the following observation data matrix:

[ 0.321
0.301
0.288
0.280
0.261
0.256
0.253
0.250
0.249
0.227

119
112
133
112
109
107
95

100
92

88

6
9
15
9
3
8
16
13
17
12

40
38
593
47
21
34
o7
46
48
45

I S NGO SN SN

N

N W O NWwWwND ot N D

o

12
3
12
10
13
17
7
13
7
3

29
31
30
24
21
38
37
37
23
33

let the number of rows be the number of subjects and perform a cluster analysis using the group mean

method with the dissimilarity measure matrix (standardized Euclidean quadratic distance) as an index.

Input data

Observation data matrix A, Ix=11, ly=9, nx=10, ny=8, ml=11, nc=10, lnp=9, iswl=12 and isw2=3.

Main program

/* C interface example for ASL_d6clda */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

double *a;
int 1x, ly;
int nx, ny;
int ml;

int nc;

int *ipos;
int lnp;
double *dis;
int iswl, isw2;
int *iw;
double *wl;
int ierr;

int 1i,j;
FILE *fp;

1x=11;
ly= 9;
n¥=10;
ny= 8;
ml=11;
nc=10;
1np=9;
iswl=12;
isw2= 3;

fp = fopen( "d6clda.dat",

if( fp == NULL )

nypn );

printf( "file open error\n" );

return -1;

printf( "
printf( "\n

a = ( double * )malloc((size_t)( sizeof (double) * (lx*ly) ));

if( a == NULL )

***x ASL_d6clda ***\n" );
** Input **\n\n" );

printf( "no enough memory for array a\n" );

return -1;

wl = ( double * )malloc((size_t)( sizeof (double) * (ml*nc+ny*(ml+1)+2)

if ( wi == NULL )
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}

printf( "no enough memory for array wiln" );
return -1;

dis = ( double * )malloc((size_t) ( sizeof(double) * (nc-1) ));
if( dis == NULL )

printf( "no enough memory for array dis\n" );
return -1;

ipos = ( int * )malloc((size_t)( sizeof(int) * (1np*2) ));
if ( ipos == NULL )

printf( "no enough memory for array ipos\n" );
return -1;

iw = ( int * )malloc((size_t)( sizeof(int) * nc ));
if ( iw == NULL )

printf( "no enough memory for array iw\n" );
return -1;

printf( "\tiswl=%3d, isw2=%3d\n", iswl, isw2 );
printf( "\tlx =%3d, ly =%3d\n", 1x, ly );
printf( "\tnx =%3d, ny =%3d\n", nx, ny );
printf( "\tml =%3d, nc =%3d\n", ml, nc );
printf( "\tlnp =%3d\n\n", 1lnp );

printf( "\t A B C D");
printf( " E F G H\n");
printf( "\t ")
printf( " \n");

for( i=0 ; i<nx ; i++ )
printf( "\t%3d | ", i);
for( j=0 ; j<ny ; j++ )
fscanf ( fp, "%1f", &ali+lx*j] );
printf( "%6.3g", ali+lx*j] );
}
printf( "\n" );
}
fclose( fp );

ierr = ASL_d6clda(a, 1lx, ly, nx, ny, ml, nc,
ipos, lnp, dis, iswl, isw2, iw, wl);

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n\n", ierr );
for( i=0 ; i<nc-1 ; i++ )

printf( "\t%6d --- %6d\t%8.3g\n", ipos[il],ipos[i+lnp],dis[i]

free( a );
free( ipos );
free( dis );
free( iw );
free( wl );

return O;

(d) Output results

**%*k ASL_d6clda ***

** Input *x*

iswl= 12, isw2= 3
1x =11, ly = 9
nx = 10, ny = 8
ml = 11, nc = 10
Inp = 9
A B C D E F G H
0| 0.321 119 6 40 6 6 12 29
1] 0.301 112 9 38 4 2 3 31
2| 0.288 133 15 53 4 5 12 30
3| 0.28 112 9 a7 4 2 10 24
4 | 0.261 109 3 21 1 3 13 21
5| 0.256 107 8 34 4 2 17 38
6 | 0.253 95 16 57 4 6 7 37
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7
8
9

0.25 100
0.249 92
0.227 88

*% Output *x*

ierr

FPROORFRONO®

| |

| |

| |

e
TOONNWO P00

13
17
12

46
45

oW
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Chapter 10
REGRESSION ANALYSIS

10.1 INTRODUCTION

When statistical data consists of multiple variates and an attempt is to be made to predict the value of one of the
variates from another of the variates, a regression analysis hypothesizes a functional relationship containing
several parameters between the two variates and estimates those parameters from observed values. The parameters
that are obtained are called the regression coefficients. The function obtained by the regression analysis gives
a function for approximating the observation data based on some index. This library provides the following

functions for performing regression analysis.
e Linear Regression Analysis

e Nonlinear Regression Analysis
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Explanation

10.1.1 Explanation

(1) Linear Regression Analysis

Assume that n observed values (z1,y1), (22,y2), -, (Zn, yn) obey the following linear regression model.

yi=Bo+ Pz +e (1=1,2,---,n)

Here, ¢; are error terms that independently obey N (0,0?). Obtaining the estimates by and by of coefficients

Bo and {1 by using the method of least squares is called a linear regression. by and b; are obtained by using
the following equations.

n

D (@i = pa) (i — 1y)

=
Z(wz - Nm)2
i=1

bo = py — b1pta

Here, p, and g, which represent the means of z; and y;, are given by the following equations.

n n
=1 =1

x 7M_
n Y n

The analysis of variance table due to the linear regression is as follows.

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1

. . Vr
Variation due to regression Sr 1 Vr = Sk F = 7
E

. . SE

Residual variation Sg =Sr— Sk n—2 Ve = 5
" —

Here, St and Sgi are defined as follows.

n

St = Z(yz - Hy)2

=1

=1

Sk =b (Z(x — ) (yi — uy)>

The estimates €92 and €12 of the variance of the statistics by and by, are given by the following equations:
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Ve

2
81:11

Z(wz - Mw)Q

=1

and the test quantities tg, which obeys a ¢ distribution with n — 2 degrees of freedom based on the null
hypothesis Hy : 5o = 0, and ¢1, which obeys a t distribution with n — 2 degrees of freedom based on the null

hypothesis Hy : 81 = 0, respectively, are given as follows.

b
to = —
€0
b
th=—
€1

Linear Regression Analysis (Repetitive Data)

Assume that mi given dependent variable values y;; (j = 1,2,---,my;4 = 1,2,---,n) corresponding to n
independent variable values x; (i = 1,2,---,n) have been given and obey the following linear regression
model.

yij = Bo+Brxiter (j=1,2,--,myi=1,2---,n)

Here, ¢; are error terms that independently obey N(0,02). The estimates by and by of coefficients By and
(1 are to be obtained by using the method of least squares. by and b; are obtained by using the following

equations.

mg

Z Z(I — pia) (Yij — Iy)

bl _ =1 ]:711
Zmz(xz ,ur)Z
i=1

bo = fty — b1fia

Here, p, and p,, which represent the (weighted) means of x; and y;;, are given by the following equations.

n n.oom;
_ = i=1j=1

Ha Hy =

- n ’ n
> mi >_mi
i=1 i=1

The analysis of variance table due to the linear regression is as follows.
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Sum of squares | Degrees of freedom | Unbiased variance F ratio
n
Total variation St Z m; — 1
i=1
. Vr
Variation  due  to Sr 1 Vr = Sgr Fr = .
regression =
. . - SE
Residual variation Sg =5r—Sgr Z m; — 2 Vg = 57—
i=1 Z mg; — 2
i=1
S Vi
Variation due to high | S, =S — Sg n—2 Vi = L2 FLZV—L
" —
order regression W
S Vi
Between-class SB n—1 Vg = Bl Fp = V_B
n—
variation w
s .y - Sw
Within-class variation | Sy = St — Sp Z m;—n VWw=———
=1 Z m; —n
i=1

Here, ST, Sg and Sp are defined as follows.

Sr=3 > (yij — )’
i=1 j=1
Sr = b1 Zi(fzfﬂz)(yw 7#24)
i=1 j=1

m;
" Zyzg
SB:Zmi F;ﬂb. — [y

(2

The estimates €92 and €12 of the variance of the statistics by and by, are given by the following equations:

1 2
502 — VE — =+ — M
S S i m)?
=1 =1
Vi
612 = =

n

> miwi — pa)?

i=1

and the test quantities ¢, which obeys a ¢ distribution with Y"1 ; m; — 2 degrees of freedom based on the
null hypothesis Hy : 89 = 0, and ¢1, which obeys a ¢ distribution with Y. | m; — 2 degrees of freedom based
on the null hypothesis Hy : 81 = 0, respectively, are given as follows.

bo

€0

to =
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Explanation

b
t = —+
€1

(3) Multiple Regression Analysis

Assume that n independent variable values x; (k=1,2,---,n;i=1,2,---,m) for m variables and n given
dependent variable values yi (k = 1,2,---,n) corresponding to them have been given and obey the following

linear regression model.
yk = Bo + Bkl + Bowka + -+ BnTem +ex (k=1,2,---,n)

Here, €, are error terms that independently obey N(0,02). Obtaining the estimates b; (i = 0,1,---,m) of

partial correlation coefficients §; (¢ = 0,1,---,m) by using the method of least squares is called a multiple
regression. The b; (¢ = 0,1,---,m) are obtained by solving the following simultaneous linear equations
(normal equations) for the m — 1 dimensional vector b = (b;) (j =1,2,---,m).

Cb=u
The elements of matrix C' = (¢;;) (4,7 = 1,2,---,m) and vector u = (u;) (j = 1,2,---,m) are defined as
follows.

n

Cij = Z(Im — i)z — ) (4,5 =1,2,---,m)
k=1

n

uj:Z(wki_ﬂi><yj_V) (j:1’27"'7m)

k=1
Here, p; and v are given by the following equations.
n
D
_ k=1

% — ‘:1727"'7
I — m)

n

Z Yk
_ k=1

v =

n

Now, bg is obtained as follows:

bp =v— ibiﬂi
im1

and the analysis of variance table due to the linear regression is as follows.

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1
S V
Variation due to regression Sr m Vi = il F=-2
m VE
. e SE
Residual variation Sg =Sr—Sgr n—m-—1 Vi =
n—m-—1
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Explanation

Here, ST and Sg are defined as follows.

n

St =) (yx —v)*

k=1
m n
Sr=_bi (Z(!Eki — i) (yi — V))
i=1 k=1
Let the elements of the inverse matrix of matrix C' be represented by d;; (¢,j = 1,2,---,m). The estimates
g2 (i=0,1,---,m) of the variance of the statistics b; (i = 0,1,---,m) are given by the following equations:

and the test quantities ¢;(¢ = 0,1,---,m), which obey t distributions with n — m — 1 degrees of freedom

based on the null hypotheses Hy : 3; =0 (i = 0,1,---,m), are given as follows.
ti: - (Z:()vlvvm)

(4) Polynomial Regression Analysis
Assume that n independent variable values x (k = 1,2,---,n) and n given dependent variable values

yr (k=1,2,---,n) corresponding to them have been given and obey the following regression model.
yr = Bo+ Prak + Boxr® + -+ Bmar™ + e (k=1,2,---,n)

Here, ¢j are error terms that independently obey N(0,02). The estimates b; (i = 0,1,---,m) of partial

correlation coefficients 8; (i = 0,1,---,m) are obtained by using the method of least squares. The b; (i =
0,1,---,m) are obtained by solving the following simultaneous linear equations (normal equations) for the
m — 1 dimensional vector b = (b;) (j =1,2,---,m).

Cb=u
The elements of matrix C' = (¢;;) (4,7 = 1,2,---,m) and vector u = (u;) (j = 1,2,---,m) are defined as
follows.

n

Cij = Z(Iki —wi)(xR? — i) (5,5 =1,2,---,m)
k=1

n
k=1
Here, p; and v are given by the following equations.

n
DL
k=1

7 ':1727"'7
f — ( m)
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Explanation

n
Zyk
L, — k=1

n

Now, by is obtained as follows:

bo=v— Zm:biui
i1

and the analysis of variance table due to the regression is as follows.

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1
S Vi
Variation due to regression Sr m Vi = il F=-2
m VE
S
Residual variation Sg =Sr—Sgr n—m-—1 Vi = _°F
n—m-—1
Here, ST and Sg are defined as follows.
n
Sr =Y (g —v)*
k=1
m n )
=30, (zw )i u>>
i=1 k=1
Let the elements of the inverse matrix of matrix C' be represented by d;; (i,j = 1,2,---,m). The estimates
;2 (i=0,1,---,m) of the variance of the statistics b; (i = 0,1,---,m) are given by the following equations:
1 m m
2
" =Vp |+ ZZMiﬂjdij
=1 j=1
81‘2 = VEd” (Z = 1,2,"',771)
and the test quantities ¢;(¢ = 0,1,---,m), which obey t distributions with n — m — 1 degrees of freedom

based on the null hypotheses Hy : 3; =0 (¢ = 0,1,---,m), are given as follows.

Remark: The coefficient matrix of normal equations often is rather ill-behaved, and, in particular, the
solution has a tendency to quickly approach a singularity as the number of variates increases. For a
polynomial regression, this is serious. Therefore, the calculation should be performed using the double-

precision function whenever possible.

Regression According to an Arbitrary Function
Assume that n sets of independent variables x, = (z1, T2k, ZTmi) (K = 1,2,---,n) consisting of m
variables and n given dependent variable values y (k = 1,2,---,n) corresponding to them have been given

and obey the following regression model.
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Here, ¢, are error terms that independently obey N(0,0%). The estimates b = (b1,bg,---,bs) of the £
regression model parameters 8 = (1, 82, -+, B¢) is obtained according to the nonlinear method of least

squares, with 3 minimizing the residual variation

Se = Zn:(yk — f(xx; 8))%,

k=1

and the analysis of variance table due to the regression is as follows.

Sum of squares | Degrees of freedom | Unbiased variance

Total variation St n
S
Residual variation Sk n—1{ Ve = £ 7
n—
Here, ST and Sg are defined as follows.
St =2 vk
k=1
Se =3 (e — flax:b))?
i=1
In addition, the asymptotic variance-covariance matrix V' = (V;;) (4,4 = 1,---,£) and standard deviation

estimates e; (i =1,---,¢) of the statistics b; (i =1,---,¢) are defined by the following equations.
V=_8p(Jtn!

Ei =V ‘/1,1 (7’: 1527"'58)
Here, J is the Jacobian matrix for which the (i, j)-th element is defined as follows.

Jijzw (i=1,--,nj=1,---,0)

9B 1g=b

10.1.2 Reference Bibliography

(1) Draper, N. R. and Smith, H. , “Applied regression analysis”, John Wiley & Sons, New York (1966)
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10.2 LINEAR REGRESSION ANALYSIS

10.2.1 ASL_dnlnrg, ASL _rnlnrg
Linear Regression Analysis

(1) Function
Assume that n observed values (z1,y1), (22,y2)," -, (Zn, yn) obey the following linear regression model.

yi =B+ Piri+e (1=1,2,---,n)

Here, ¢; are error terms that independently obey N (0, 02).

The ASL_dnlnrg or ASL_rnlnrg obtains:

(a) the estimates by and by of coefficients Sy and 1

(b) the statistics for creating the following analysis of variance table due to the linear regression:

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1
v

Variation due to regression Sr 1 Vr = Sk F = V—R
E

g

Residual variation S =Sr —Sgr n—2 Vg = E2
" —

(¢) the multiple correlation coefficient R

_ /SR
=5,

(d) the standard deviation estimates g and €1 of the statistics by and by
(e) the test quantity tp, which obeys a ¢ distribution with n — 2 degrees of freedom based on the null
hypothesis Hy : o =0

(f) the test quantity ¢;, which obeys a ¢ distribution with n — 2 degrees of freedom based on the null
hypothesis Hy : 81 = 0.

(2) Usage
Double precision:
ierr = ASL_dnlnrg (x, y, n, b0, bl, r, stat);
Single precision:
ierr = ASL_rnlnrg (x, y, n, b0, bl, r, stat);

592



ASL_dnlnrg, ASL_rnlnrg
Linear Regression Analysis

(3) Arguments and Return Value

D:Double precision real  Z:Double precision complex I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
A t and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
1 X D+ n Input | Independent variate observation data x;
Rx
2 y D+ n Input | Dependent variate observation data y;
Rx
3 n I Input | Number of observed values n
4 b0 Dx 3 Output | bO[0]: By estimate by
Rx bO[1]: By standard deviation estimate &g
b0[2]: By test quantity o
5 bl Dx 3 Output | b1[0]: B estimate by
R b1[1]: B standard deviation estimate &1
bl[2]: f1 test quantity ¢;
6 r Dx 2 Output | r[0]: Multiple correlation coefficient R
Rx r[1]: Contribution ratio R?
7 stat Dx 21 Output | Basic statistics of calculation result (See Note
Rx (a)
8 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>3
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 There was no difference between indepen- 0.0 is set for b0, bl, r, and stat[0] to
dent variates. stat[8].
1010 The residual is 0.0. (stat[2]=0.0) The positive maximum value is set for
stat[8], b0[2], and b1[2].
3000 Restriction (a) was not satisfied. Processing is aborted.
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(6) Notes

(a) The following kind of array is stored as a one-dimensional vector in array stat.

1:

10:

11:

12:

13:

14:

15:

16:

17:

18:

19:

20:

21:

St
Sr
SE
Jr=n-1
frR=1
Je=n-2
Vr
Ve
F
7.1 T4
\ o I
"y
b Zh
Z:L: ($i_llm)2
Oz = 1n—l
Do Wimhy)?
Oy = =T -
n
Sy = Z xX;
i=1
n
Sy =D _ Ui
i—1
n
Sgx = Z 171'2
i=1
n
Syy = Z yi?
i=1

=1

Syy = Z(yz 1)
=1
=1

Total variation

Variation due to regression

Residual variation

Degrees of freedom of total variation

Degrees of freedom of variation due to regression
Degrees of freedom of residual variation
Unbiased variance of variation due to regression
Unbiased variance of residual variation

F ratio

Mean of x;

Mean of y;

Standard deviation of x;

Standard deviation of y;

Sum of z;

Sum of y;

Sum of squares of x;

Sum of squares of y;

Sum of products of z; and y;

Sum of squares of deviations of z;

Sum of squares of deviations of y;

Sum of products of deviations of x; and y;
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(7) Example

(a) Problem
Obtain the regression coefficient values, multiple correlation coefficient value, contribution ratio, and

basic statistics according to a regression analysis from the following observation data.

x[0]=1.0 y[0

[0] [0]=-
x[1]=2.0 y[1]="7
X[2]=3.0 y[2]=34 0
[3]=4.0  y[3]=91.0
<[4]=5.0  y[4]=190.0
«[5]=6.0  y[5]=343.0
<[6]=7.0  y[6]=562.0
<7=8.0  y[7]=859.0
<[8=9.0  y[8]=1246.0
[9]=10.0  y[9]=1735.0

[ [

x[10]=11.0  y[10]=2338.0

(b) Input data
Observation data x, y and n=11.

(¢) Main program

/* C interface example for ASL_dnlnrg */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
%nt main()
double *x, *y;

int n;
double bO[3], b1[3], r[2], stat[21];
int ierr;

int i;

FILE *fp;

fp = fopen( "dnlnrg.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " #*%x ASL_dnlnrg *x*\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
printf( "\tn=)3d\n\n", n );

x = ( double * Jmalloc((size_t) ( sizeof (double) * (n) ));
%f( = NULL )

printf( "no enough memory for array x\n" );
return -1;

y = ( double * )malloc((size_t)( sizeof(double) * (n) ));
if( y == NULL )

printf( "no enough memory for array y\n" );
return -1;

for( i=0 ; i<n ; i++ )

fscanf( fp, "%lf", &x[i] );
}

%or( i=0 ; i<n ; i++ )
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fscanf( fp, "ALEf", &yl[il );
}

printf( "\tData of x and y\n");
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g %8.4g\n",x[il, y[il );

fclose( fp );
ierr = ASL_dnlnrg(x, y, n, b0, bl, r, stat);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tRegression coefficient\n" );

printf( "\t R.C. S.E. T-V.\n" );
printf( "\tx ")

for( i=0 ; i<3 ; i++ )

printf( "%8.3g", bil[il );
}
printf( "\n" );
printf( "\tconstant " );
for( i=0 ; i<3 ; i++ )
printf( "%8.3g", b0O[i] );
}
printf( "\n\n" );

printf( "\tMultiple correlation coefficient=%8.3g\n", r[0] );

printf( "\t Contribution ratio=%8.3g\n\n", r[1] );
printf( "\tAnalysis of variance table\n" );

printf( "\t S.S D.F U.v F-R\n" );
printf( "\tTotal %11.3e  %6.0f\n", stat[0],stat[3] );

printf( "\tRegression %11.3e %6.0f %11.3e %8.3g\n",
stat[1],stat[4],stat[6],stat[8] );

printf( "\tDeviation %11.3e %6.0f %11.3e\n\n",
stat[2],stat [6],stat[7] );

printf( "\tStatistics\n" );

printf( "\tMean of x ¢ %11.3e\n", stat[9] );
printf( "\tMean of y : %11.3e\n", stat[10] );
printf( "\tStandard deviation of x : %11.3e\n", stat[11] );
printf( "\tStandard deviation of y : %11.3e\n", stat[12] );
printf( "\tSum of x ¢ %11.3e\n", stat[13] );
printf( "\tSum of y ¢ %11.3e\n", stat[14] );
printf( "\tSum of squares of x : %11.3e\n", stat[15] );
printf( "\tSum of squares of y : %11.3e\n", stat[16] );
printf( "\tSum of products of x and y : %11.3e\n", stat[17] );

printf( "\tSum of squares of \n" );

printf( "\t deviations of x : %11.3e\n", stat[18] );
printf( "\tSum of squares of \n" );
printf( "\t deviations of y : %11.3e\n", stat[19] );

printf( "\tSum of products of \n" );
printf( "\t deviations of x and y : %11.3e\n", stat[20] );

free( x );
free( y );

return O;

}
(d) Output results

***x ASL_dnlnrg sk
*% Input *%
n= 11

Data of x and y

HOWONOUTPWN -
w
>
w

e

** Qutput **
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ierr = 0

Regression coefficient

S.E. T-V.
bd 220 31.1 7.06
constant -645 211 -3.05

Multiple correlation coefficient=
Contribution ratio=

Analysis of variance table
5.8

. D.F
Total 6.264e+06 10
Regression  5.305e+06 1
Deviation 9.591e+05 0
Statistics
Mean of x
Mean of y

Standard deviation of x
Standard deviation of y
Sum of x
Sum of y
Sum of squares of x
Sum of squares of :
Sum of products of x and y :
Sum of squares of
deviations of x
Sum of squares of
deviations of y
Sum of products of
deviations of x and y

N O B ORPRONONWOO

0.9
0.84

5.305e
1.066e

.000e+00
.730e+02
.317e+00
.914e+02
.600e+01
.403e+03
.060e+02
.125e+07
.857e+04

.100e+02
.264e+06
.416e+04

2
7

U.v

+06
+05
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10.2.2 ASL_dnlnrr, ASL_rnlnrr
Linear Regression Analysis (Repetitive Data)

(1) Function

Assume that m; given dependent variable values y;; (j = 1,2,---,m;;4 = 1,2,---,n) corresponding to n
independent variable values x; (i = 1,2,---,n) have been given and obey the following linear regression
model.

yij:50+61xi+€i (]:172577”152:172;)”)
Here, ¢; are error terms that independently obey N(0,02).
The ASL_dnlnrr or ASL_rnlnrr obtains:

(a) the estimates by and by of coefficients 5y and (4

(b) the statistics for creating the following analysis of variance table due to the linear regression.

Sum of squares | Degrees of freedom | Unbiased variance F ratio
n
Total variation St Z m; — 1
i=1
. Vr
Variation due to Skr 1 Vr = Sk Fr = 7
regression F
. . . SE
Residual variation Sg =St —Sgr Z m; — 2 Ve= 55—
i=1 Z m; — 2
i=1
. . St VL,
Variation due to high | Sy, =S — Sg n—2 Vi, = 5 Fr, = Voo
n—
order regression w
Sp Vi
Between-class SB n—1 Vg = 1 Fg = Vo
n—
variation w
. . . Sw
Within-class variation | Sw = St — Sp Z m;—n Vw=———
=1 Z m; —n
i=1

(¢) the multiple correlation coefficient R
Sr
St

(d) the standard deviation estimates g and €1 of the statistics by and by

R:

(e) the test quantity ¢o, which obeys a t distribution with Y"1 ; m; — 2 degrees of freedom based on the
null hypothesis Hy : By =0

(f) the test quantity ¢;, which obeys a ¢ distribution with Y., m; — 2 degrees of freedom based on the
null hypothesis Hy : 81 =0

(2) Usage
Double precision:
ierr = ASL_dnlnrr (x, n, ny, y, my, m, b0, bl, r, stat);
Single precision:
ierr = ASL_rnlnrr (%, n, ny, y, my, m, b0, bl, r, stat);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

A

int

as for 32bit Integer
long as for 64bit Integer

A t and Input
No. FEUMEnt atl Type Size nput/ Contents
Return Value Output
1 X D+ n Input | Independent variate observation data x;
Rx
2 n I 1 Input | Number of independent variate observed val-
ues n
3 ny I* n Input | Number of repetitions of each dependent
variate for an independent variate m;
4 y D+ my X m Input | Dependent variate observation data y;; (See
R Note (a))
5 my I 1 Input | Adjustable dimension of array y
6 m I 1 Input | Maximum number of repetitions of depen-
dent variate observed values
max(m;) (See Note (c))
7 b0 Dx 3 Output | bO[0]: By estimate by
Rx bO[1]: By standard deviation estimate g
b0[2]: By test quantity g
8 bl Dx 3 Output | b1[0]: 81 estimate by
R bl[1]: B standard deviation estimate €1
b1[2]: B test quantity tq
9 r Dx 2 Output | r[0]: Multiple correlation coefficient R
R r[1]: Contribution ratio R?
10 stat Dx 33 Output | Basic statistics of calculation result (See Note
Rx (b))
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 3<n<my
(b) 1<ny[i—1]<m (i=1,2,---,n)
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 There was no difference between indepen- 0.0 is set for b0, bl, r, and stat[0] to
dent variates. stat[19].
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
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(6) Notes

(a) Observation data y; ; is stored in array y as the following kind of real matrix (two-dimensional array

type) data (See Appendix A).

Y11 Y12

Y21 Y22

Yin1

yn,l yn,mn

yl,m1 * *k T
y2,m2 *
* *
Yim;
* *
* * *

Remark: The asterisks () indicate arbitrary values.

(b) The following kind of array is stored as a one-dimensional vector in array stat.

1:

10:

11:

12:

13:

14:

15:

St

Sr

Fr

St

S

Sw
fo=n-2
fB=n-1

n
fw =Y mi—n
=1

Total variation
Variation due to regression
Residual variation

Degrees of freedom of total variation

Degrees of freedom of variation due to regression

Degrees of freedom of residual variation

Unbiased variance of variation due to regression
Unbiased variance of residual variation

F ratio of variation due to regression

Variation due to high-order regression
Between-class variation

Within-class variation

Degrees of freedom due to high-order regression
Degrees of freedom of between-class variation

Degrees of freedom of within-class variation
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16:

17:

18:

19:

20:

21:

22:

23:

24:

25:

26:

27:

28:

29:

30:

31:

32:

33:

Vi

VB

Vw

m;—1
i=1 "

n mg;
_ Zi:l z:j:ll(y”'_uy)2
Uy = 0

=1
n m;
Sy = E E Yij
i=1 j=1
n
Sxx = E m;x;
=1
n my
_ 2
Syy = E , E :yia
i=1 j=1
no m;
i=1 j=1
n
S _ 2
rxr — mz<xz - Mm)
=1
n my
Syy = E E (Y5 — Hy)
i=1 j=1
n my

Szy = ZZ(L - Nx)(yij -

i=1 j=1

n
> mi
i=1

)

Unbiased variance of variation due to high-order regression
Unbiased variance of between-class variation

Unbiased variance of within-class variation

F ratio of variation due to high-order regression

F ratio of between-class variation

Weighted mean of z;

Grand mean of y;;

Weighted standard deviation of z;

Standard deviation of y;;

Weighted sum of z;

Sum of y;;

Weighted sum of squares of z;

Sum of squares of y;;

Sum of products of z; and y;;

Weighted sum of squares of deviations of z;

Sum of squares of deviations of y;;

Sum of products of deviations of x; and y;;

Total number of y;;

(¢) When m=1, stat[9] to stat[19] are not calculated.
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(7) Example

(a) Problem
Obtain the regression coefficient values, multiple correlation coefficient value, contribution ratio, and

basic statistics according to a regression analysis from the following observation data:

55.0 26.0 29.0 32.0 0.0
65.0 32.0 350 0.0 0.0
(z)=| 75.0 |, (yi;)=| 36.0 350 31.0 34.0
80.0 33.0 00 0.0 0.0
85.0 37.0 350 0.0 0.0

and numbers of repetitions:

3

(mi) =

N = e N

(b) Input data
Observation data x and y, numbers of repetitions ny, n=>5, my=5 and m=4.

(¢) Main program

/* C interface example for ASL_dnlnrr */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
%nt main()
double *x;
int n;
int *ny;
double *y;
int my;

int m;
double bO[3], b1[3], r[2], stat[33];
int ierr;

int i,j;

FILE *fp;

fp = fopen( "dnlnrr.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#*%* ASL_dnlnrr ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &my );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

printf( "\tmy=%3d\n", my );
printf( "\t n=%3d\n", n );
printf( "\t m=)3d\n\n", m );

x = ( double * )malloc((size_t)( sizeof (double) * (n) ));
if( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

ny = ( int * )malloc((size_t) ( sizeof(int) * (n) ));
if( ny == NULL )

printf( "no enough memory for array ny\n" );
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return -1;

= ( double * )malloc((size_t)( sizeof (double) * (my*m) ));
if( y == NULL )

A W

printf( "no enough memory for array y\n" );
return -1;
for( i=0 ; i<n ; i++ )

fscanf( fp, "/%d", &nyl[il );
}

for( i=0 ; i<n ; i++ )

fscanf( fp, "ALlf", &x[il );
}

for( j=0 ; j<m ; j++ )
¢ for( i=0 ; i<my ; i++ )

fscanf ( fp, "%1f", &yli+my*jl );
}

printf( "\tData of x and y\n");
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g | %4d | ",x[il, ny[il );
for( j=0 ; j<nyl[il ; j++ )

printf( "%8.3g",yli+my*j]l );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dnlnrr(x, n, ny, y, my, m, b0, bl, r, stat);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tRegression coefficient\n" );

printf( "\t R.C. S.E. T-V.\n" );
printf( "\tx ")

for( i=0 ; i<3 ; i++ )

printf( "%8.3g", bil[i] );
}
printf( "\n" );
printf( "\tconstant " );
for( i=0 ; i<3 ; i++ )
printf( "%8.3g", bO[i] );
}
printf( "\n\n" );
printf( "\tMultiple correlation coefficient=%8.3g\n", r[0] );

printf( "\t Contribution ratio=Y%8.3g\n\n", r[1] );

printf( "\tAnalysis of variance table\n" );

printf( "\t S.S D.F U.v F-R\n" );

printf( "\tTotal %8.3g %6.0f\n", stat[0],stat[3] );

printf( "\tRegression %8.3g %6.0f %8.3g %8.3g\n",
stat[l],stat[4],stat[6]gstat[8] )

printf( "\tDeviation %8.3g %6.0f ¥%8.3g\n",

stat[2],stat[5],stat[7] );

printf( "\tLack of fitness %8.3g %6.0f %8.3g %8.3g\n",
stat[9],stat[12],stat[15],stat[18] );

printf( "\tBetween-classes %8.3g %6.0f %8.3g %8.3g\n",
stat[10],stat[13],stat[16],stat[19] );

printf( "\tWithin-class %8.3g %6.0f %8.3g\n\n",
stat[11],stat[14],stat[17] );

printf( "\tStatistics\n" );

printf( "\tWeighted mean of x : %9.3g\n", stat[20]
printf( "\tGrand mean of y : %9.3g\n", stat[21]
printf( "\tWeighted standard \n" );

printf( "\t deviation of x : %9.3g\n", stat[22]
printf( "\tStandard deviation of y : %9.3g\n", stat[23]
printf( "\tWeighted sum of x : %9.3g\n", stat[24]
printf( "\tSum of y : %9.3g\n", stat[25]
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printf( "\tWeighted sum of squares of x : %9.
printf( "\tSum of squares of y %9,
printf( "\tSum of products of x and y : %9.
printf( "\tWeighted sum of squares of \n" );
printf( "\t deviations of x %9,
printf( "\tSum of squares of \n" );
printf( "\t deviations of y %9,
printf( "\tSum of products of \n" );
printf( "\t deviations of x and y %9,
printf( "\tTotal number of y : %9,
free( x );
free( ny );
free( y );
return O;
}
(d) Output results
*xx ASL_dnlnrr ***
** Input *x*
my= 5
n= 5
m= 4
Data of x and y
55 3| 26 29 32
65 | 2 | 32 35
75 | 4 | 36 35 31
80 | 1| 33
85 | 2 | 37 35
** Qutput *x*
ierr = 0
Regression coefficient
R.C. S.E. T-V.
X 0.208 0.0601 3.46
constant 18.3 4.28 4.27
Multiple correlation coefficient= 0.738
Contribution ratio= 0.545
Analysis of variance table
S.S D.F U.v
Total 109 11
Regression 59.3 1 59.3
Deviation 49.6 10 4.96
Lack of fitness 11.1 3 3.69
Between-classes 70.4 4 17.6
Within-class 38.5 7 5.5
Statistics
Weighted mean of x : 70.4
Grand mean of y : 32.9
Weighted standard
deviation of x : 11.2
Standard deviation of y : 3.15
Weighted sum of x : 845
Sum of y : 395
Weighted sum of squares of x : 6.088e+04
Sum of squares of y : 1.311e+04
Sum of products of x and y : 2.81e+04
Weighted sum of squares of
deviations of x : 1373
Sum of squares of
deviations of y : 109
Sum of products of
deviations of x and y : 285
Total number of y : 12
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10.2.3 ASL_dnlnma, ASL_rnlnma
Multiple Regression Analysis

(1) Function
Assume that n independent variable values zy; (k=1,2,---,n;i=1,2,---,m) for m variables and n given
dependent variable values yi (k = 1,2, --,n) corresponding to them have been given and obey the following
linear regression model.

Yk = Bo + Brxr1 + Boxro + -+ BmTiem e (k=1,2,---,n)

Here, ¢, are error terms that independently obey N (0, c?).
The ASL_dnlnma or ASL_rnlnma obtains:
(a) the estimates b; (i =0,1,---,m) of partial correlation coefficients §; (i = 0,1,---,m)

(b) the statistics for creating the following analysis of variance table due to the linear regression.

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1
S V
Variation due to regression Skr m Vi = 2R F=2
S e
Residual variation Sg=Sr—Sg n—m-—1 Ve = E
n—m-—1
(¢) the multiple correlation coefficient R
S
R=4/28
St
(d) the degree of freedom adjusted correlation coefficient R*
-1
(n—m—1)Sr
(e) the standard deviation estimates €; (¢ = 0,1,---,m) of the statistics b; (¢ =0,1,---,m)

(f) the test quantities ¢;(¢ = 0,1,---,m), which obey ¢ distributions with n —m — 1 degrees of freedom
based on the null hypotheses Hy : 8; =0 (i =0,1,---,m)

(2) Usage
Double precision:
ierr = ASL_dnlnma (x, mx, m, n, b, r, v, stat, iwl, wl);
Single precision:

ierr = ASL_rnlnma (x, mx, m, n, b, r, v, stat, iwl, wl);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

I { int as for 32bit Integer}

long as for 64bit Integer

No. Argument and Type Size fnput/ Contents
Return Value Output
1 X D+ mx, m+1 | Input | Independent variate observation data x; and
{R*} dependent variate observation data yi (See
Note (a))
2 mx I 1 Input | Adjustable dimension of array x
3 m I 1 Input | Number of independent variates m
4 n I 1 Input | Number of observed values n
5 b D« 3x (m+1)| Output | b[i]: 5; estimate b;
{R*} bli+m+1]: 5; standard deviation estimate ¢;
b[i+2x(m+1)]: B; test quantity ¢ value t;
(1=0,1,---,m)
6 r D+ 3 Output | r[0]: Multiple correlation coefficient R
{R*} r[1]: Contribution ratio R?
r[2]: Degree of freedom adjusted correlation
coefficient R*
7 v D+ 9 Output | Statistics for creating analysis of variance ta-
{R*} ble (See Note (b))
8 stat Dx 5x(m+1) | Output | Basic statistics of calculation result (See Note
{R*} (©)
9 iwl I* m+1 Work | Work area
10 wl D+ See Work | Work area
{R*} Contents Size: (m+1) x (m+ 3)
11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 3 <n<mx

(by 1<m<n-1
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 Total sum of squares < Regression sum of 0.0 is set for b; and t;.
squares.
2000 Residual unbiased variance > Total unbi- 0.0 is set for R*.
ased variance.
3000 Restriction (a) was not satisfied. Processing is aborted.
3010 Restriction (b) was not satisfied.
4000 The inverse matrix could not be obtained.
(6) Notes
(a) Observation data xy; (k=1,2,---,n;i=1,2,---,m) and yx (k =1,2,---,n) are stored in array x as

the following kind of real matrix (two-dimensional array type) data (See Appendix A).

11 Ti2 0 Tim Y1
T21 T . Y2
Tnl Tt tee Tnm Yn

(b) The following kind of a one-dimensional vector is stored in array v.

1. Sr Total variation
2: Sy Variation due to regression
3: Sg Residual variation
4: fr=n-1 Degrees of freedom of total variation
5  fr=m Degrees of freedom of variation due to regression
6: fe=n—m—1 Degrees of freedom of residual variation
7. Vg Unbiased variance of variation due to regression
8 Vg Unbiased variance of residual variation
9: F F ratio
(¢) The following kind of real matrix (two-dimensional array type) is stored in array stat (See Appendix
A).
r n n n n T
> an dome ) @km T
k=1 k=1 k=1 k=1
f1 fh2 oo fim v
n n n n
Yol —m) Y (e — ) D@m= ) gk —v)°
k=1 k=1 k=1 k=1
n n n n
> (wr — ) > (w2 — p2)” > (@hm — i)’ > (e —v)?
k=1 k=1 k=L k=1
n—1 n—1 n—1 n—1
n n n n
Yl —m) | Y (wwe — p2)? Y @om = mm)® | gk —v)’
k=1 k=1 - k=1 k=1
L n—1 n—1 n—1 n—1 ]
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(7) Example

(a) Problem
Obtain the regression coeflicient values, multiple correlation coefficient value, contribution ratio, analy-
sis of variance table, and basic statistics according to a regression analysis from the following observation
data.

20 1.0 3.0/|-10
30 30 —-10]| 0.0
(Trilyr) = 4.0 —-2.0 00| 20
1.0 1.0 —-20] 20
~1.0 3.0 -10]| 3.0

(b) Input data
Observation data x, mx=>5, n=5 and m=3.
(¢) Main program

/* C interface example for ASL_dnlnma */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
double *x;
int mx, m, n;
double *b, r[3], v[9], *stat;
int *iwl;
double *wl;
int ierr;
int 1,j;

FILE *fp;

fp = fopen( "dnlnma.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **%* ASL_dnlnma ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &mx );
fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

printf( "\tmx=%3d\n", mx );
printf( "\t n=%3d\n", n );
printf( "\t m=%3d\n\n", m );

x = ( double * )malloc((size_t)( sizeof (double) * (mx*(m+1)) ));
if( x == NULL )

printf( "no enough memory for array x\n" );

return -1;
}
b = ( double * )malloc((size_t)( sizeof(double) * ((m+1)*3) ));
%f( b == LL

printf( "no enough memory for array b\n" );
return -1;

stat = ( double * )malloc((size_t) ( sizeof(double) * ((m+1)*5) ));
if( stat == NULL )

printf( "no enough memory for array stat\n" );

return -1;
wl = ( double * )malloc((size_t) ( sizeof(double) * ((m+1)*(m+3)) ));
if( wl == NULL )

printf( "no enough memory for array wiln" );
return -1;

608



ASL_dnlnma, ASL_rnlnma
Multiple Regression Analysis

}
iwl = ( int * )malloc((size_t) ( sizeof(int) * (m+1) ));
if( iwl == NULL )

printf( "no enough memory for array iwl\n" );
return -1;
for( j=0 ; j<m+1l ; j++ )
e for( i=0 ; i<n ; i++ )
fscanf( fp, "Jlf", &x[i+mxx*j] );
}

printf( "\t y | x\n");
for( i=0 ; i<n ; i++ )

printf( "\t%5.3g | ",x[i+mx*m] );
for( j=0 ; j<m ; j++ )
printf( "%5.3g", x[i+mx*j] );
}
printf( "\n" );
}
fclose( fp );
ierr = ASL_dnlnma(x, mx, m, n, b, r, v, stat, iwl, wil);

printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n\n", ierr );

printf( "\tRegression coefficient\n" );
printf( "\t R.C. S.E. T-V.\n" );
{or( i=0 ; i<m+1 ; i++ )

printf( "\t" );

for( j=0 ; j<3 ; j++ )

printf( "%8.3g", bli+(m+1)*j] );

printf( "\n" );
}
printf( "\n" );

printf( "\t Multiple correlation coefficient=%8.3g\n", r[0] );
printf( "\t Contribution ratio=%8.3g\n", r[1] );
printf( "\tAdjusted multiple correlation coefficient=%8.3g\n\n", r[2] );

printf( "\tAnalysis of variance table\n" );

printf( "\t S.S D.F U.v F-R\n" );
printf( "\tTotal %8.3g  %6.1g\n", v[0]l,v[3] );
printf( "\tRegression %8.3g %6.1g %8.3g %8.3g\n",

v[1],v[4],v[6],v[8] );
printf( "\tDeviation ¥%8.3g %6.1g %8.3g\n\n",

v[2],v[5],v[7] );

printf( "\tStatistics\n" );
printf( "\t Sum Mean S.S Variance S.D\n" );
for( i=0 ; i<m+1l ; i++ )

printf( "\t" );
for( j=0 ; j<5 ; j++ )

printf( "%8.3g", stat[i+(m+1)*j] );

}
printf( "\n" );
}
free( x );
free( b );
free( stat );
free( iwl );
free( wl );

return O;

}
(d) Output results

*%* ASL_dnlnma ***

*k Input *%
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mx= 5
n= 5
m= 3
y | x

-1 | 2 1 3

3 | 3 -1 0

4 | -2 0 2

1| 1 -2 2

-1 3 -1 3

*% Output *x*
ierr = 0

Regression coefficient
R.C. S.E. T-V.
5.21  0.898 5.8

-0.744 0.192 -3.88
0.0386 0.371 0.104
-1.47 0.341 -4.31

Multiple correlation coefficient=
Contribution ratio=
Adjusted multiple correlation coefficient=

Analysis of variance table
S.8 D.

F u.v
Total 20.8 4
Regression 20.2 3 6.73
Deviation 0.608 1 0.608
Statistics
Sum Mean S.S Variance S.D
7 1.4 17.2 4.3 2.07
-3 -0.6 5.2 1.3 1.14
10 2 6 1.5 1.22
6 1.2 20.8 5.2 2.28

0.985
0.971
0.94

F-R

11.
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10.3.1 ASL_dnnlpo
Polynomial Regression Analysis

(1) Function
Assume that n independent variable values xp (k = 1,2,---,n) and n given dependent variable values

yr (k=1,2,---,n) corresponding to them have been given and obey the following linear regression model.
yr = Bo + Prak + Boxrk® + -+ Par™ +ep (E=1,2,---,n)

Here, €, are error terms that independently obey N (0, 0?).
The ASL_dnnlpo obtains:
(a) the estimates b; (i =0,1,---,m) of partial correlation coefficients 3; (i =0,1,---,m)

(b) the statistics for creating the following analysis of variance table due to the regression.

Sum of squares | Degrees of freedom | Unbiased variance | F ratio
Total variation St n—1
S Vi
Variation due to regression Sr m Ve = 2R F=2
S =
Residual variation Sg=Sr—Sg n—m-—1 Ve = E
n—m-—1
(¢) the multiple correlation coefficient R
S
R= /2%
St
(d) the degree of freedom adjusted correlation coefficient R*
-1
(n—m—1)Sp
(e) the standard deviation estimates €; (¢ = 0,1,---,m) of the statistics b; (¢ =0,1,---,m)

(f) the test quantities ¢;(¢ = 0,1,---,m), which obey ¢ distributions with n —m — 1 degrees of freedom
based on the null hypotheses Hp: 8; =0 (i =0,1,---,m).

(2) Usage
Double precision:
ierr = ASL_dnnlpo (x, n, y, m, b, r, v, statx, staty, iwl, wl);
Single precision:
Nothing
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(3) Arguments and Return Value

D:Double precision real = Z:Double precision complex

I { int as for 32bit Integer}

R:Single precision real C:Single precision complex long as for 64bit Integer
No. Argument and Type Size fnput/ Contents
Return Value Output
1 X D* n Input | Independent variate observed values xj
2 n I 1 Input | Number of observed values n
3 y D* n Input | Dependent variate observed values y;
4 m I 1 Input | Polynomial degree m
5 b D* 3x(m + 1)| Output | b[i]: 5; estimate b;
bli+m+1]: 5; standard deviation estimate ¢;
bli+2x(m+1)]: B; test quantity ¢ value t;
(1=0,1,---,m)
6 r D* 3 Output | r[0]: Multiple correlation coefficient R
r[1]: Contribution ratio R?
r[2]: Degree of freedom adjusted correlation
coefficient R*
7 A\ D* 9 Output | Statistics for creating analysis of variance ta-
ble (See Note (a))
8 statx D* 5 Output | statx[0]: Independent variate sum
statx[1]: Independent variate mean
statx[2]: Independent variate sum of squares
of deviations
statx[3]: Independent variate variance
statx[4]: Independent variate standard
deviation
9 staty D* 5 Output | staty[0]: Dependent variate sum
staty[1]: Dependent variate mean
staty[2]: Dependent variate sum of squares of
deviations
staty[3]: Dependent variate variance
staty[4]: Dependent variate standard
deviation
10 iwl I* m+1 Work | Work area
11 wl D* See Work | Work area
Contents Size: (m+1)x(m+4)
12 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 2<m+1<n
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 Total sum of squares < Regression sum of 0.0 is set for b; and t;.
squares.

2000 Residual unbiased variance > Total unbi- 0.0 is set for R*.
ased variance.

3000 Restriction (a) was not satisfied. Processing is aborted.

4000 The inverse matrix could not be obtained.

(6) Notes

(a) The following kind of a one-dimensional vector is stored in array v.

1. St Total variation

2: Sk Variation due to regression

3: Sg Residual variation

4: fr=n-1 Degrees of freedom of total variation

5 fr=m Degrees of freedom of variation due to regression
6: fe=mn—m—1 Degrees of freedom of residual variation

7 Vg Unbiased variance of variation due to regression
8 Vg Unbiased variance of residual variation

9: F F ratio

(7) Example

(a) Problem
Obtain the regression coeflicient values, multiple correlation coefficient value, contribution ratio, analy-

sis of variance table, and basic statistics according to a regression analysis from the following observation

data.
x[0]= 1.0 y[ 0] 10.0
x[1]= 3.0 y[1] = 20.0
x[2]= 5.0 v[2]= 25.0
x[3]= 6.0 y[3]= 26.0
x[4]= 8.0 y[4] = 36.0
x[ 5] = 10.0 y[ 5] = 62.0
x[ 6] = 11.0 y[6] = 78.0
x[ 7= 13.0 y[ 7] = 107.0
x[ 8] = 14.0 y[8] = 118.0
x[9]= 15.0 y[ 9] 127.0

(b) Input data
Observation data x and y, n=10 and m=4.

613



ASL_dnnlpo
Polynomial Regression Analysis

(¢) Main program

/* C interface example for ASL_dnnlpo */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()
{

double *x, *y;

int n, m;

double *b, r[3], v[9];
double statx[5], statyl[5];
int *iwl;

double *wl;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "dnnlpo.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " **%* ASL_dnnlpo ***\n" );
printf( "\n ** Input **\n\n" );
n=10;

m=4;

printf( "\tn=%3d\n", n );
printf( "\tm=%3d\n\n", m );

x = ( double * )malloc((size_t)( sizeof(double) * (n) ));
if( x == NULL )

printf( "no enough memory for array x\n" );
return -1;

< W

= ( double * )malloc((size_t)( sizeof(double) * (n) ));
if ( y == NULL )
P

-

rintf( "no enough memory for array y\n" );
return -1;

(S

b = ( double * )malloc((size_t)( sizeof (double) * ((m+1)*3) ));
if( b == NULL )

-~

printf( "no enough memory for array b\n" );
return -1;

iwl = ( int * )malloc((size_t) ( sizeof(int) * (n+1) ));
if ( iwl == NULL )

printf( "no enough memory for array iwl\n" );
return -1;

wl = ( double * )malloc((size_t) ( sizeof(double) * ((n+1)*(n+4)) ));
if( wl == NULL )

printf( "no enough memory for array wiln" );
return -1;

for( i=0 ; i<n ; i++ )

fscanf( fp, "ALf", &x[il );
}

for( i=0 ; i<n ; i++ )

fscanf( fp, "JLlf", &yl[il );
printf( "\tData of x and y\n");
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g %8.3g\n", x[i] , y[il );

fclose( fp );
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ierr = ASL_dnnlpo(x, n, y, m, b, r, v, statx, staty, iwl, wl);

printf(
printf (

printf(
printf (
for( i=0
{

"\n ** Output **\n\n" );
"\tierr = %6d\n\n", ierr );

"\tRegression coefficient\n" );
N R.C. S.E. T-v.\n" );
;o i<m+l o i++ )

printf( "\t" );

for(

=0 ; j<3 ; j++ )

printf( " %8.3g", bli+(m+1)*j] );

}
printf( "\n" );

}
printf(

printf (
printf(
printf(

printf(
printf (
printf(
printf(

v[1]
printf (

v[2]

printf (
printf (
printf(
for( i=0

n \nll ) ;
"\t Multiple correlation coefficient=%8.3g\n", r[0] );
"\t Contribution ratio=Y%8.3g\n", r[1] );

"\tAdjusted multiple correlation coefficient=%8.3g\n\n", r[2] );

"\tAnalysis of variance table\n" );

N S.S D.F U.v F-R\n" );
"\tTotal %11.3e  %6.0f\n", v[0],v[3] );

"\tRegression %11.3e %6.0f %11.3e %8.3g\n",

,v[4],v[6],v[8] );

"\tDeviation %11.3e %6.0f %11.3e\n\n",

,vI8],vI7] );

"\tStatistics\n" );
"\t Sum Mean S.S Variance S.D\n" );
"\tX s ) ;

; i<Bb 5 i+ )

printf( "%9.3g", statx[i] );

}
printf(
printf (
for( i=0

"\n" );
n \ty : n ) ;
; i<B o i++ )

printf( "%9.3g", statyl[i] );

printf (

"\Il" );

free( x );
free( y );
free( b );
free( iwl );

free( wi

return 0O

}

);

B

(d) Output results

**% ASL_dnnlpo ***

** Input *x*

n= 10

m= 4

Data of x and y
1 10
3 20
5 25
6 26
8 36
10 62
11 78
13 107
14 118
15 127

** Qutput **

ierr = 0
Regression coefficient
R.C. S.E. T-V.
-4.61 1.57 -2.94
18.9 3.03 6.24
-4.97 0.764 -6.51
0.551 0.0716 7.69
-0.0176  0.00222 -7.92
Multiple correlation coefficient=
Contribution ratio= 0.999
Adjusted multiple correlation coefficient= 0.999
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Analysis of variance table
S.S D.
Total 1.744e+04
Regression  1.743e+04
Deviation 1.230e+01

[ o Ry

Statistics
Sum Mean S.S
X 86 8.6 206
y o 609 60.9 1.74e+04 1.

U.v F-R

4.357e+03 1.77e+03
2.461e+00

Variance S.D
22.9 4.79
94e+03 44
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10.3.2 ASL_dnnlgf, ASL _rnnlgf
Regression According to an Arbitrary Function

(1) Function
Assume that n sets of independent variables x; = (z1k, T2k, -, Tmk) (K = 1,2,---,n) consisting of m
variables and n given dependent variable values y; (k = 1,2,---,n) corresponding to them have been given

and obey the following regression model.

Yk = f(mk7/6)+€k (k: 1,2,"',71)
Here, ¢, are error terms that independently obey N(0,c?)).
The ASL_dnnlgf or ASL_rnnlgf obtains:

(a) the estimates b = (b1, ba,---,by) of the £ regression model parameters 8 = (81, B2, -, fr)

(b) the statistics for performing an analysis of variance for the regression model

Sum of squares | Degrees of freedom | Unbiased variance
Total variation St n
S
Residual variation Sk n—4¥ Vg = E 7
n—
(c) the asymptotic variance-covariance matrix V = (V;;) (4,5 =1,---,¢)

(d) the standard deviation estimates e; (i =1,---,¢) of the statistics b; (i =1,---,¢)

(2) Usage
Double precision:
ierr = ASL_dnnlgf (f, xd, na, nn, nm, yd, nl, er, &nev, x, xe, y, ¢, nv, v, stat, iwl, wl);
Single precision:
ierr = ASL_rnnlgf (f, xd, na, nn, nm, yd, nl, er, &nev, x, xe, y, ¢, nv, v, stat, iwl, wl);
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(3) Arguments and Return Value

D:Double precision real

R:Single precision real

Z:Double precision complex

C:Single precision complex

as for 32bit Integer}

) int
" | long as for 64bit Integer

12 y Dx nn
R«

No. Argument and Type Size fnput/ Contents
Return Value Output
1 f D - Input | Function name of the function f(x, b) for
{R} defining the regression model f(z, 3).
2 xd D+ naxnm Input | Independent variate observation values xj
{R*} (See Note (a))
3 na I 1 Input | Adjustable dimension of array x
4 nn I 1 Input | Number of observed values m
5 nm I 1 Input | Number of independent variables n
6 yd D+ nn Input | Dependent variate observation values y;
1
7 nl I 1 Input | Number of parameters ¢ of regression model
function f(x;3).
8 er D 1 Input | Requested precision
{R} (default
value:2x y/(units for error decision))
9 nev I* 1 Input | Maximum number n of evaluations of func-
tion f(x, 8)
(default value:100xnnxnl)
Output | Actual number of function evaluations
10 X D nl Input | Initial values of j3;
{R*} Output | Estimated values b; of §;
(t=,1,---,nl)
11 xe D nl Output | Estimated standard deviation &; of b;
{R*} (i =1,-,ml)
Output | Function value f(x;,b) according to the op-

timal least square solution.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
13 c Dx nvxnl Output | Asymptotic variance-covariance matrix V for
R parameter (3.
14 nv I 1 Input | Adjustable dimension of array cv.
15 v D+ 5 Output | Statistics for creating analysis of variance ta-
Rx ble. (See Note (c))
16 stat D« (nl+1)x5 | Output | Basic statistics of calculation result. (See
Rx Note (b))
17 iwl I* 4 x nl Work | Work area
18 wl D See Work | Work area
R Contents Size:nn x (2 x nl+ 1) + nl x (nl + 4)
19 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <nn <na
(b) 0 <nl<nv
(¢) nm >0
(d) 2<nl+1<nn
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
3000 Any of restrictions (a) to (d) was not Processing is aborted.
satisfied.
4000 The linear least squares method could not The values of x, y, stat and v at that time
be solved. are output.
4100 The steepest descent could not be
calculated.
4200 The solution could not be corrected 2nn
times consecutively.
4300 The inverse matrix could not be obtained.
5000 The sequence did not converge before
reaching the given maximum number of
evaluations.

619



ASL_dnnlgf, ASL_rnnlgf
Regression According to an Arbitrary Function

(6) Notes

(a) Observation data zx; (k = 1,2,---,n;i = 1,2,---,m) are stored as a real matrix (two-dimensional

array type) in array xd as follows (See Appendix A).

T11 12 0 Tim
T21
Inl ... ... :L’nm

(b) The following kind of real matrix (two-dimensional array type) is stored in array stat (See Appendix

A).
I n I
n n Z(wkl - M1)2 Z(xkl - /141)2
N 2 k=1 k=1
Z Tkl M1 Z(irkl pi1) T a1 n—1
k=1 k=1
n n
n n (Th2 — M2)2 Z(fﬂkz - M2)2
2 k=1 k=1
Ziﬂm H2 Z(«TkZ —v) n_1 n_1

1

ol
Il
N
=~
Il

n n
N2 k=l k=1
; Thm M I;(ka V) p— —
n
. . > (k=)
Y k=1
]; ve v (gk—v) ]

b
Il

1

Here, u; and v are defined as follows.

E n Ts

k=1 7

My = ————
n

_ 22:1 Yk
n

v

(¢) The following kind of a one-dimensional vector is stored in array v.

1. St Total variation
2: Sg Residual variation
3 fr=n Degrees of freedom of total variation

4:  fg=n—{ Degrees of freedom of residual variation

5 Vg Unbiased variance of residual variation
(d) The function f should be created as follows.

double FORTRAN f(double *x, double *b)

{

return f(x, b);

620



ASL_dnnlgf, ASL_rnnlgf
Regression According to an Arbitrary Function

(e) The convergence decision is made according to the following expression by solving for b+ Ab.

[|Ab|| < er x max(1, ||b+ Ab||)

Here, Ab is the correction vector for b and ||b|| = max |b;]

A value on the order of the default value should be taken as er.

(f) If a default value is written in the Contents column of the Arguments table, the default value is set if

an integer less than or equal to 0 is entered for an integer type or a real number less than or equal to

0.0 is entered for a real type.

(7) Example

(a)

Problem

From the following observation data,

[ —2.0 —
—-1.5 -
-1.0 —
-0.5 —
—-0.5 —
(zrilyw) = | 0.0
05 0
0.5
1.0
1.5
1.5

2.0
1.5
1.0
1.0
1.5
0.0
.25
1.0
1.0
1.5
2.0

—-1.0
—-1.0
-1.0
—-1.5
1.0
0.0
0.25
0.5
1.0
1.0
1.5

2.7 ]
2.9
3.1
3.4
3.9
4.7
6.0
7.8
7.9
6.3

52 |

perform a regression analysis according to the following regression model

f(z;8) =

B33

(1 4+ x2 + a3 — 1)% + B3

+ B4 + ﬂ5(:c1 + o + :E3)

to obtain the estimates and estimate errors of the regression parameters, asymptotic variance-covariance

matrix, analysis of variance table, and basic statistics.

Input data

Observation data xd and yd, nn=11, nm=3, nl=5, nev=0, initial values of regression parameters,

nev=0 and er=0.0.
Main program

/* C interface example for ASL_dnnlgf */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

#ifdef cplusplus

extern "C" {

#endif

double f(double *x,double *a)
#ifdef __cplusplus

¥

#endif

%ouble f(double *x,double *a)

double f1,f2;

s

fl=a[2]*af11*a[1]/(((x[0]+x[1]+x[2])-a[0])
*((x[0]+x[1]1+x[2])-a[0])+(a[1]*al1]));

f2=a[3]+a[4]*(x[0]+x[1]+x[2]);

return (f1+£2);

}

int main()
{

621



ASL_dnnlgf, ASL_rnnlgf
Regression According to an Arbitrary Function

double *xd;
double *yd;
int n;
double er;
int nev;
double *x;
double *xe;
int m;

int 1;

int na;

int nv;
double *y;
double *c;
double *v;
int *iwk;
double *stat;
double *wk;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "dnnlgf.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " *x*kx ASL_dnnlgf ***\n" );

printf( "\n ** Input **\n\n" );

n=11;

1=5;

m=3;

na=11;

nv=5;

xd = ( double * )malloc((size_t)( sizeof(double) * (ma*m) ));
if( xd == NULL )

printf( "no enough memory for array xd\n" );
return -1;

yd = ( double * )malloc((size_t)( sizeof (double) * n ));

if( yd == NULL )
printf( "no enough memory for array yd\n" );
) return -1;
x = ( double * )malloc((size_t)( sizeof (double) * 1 ));
%f( x == NULL )
printf( "no enough memory for array x\n" );
return -1;
xe = ( double * )malloc((size_t)( sizeof (double) * 1 ));
if( xe == NULL )
printf( "no enough memory for array xe\n" );
) return -1;
y = ( double * )malloc((size_t)( sizeof(double) * n ));
if( y == NULL )
{

printf( "no enough memory for array y\n" );
return -1;

c = ( double * )malloc((size_t)( sizeof (double) * (nv*1l) ));
if( ¢ == NULL )

printf( "no enough memory for array c\n" );
return -1;

= ( double * )malloc((size_t)( sizeof(double) * 5 ));
f( v == NULL )

TR

printf( "no enough memory for array v\n" );
return -1;

stat = ( double * )malloc((size_t) ( sizeof(double) * 5 * (m+1) ));
if( stat == NULL )

printf( "no enough memory for array stat\n" );
return -1;

iwk = ( int * )malloc((size_t)( sizeof(int) * (4*1) ));
if ( iwk == NULL )
printf( "no enough memory for array iwk\n" );

return -1;

wk = ( double * )malloc((size_t)( sizeof (double) * (n*x(2x1+1)+1*(1+4)) ));
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if( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;

for( i=0 ; i<n ; i++ )

for( j=0 ; j<m ; j++ ){
fscanf( fp, "%lf", &xd[i+j*nal );

}
fscanf ( fp, "%1f", &yd[i] );

}

fscanf( fp, "%d", &nev );
fscanf( fp, "Jlf", &er );
for( i=0 ; i<l ; i++ )

fscanf( fp, "Jlf", &x[i] );

%rintf( "\tn %6d\n", n );

printf( "\tm %6d\n", m );

printf( "\tl %6d\n", 1 );

printf( "\tnev= %6d\n", nev );

printf( "\ter =%8.3g\n", er );

printf( "\tnv = %6d\n", nv );

printf( "\n\tCoordinates (x,y)\n\n" );

printf( "\t\t X \t y\n\n" );
for( i=0 ; i<n ; i++ )

printf(  "\t");
for( j=0 ; j<m ; j++ ){
printf( "%8.3g ",xd[i+j*nal );
}
printf(  "\t%8.3g\n",yd[i] );

}
printf( "\n\tInitial Value of Coefficients\n\n" );
for( i=0 ; i<l ; i++ )

printf( "\t al[%6d]=%8.3g\n", i,x[i] );

fclose( fp );
ierr = ASL_dnnlgf(f,xd,na,n,m,yd,1l,er,&nev,x,xe,y,c,nv,v,stat,iwk,wk);

printf( "\n *x Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

printf( "\n\tnev = %6d\n", nev );

printf( "\n\tOptimized Coefficients\n\n" );
for( i=0 ; i<l ; i++ )

printf( "\t a[%6d]1=%8.3g\n", i,x[i] );

}
printf( "\n\tEstimated Errors of Coefficients\n\n" );
for( i=0 ; i<l ; i++ )

printf( "\t ae[%6d]1=%8.3g\n", i,xe[i] );

}
printf( "\n\tFunction Value\n\n" );
for( i=0 ; i<n ; i++ )

printf( "\t yf[%6d]1=Y8.3g\n", i,y[il );

printf ( "\n\tAsymptotic Variance-Covariance matrix\n\n" );
for( i=0 ; i<l ; i++ )

printf(  "\t" );
for( j=0 ; j<1 ; j++ )

printf( "%8.3g ", cli+j*nv] );
}
printf(  "\n" );

printf( "\n\tAnalysis of variance table\n\n" );
for( i=0 ; i<5 ; i++ )

printf( "\t v[\6d]1=Y8.3g\n", i,v[i] );

}
printf( "\n\tStatistics\n\n" );
for( i=0 ; i<m ; i++ )

printf( "\t =x[%6d]l:\t", i );
for( j=0 ; j<5 ; j++ )

printf( "%8.3g ", stat[i+j*(m+1)] );
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printf( "\n" );

}
printf( "\t y[%6d]:\t", i );
for( j=0 ; j<5 ; j++ )

printf( "%8.3g ", stat[i+j*(m+1)] );
}
printf(  "\n", i );

free(
free(
free(
free(
free(
free(
free(
free( stat );
free( iwk );
free( wk );

m<<\*1§N*<X

return O;

}
(d) Output results

*4% ASL_dnnlgf #%*
*k Input *%

1

<

BopBrHEB

<RKRO
oo UTWr

Coordinates (x,y)

x y
-2 -2 -1 2.7
-1.5 -1.5 -1 2.9
-1 -1 -1 3.1
-0.5 -1 -1.5 3.4
-0.5 -1.5 1 3.9
0 0 0 4.7
0.5 0.25 0.25 6
0.5 1 0.5 7.8
1 1 1 7.9
1.5 1.5 1 6.3
1.5 2 1.5 5.2

Initial Value of Coefficients

al 0]= 0
al 1]= 1
al 2]= 6
al 3]= 3.5
al 4]= 0.2

*% Qutput *x*
ierr = 0
nev = 902

Optimized Coefficients

al 0]= 2.49
al 1]= 1.75
al 2]= 4.86
al 3]= 3.07
al 4]= 0.113
Estimated Errors of Coefficients
ael 0]= 0.105
ael 1]=  0.317
ael 2]= 0.523
ael 3]= 0.413
ael 4]= 0.0695

Function Value

yil 0]= 2.76
yil 1]= 2.95
Vil 2]=  3.18
Vil 3=  3.18
Vil a]=  3.93
Vil 5]1=  4.68
yil 6]= 6
Vil 7= 7.81
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yEl
yEl
yil

8]= 7.89
9]= 6.3
10]= 5.22

Asymptotic Variance-Covariance matrix

0.0111 0.0183  0.0315

0.0183 0.1 0.115

0.0315 0.115 0.274
-0.0254 -0.12 -0.191
-0.00491 -0.0182 -0.0321
Analysis of variance table

vl 0]= 300

v[ 1]= 0.0628

v[ 2]= 11

vi[ 3]= 8

vl 4]= 0.00785
Statistics

x[ 0] -0.5

xL 1] -1.25

x[ 2]: 0.75

yL 3] 53.9

-0.0254
-0.12
-0.191
0.17
0.0261

-0.0455
-0.114
0.0682

4.9

-0.00491
-0.0182
-0.0321

0.0261
0.00483
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Appendix A
METHODS OF HANDLING ARRAY DATA

A.1 Methods of handling array data corresponding to matrix

Since the ASL C interface function library uses array data corresponding to matrix, this section describes
various methods of handling arrays.

To call a function that uses array data, you must declare that array in advance in the calling program. If the
declared array is a[lna x k], then n x n matrix A = (a;;) (i = 1,2,---,n;j = 1,2,---,n) is stored in array a as
shown in the figure below.

Matrix Storage Mode Within an Array a[lna X k]

a1 | al0] | a1,2 | a[lna] a1,n | a[(n—1)xInal

a1 | a[l] | az,2 | a[lna+1] az,n | a[(n—1)xIna+1]

as,1 | a[2] | as2 | a[lna+2] as,n | a[(n—1)xIna+2] 0

An,1 an,2 Un,n

———————= n-—————— —

——_——————————— —— k—-————————-——-——— - —
Remarks

a. Ina > n and k > n must hold.

b. Matrix element a; ; corresponds to the array element a[(i — 1) + Ina x (j — 1)].

Figure A—1 Matrix Storage Mode Within an Array a[lna x k]

Ina is called an adjustable dimension. If a two-dimensional array is used as an argument, the adjustable must
be passed to the function as an argument in addition to the array name and order of the array. Because the
matrix storage mode in ASL C interface corresponds to that of FORTRAN and the matrix elements a;; (i =
1,2,---Ina;j = 1,2,--- k) must correspond to the array element a[¢] (¢ =0,1,2,---,Ilna x k — 1) , as follows on
the main memory.

T T T
al0] a[l] --- a[lna—1] a[lna] a[lna+ 1]

Example ASL_damlad (Real matrix addition)

Add 3 x 2 matrices A and B placing the sum in matrix C. If you declare arrays of size [5 x 4], the declaration
is as follows.

/* C interface example for ASL_damlad */
#include <stdio.h>

#include <stdlib.h>
#include <asl.h>
int main()

double *a, *b, *c;

int lma, 1lmb, Ilmc;
int m, n, ierr;
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)

= 1Imb = 1Imc = 5;

[y
[=g=]
o o

k = 4;
m = 3;
n = 2;

a (double *)malloc((size_t) sizeof (double) * 1lmaxk);
if (a == NULL)

printf("no enough memory for array a\n");
return -1;

}
b = (double *)malloc((size_t) sizeof (double) * 1lmb*k);
%f(b == NULL)

printf ("no enough memory for array b\n");
return -1;

}
¢ = (double *)malloc((size_t) sizeof (double) * 1lmcx*k);
%f(c == NULL)

printf("no enough memory for array c\n");
return -1;

ierr = ASL _damlad(a, lma , m, n, b, 1mb, c, 1mc);

free(a);
free(b);
free(c);
return O;

Data is stored in a as follows. Data are stored in b and c¢ in the same way.

a1 | af0] | a2 | a[f] a[10] a[15]
az;1 | a[l] | az,2 | a[6] a[11] a[16] 3
5 as,1 | a[2] | asz2 | a[7] a[12] a[17]
a[3] a[8] a[13] a[18]
a4] a[9] a[14] a[19]
———2—-—=
- 4———=——— —

Figure A—2 Matrix Storage Mode Within an Array a[lna x k]
If you will be manipulating several arrays having different orders as data, you can prepare one array having Ina
equal to the largest order and use that array successively for each array. However, you must always assign the

Ina value as an adjustable dimension.
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A.2 Data storage modes

Matrix data storage modes differ according to the matrix type. Storage modes for each type of matrix are shown

below.

A.2.1 Real matrix (two-dimensional array type)

Matrix to be stored

ai1 ai2 Gi13 @14 Q15
az;1 Q22 G23 G24 Q25
as,1 @32 G33 G34 G35

a4,1 Q4,2 Q43 Q44 G45

as,1  Aas2 G53 G54 G55

I
Storage status within array a[lnaxXk]

a1 | a[0] | ai,2 | a[lnal a1,5 | a[4xIna]

az,;1 | a[l] | az,2 | a[lna+1] az,;5 | a[4xIna+1]

as,1 | a[2] | as,2 | a[lna+2] as,s | a[4xIna+2] n
Ina as,;1 | a[3] | as,2 | a[lna+3] as5 | a[4xIna+3]

as,1 | a[4] | as2 | a[lna+4] as,5 | a[4xIna+4]

e n——————— —

———————————— k---—-—---"-"———- —

Remarks

a. Ina > n and k > n must hold.

Figure A—3 Real Matrix (Two-Dimensional Array Type) Storage Mode

628



Real symmetric matrix and positive symmetric matrix

A.2.2 Real symmetric matrix and positive symmetric matrix

(1) Two-dimensional array type, upper triangular type

Matrix to be stored

ai1 ai2 a3 G144 Q15
a2 Qa22 Q23 G244 Q25
ai,3 a23 a33 asz4 ass
ai,4 0G24 Q34 Q44 Q45

ais Q25 G35 G45 G55

I
Storage status within array a[lnaxk]

a1 | a[0] | a1,2 | a[lna] a1,5 | a[dxIna]

x| a[l] | az,2 | a[lna+1] az,5 | a[dxIna+1]

x | a[2] | * | al[lna+2] as,5 | al4xIna+2] n

Ina x |a[3]| * |a[lna+3] ---| ass | a[dxIna+3]

x | a[d] | * | a[lna+4] as,5 | a[dxIna+4]
———————= n-—————— —
- — = — = k-——————— —

Remarks
a. The asterisk (%) indicates an arbitrary value.

b. Ina > n and k > n must hold.

Figure A—4 Real Symmetric Matrix (Two-dimensional Array Type) (Upper Triangular Type) Storage mode
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MACHINE CONSTANTS USED IN ASL C
INTERFACE

B.1 Units for Determining Error

The table below shows values in ASL C interface as units for determining error in floating point calculations. The
units shown in the table are numeric values determined by the internal representation of floating point data. ASL

C interface uses these units for determining convergence and zeros.

Table B—1 Units for Determining Error

Single-precision Double-precision
272(~1.19 x 1077) 2752(~ 2.22 x 10716)

Remark: The unit for determining error e, which is also called the machine ¢, is usually defined as the smallest positive
constant for which the calculation result of 1+ ¢ differs from 1 in the corresponding floating point mode. Therefore, seeing
the unit for determining error enables you to know the maximum number of significant digits of an operation (on the

mantissa) in that floating point mode.

B.2 Maximum and Minimum Values of Floating Point Data

The table below shows maximum and minimum values of floating point data defined within ASL C interface.
Note that the maximum and minimum values shown below may differ from the maximum and minimum values

that are actually used by the hardware for each floating point mode.

Table B—2 Maximum and Minimum Values of Floating Point Data

Single-precision Double-precision

Maximum value 2127(2 — 2723) (~ 3.40 x 10%®) 21023(2 — 2752) (~ 1.80 x 103%8)
Positive 9126 (~ 1.17 x 10~%) 21022 (v .93 x 10-308)
minimum value
Negati

caanve 97126 (~ _1.17 x 10~%9) _9-1022 (993 x 10-308)
maximum value
Minimum value —2127(2 — 2723) (~ —3.40 x 1038) —21023(2 _ 2752 (~ —1.80 x 1038)
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Index

ASL_camlhh :
ASL_camlhm :
ASL_camimh :
ASL_camlimm :
ASL_canihh :
ASL_canihm :
ASL _canimh :
ASL_canlimm :
ASL_canvjl :
ASL_cargjm :
ASL_carsjd :
ASL_cbgmdi :

ASL_cbgmlc
ASL_cbgmls

ASL_cbgmlu :
ASL_cbgmlx :
ASL_cbgmms :

ASL_cbgmsl

ASL_cbgmsm :

ASL_cbgndi
ASL_cbgnlc
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