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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 1.

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 such information as the effective ways of

using the functions, techniques employed, algorithms on which the functions are based, and notes.

1.3.2 Organization of Function Description

The second section of each chapter sequentially describes the following topics for each function.
Function

Usage

Arguments and return value

Restrictions

Error indicator (Return Value)

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.
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Chapter 2
STORAGE MODE CONVERSION

2.1 INTRODUCTION

This chapter describes functions that perform storage mode conversions of matrices.

Since this library uses various storage modes that differ according to the type and characteristics of the matrix,
you must store the matrix in advance in the storage mode that corresponds to the function to be used. If the
matrix has already been stored, you must change its storage mode. Mode conversion functions have been provided

to facilitate this process.

11



Algorithms Used

2.1.1 Algorithms Used

2.1.1.1 Real band matrix compression and restoration

The element in the i-th row j-th column of the real band matrix is stored as follows.

Matrix Band type
A +— a[i—1)*lna+j—1i+ ml]
Remarks
a. ml is the lower band width.
b. Ina is the leading dimension of array a.

2.1.1.2 Real symmetric band matrix compression and restoration

The element in the i-th row j-th column of the real symmetric band matrix is stored as follows.

Matrix Symmetric band type
A +— a[(j—1)«lna+i—j+ mb]
Remarks

a. mb is the band width.

b. Ina is the leading dimension of array a.

2.1.1.3 Omne-dimensional column-oriented list format storage of a sparse matrix

The element in the i-th row j-th column of the sparse matrix is stored as follows.

Matrix One—dimensional column-oriented list format
k = ipontr[j — 1]+ m
Ai,j — = 1rw1nd[k — 1]
A;; = valuesk — 1]
Remarks
a. Asymmetric matrix storage:
itype = 1.

The parameter m denotes an ordering number that is allocated to each nonzero element in the j -th column of
a given matrix, which begins with the value 0.

b. Symmetric matrix storage, using the upper triangular part as input itype = 2.
The parameter m denotes an ordering number that is allocated to each nonzero element in the j -th column of
the upper triangular part of a given matrix, which begins with the value 0.

c. Symmetric matrix storage, using the lower triangular part as input itype = 2.
The parameter m denotes an ordering number that is allocated to each nonzero element in the j -th column of

the lower triangular part of a given matrix, which begins with the value 0.

2.1.1.4 ELLPACK format of sparse matrix

The element in the i-th row j-th column of the sparse matrix is stored as follows.

Matrix ELLPACK format
A A;; = a[i—1)4Inax*(m—1)
w j = ja[i—1)+Inax (m—1)]
Remarks
a. The parameter m denotes an ordering number that is allocated to each nonzero element in the ¢ -th row of a
given matrix, which begins with the value 1. The smallest value m = 1 should always be given to the diagonal
element. As for other elements, values m = 2,3, ... can be allocated to them in an arbitrary order.
b. Ina is the adjustable dimension of array a and ja.

12



2.2 STORAGE MODE CONVERSION

2.2.1 ASL_dabmcs, ASL _rabmcs
Storage Mode Conversion of a Real Band Matrix: from (Two-Dimensional
Array Type) to (Band Type)
(1) Function

ASL_dabmes or ASL_rabmces converts the storage mode of the real band matrix A from (two-dimensional

array type) to (band type).

(2) Usage
Double precision:
ierr = ASL_dabmces (a, lna, n, mu, ml, b, lmb);
Single precision:
ierr = ASL_rabmes (a, Ina, n, mu, ml, b, Imb);

(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 Inaxn Input | Real band matrix A

{R*} (two-dimensional array type) (See Appendix

B).

2 Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mu I 1 Input | Upper band width of matrix A.
5 ml I 1 Input | Lower band width of matrix A.
6 b D+ Imbxn Output | Real band matrix A

{R*} (band type) (See Appendix B).
7 Imb I 1 Input | Adjustable dimension of array b.
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

13



ASL_dabmcs, ASL_rabmcs
Storage Mode Conversion of a Real Band Matrix: from (Two-Dimensional Array Type) to (Band Type)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b), (c) or (d) was not Processing is aborted.
satisfied.
(6) Notes

(a) Array b elements, that were not corresponding to the elements of matrix A, retain the values they had
at the time the function was called.

Examples:
Storage status within array a[lna X k]
a1 | a[0] | a1,2 | a[lna] 0 | a[(n—1)xIna]
az,;1 | a[l] | az2,2 | a[lna+1] 0 | a[(n—1)xIna+1]
0 | af2] | asz2 | a[lna+2] as,5 | a[(n—1)xIna+2] 0
Ina : . .
0 0 as,5
———————= n-—————- —
———————————— = —— k- ———————————— —
I
Storage status within array b[lmb x k|
* | b[0] | az,1 | b[lmb] as,4 | b[4x1mb]
aii b[l] az,2 b[lmb+1} as,s b[4><lmb+1}
a2 | b[2] | az,5 | b[lmb+2] % | b[4x1lmb+2] 2xml+mu+1
Imb ay,s | b[3] | az,a | blmb+3] -+ | * | b[4dxlmb+3]
— | bM4] | — | bllmb+4] * | b[4x1lmb+4]
———————= n—-—————- —
-—- == —— k-———————— —
Remarks

a. Elements of b indicated by asterisks (*) and dashes (-) remain their input-time values.
b. The area indicated by dashes (-) is required for an LU decomposition of the matrix.
c.  mu is the upper band width and ml is the lower band width.

d. Ilmb > ml+ mu and k > n must hold. (However, if LU decomposition is to be performed after conversion,
Imb > 2 X ml + mu+ 1 and k > n must hold.)

(b) If an LU decomposition is to be performed after conversion, array b must be declared so that Imb

satisfies the following condition.
lmb > min(2 x ml + mu + 1,n + ml)
(7) Example
Convert the storage mode of the real band matrix A from two-dimensional array type to band type and

solve the simultaneous linear equations Ax = b using the array ac holding the matrix with converted mode
(mu is the upper band width and ml is the lower band width).

14



ASL_dabmcs, ASL_rabmcs
Storage Mode Conversion of a Real Band Matrix: from (Two-Dimensional Array Type) to (Band Type)

/* C interface for ASL_dabmcs */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()
{
double *a, *b, *ac;
int *ipvt;
int 1lna;
int 1lnb;

lna = 11;

Inb = 11;

a = (double *)malloc((size_t)sizeof(double) * 1lna * lna);

if (a == NULL)

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

}

b = (double *)malloc((size_t)sizeof (double) * 1lna);

if (b == NULL)

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

}

ac = (double *)malloc((size_t)sizeof (double) * 1lmb * 1mb);

if (ac == NULL)

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

}

ipvt = (int *)malloc((size_t)sizeof(int) * 1lna);

if (ipvt == NULL)

{
printf ("no enough memory for array ipvt\n");
return -1;
}
l
ierr = ASL_dabmcs(a, 1lna, n, mu, ml, ac, lmb);
l
jerr = ASL_dbbdsl(ac, lmb, n, mu, ml, b, ipvt);
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free(a);
free(b);
free(ac);
free(ipvt);

return O;
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2.2.2 ASL_dabmel, ASL_rabmel
Storage Mode Conversion of a Real Band Matrix: from (Band Type) to
(Two-Dimensional Array Type)

(1) Function
ASL_dabmel or ASL_rabmel converts the storage mode of the real band matrix A from (band type) to

(two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_dabmel (a, lma, n, mu, ml, b, Inb);
Single precision:

ierr = ASL_rabmel (a, lma, n, mu, ml, b, Inb);
(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. retument an Type Size nput/ Contents
Return Value Output
1 a D+ Imaxn Input | Real band matrix A (band type) (See Ap-
Rx pendix B).
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mu I 1 Input | Upper band width of matrix A.
5 ml I 1 Input | Lower band width of matrix A.
6 b Dx Inbxn Output | Real band matrix A (two-dimensional array
Rx type) (See Appendix B).
7 Inb I 1 Input | Adjustable dimension of array b.
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b), (c) or (d) was not Processing is aborted.
satisfied.
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(6) Notes
(a) 0.0 is entered in portions of the converted matrix that are outside of the band width.
Example:
Storage status within array a[lma x k]
x| a0] | az2,1 | allma] as, | a[4xlmal
ai,1 | a[l] | az,2 | a[lma+1] as,5 | a[dxlma+1]
ai,2 | a[2] | az,3 | a[lma+2] * a[4x1ma+2] 2xml+mu-+1
Ima ars | a[3] | az4 | allma+3] -+ | x | a[dxlma+3]
- |a[4 | — | a[lma+4] x| a[dx1lma+4]
——_————— n——————— -
-- === —— k-———————— —
U
Storage status within array b[lnb X k]
a1 | b[0] | a1,2 | b[lnb] 0 | b[(n—1)xInb]
az;1 b[l] az,2 b[lnb+1] 0 b[(n—l)xlnb—H]
0 b[2] as,2 b[lnb+2] as,s b[(n—l) ><lnb+2] n
Inb : e :
0 0 as,5
———————— n—-—————— —
———————————— = —— k- ———————————— —
Remarks

a. The asterisk * indicates an arbitrary value.
b. The area indicated by dashes (-) is required for an LU decomposition of the matrix.
c. mu is the upper band width and ml is the lower band width.

d. Ilma > ml+ mu and k > n must hold.

(7) Example
Hold the real band matrix A in the array ac as band type, solve the simultaneous linear equation Ax = b,
and store LU decomposition of A in the array a as two-dimensional array type (mu is the upper band width
and ml is the lower band width).

/* C interface for ASL_dabmel */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()
{
double *a, *b, *ac;
int *ipvt;
int 1lna;
int 1lnb;
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lna = 11;
Inb = 11;
a = (double *)malloc((size_t)sizeof(double) * lna * 1lna);
if(a == NULL)
{
printf("no enough memory for array a\n");
return -1;
}
b = (double *)malloc((size_t)sizeof (double) * 1lna);
if (b == NULL)
{
printf("no enough memory for array b\n");
return -1;
}
ac = (double *)malloc((size_t)sizeof(double) * 1lmb * 1mb);
if (ac == NULL)
{
printf("no enough memory for array ac\n");
return -1;
}
ipvt = (int *)malloc((size_t)sizeof (int) * lna);
if (ipvt == NULL)
{
printf ("no enough memory for array ipvt\n");

return -1;

jerr = ASL_dbbdsl(ac, lmb, n, mu, ml, b, ipvt);

kerr = ASL_dabmel(ac, lmb, n, mu, ml, a, lna);

free(a);
free(b);
free(ac);
free(ipvt);

return O;
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2.2.3 ASL_dasbcs, ASL_rasbcs
Storage Mode Conversion of a Real Symmetric Band Matrix: from (Two-
Dimensional Array Type) (Upper Triangular Type) to (Symmetric Band

Type)
(1) Function

ASL_dasbes or ASL_rasbes converts the storage mode of the real symmetric band matrix A from (two-
dimensional array type) to (symmetric band type).

(2) Usage
Double precision:
ierr = ASL_dasbcs (a, Ina, n, mb, b, lmb);
Single precision:
ierr = ASL_rasbes (a, lna, n, mb, b, Imb);

(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. FEHIMELE an Type Size nput/ Contents
Return Value Output
1 a D+ Inaxn Input | Real symmetric band matrix A
R+ (two-dimensional array type) (See Appendix
B).
2 Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 b D+ Imbxn Output | Real symmetric band matrix A
R (symmetric band type) (See Appendix B).
6 Imb I 1 Input | Adjustable dimension of array b.
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n<lna
(b) 0 <mb<n
(¢) mb < lmb
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
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(6) Notes

(a) Only the upper triangular portion of matrix A is stored in array b.

(b) Array b elements, that were not corresponding to the elements of matrix A, retain the values they had

at the time the function was called.

Example:
Storage status within array a[lna x k]
ai,1 | al0] | a1,2 | a[lna] 0 | a[(n—1)xIna]
a2 | a[l] | az,2 | a[lna+1] 0 | a[(n—1)xIna+1]
a3 | af2] | az,3 | a[lna+2] as;s | a[(n—1)xIna+2] 0
l .
na 0 az,4 a4,5
0 0 as.s
—————— n——————— -
- — = —— k-———————— —
I
Storage status within array b{lmb x k]
* | b[0] | * | b[lmb] as,s | b[4xlmb]
* b[l] a2 b[lmb—H] cee | aq4s b[4><lmb—|—1} mb-+1
Imb a1 | b[2] | az2 | bllmb+2] ass | b[AxImb+2]
—————— n—————— - -
- — = —= k-———————— —
Remarks

a. Elements of b indicated be asterisks () retain their input-time values.
b. mb is the band width.
c.  lmb > mb and k > n must hold.

(7) Example
Convert the storage mode of the positive symmetric band matrix A from two-dimensional array type to
symmetric band type and solve the simultaneous linear equations Ax = b using the array ac holding the

matrix with converted mode (mb is the band width).

/* C interface for ASL_dasbcs */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()
{
double *a, *b, *ac;
int 1lna;
int 1lnb;

lna = 11;
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Inb = 11;
a = (double *)malloc((size_t)sizeof (double) * lna * 1lna);
if (a == NULL)
{
printf ("no enough memory for array a\n");
return -1;
}
b = (double *)malloc((size_t)sizeof (double) * 1lna);
if (b == NULL)
{
printf("no enough memory for array b\n");
return -1;
}
ac = (double *)malloc((size_t)sizeof(double) * lmb * 1mb);
if (ac == NULL)

{
printf("no enough memory for array ac\n");
return -1;
}
l
ierr = ASL_dasbcs(a, 1lna, n, mb, ac, 1lmb);
l
jerr = ASL_dbbpsl(ac, lmb, n, mb, b);
l
free(a);
free(b);
free(ac);
return 0O;
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2.2.4 ASL_dasbel, ASL_rasbel
Storage Mode Conversion of a Real Symmetric Band Matrix: from (Symmet-
ric Band Type) to (Two-Dimensional Array Type) (Upper Triangular Type)
(1) Function

ASL _dasbel or ASL rasbel converts the storage mode of the real symmetric band matrix A from (symmetric

band type) to (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_dasbel (a, Ima, n, mb, b, Inb);
Single precision:
ierr = ASL_rasbel (a, lma, n, mb, b, Inb);
(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. FEHIMEnt atl Type Size nput/ Contents
Return Value Output
1 a D+ Imaxn Input | Real symmetric band matrix A (symmetric
R+ band type) (See Appendix B).

2 Ima I 1 Input | Adjustable dimension of array a.

3 n I 1 Input | Order of matrix A.

4 mb I 1 Input | Band width of matrix A.

5 b D+ Inbxn Output | Real symmetric band matrix A

Rx (two-dimensional array type) (See Appendix
B).
Inb I 1 Input | Adjustable dimension of array b.
ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n <lInb
(b) 0<mb<n
(¢) mb < lma
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
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(6) Notes

(a) The lower triangular portion is restored to the matrix after conversion. 0.0 is entered in portions of
the converted matrix that are outside of the band width.

Example:
Storage status within array a[lma x k]
x | al0] | * | allma] as,s | a[4xlmal
x| a[l] | a2 | alma+1] - | as5 | a[4xlma+1] mb+1
Ima a1 | a[2] | az,2 | a[lma+2] as,5 | a[dxlma+2]
e n——————— —
-- === —— k-———————— —
I
Storage status within array b[lnb x k]
a1 | b[0] | a1,2 | b[lnb] 0 | b[(n—1)xInb]
ai,2 b[l] az,2 b[lnb+1] 0 b[(n—l) ><lnb+1]
ai,s b[2 az,3 b[lnb+2] as,s b[(n—l) ><lnb+2] n
Inb . . .
0 Q2,4 a4,5
0 0 as,5
———————— n—-—————— —
———————————— = —— k- ———————————— —
Remarks

a. The asterisk * indicates an arbitrary value.
b. mb is the band width.
c. lma > mb, Inb > n and k > n must hold.

(7) Example
Hold the positive symmetric band matrix A in the array ac as symmetric band type, solve the simultaneous
linear equation Az = b, and store LLT decomposition of A in the array a as two-dimensional array type
(mb is the band width).

/* C interface for ASL_dasbel */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()
{
double *a, *b, *ac;
int 1lna;
int 1lnb;

lna = 11;
1nb = 11;
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a = (double *)malloc((size_t)sizeof(double) * 1lna * lna);
if (a == NULL)
{
printf("no enough memory for array a\n");
return -1;
}
b = (double *)malloc((size_t)sizeof (double) * 1lna);
if (b == NULL)
{
printf("no enough memory for array b\n");
return -1;
}
ac = (double *)malloc((size_t)sizeof(double) * 1lmb * 1mb);
if (ac == NULL)

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

}

jerr = ASL_dbbpsl(ac, lmb, n, mb, b);

kerr = ASL_dasbel(ac, 1lmb, n, mb, a, 1lna);

free(a);

free(b);

free(ac);

return O;
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2.2.5 ASL_darsjd, ASL_rarsjd

Storage Mode Conversion of a Real Symmetric Sparse Matrix: from (Real
Symmetric One-Dimensional Row-Oriented List Type) (Upper Triangular

Type) to (JAD)

(1) Function

ASL_darsjd or ASL_rarsjd converts the storage mode of the real symmetric sparse matrix A from (real sym-

metric one-dimensional row-oriented list type) (upper triangular type) to (JAD; Jagged Diagonals Storage

Type).

(2) Usage
Double precision:

ierr = ASL_darsjd (n, a, ia, ja, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);

Single precision:

ierr = ASL_rarsjd (n, a, ia, ja, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);

(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
n I 1 Input | Order of matrix A.
2 a D+ See Input | Real symmetric sparse matrix A (real
{R*} Contents symmetric one-dimensional row-oriented list
type) (upper triangular type)
Size: ia[n] — 1 (See Appendix B).

3 ia I* n+1 Input | Array of indices for sparse matrix A (real
symmetric one-dimensional row-oriented list
type) (upper triangular type) (See Appendix
B).

4 ja I* See Input | Array of indices for sparse matrix A (real

Contents symmetric one-dimensional row-oriented list
type) (upper triangular type)
Size: ia[n] — 1 (See Appendix B).

5 Ixa I 1 Input | Size allocated for arrays ajad and jajad.

6 Ixia I 1 Input | Size allocated for array iajad.

7 mjad I* 1 Output | Number of jagged diagonals for JAD storage
of matrix A.

8 ajad D+ Ixa Output | Sparse matrix A (JAD storage type) (See Ap-

{R*} pendix B).
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output

9 iajad I* Ixia Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

10 jajad I* Ixa Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

11 jadord I* n Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

12 iw I* 3xn+1 | Work | Work area

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

(4) Restrictions

(a) n>0

(b) mjad <n

(¢) mjad < Ixia

(d) iajad[mjad] — 1 < Ixa

(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.

(Contradictions may exist among input
value for n, a, ia, ja.)
3200 Restriction (c) was not satisfied.

(Size of array iajad for output is

insufficient.)
3300 Restriction (d) was not satisfied.
(Either size of array ajad or jajad is

insufficient.)

(6) Notes

(a) On input, only the upper nonzero elements of A must be stored in a, ia, and ja according to real
symmetric one-dimensional row-oriented list type (upper triangular type). But on output, the whole
nonzero elements, including the lower triangular ones, of A will be stored in ajad, iajad, jajad, and

jadord according to JAD format.

(b) If there are some distinct rows that have the same number of nonzero elements, these rows will be
placed in vertical series in JAD format. Naturally, any ordering among these rows is allowed for JAD
format. Through this function, these rows will be arranged on output so that a row which has a

younger row number on input is placed lower than a row with an elder row number.
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Example:

matrix A
1.0 0.0 0.0 13 0.0 0.0 0.0
00 20 21 00 00 24 0.0
00 21 30 00 32 33 34
n="7 1.3 0.0 0.0 40 41 0.0 4.3
00 0.0 32 41 50 0.0 0.0
0.0 24 33 00 00 6.0 6.1
0.0 00 34 43 00 6.1 7.0

Storage status within array ia
[1]3]6]10]13]14]16]17]
—————@m+)—————=

Storage status within array a
1.0 1.3 (— Leads to the left end of next row
2.0 21 24
3.0 32 33 34 | — Leads to the left end of next row

(— Leads to the left end of next row
(
n 40 41 43 (— Leads to the left end of next row
(
(

— Leads to the left end of next row

)
)
)
)
)
)

— Leads to the left end of next row

——— = — = — = (ap-1)- - - ————————— — — — — — —— —

Storage status within array ja

— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row

(
(
(
(
(
(

NN N N NN

— Leads to the left end of next row

————_————————— (iap)-1) - - - ——-———— — — —— —
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Row-Oriented List Type) (Upper Triangular Type) to (JAD)

Storage status within array jadord

Storage status within array iajad
[1]8]15]21[25]26
+— —(mjad+1)— —

=}
[e]e]e]=[=[=]~

Storage status within array ajad
— ———mjad — —— —
(@) (0) (o) (d) (o)
I

21(30]32]33]|34

34 [43]6.1 |70
24 [33[6.0]6.1
1.3 4.0 4.1 |43
324150/ |
2.0 |21 (24 (e)

1.0 | 1.3 1
1@
®) ()

=121342413322010|304333404.12113 | 326160415024 ]33706.143 | 3.4 |
e — — (iajadp] - 1) - - - - —-—-—-—-—-—-— — — — — — — — —

Storage status within array jajad

¢ —— —mjad — —— —
@ @ (© (@ ()
b4l
23567
3 4|6 |7
=[2321321[3434434[566556|6777]7]
2 3|6 |7 —
————————— (iajadn] - 1) - — - — — — — —— —
145 |7
314|514
213 ]6 (e
1] 4[]
Lol@
®) ()
Remarks

a. 1 is the order of matrix A.

b. To obtain JAD storage of matrix A, consider a data arrangement as follows:
Push rowwise the whole nonzero elements of matrix A to the left side, then sort the rows with respect to the
number of nonzero elements in descending order;
The columns in this arrangement are called jagged diagonals. The number of jagged diagonals is stored in the
parameter mjad. The elements are stored in array ajad “jagged diagonal”wise, successively from the leftmost
jagged diagonal to the rightmost one.

c.  The row indices of the elements stored in array ajad are stored in array jajad.

d. The indices added by 1 of the starting element of each jagged diagonal in array ajad are stored in iajad. The
number of elements stored in ajad added by 1, is stored in the mjad-th element of iajad.

e. The value 1 is set to iajad[0].

f.  (The number of elements stored in JAD) = iajad[mjad]—1.
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(7) Example
Hold a real symmetric sparse matrix A in the array acsr with real symmetric one-dimensional row-oriented
list type (upper triangular type), convert the storage mode into JAD storage type, and then solve the
eigenproblem Ax = A\b using the array ajad holding the matrix with converted mode.

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()

double *acsr, *ajad;
int *jacsr, *iacsr, *jajad, *iacsr, *jadord, *iw;

n=7; nz=11; 1lxa = nz*2; lxia = 4;
acsr = (double *)malloc((size_t)sizeof(double) * nz );
%f(acsr == NULL)

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

}
jacsr = (int *)malloc((size_t)sizeof(double) * nz );
if (jacsr == NULL)
{
printf ("no enough memory for array jacsr\n");
return -1;

}
iacsr = (int *)malloc((size_t)sizeof (double) * (n+1) );
%f(iacsr == NULL)

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

jadord = (int *)malloc((size_t)sizeof(double) * n );
if(jadord == NULL)
{

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

ajad = (double *)malloc((size_t)sizeof (double) * 1lxa );
if(ajad == NULL)
{

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

}
jajad = (int *)malloc((size_t)sizeof(double) * nz );
if (jacsr == NULL)
{
printf ("no enough memory for array jajad\n");
return -1;

iajad = (int *)malloc((size_t)sizeof(double) * lxia );
if(iajad == NULL)
{
printf("no enough memory for array iajad\n");
return -1;

iw = (int *)malloc((size_t)sizeof(double) * (n*3+1) );
%f(iw == NULL)

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

kerr = ASL_darsjd( n, acsr, iacsr, jacsr, lxa, lxia,
mjad, ajad, iajad, jajad, jadord, iw, kerr);
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ierr = ASL_dcsjss( mjad, ajad, najad, iajad, jajad, jadord,
n, x, lda, e, m, tr, ix, is, itm, iprec,
ndia, itjd, itqmr, iw2, wk2, ierr);

free( acsr );
free( jacsr );
free( iacsr );
free( jadord );
free( ajad );
free( jajad );
free( iajad );
free( iw );

return O;
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2.2.6 ASL_dargjm, ASL_rargjm
Storage Mode Conversion of a Sparse Matrix: from (Real One-Dimensional
Row-Oriented Block List Type) to (MJAD; Multiple Jagged Diagonals Stor-
age Type)
(1) Function

ASL_dargjm or ASL_rargjm converts the storage mode of real random sparse matrix A from (real one-

dimensional row-oriented block list type) to (MJAD; multiple jagged diagonals storage type)

(2) Usage
Double precision:
ierr = ASL_dargjm (nb, m, a, ia, ja, isw, lxa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);
Single precision:
ierr = ASL_rargjm (nb, m, a, ia, ja, isw, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);

(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 nb I 1 Input | Number of block rows (or columns) for divid-
ing matrix A into mxm block matrix.

2 m I 1 Input | Order of block.

3 a Dx See Input | Random sparse matrix A (real row-oriented

{R*} Contents block list type)

Size: (ia[nb]—ia[0]) xmxm
(See Appendix B).

4 ia I* nb+1 Input | Array of indices for random sparse matrix A
(real row-oriented block list type) (See Ap-
pendix B).

5 ja I* See Input | Array of indices for random sparse matrix A

Contents (real row-oriented block list type)

Size: ia[nb]—1 (See Appendix B).

6 isw I 1 Input | Processing Switch.
isw=0: Consecutive element in the row-
oriented in block on memory. (Row Major)
isw=1: Consecutive element in the column-
oriented in block on memory. (Column
Major)

7 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
8 Ixia I 1 Input | Size allocated for array iajad.
9 mjad I* 1 Output | Number of jagged diagonals for MJAD stor-
age of matrix A.
10 ajad D« See Output | Sparse matrix A (MJAD storage type).
Rx Contents Size: Ixaxmxm
(See Appendix B).
11 iajad I* Ixia Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
12 jajad I* Ixa Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
13 jadord I* nb Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
14 iw I* 2xnb+ 1| Work | Work area
15 ierr I 1 Output | Error indicator.
(4) Restrictions
(a) mb >0
(b)) m>0
(c) isw € {0,1}
(d) mjad <nb
(e) mjad < Ixia
(f) iajad[mjad] — iajad[0] < lxa
(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.
3400 Restriction (e) was not satisfied.

(Size of array iajad for output is
insufficient.)

3500 Restriction (f) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

(a) Example of storage mode conversion of sparse matrix from real one-dimensional row-oriented block list

type to MJAD storage type is described as follows.
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Example:

Figure 2—1 Example of storage status of MJAD type. (For m = 2,isw = 0)

matrix A
B 0 C 0
b D F 0 @G
0 0 H 0
0 K 0 L
< ——nb—-——

— —m— —
br b di d
B— 1 02 . C= 1 C2 . D= 1 2 . F= fi [ CG= g1 92 |m
bs  ba c3 C4 ds da fs fa gs g4
- hi  hs K= ki ko  L— li 2 0= 0 0 7
hs  ha ks ks ls 4 0 0
U Real one-dimensional row-oriented block list type O Input O

Storage status within array ia
[1]s]e]7]9]
+——(nb+1)— —

Storage status within array a (For isw = 0)
B C (— Leads to the left end of next row)
D F G (— Leads to the left end of next row)
H (— Leads to the left end of next row)
K L

nb

=B c|DFc¢|H]|K L]
—————(iamb] - 1) = - - — —

= b1 b2 b3 b4 C1 Cc2 C3 Cq | e | kl kg kg k4 ll lg lg l4
——————————— ((ia[nb] —ial0]) xm xm) — — — — — — — — — — —

Storage status within array ja
3 (— Leads to the left end of next row)
2 4| (— Leads to the left end of next row)

1

1
nb
3 (— Leads to the left end of next row)
2

W~

=1 3] 12432 4]
+— ———(la[nb] = 1) — —— —

U MJAD storage type 0 Output O

Storage status within array jadord

Storage status within array iajad

[1]s]8]9]

<+ (mjad + 1) —
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(x)The order of block of jagged diagonal
+— —mjad— —

@ 0 ©
14l
D [F|G]
K | L

B | C

H |1

I ©

o)

=\ DKBH |FLC |G]

« (iajad[mjad] — 1) —

(xx)Storage status within array ajad
———mxm-—-——

(@) () (9 (d)
R
d1 d2 d3 d4
kv | ko | ks | ka
by | b2 | b3 | b4
hi | ha | hy | ha||lxa
fi | e | fs | Ja
Lol | U
c1 | c2 | 3| ca
91 | 92 | 93 | 94

oL

®) (o) (d)
= [dikibi b filicigi |- | daka by ha fals ca g
————— = ((apb] = 1) xm X m) — — — —— —

Storage status within array jajad
+— —mjad— —

(@) () ()

L+ 4]

1]2]4]

2 | 4

1|3

3 14

b (o)

(b)
=[1213]243]4]
———————— —

(iajad[mjad] — 1)
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(b)

Remarks

a. nb is number of block rows (or columns) for dividing matrix A into mxm block matrix.

Push rowwise the whole nonzero block matrices of matrix A to the left side, then sort the rows with respect to
the number of nonzero block matrix in descending order (x);

The block columns in this arrangement are called jagged diagonals. The number of jagged diagonals is stored
in the parameter mjad. The storage method for array ajad is described as follows. The first row, first column
elements among from each block matrix (D, K, B, H, F,C,G) are taken. Here, these elements are arranged in
the same order as block matrices appear along the jagged diagonal above (d1, k1, b1, h1, f1,c¢1,91). This method
perform repeatedly until M-th row, M-th column elements are taken((a), (b), (c), (d)) and stored in array ajad.

The block column indices of the block array stored in array ajad are stored in array jajad.

d. The indices of the starting element of each jagged diagonal in array ajad stored in array iajad. The number of
block array stored in ajad added by 1, is stored in the mjad+1-th element of ajad.

e. The value 1 is set to iajad[0].
f.  (The number of elements stored in MJAD) = (iajad[mjad]—1)xmxm

g. If there are some distinct block rows that have the same number of nonzero block matrix, these block rows will be
placed in vertical series in MJAD format. Naturally, any ordering among these block rows is allowed for MJAD
format. Through this function, these block rows will be arranged on output so that a block rows which has a
younger block rows number on input is placed lower than a block rows with an elder block rows number.

h. Each elements in the same block will be arranged with equal intervals of Ixa in memory (%*). For example,

elements in the block D (d1, da, ds, d4) will be arranged with equal intervals of Ixa in memory.

i.  For each elements in block of array A stored sequentially in column-oriented, you should be set 1 to isw.

Number of times of storage type conversion using this function should be reduced if possible. For
example, when you will calculate repeatedly matrix-vector products without changing matrix A for
iterative solution methods of simultaneous linear equation, eigenvalue equation of sparse matrix and so
on, calculation will be performed efficiently if you perform storage mode conversion only once using this
function outside the iteration loop and use repeatedly the matrix-vector products inside the iteration
loop.

When you want to calculate sparse matrix-vector products of MJAD type obtained by this func-
ASL_damvijl

tion, if the order of block M = 1,3 or 4, you can calculate by using 3.2.24 :
ASL ramvjl

, 3.2.25

ASL_damvj3 and 3.2.26 ASL_damvij4
ASL_ramvj3 ASL_ramvj4
because of enhanced assembly tuning for Vector Engine.

, respectively. These functions will calculate efficiently

(7) Example

Hold the random sparse matrix A that have element of 3 x 3 block matrix in the array a as real one-

dimensional row-oriented block list type, convert the storage mode into MJAD storage type, and then solve

the matrix-vector conducts y = By + aAx using by the array ajad holding the matrix with converted mode.

//

***x EXAMPLE OF ASL_dargjm AND ASL_damvj3

#include <asl.h>
int main(){
int nb=4;
int m=3;
int nz=8;
int isw=0;
int 1xa=8;
int lxia=nb+1;
int ia[nb+1],jalnz],iajad[1lxial, jajad[1lxal,jadord[nb];
int iw[nb*2+1];
int mjad,ierr;
int i,j,m;
double al[nz*m*m],ajad[lxa*m*m] ;
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(MJAD; Multiple Jagged Diagonals Storage Type)

double x[nb*m], y[nb*m], wlnb*m];
double alpha=1.0, beta=1.0;

!

;; CONVERT FROM CSR TO JAD

m = 3;
ierr = ASL_dargjm(nb,m,a,ia,ja,isw,lxa,lxia,&mjad,ajad,iajad, jajad, jadord,iw);

MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*A*X

NN
NN

ierr = ASL_damvj3(ajad,lxa,iajad,jajad, jadord,nb,mjad,alpha,beta,x,y,w);

37



ASL_zarsjd, ASL_carsjd
Storage Mode Conversion of a Hermitian Sparse Matrix: from (Hermitian One-Dimensional Row-Oriented List
Type) (Upper Triangular Type) to (JAD; Jagged Diagonals Storage Type)

2.2.7 ASL_zarsjd, ASL_carsjd
Storage Mode Conversion of a Hermitian Sparse Matrix: from (Hermi-
tian One-Dimensional Row-Oriented List Type) (Upper Triangular Type) to
(JAD; Jagged Diagonals Storage Type)
(1) Function

ASL _zarsjd or ASL_carsjd converts the storage mode of the complex Hermitian sparse matrix A from

(Hermitian one-dimensional row-oriented list type)(upper triangular type) to (JAD; jagged diagonals storage
type).
(2) Usage
Double precision:
ierr = ASL_zarsjd (n, a, ia, ja, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);
Single precision:

ierr = ASL_carsjd (n, a, ia, ja, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);
(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
n I 1 Input | Order of matrix A
2 a 7% See Input | Hermitian sparse matrix A (Hermitian one-
{C*} Contents dimensional row-oriented list type) (upper
triangular type)
Size: ia[n] — 1 (See Appendix B).
3 ia I* n—+1 Input | Array of indices for sparse matrix A (Hermi-
tian one-dimensional row-oriented list type)
(upper triangular type) (See Appendix B).
4 ja I* See Input | Array of indices for sparse matrix A (Hermi-
Contents tian one-dimensional row-oriented list type)
(upper triangular type)
Size: ia[n] — 1 (See Appendix B).
5 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
6 Ixia I 1 Input | Size allocated for array iajad.
7 mjad I* 1 Output | Number of jagged diagonals for JAD storage
of matrix A.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
8 ajad 7% Ixa Output | Sparse matrix A (JAD storage type) (See Ap-
Cx pendix B).

9 iajad I* Ixia Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

10 jajad I* Ixa Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

11 jadord I* n Output | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).

12 iw I* 3xn+1 | Work | Work area

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

(4) Restrictions

(a) n>0

(b) mjad <n

(¢) mjad < Ixia

(d) iajad[mjad] — 1 < Ixa

(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.

(Contradictions may exist among input
value for n, a, ia, ja.)
3200 Restriction (c) was not satisfied.

(Size of array iajad for output is

insufficient.)
3300 Restriction (d) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

(a) On input, only the upper nonzero elements of A must be stored in a, ia, and ja according to Hermitian
one-dimensional row-oriented list type (upper triangular type). But on output, the whole nonzero
elements, including the lower triangular ones, of A will be stored in ajad, iajad, jajad, and jadord

according to JAD format.

(b) If there are some distinct rows that have the same number of nonzero elements, these rows will be
placed in vertical series in JAD format. Naturally, any ordering among these rows is allowed for JAD
format. Through this function, these rows will be arranged on output so that a row which has a

younger row number on input is placed lower than a row with an elder row number.
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Example:

matrix A
ai,i 0. 0. a174 0. 0. 0.

0. a272 a273 0. 0. az,6 0.

a3 ass 0. aszs ase asz
n:7 ai,4 0. 0. a4.4 aq,5 0. aq,7

0. az,6 03,6 0. 0. as,6 06,7

0. 0. as,7 Q4,7 0. aes,7  ar7

Storage status within array ia
[1]3]6]10]13]14]16]17]
@+ —————=

Storage status within array a

a1l ai4 (— Leads to the left end of next row

G272 G233 G26 | — Leads to the left end of next row

a3,3 ass a6 43,7 | — Leads to the left end of next row

— Leads to the left end of next row

)
)
)
)
)
)

(
(
n Q4,4 Qa5 Q47 | (— Leads to the left end of next row
(
(

— Leads to the left end of next row

= = — = (iap)-1) - - - ——————-—— - — — — — — — — — —

Storage status within array ja

— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row
— Leads to the left end of next row

NN N N NN

(
(
(
(
(
(

— Leads to the left end of next row

————_————————— (iap)-1) - - - ——-———— — — —— —
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Storage status within array jadord

7
6 |
BB Storage status within array iajad
R [1]8]15]21]25] 26|
N +— —(mjad+1)— —
3]
2]
Storage status within array ajad
<~ —— —mjad — —— —
(@ (@) () (d) (e
{ 1 { 4 4
a2,3 | a3,3 | as,5 | as,e | as,7
as;7 | aa,7 | Q6,7 | a7,7
Q26 | G436 | 46,6 | 6,7
a1,4 | Q4,4 | Qa5 | Q4,7
as,5 | 4,5 | as,5 N
a2,2 | a23 | aze | (€)
aiq | a1,a | 4
LT @

4,4 Q45 Q2,3 Q1,4 | as,5 46,7 46,6 A4,5 455 42,6 | A3.6 7,7 6,7 A4,7 | as,7 |

Storage status within array jajad

— — — —mjad — —— —

(@) (&) (o)

(d

)

(e)

(iajad[n] — 1)

=[2321321[3434434[566556|6777]7]

A A
2 3]s 6_JJ
31467
21367
11457
31454

2 1316 ()
1|49

AN )

—
=
=
—
o
~

Remarks

a. The T indicates the complex conjugate of the x.

b. nis the order of matrix A.

————————— (iajad[n] — 1)

c. To obtain JAD storage of matrix A, consider a data arrangement as follows:

Push rowwise the whole nonzero elements of matrix A to the left side, then sort the rows with respect to the

number of nonzero elements in descending order;

The columns in this arrangement are called jagged diagonals. The number of jagged diagonals is stored in the

parameter mjad. The elements are stored in array ajad “jagged diagonal”’wise, successively from the leftmost

jagged diagonal to the rightmost one.

d. The row indices of the elements stored in array ajad are stored in array jajad.

e. The indices added by 1 of the starting element of each jagged diagonal in array ajad are stored in iajad. The

number of elements stored in ajad added by 1, is stored in the mjad-th element of iajad.

f.  The value 1 is set to iajad[0].

g. (The number of elements stored in JAD)
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Storage Mode Conversion of a Hermitian Sparse Matrix: from (Hermitian One-Dimensional Row-Oriented List
Type) (Upper Triangular Type) to (JAD; Jagged Diagonals Storage Type)

(7) Example
Hold a Hermitian sparse matrix A in the array acsr with Hermitian one-dimensional row-oriented list type
(upper triangular type), convert the storage mode into JAD storage type, and then solve the eigenproblem

Ax = \b using the array ajad holding the matrix with converted mode.

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()

Complex_d *acsr, *ajad;
int *jacsr, *iacsr, *jajad, *iacsr, *jadord, *iw;

n=7; nz=11; 1lxa = nz*2; lxia = 4;
acsr = (Complex_d *)malloc((size_t)sizeof (double) * nz );
%f(acsr == NULL)

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

}

jacsr = (int *)malloc((size_t)sizeof(double) * nz );
if (jacsr == NULL)

{

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

}
iacsr = (int *)malloc((size_t)sizeof(double) * (n+1) );
%f(iacsr == NULL)

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

jadord = (int *)malloc((size_t)sizeof (double) * n );
if (jadord == NULL)
{
printf ("no enough memory for array jadord\n");
return -1;

ajad = (Complex_d *)malloc((size_t)sizeof (double) * 1lxa );
if(ajad == NULL)
{
printf ("no enough memory for array ajad\n");
return -1;

jajad = (int *)malloc((size_t)sizeof(double) * nz );
if (jacsr == NULL)
{

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

iajad = (int *)malloc((size_t)sizeof(double) * lxia );
if(iajad == NULL)
{

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

iw = (int *)malloc((size_t)sizeof (double) * (n*x3+1) );
%f(iw == NULL)

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

kerr = ASL_zarsjd( n, acsr, iacsr, jacsr, lxa, lxia,
mjad, ajad, iajad, jajad, jadord, iw, kerr);
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ierr = ASL_zchjss( mjad, ajad, najad, iajad, jajad, jadord,
n, x, lda, e, m, tr, ix, is, itm, iprec,
ndia, itjd, itqmr, iw2, wk2, ierr);

free( acsr );
free( jacsr );
free( iacsr );
free( jadord );
free( ajad );
free( jajad );
free( iajad );
free( iw );

return O;
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Storage Mode Conversion of a Sparse Matrix: from (Complex One-Dimensional Row-Oriented Block List Type)

ASL_cargjm

to (MJAD; Multiple Jagged Diagonals Storage Type)

2.2.8 ASL_zargjm, ASL_cargjm

Storage Mode Conversion of a Sparse Matrix:
Dimensional Row-Oriented Block List Type) to (MJAD; Multiple Jagged

Diagonals Storage Type)

(1) Function

ASL_zargjm or ASL_cargjm converts the storage mode of complex random sparse matrix A from (complex

one-dimensional row-oriented block list type) to (MJAD; multiple jagged diagonals storage type)

(2) Usage

Double precision:

ierr = ASL_zargjm (nb, m, a, ia, ja, isw, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);

Single precision:

ierr = ASL_cargjm (nb, m, a, ia, ja, isw, Ixa, Ixia, &mjad, ajad, iajad, jajad, jadord, iw);

(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 nb I 1 Input | Number of block rows (or columns) for divid-
ing matrix A into mxm block matrix.

2 m I 1 Input | Order of block.

3 a Tk See Input | Random sparse matrix A (complex row-

{C*} Contents oriented block list type)

Size: (ia[nb]—ia[0]) xmxm
(See Appendix B).

4 ia I* nb+1 Input | Array of indices for random sparse matrix A
(complex row-oriented block list type) (See
Appendix B).

5 ja I* See Input | Array of indices for random sparse matrix A

Contents (complex row-oriented block list type)

Size: ia[nb]—1 (See Appendix B).

6 isw I 1 Input | Processing Switch.
isw=0: Consecutive element in the row-
oriented in block on memory. (Row Major)
isw=1: Consecutive element in the column-
oriented in block on memory. (Column
Major)
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Storage Mode Conversion of a Sparse Matrix: from (Complex One-Dimensional Row-Oriented Block List Type)
to (MJAD; Multiple Jagged Diagonals Storage Type)

A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
Ixa I 1 Input | Size allocated for arrays ajad and jajad.
Ixia I 1 Input | Size allocated for array iajad.
9 mjad I* 1 Output | Number of jagged diagonals for MJAD stor-
age of matrix A.
10 ajad 7% See Output | Sparse matrix A (MJAD storage type).
Cx Contents Size: Ixaxmxm
(See Appendix B)
11 iajad I* Ixia Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
12 jajad I* Ixa Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
13 jadord I* nb Output | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).
14 iw I* 2xnb+1 Work | Work area
15 ierr I 1 Output | Error indicator.
(4) Restrictions
(a) mb >0
(b) m>0
(c) isw € {0,1}
(d) mjad <nb
(e) mjad < Ixia
(f) iajad[mjad] — iajad[0] < lxa
(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.
3400 Restriction (e) was not satisfied.

(Size of array iajad for output is
insufficient.)
3500 Restriction (f) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

(a) Example of storage mode conversion of sparse matrix is shown in 2.2.6 figure 2—1.
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Remarks

a.

If there are some distinct block rows that have the same number of nonzero block matrix, these block rows will be
placed in vertical series in MJAD format. Naturally, any ordering among these block rows is allowed for MJAD
format. Through this function, these block rows will be arranged on output so that a block rows which has a
younger block rows number on input is placed lower than a block rows with an elder block rows number.

Each elements in the same block will be arranged with equal intervals of lxa in memory (xx). For example,

elements in the block D (d1, d2, d3, d4) will be arranged with equal intervals of Ixa in memory. (See Note (2.2.6
figure 2—1)).

(b) Number of times of storage type conversion using this function should be reduced if possible. For

example, when you will calculate repeatedly matrix-vector products without changing matrix A for

iterative solution methods of simultaneous linear equation, eigenvalue equation of sparse matrix and so

on, calculation will be performed efficiently if you perform storage mode conversion only once using this

function outside the iteration loop and use repeatedly the matrix-vector products inside the iteration

loop.

(¢) When you want to calculate sparse matrix-vector products of mjad type obtained by this function,

if the order of block M = 1, you can calculate by using 3.2.27 {

ASL_zanvjl

~ ». These functions will
ASL_canvjl

calculate efficiently because of enhanced assembly tuning for Vector Engine.

(7) Example

Hold the random sparse matrix A in the array a as complex one-dimensional row-oriented block list type,

convert the storage mode into MJAD storage type, and then solve the matrix-vector conducts y = fy+aAx

using by the array ajad holding the matrix with converted mode.

// *x* EXAMPLE OF ASL_zargjm AND ASL_zanvjl
#include <asl.h>

int main(){

nb=4;

m=1;

nz==8;

isw=0;

1xa=8;

1lxia=nb+1;

ia[nb+1], jalnz],iajad[1xial,jajad[1xal, jadord[nb];
iw[nb*2+1];

mjad,ierr;

i,3;

Complex_d al[nz+*m*m] ,ajad[lxa*m*m] ;
Complex_d x[nb*m], y[nb*m], w[nb*m];
Complex_d alpha, beta;

int
int
int
int
int
int
int
int
int
int

CONVERT FROM CSR TO JAD

//

//

//
ierr = ASL_zargjm(nb,m,a,ia,ja,isw,lxa,lxia,&mjad,ajad,iajad,jajad, jadord,iw);

//

;; MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*A*X

ierr = ASL_zanvjl(ajad,lxa,iajad, jajad, jadord,nb,mjad,&alpha,&beta,x,y,w);
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2.2.9 ASL_dxa005, ASL_rxa005
Storage Mode Conversion of the Sparse Matrix : from (One-Dimensional
Column-Oriented List Format) to (ELLPACK Format)

(1) Function
ASL_dxa005 or ASL_rxa005 converts the storage mode of the sparse matrix A from (One-dimensional
Column-oriented List Format) to (ELLPACK Format).

(2) Usage
Double precision:
ierr = ASL_dxa005 (itype, n, values, ipontr, irwind, nnz, a, lna, &m, ja, iwk);
Single precision:
ierr = ASL_rxa005 (itype, n, values, ipontr, irwind, nnz, a, lna, &m, ja, iwk);

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

1 itype I 1 Input | Switch to specify how the matrix data is
to be referenced for Column Oriented One-
Dimensional List Type
itype=

1: Both upper and lower triangular
parts(Asymmetric case)

2 : Either upper or lower triangular
parts (Symmetric case)

2 n I 1 Input | Order of the matrix A

values Dx nnz Input | Nonzero element values of the matrix A
{ R*} (One-dimensional Column-oriented List For-
mat) (See Appendix B)

4 ipontr I* n+1 Input | The indices within irwind that indicate the
positions of the first elements in each column.
As for Column j in which there are no ele-
ments to input, ipontr should be determined
so that :
ipontr[j — 1] = ipontrfj] (j=1,---,n)

5 irwind I* nnz Input | Row indices of nonzero elements in Matrix A
Row indices of those elements of Matrix A
whose values are stored in values[i— 1] should
be stored in irwind[i — 1]. (¢ =1,---,nnz)

6 nnz I 1 Input | The number of those elements in A whose
values are stored in Array values

7 a D+ Inaxm Output | Array of nonzero element values of the matrix

e A
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
8 Ina I 1 Input | Adjustable dimension of array a and ja
9 m I* 1 Input | m denotes the column number of both Array
a and ja.
Output | A size that m should have as its value at least
(when ierr= 2000 is returned)
10 ja I* Inaxm Output | Array storing the nonzero structure data of
the matrix A
11 iwk I* n Work | Work area
12 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) itype € {1,2}
(b) 1 <n<lIna
(c) ipontr[0] =1
1<ipontr[j—1]<nnz+1 (j=2,...,n)
ipontr[n] = nnz + 1
(d) 0 <ipontr[j] —ipontr[j—1] <n (i=1,...,n)
(e) 1 <irwindk —1]<n (k=1,...,nnz)
(f) The values irwind[k — 1] (k = ipontr[j —1],...,ipontr[j] — 1) should be distinct among all the elements
that have the same column index j.
(g) nnz > 1
(h) m>1
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
2000 The value m is too small. Procedure is terminated after setting an
output value to m, which should have
been required as the size m.
2200 Some or all of the diagonal elements were Procedure is continued assuming that all
not given as input data. of those omitted diagonals have value 0.0.
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.

3050 Restriction
3060 Restriction
3070 Restriction
3080 Restriction

e) was not satisfied.

f) was not satisfied.

g) was not satisfied.

~| ||| |

h) was not satisfied.
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(6) Notes

(a) See Appendix B to find how to set values to Arrays values, ipontr, irwind, a and ja.

(b) Procedure will be terminated without performing data transformation between the storage modes, if

the input value m was insufficient (ierr = 2000). In that case, data transformation might be performed

without fail in the successive call, by deallocating the already allocated memory once, and then by

allocating memory of the size that was indicated as an output value m.

l

ierr = ASL_dxa0O5(itype, n, values, ipontr, irwind, nnz, a, lna, &m, ja, iwk);
if ( ierr == 2000 )

a = ( double * )malloc((size_t) ( sizeof (double) * (lna*m) ));

ja = ( int * )malloc((size_t) ( sizeof(int) * (lna*m) ));

ierr = ASL_dxa0O05(itype, n, values, ipontr, irwind, nnz, a,

(7) Example

(a)

{
free( a );
free( ja );
¥
l
Problem

lna, &m, ja, iwk);

Convert the storage mode of the matrix A from one-dimensional column-oriented list format to ELL-

PACK format

1.0 1.1
—-2.1 2.0
A= 0.0 0.0
45 0.0
5.0 0.0

Input data

0.0
2.1
3.0
0.0
—-5.4

1.2 14
0.0 0.0
0.0 3.5
4.0 4.1
-5.1 5.0

Values of matrix elements, locations of matrix elements, column indices of matrix elements, itype =

I,n=5ha=5m=1

Main program

/* C interface example for ASL_dxa005 */

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

int main()
{

int itype;
int n;
double *values;
int *ipontr;
int *irwind;
int nnz;
double *a;
int lna;

int m;

int *ja;

int *iwk;
int ierr;
int i,j;
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FILE *fp;

fp = fopen( "dxa005.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
printf( " **x* ASL_dxa005 ***\n" );
itype
n

nnz
1na ;

values = ( double * )malloc((size_t)( sizeof(double) * nnz ));
if ( values == NULL )

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

ipontr = ( int * )malloc((size_t)( sizeof(int) * (n+1) ));
if ( ipontr == NULL )

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

irwind = ( int * )malloc((size_t)( sizeof(int) * nnz ));
if ( irwind == NULL )

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

iwk = ( int * )malloc((size_t) ( sizeof(int) * n ));
if ( iwk == NULL )

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

printf( "\n  **x Input  ***\n\n" );
printf( "\tn %6d\n", n );

printf( "\tnnz %6d\n", nnz );
printf( "\tlna %6d\n", lna );
printf( "\n\tVector values\n" );

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

fscanf( fp, "Jlf", &values[i] );
printf( "\t%8.3g\n", values[i] );

}
printf( "\n\tVector ipontr\n" );
for( i=0 ; i < n+1 ; i++ )

fscanf( fp, "%d", &ipontr[i] );
printf( "\t ¥%6d\n", ipontr[i] );

}
printf( "\n\tVector irwind\n" );
for( i=0 ; i < nnz ; i++ )

fscanf( fp, "%d", &irwind[i] );
printf( "\t %6d\n", irwind[i] );

fclose( fp );

m=1;

printf( "\n\tinput m = %6d\n\n", m );

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

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

ja = ( int * )malloc((size_t) ( sizeof(int) * (1lnaxm) ));
if ( ja == NULL )

o~ Ry

printf( "no enough memory for array ja\n" );
return -1;
ierr = ASL_dxa005(itype,n,values,ipontr,irwind,nnz,a,lna,&m,ja,iwk);

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

if ( ierr == 2000 )

printf( "\n\toutput m = %6d\n\n", m );
free( a );
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free( ja );
a = ( double * )malloc((size_t) ( sizeof(double) * (lna*m) ));
if ( a == NULL )

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

) return -1;

ja = ( int * )malloc((size_t) ( sizeof(int) * (lnaxm) ));
if ( ja == NULL )

{

printf( "no enough memory for array ja\n" );
return -1;
ierr = ASL_dxa005(itype,n,values,ipontr,irwind,nnz,a,lna,&m,ja,iwk);

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

%f ( ierr < 2000 )

printf( "\n\tMatrix a\n");
for( i=0 ; i < n ; i++ )
printf( "\t" );
for( j=0 ; j < m ; j++ )
printf( " %8.3g", ali+lna*jl );

}
printf( "\n" );
}

printf( "\n\tMatrix ja\n");

for( i=0 ; i < n ; i++ )
printf( "\t" );
for( j=0 ; j < m ; j++ )

printf( " %6d", jali+lna*xjl );
}
printf( "\n" );
}

free( values
free( ipontr
free( irwind
free( iwk );
free( a );
free( ja );

o

return O;

}
(d) Output results

**%*k ASL_dxaO005 ***

*okok Input *okok

n = 5
nnz = 16
lna = 5

Vector values

-2.
4.

1.
2.

I
o
OFRPORRRNNPWRNR OO

Vector ipontr
1

5
7
10
13
17

Vector irwind
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P WROARRPCIWNNFRORN -

input m = 1

Kk k Output oKk

ierr ( First ) = 2000

output m = 4

ierr ( Second ) = 0

Matrix a
1 1.1 1.2 1.4
2 -2.1 2.1 0
3 3.5 0 0
4 4.5 4.1 0
5 5 -5.4 -5.1

Matrix ja
1 2 4 5
2 1 3 0
3 5 0 0
4 1 5 0
5 1 3 4
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Chapter 3
BASIC MATRIX ALGEBRA

3.1 INTRODUCTION

This chapter describes functions that perform basic matrix calculations.

3.1.1 Algorithms Used
3.1.1.1 Real matrix multiplication (speed priority version)

Let A be an M x N real matrix, let B be an N x L real matrix, and let the (4, j)-th element of those matrices
be a;; and b;j, respectively. If C' = A x B is calculated according to the definition of matrix multiplication as

follows:

N
Cikk = E aij - bjk
j=1

M x L x (2 x N —1) floating point calculations are required. If the Strassen algorithm, which is described below
is used, this number can be reduced by up to 12%. Consider the case when M, N and L are all even numbers.
First, subdivide the matrices A, B and C into the submatrices shown below by bisecting each matrix in the row

and column directions.

A A B Biz | _ | Cu Chz
Ao Az By1 B Co1 O
If we define M7 through M7 as follows:

My = (A1 — Az)- (B2 + B)

My = (A1 + Ag2) - (Bi1 + Ba2)

Mz = (A1 — A21) - (B + Bi2)

My = (A + Agp)- Ba

Ms = A - (Bi2 — Ba)

Mg = Az (B2 — Bn)

M; = (A2 + Ag)- B

the submatrices of C are calculated as follows.

Cn = M+ My — M+ Mg
Ciz = My+Ms
Co1 = Mg+ My
Coy = My — Ms+ M;— My

If any of the numbers M, N and L is an odd number, first calculate the product by using the method described

above for the partial submatrix having the highest order contained in the corresponding matrix. Then, add a

93



Algorithms Used

correction by calculating the contribution from the elements not contained in that partial submatrix. Also, by
using the procedure described above to obtain the product of each submatrix, the number of calculations can

further be reduced. This library performs this procedure for up to three steps.
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3.2 BASIC CALCULATIONS

3.2.1 ASL_damlad, ASL_ramlad

Adding Real Matrices (Two-Dimensional Array Type)

(1) Function

Obtain the sum of two real matrices A and B (two-dimensional array type).

(2) Usage
Double precision:

ierr = ASL_damlad (a, lma, nm, nn, b, lmb, ¢, lmc);

Single precision:

ierr = ASL_ramlad (a, lma, nm, nn, b, Imb, ¢, Imc);

(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 Input/ Contents
Return Value Output
1 a Dx Imaxnn Input | Real matrix A (two-dimensional array type).
(v
2 Ima I 1 Input | Adjustable dimension of array a.
3 nm I 1 Input | Number of rows in matrices A, B and C.
4 nn I 1 Input | Number of columns in matrices A, B and C.
5 b Dx Imbxnn Input | Real matrix B (two-dimensional array type).
(v
Imb I 1 Input | Adjustable dimension of array b.
c Dx Imexnn | Output | Sum of matrices A and B (two-dimensional
{R*} array type).
8 Imc I 1 Input | Adjustable dimension of array c.
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) nn >0

(b) 0 < nm < lma, lmb, Imc

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
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(6) Notes
None

(7) Example

1 20 -1
-3 -5 1 2
A_| 3 b
1 3 2 -2
0 21 -1
[ -3 -1 1 -1
-3 -1
5o 3 0
-4 -1 1 0
| —10 -3 1

Obtain C = A+ B.

(b) Input data
Matrices A and B, Ima = 11, Imb = 11, lmc = 11, nm = 4 and nn = 4.
(¢) Main program

/* C interface example for ASL_damlad */

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

int main()
{

double *a;

int ma=4;

int mm=4;

int nn=4;

double *bj;

int mb=4;

double *c;

int mc=4;

int ierr;

int i,j;

FILE *fp;

fp = fopen( "damlad.dat", "r" );
if ( fp == NULL )

printf( "file open error\n" );

return -1;

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

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
if ( == NULL )

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

( double * )malloc((size_t)( sizeof (double) * (mb*nn) ));
%f( b == NULL )
printf( "no enough memory for array b\n" );
return -1;
c = ( double * )malloc((size_t)( sizeof(double) * (mc*nn) ));
%f( c == NULL )
printf( "no enough memory for array c\n" );

return -1;

printf( "\tMatrix a\n\n" );
for( i=0 ; i<ma ; i++ )
printf( "\t" );
for( j=0 ; j<nn ; j++ )
{
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fscanf ( fp, "%1lf", &ali+maxjl );
printf( "%8.3g ", alit+maxj] );

}
printf( "\n" );
}

printf( "\n\tMatrix b\n\n" );
for( i=0 ; i<mb ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

fscanf ( fp, "%1lf", &bl[i+mb*jl );
printf( "%8.3g ", bli+mb*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_damlad(a, ma, mm, nn, b, mb, c, mc);

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

printf( "\n\tMatrix c\n\n" );
for( i=0 ; i<mc ; i++ )

printf( "\t" );
for( j=0 ; j<mc ; j++ )

printf( "%8.3g ", cli+mc*jl );

}
printf( "\n" );

}
(d) Output results

***x ASL_damlad ***

*k Input *%

Matrix a
1 2 0 -1
-3 -5 1 2
1 3 2 -2
0 2 1 -1
Matrix b
-3 -1 1 -1
-3 -1 0 1
-4 -1 1 0
-10 -3 1 1
*% Output *x*
ierr = 0
Matrix c
-2 1 1 -2
-6 -6 1 3
-3 2 3 -2
-10 -1 2 0
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3.2.2 ASL_damilsb, ASL_ramlsb
Subtracting Real Matrices (Two-Dimensional Array Type)

(1) Function

Obtain the difference of two real matrices A and B (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_damlsb (a, lma, nm, nn, b, lmb, ¢, lmc);
Single precision:
ierr = ASL_ramlsb (a, lma, nm, nn, b, lmb, ¢, Imc);

(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. FEUHent aty Type Size nput/ Contents
Return Value Output
1 a D+ Imaxnn Input | Real matrix A (two-dimensional array type).
R«
2 Ima I 1 Input | Adjustable dimension of array a.
3 nm I 1 Input | Number of rows in matrices A, B and C.
4 nn I 1 Input | Number of columns in matrices A, B and C.
5 b D+ Imbxnn Input | Real matrix B (two-dimensional array type).
R«
6 Imb I 1 Input | Adjustable dimension of array b.
7 c D+ Imexnn | Output | Difference (A— B) of matrices A and B (two-
R dimensional array type).
8 Imc I 1 Input | Adjustable dimension of array c.
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) nn >0
(b) 0 < nm < lma, Imb, Imc
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
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Problem
1 2 0 -1
-3 -5 1 2
e 3 5
1 3 2 =2
| 0 2 1 -1
[ -3 -1 1 -1
-3 -1
B 3 0
-4 -1 1 0
| 10 -3 1

Obtain C = A — B.

Input data
Matrices A and B, Ima = 11, Imb = 11, lmc = 11, nm = 4 and nn = 4.

Main program

/* C interface example for ASL_damlsb */

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

int main()
{

double *a;
int ma=4;
int mm=4;
int nn=4;
double *bj;
int mb=4;
double *c;
int mc=4;
int ierr;
int i,j;

FILE *fp;

fp = fopen( "damlsb.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
printf( " *x% ASL_damlsb =***\n" );
printf( "\n *x Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
if ( == NULL )

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

b = ( double *))malloc((size_t)( sizeof (double) * (mb*nn) ));
L

%f( == NULL
printf( "no enough memory for array b\n" );
) return -1;

¢ = ( double * )malloc((size_t)( sizeof(double) * (mc*nn) ));
if( ¢ == NULL )

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

printf( "\tMatrix a\n\n" );

for( i=0 ; i<ma ; i++ )
printf( "\t" );

for( j=0 ; j<nn ; j++ )
{
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fscanf ( fp, "%1f", &ali+maxj] );
printf( "%8.3g ", alit+maxj] );

}

printf( "\n" );
printf( "\n\tMatrix b\n\n" );
for( i=0 ; i<mb ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

fscanf ( fp, "%1f", &bl[i+mbxj] );
printf( "%8.3g ", bl[i+mb*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_damisb(a, ma, mm, nn, b, mb, c, mc);

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

printf( "\n\tMatrix c\n\n" );
for( i=0 ; i<mc ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

printf( "%8.3g ", cli+mc*j] );

}
printf( "\n" );

return O;

}
(d) Output results

***x ASL_damlsb ***

*k Input *%

Matrix a
1 2 0 -1
-3 -5 1 2
1 3 2 -2
0 2 1 -1
Matrix b
-3 -1 1 -1
-3 -1 0 1
-4 -1 1 0
-10 -3 1 1
*% Qutput *x*
ierr = 0
Matrix c
4 3 -1 0
0 -4 1 1
5 4 1 -2
10 5 0 -2
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3.2.3 ASL_damlmu, ASL_ramlmu
Multiplying Real Matrices (Two-Dimensional Array Type)
(1) Function

Obtain the product of two real matrices A and B (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_damlmu (a, lma, nm, nn, b, lnb, nl, ¢, Imc);
Single precision:

ierr = ASL_ramlmu (a, lma, nm, nn, b, Inb, nl, ¢, Imc);
(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 Imaxnn Input | Real matrix A (two-dimensional array type).
e}
2 Ima I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 nn I 1 Input | Number of columns in matrix A
(Number of rows in matrix B).
5 b D« Inbxnl Input | Real matrix B (two-dimensional array type).
e
Inb I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of columns in matrix B
(Number of columns in matrix C').
8 c Dx Imexnl Output | Product (A - B) of matrices A and B (two-
{R*} dimensional array type).
9 lmc I 1 Input | Adjustable dimension of array c.
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0 < nm < lma, lmc
(b) 0 <nn < lnb
(¢) nl>0

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
(6) Notes

ASL_damlms

Use the speed priority version 3.2.4
ASL_ramlms

} when the number is great.

(7) Example

(a) Problem

1 2 0 -1
-3 -5 1 2
A:
1 3 2 =2
0 21 -1
[ -3 —1 1 -1
-3 -1 1
B 3 0
-4 -1 1 0
| -10 -3 1 1
Obtain C = AB.

(b) Input data
Matrices A and B, Ima = 11, Inb = 11, Imc = 11, nm = 4, nn = 4 and nl = 4.

(¢) Main program

/* C interface example for ASL_damlmu */

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

int main()

double *a;
int ma=4;
int mm=4;
int nn=4;
double *bj;
int nb=4;
int 11=4;
double *c;
int mc=4;
int ierr;
int i,j;

FILE *fp;

fp = fopen( "damimu.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
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printf( " *x% ASL_damimu ***\n" );
printf( "\n *x Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
%f( a == NULL )

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

return -1;
b = ( double * )malloc((size_t)( sizeof (double) * (nb*nn) ));
%f( b == NULL )

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

return -1;
}
c = ( double * )malloc((size_t)( sizeof(double) * (mc*nn) ));
%f( c == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tMatrix a\n\n" );
for( i=0 ; i<ma ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1lf", &ali+maxjl );
printf( "%8.3g ", ali+ma*j] );

}
printf( "\n" );
}

printf( "\n\tMatrix b\n\n" );
for( i=0 ; i<mnb ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1f", &bl[i+nb*jl );
printf( "%8.3g ", bli+nbxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_damimu(a, ma, mm, nn, b, nb, 11, c, mc);

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

printf( "\n\tMatrix c\n\n" );
for( i=0 ; i<mc ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

printf( "%8.3g ", cli+mc*j] );

}
printf( "\n" );

return O;
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(d) Output results

%k ASL_damlmu ***

*% Input *%

Matrix a
1 2 0 -1
-3 -5 1 2
1 3 2 -2
0 2 1 -1
Matrix b
-3 -1 1 -1
-3 -1 0 1
-4 -1 1 0
-10 -3 1 1
*% Output *x*
ierr = 0
Matrix c
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1
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3.2.4 ASL_damlms, ASL_ramlms
Multiplying Real Matrices (Two-Dimensional Array Type) (Speed Priority
Version)
(1) Function
Use the Strassen algorithm to obtain the product of two real matrices A and B (two-dimensional array
type).
(2) Usage
Double precision:
ierr = ASL_damlms (a, lma, m, n, b, lnb, k, ¢, Imc, wl);
Single precision:

ierr = ASL_ramlms (a, lma, m, n, b, Inb, k, ¢, lmc, wl);
(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. FEHment ai Type Size nput/ Contents
Return Value Output
1 a D« Imaxn Input | Real matrix A (two-dimensional array type).
Rx
2 Ima I 1 Input | Adjustable dimension of array a.
m I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 n I 1 Input | Number of columns in matrix A
(Number of rows in matrix B).
5 b D« Inbxk Input | Real matrix B (two-dimensional array type).
Rx
Inb I 1 Input | Adjustable dimension of array b.
k I 1 Input | Number of columns in matrix B
(Number of columns in matrix C').
8 c D« Imexk Output | Real matrix C' (two-dimensional array type).
Rx
9 Imc I 1 Input | Adjustable dimension of array c.
10 wl Dx See Work | Work area
R Contents Size: (m xn+n xk+k xm)/3
11 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 < m < lma,lmc
(b) 0 <n<lInb
(¢c) k>0
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
(6) Notes

ASL_damlms
ASL ramlms

ASL_damlmu

(a) Since the 3.2.4
ASL_ramlmu

} use memory than the 3.2.3 { } because of the portion

ASL_damlmu

should be
ASL_ramlmu

used for the work area, if sufficient memory cannot be allocated, the 3.2.3 {

used.
ASL_damlms
ASL ramlms

ASL_damlmu}

(b) The result obtained by using the 3.2.4 { } may be somewhat less precise than the result

obtained by using 3.2.3
ASL_ramlmu

(7) Example

(a) Problem

1 2 0 -1
-3 -5 1 2
Ao 3 -5
1 3 2 -2
0 21 -1
[ -3 -1 1 -1
-3 -1
B 3 0 1
-4 -1 1 0
| -10 -3 1 1
Obtain C = AB.

(b) Input data
Matrices A and B, Ima = 11, Inb = 11, Imc = 11, m = 4, n = 4 and k = 4.

(¢) Main program

/* C interface example for ASL_damlms */

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

int main()
{

double *a;
int ma=4;
int mm=4;
int nn=4;
double *bj;
int nb=4;
int 11=4;
double *c;
int mc=4;
double *wl;
int ierr;
int i,j;
FILE *fp;

fp = fopen( "damims.dat", "r" );
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if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#x* ASL_damims ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
if( a == NULL )

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

) return -1;
b = ( double * )malloc((size_t)( sizeof(double) * (nb*11l) ));
%f( b == LL )

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

return -1;
}
c = ( double * )malloc((size_t) ( sizeof (double) * (mc*11l) ));
%f( ¢ == NULL )

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

wl = ( double * )malloc((size_t)( sizeof(double) * ((mm*nn+nn*11+11*mm)/3) ));
if ( wl == NULL )
printf( "no enough memory for array wi\n" );
return -1;
printf( "\tMatrix a\n\n" );
{or( i=0 ; i<ma ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf( fp, "Jlf", &ali+maxj] );
printf( "%8.3g ", ali+ma*j] );

}
printf( "\n" );
}

printf( "\n\tMatrix b\n\n" );
for( i=0 ; i<mnb ; i++ )

printf( "\t" );
for( j=0 ; j<11 ; j++ )

fscanf( fp, "Jlf", &bl[i+nbxj] );
printf( "%8.3g ", bli+nbxj]l );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_damims(a, ma, mm, nn, b, nb, 11, c, mc, wl);

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

printf( "\n\tMatrix c\n\n" );
for( i=0 ; i<mc ; i++ )

printf( "\t" );
for( j=0 ; j<11 ; j++ )

printf( "%8.3g ", cli+mc*j] );

}
printf( "\n" );

return O;

}
(d) Output results

%k ASL_damlms ***
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** Input *x*

Matrix a
1 2 0 -1
-3 -5 1 2
1 3 2 -2
0 2 1 -1
Matrix b
-3 -1 1 -1
-3 -1 0 1
-4 -1 1 0
-10 -3 1 1
** Qutput **
ierr = 0
Matrix c
1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

68



ASL_damtlm, ASL_ramtim
Multiplying a Real Matrix (Two-Dimensional Array Type) and Its Transpose Matrix

3.2.5 ASL_damtlm, ASL_ramtlm
Multiplying a Real Matrix (Two-Dimensional Array Type) and Its Transpose
Matrix

(1) Function
Obtain the product of the real matrix A (two-dimensional array type) and its transpose matrix.
(2) Usage
Double precision:
ierr = ASL_damtlm (a, lma, nm, nn, b, lmb);
Single precision:

ierr = ASL_ramtlm (a, lma, nm, nn, b, lmb);
(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
1 a D+ Imaxnn Input | Real matrix A (two-dimensional array type).
Rx
2 Ima I 1 Input | Adjustable dimension of array a.
3 nm I 1 Input | Number of rows in matrix A.
4 nn I 1 Input | Number of columns in matrix A.
5 b D+ Imbxnm | Output | Product (A - AT) (two-dimensional array
R+ type) of matrix A and its transpose matrix.
Imb I 1 Input | Adjustable dimension of array b.
ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) nn >0, nm >0
(b) nm < lma,lmb
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
None
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(7) Example

(a) Problem

1 2 3 4

e -2 3 5
-3 -4 5 6

-4 -5 -6 7

Obtain B = AAT.

(b) Input data
Matrix A, lma = 11, Imb = 11, nm = 4 and nn = 4.

(¢) Main program

/* C interface example for ASL_damtim */

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

int main()

double *a;
int ma=4;
int mm=4;
int nn=4;
double *bj;
int mb=4;
int ierr;
int i,j;

FILE *fp;

fp = fopen( "damtim.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " %+ ASL_damtilm ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
%f( a == NULL )

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

return -1;
b = ( double * )malloc((size_t)( sizeof(double) * (mb*mm) ));
%f( b == NULL )

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

return -1;
for( i=0 ; i<ma ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1f", &ali+maxj] );
printf( "%8.3g ", ali+maxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_damtim(a, ma, mm, nn, b, mb);

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

printf( "\n" );
for( i=0 ; i<mb ; i++ )

printf( "\t" );
for( j=0 ; j<mm ; j++ )

printf( "%8.3g ", bli+mb*j] );

}
printf( "\n" );
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}

free( a );
free( b );

return O;

}
(d) Output results

***x ASL_damtlm ***

** Input *x*

1 2 3 4

-2 3 4 5

-3 -4 5 6

-4 -5 -6 7
*% Output *x*
ierr = 0

30 36 28 -4

36 54 44 4

28 44 86 44

-4 4 44 126
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3.2.6 ASL_datmlm, ASL_ratmlm
Multiplying the Transpose Matrix of a Real Matrix (Two-Dimensional Array
Type) and the Original Matrix
(1) Function

Obtain the product of the transpose matrix of the real matrix A (two-dimensional array type) and the

original matrix.

(2) Usage
Double precision:
ierr = ASL_datmlm (a, lma, nm, nn, b, Inb);
Single precision:

ierr = ASL_ratmlm (a, lma, nm, nn, b, lnb);

(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. FEHIMELE an Type Size nput/ Contents
Return Value Output
1 a D+ Imaxnn Input | Real matrix A (two-dimensional array type).
Rx
2 Ima I 1 Input | Adjustable dimension of array a.
3 nm I 1 Input | Number of rows in matrix A.
4 nn I 1 Input | Number of columns in matrix A.
5 b D+ Inbxnn Output | Product (AT - A) of the transpose matrix of
R+ matrix A and the original matrix.
6 Inb I 1 Input | Adjustable dimension of array b.
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <nn <lInb
(b) 0 < nm < lma
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
None
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(7) Example

(a) Problem

1 2 3 4
— 4
A 2 3 5
-3 -4 5 6
| 4 -5 -6 7
[ -3 -1 1 -1
-3 -1
B 3 0
-4 -1 1 0
| —10 -3 1

Obtain B = AT A.

(b) Input data
Matrix A, lma = 11, Inb = 11, nm = 4 and nn = 4.
(¢) Main program

/* C interface example for ASL_datmim */

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

int main()

double *a;
int ma=4;
int mm=4;
int nn=4;
double *b;
int nb=4;
int ierr;
int i,j;

FILE *fp;

fp = fopen( "datmim.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#x* ASL_datmlm ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t)( sizeof(double) * (ma*nn) ));
%f( a == NULL )

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

b = ( double *))malloc((size_t)( sizeof (double) * (nb*nn) ));
NULL

if( b ==
{

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

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

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

fscanf( fp, "Jlf", &ali+maxj] );
printf( "%8.3g ", ali+ma*j] );

}
printf( "\n" );
}
fclose( fp );
ierr = ASL_datmim(a, ma, mm, nn, b, nb);

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

printf( "\n" );

73



ASL_datmlm, ASL_ratmlm
Multiplying the Transpose Matrix of a Real Matrix (Two-Dimensional Array Type) and the Original Matrix

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

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", bli+nb*j] );

}
printf( "\n" );
}

free( a );
free( b );

return O;

}
(d) Output results

%k ASL_datmlm ***

*k Input *%

1 2 3 4

-2 3 4 5

-3 -4 5 6

-4 -5 -6 7
*% Qutput *x*
ierr = 0

30 28 4 -52

28 54 28 -36

4 28 86 20

-52 -36 20 126
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3.2.7 ASL_damlmm, ASL_ramlmm
Multiplying Real Matrices (Two-Dimensional Array Type) (C = C + AB)

(1) Function
Obtain the product of real matrices A and B (C' = C + AB).

(2) Usage
Double precision:
ierr = ASL_damlmm (a, lma, nm, nn, b, lnb, nl, ¢, Imc, isw);
Single precision:

ierr = ASL ramlmm (a, lma, nm, nn, b, lnb, nl, ¢, lmc, 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 Imaxnn Input | Real matrix A (two-dimensional array type).
e}
2 Ima I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 nn I 1 Input | Number of columns in matrix A
(Number of rows in matrix B).
5 b D« Inbxnl Input | Real matrix B (two-dimensional array type).
e
Inb I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial real matrix C' (when isw = +1) (two-

dimensional array type).

Output | Product of real matrices

(C =[C+]AB).
9 lmc I 1 Input | Adjustable dimension of array c.
10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + AB.
isw = 0: Obtain C' = AB.

isw = —1: Obtain C =C — AB.
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
a
b

(c
(d) isw € {0,1,—1}

(a) 0 < nm < lma, lmc
(b) 0 <nn <Inb

nl >0

)
)
)
)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

11111
a2 2222
333 3 3
4 4 4 4 4
(111111
2.2 2 2 2 2
B=|3 3 3 3 3 3
4 4 4 4 4 4
55555 5
Obtain C' = AB.

(b) Input data
Matrices A and B, Ima = 11, Inb = 11, Inc = 11, nm = 4, nn = 5, nl = 6 and isw = 0.
(¢) Main program

/* C interface example for ASL_damlmm */

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

int main()
{

double *a;
int 1lma=11;
int nm=4;
int nn=5;
double *bj;
int 1lnb=11;
int nl=6;
double *c;
int lmc=11;
int isw=0;
int ierr;
int i,j;

printf( " *x% ASL_damimm ***\n" );
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printf( "\n ** Input **\n\n" );

printf( "\tlma=%2d 1lnb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (lma*nn) ));
%f( a == NULL )

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

b = ( double * )malloc((size_t)( sizeof(double) * (1lnb*nl) ));
b == NULL )

if (
{
printf( "no enough memory for array b\n" );
return -1;
}
c = ( double * )malloc((size_t)( sizeof(double) * (lmc*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tMatrix A\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", ali+lmaxjl=i+1 );
}
printf( "\n" );

}
printf( "\n\tMatrix B\n" );
%or( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", bli+lnb*jl=i+1 );

printf( "\n" );
}

ierr = ASL_damimm(a, 1lma, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tMatrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cli+lmc*j] );

}
printf( "\n" );

¥
(d) Output results
*x* ASL_damlimm **x*
*% Input *%
1ma=11 1nb=11 Imc=11

nm = 4 nn =5 nl =6

isw= 0
Matrix A
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Matrix B
1 1 1 1 1
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2 2 2 2 2 2
3 3 3 3 3 3
4 4 4 4 4 4
5 5 5 5 5 5

** Qutput **

ierr = 0

Matrix C
15 15 15 15 15 15
30 30 30 30 30 30
45 45 45 45 45 45
60 60 60 60 60 60
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3.2.8 ASL_damlmt, ASL_ramlmt
Multiplying Real Matrices (Two-Dimensional Array Type) (C = C + AB7T)

(1) Function
Obtain the product of real matrices A and B (C = [C+]ABT).

(2) Usage
Double precision:
ierr = ASL_damlmt (a, lma, nm, nn, b, llb, nl, ¢, lmc, isw);
Single precision:

ierr = ASL_ramlmt (a, lma, nm, nn, b, llb, nl, ¢, lmc, 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 Imaxnn Input | Real matrix A (two-dimensional array type).
e}
2 Ima I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 nn I 1 Input | Number of columns in matrix A
(Number of columns in matrix B).
5 b D« 1Ibxnn Input | Real matrix B (two-dimensional array type).
e
1Ib I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial real matrix C' (when isw = +1) (two-

dimensional array type).

Output | Product of real matrices

(C = [C+]ABT).
9 lmc I 1 Input | Adjustable dimension of array c.
10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + ABT.
isw = 0: Obtain C = ABT.

isw = —1: Obtain C = C — ABT.
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

a) 0 < nm < lma, lmc
b) 0 <nl <lb

(¢) nn>0

(d) isw € {0,1, -1}

(
(

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

11 1 1 17
2 2 2 2 2
A:
3 33 3 3
| 4 4 4 4 4 |
(11 11 1]
2 2 2 2 2
B=1|3 3 3 3 3
4 4 4 4 4
555 5 5 |

Obtain C = ABT.

(b) Input data
Matrices A and B, Ima = 11, llb = 11, Inc = 11, nm = 4, nn = 5, nl = 5 and isw = 0.
(¢) Main program

/* C interface example for ASL_damimt */

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

int main()
{

double *a;
int lma=11;
int nm=4;
int nn=5;
double *bj;
int 1lb=11;
int nl=5b;
double *c;
int lmc=11;
int isw=0;
int ierr;
int i,j;

printf( " *x% ASL_damimt ***x\n" );
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printf( "\n ** Input **\n\n" );

printf( "\tlma=%2d 1lb=%2d 1lmc=%2d\n\n", lma, 11b, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (lma*nn) ));
%f( a == NULL )

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

b = ( double * )malloc((size_t)( sizeof(double) * (1lb*nn) ));
b == NULL )

if (
{
printf( "no enough memory for array b\n" );
return -1;
}
c = ( double * )malloc((size_t)( sizeof(double) * (lmc*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tMatrix A\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", ali+lmaxjl=i+1 );
}
printf( "\n" );

}
printf( "\n\tMatrix B(Transposed Storage)\n" );
{or( i=0 ; i<non ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", b[j+1llb*i]l=j+1 );

printf( "\n" );
}

ierr = ASL_damimt(a, 1lma, nm, nn, b, 11lb, nl, c, lmc, isw);

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

printf( "\n\tMatrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cli+lmc*j] );

}
printf( "\n" );

¥
(d) Output results
#%*% ASL_damlmt **x
*% Input *%
1ma=11 11b=11 Imc=11

nm = 4 nn =5 nl =5

isw= 0

Matrix A
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4

Matrix B(Transposed Storage)
1 2

N
o
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(RN SETSN
NDNNN
WwWwww
INFNFNN
oo

** Qutput **

ierr = 0

Matrix C
5 10 15 20 25
10 20 30 40 50
15 30 45 60 75
20 40 60 80 100
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3.2.9 ASL_damltm, ASL_ramltm
Multiplying Real Matrices (Two-Dimensional Array Type) (C' = C + ATB)

(1) Function
Obtain the product of real matrices A and B (C = [C+]AT B).

(2) Usage
Double precision:
ierr = ASL_damltm (a, Ina, nm, nn, b, Inb, nl, ¢, lmc, isw);
Single precision:

ierr = ASL_ramltm (a, Ina, nm, nn, b, Inb, nl, ¢, lmc, 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 Inaxnm Input | Real matrix A (two-dimensional array type).
e}
2 Ina I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C').
4 nn I 1 Input | Number of rows in matrix A
(Number of rows in matrix B).
5 b D« Inbxnl Input | Real matrix B (two-dimensional array type).
e
Inb I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial real matrix C' (when isw = +1) (two-

dimensional array type).

Output | Product of real matrices

(C = [C+]ATB).
9 lmc I 1 Input | Adjustable dimension of array c.
10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + AT B.
isw = 0: Obtain C = ATB.

isw = —1: Obtain C = C — ATB.
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a)
(b)
(c) n1>0
(d)

0 <nm <lmec

0 < nn < Ina,Inb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

11111
2.2 2 2 2
A=|3 3 3 3 3
4 4 4 4 4
|5 55 5 5
(11 1 1
2 2 2 2
B=|3 3 3 3
4 4 4 4
55 5 5

Obtain C = ATB.

(b) Input data
Matrices A and B, Ina = 11, Inb = 11, Inc = 11, nm = 5, nn = 5, nl = 4 and isw = 0.
(¢) Main program

/* C interface example for ASL_damltm */

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

int main()

double *a;
int lna=11;
int nm=5;
int nn=5;
double *bj;
int 1lnb=11;
int nl=4;
double *c;
int lmc=11;
int isw=0;
int ierr;
int i,j;
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printf( " *#x* ASL_damitm ***\n" );
printf( "\n ** Input **\n\n" );

printf( "\tlna=%2d 1nb=%2d  1mc=%2d\n\n", 1lna, 1lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =%2d\n\n", om, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (lna*nm) ));
%f( a == NULL )

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

b = ( double *))malloc((size_t)( sizeof (double) * (lnb*nl) ));

%f( b == NULL
printf( "no enough memory for array b\n" );
return -1;
}
¢ = ( double * )malloc((size_t)( sizeof(double) * (Imc*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tMatrix A(Transposed Storage)\n" );
for( i=0 ; i<om ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", alj+lnaxi]l=j+1 );
}
printf( "\n" );

}
printf( "\n\tMatrix B\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", bli+lnb*jl=i+1 );

}
printf( "\n" );
}

ierr = ASL_damitm(a, lna, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tMatrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cli+lmc*j] );

}
printf( "\n" );

}
(d) Output results

#%*% ASL_damltm **x

** Input **

Ina=11 Inb=11 Imc=11
nm =5 nn =5 nl = 4
isw= 0

Matrix A(Transposed Stora%e)
1 2

4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
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1 2 3 4 5
Matrix B
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
*% Qutput *x*
ierr = 0
Matrix C
55 55 55 55
55 55 55 55
55 55 55 55
55 55 55 55
55 55 55 55
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3.2.10 ASL_damltt, ASL_ramltt
Multiplying Real Matrices (Two-Dimensional Array Type) (C = C 4+ AT BT)

(1) Function
Obtain the product of real matrices A and B (C = [C£]AT BT).

(2) Usage
Double precision:
ierr = ASL_damltt (a, Ina, nm, nn, b, llb, nl, ¢, lmc, isw);
Single precision:
ierr = ASL_ramltt (a, Ina, nm, nn, b, llb, nl, ¢, lmc, 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 Inaxnm Input | Real matrix A (two-dimensional array type).
e}
2 Ina I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C').
4 nn I 1 Input | Number of rows in matrix A
(Number of columns in matrix B).
5 b D« 1Ibxnn Input | Real matrix B (two-dimensional array type).
e
1Ib I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial real matrix C' (when isw= £1) (two-

dimensional array type).

Output | Product of real matrices
(C = [C+]ATBT).

9 lmc I 1 Input | Adjustable dimension of array c.

10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + AT BT.
isw = 0: Obtain C = AT BT.

isw = —1: Obtain C = C — ATBT.
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

a)
b)
(¢) 0 <nl < Inb
(d) isw € {0,1, -1}

(a) 0 < nm < lmc
(

0 <nn < lna

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

1 1 1 1 1]
2 2 2 2 2
A=1|3 3 3 3 3
4 4 4 4 4

|5 5 5 5 5 |
1 1 1 1 1
s_l22222
3 3 3 3 3

4 4 4 4 4 |

Obtain C = ATBT.
(b) Input data

Matrices A and B, Ina = 11, llb = 11, Inc = 11, nm = 5, nn = 5, nl = 4 and isw = 0.
(¢) Main program

/* C interface example for ASL_damltt */

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

int main()
{

double *a;
int lna=11;
int nm=5;
int nn=5;
double *bj;
int 1lb=11;
int nl=4;
double *c;
int lmc=11;
int isw=0;
int ierr;
int i,j;

printf( " *x% ASL_damltt **x\n" );
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printf( "\n ** Input **\n\n" );

printf( "\tlna=%2d 1lb=%2d 1lmc=%2d\n\n", lna, 11b, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double * )malloc((size_t) ( sizeof (double) * (lna*nm) ));
%f( a == NULL )

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

b = ( double * )malloc((size_t)( sizeof(double) * (1lb*nn) ));
b == NULL )

if (
{
printf( "no enough memory for array b\n" );
return -1;
}
c = ( double * )malloc((size_t)( sizeof(double) * (lmc*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tMatrix A(Transposed Storage)\n" );
{or( i=0 ; i<om ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", alj+lnaxi]l=j+1 );
}
printf( "\n" );

}
printf( "\n\tMatrix B(Transposed Storage)\n" );
{or( i=0 ; i<non ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", b[j+1llb*i]l=j+1 );

printf( "\n" );
}

ierr = ASL_damitt(a, lna, nm, nn, b, 11lb, nl, c, lmc, isw);

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

printf( "\n\tMatrix C\n" );
for( i=0 ; i<om ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cli+lmc*j] );

}
printf( "\n" );

}
(d) Output results

#%*% ASL_damltt **x

** Input **

lna=11 11b=11 Imc=11
nm =5 nn =5 nl = 4
isw= 0

Matrix A(Transposed Stora%e)
2

1 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5

Matrix B(Transposed Storage)
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e e
NN
WWwwww
INFINFNFNFN

*% Qutput *x*

ierr = 0

Matrix C
15 30 45 60
15 30 45 60
15 30 45 60
15 30 45 60
15 30 45 60
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3.2.11 ASL_zamlmm, ASL_camlmm
Multiplying Complex Matrices (Two-Dimensional Array Type) (Real Argu-
ment Type) (C =C + AB)

(1) Function
Obtain the product of two complex matrices (Two-dimensional Array Type) (C = [C+]AB).
(2) Usage
Double precision:
ierr = ASL_zamlmm (ar, ai, lma, nm, nn, br, bi, Inb, nl, cr, ci, lmc, isw);
Single precision:
ierr = ASL_camlmm (ar, ai, lma, nm, nn, br, bi, Inb, nl, cr, ci, lmc, 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. & Type Size put/ Contents
Return Value Output
1 ar Dx Imaxnn Input | Real part of complex matrix A
R (two-dimensional array type).
2 ai D+ Imaxnn Input | Imaginary part of complex matrix A
R+ (two-dimensional array type).
3 Ima I 1 Input | Adjustable dimension of arrays ar and ai.
4 nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
5 nn I 1 Input | Number of columns in matrix A

(Number of rows in matrix B).
6 br {D*} Inbxnl Input | Real part of complex matrix B

Rx (two-dimensional array type).
7 bi Dx Inbxnl Input | Imaginary part of complex matrix B

R (two-dimensional array type).
8 Inb I 1 Input | Adjustable dimension of arrays br and bi.
9 nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
10 cr Dx Imexnl Input | Real part of initial complex matrix C' (when
R+ isw = +1) (two-dimensional array type).
Output | Product of complex matrices (C' = [C+]AB).
11 ci D Imexnl Input | Imaginary part of initial complex matrix C'
R+ (when isw = =£1) (two-dimensional array
type).
Output | Product of complex matrices (C = [C+]AB).
12 Imc I 1 Input | Adjustable dimension of arrays cr and ci
13 isw I 1 Input | Processing switch.
isw =1: Obtain C =C + AB
isw = 0: Obtain C' = AB
isw = —1: Obtain C =C — AB
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 < nm < lma,lmc
(b) 0 <nn <lnb
(c) n1>0
(d) isw € {0,1,—1}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

[ 1447 142 1430 1444
Ao |2 2420 2430 244
344 3+2 3+3 3+4i
| 444 4+2 4+3i 4+4i
(14 1420 1+30 1+4i
24+i 242 243 2+4i
B=|3+i 342 3+3i 3+4i
A+i 442 4+3i 4+4i
5+i 5+2 543 5+4i
Obtain C' = AB.

1454
24 5¢
3+ 5t
4+ 51
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(b) Input data

Matrices A and B, Ima = 11, Inb = 11, Inc = 11, nm = 4, nn = 5, nl = 4 and isw = 0.

(©)

Main program

/* C interface example for ASL_zamlmm */

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

int main()
{

double *ar;
double *ai;
int lma=11;
int nm=4;

int nn=5;

double *br;
double *bi;
int 1lnb=11;
int nl=4;

double *cr;
double *ci;

=%2d\n\n", nm,

int 1lmc=11;

int isw=0;

int ierr;

int i,j;

printf( " %% ASL_zamimm ***\n" );
printf( "\n *#x Input **\n\n" );
printf( "\tlma=%2d 1lnb=/2d

printf( "\tnm =%2d nn =)2d nl
printf ( "\tisw=%2d\n\n", isw );

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

printf( "no enough memory for
return -1;
ai = ( double * )malloc((size_t)(
if( ai == NULL )
printf( "no enough memory for
return -1;
br = ( double * )malloc((size_t)(
if ( br == NULL )
printf( "no enough memory for
return -1;
bi = ( double * )malloc((size_t)(
if ( bi == NULL )
printf( "no enough memory for
return -1;
cr = ( double * )malloc((size_t)(
if ( cr == NULL )
printf( "no enough memory for
return -1;
ci = ( double * )malloc((size_t)(
if( ci == NULL )

printf( "no enough memory for
return -1;

1mc=%2d\n\n", 1lma, 1lnb, 1lmc );
nn, nl

);

sizeof (double) * (lma*nn) ));

array ar\n" );

sizeof (double)

array ai\n" );

sizeof (double)

array br\n" );

sizeof (double)

array bi\n" );

sizeof (double)

array cr\n" );

sizeof (double)

array ci\n" );

printf( "\tReal part of matrix A\n" );

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

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", ar[i+lmaxjl=i+l );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );

{or( i=0 ; i<om ; i++ )
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printf( "\t" );
for( j=0 ; j<nn ; j++ )
printf( "%8.3g ", aili+lmaxjl=j+1 );

}

printf( "\n" );
}
printf( "\n\tReal part of matrix B\n" );
%or( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", brli+lnb*jl=i+l );
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

N printf( "%8.3g ", bil[i+lnb*jl=j+1 );
printf( "\n" );
}
ierr = ASL_zamimm(ar, ai, lma, nm, nn, br, bi, 1lmnb, nl, cr, ci, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<om ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", crli+lmc*jl );
}
printf( "\n" );
}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", cili+lmc*jl );

}
printf( "\n" );
}

free( ar
free( ai
free( br
free( bi
free( cr
free( ci

(AN

return O;

}
(d) Output results

%% ASL_zamimm ***
** Input *x*
Ima=11 1nb=11 Imc=11

nm = 4 nn =5 nl = 4

isw= 0
Real part of matrix A
1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1
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2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
Imaginar art of matrix B
& 1y P 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
** Qutput **
ierr = 0
Real part of matrix C
-15 -30 -45
15 0 -15 -30
30 15 0 -15
45 30 15 0
Imaginar art of matrix C
& 60y P 65 70 75
65 75 85 95
70 85 100 115
75 95 115 135
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3.2.12 ASL_zamlmh, ASL_camlmh
Multiplying Complex Matrices (Two-Dimensional Array Type) (Real Argu-
ment Type) (C =C + AB)

(1) Function
Obtain the product of two complex matrices (Two-dimensional Array Type) (C = [C+]AB*).
(2) Usage
Double precision:
ierr = ASL_zamlmh (ar, ai, lma, nm, nn, br, bi, llb, nl, cr, ci, lmc, isw);
Single precision:

ierr = ASL_camlmh (ar, ai, Ima, nm, nn, br, bi, llb, nl, cr, ci, lme, 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. & Type Size put/ Contents
Return Value Output
1 ar Dx Imaxnn Input | Real part of complex matrix A
Rx (two-dimensional array type).
2 ai D+ Imaxnn Input | Imaginary part of complex matrix A
R (two-dimensional array type).
3 Ima I 1 Input | Adjustable dimension of arrays ar and ai.
4 nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
5 nn I 1 Input | Number of columns in matrix A

(Number of columns in matrix B).
6 br {D*} lIbxnn Input | Real part of complex matrix B

Rx (two-dimensional array type).
7 bi Dx lIbxnn Input | Real part of complex matrix B

Rx (two-dimensional array type).
8 1Ib I 1 Input | Adjustable dimension of arrays br and bi.
9 nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
10 cr Dx Imexnl Input | Real part of initial complex matrix C' (when
{R*} isw = +1) (two-dimensional array type).
Output | Product of complex matrices
(C =[C£]AB*).
11 ci Dx Imcxnl Input | Imaginary part of initial complex matrix C'
{R*} (when isw = =£1) (two-dimensional array
type).
Output | Product of complex matrices
(C = [Cx]AB*).
12 Imc I 1 Input | Adjustable dimension of arrays cr and ci.
13 isw I 1 Input | Processing switch.
isw = 1: Obtain C = C + AB*
isw = 0: Obtain C = AB*
isw = —1: Obtain C = C — AB*
14 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 < nm < lma, lmc
(b) 0 < nl <1Ib
(¢) nn>0

d) isw € {0,1, -1}

(
(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
[ 1+i 142 1+3i 1+4i 1+5i
241 2429 2431 2+4i 2451

A= 34+i 3+2 3+3i 3+4i 3+5i
| 4+i 442 4+3i 4440 445 |
[ 1+4 1+2i 1+4+3i 1+4i 1+5i ]
p_ | 2Fi 242 2430 2+4i 2450

3+t 3+2¢ 3+31 3+4 3+50
| 441 4427 4437 4447 4450
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Obtain C' = AB*.

Input data
Matrices A and B, Ima = 11, 1lb = 11, Inc = 11, nm = 4, nn = 5, nl = 4 and isw = 0.

Main program

/* C interface example for ASL_zamlmh */

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

int main()
{

double *ar;
double *ai;
int lma=11;
int nm=4;

int nn=5;

double *br;
double *bi;
int lnb=11;
int nl=4;

double *cr;
double *ci;

int 1lmc=11;

int isw=0;

int ierr;

int i,j;

printf( " *x% ASL_zamimh ***\n" );

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

printf( "\tlma=%2d 1nb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =%2d\n\n", nm, nn, nl );
printf( "\tisw=2d\n\n", isw );

ar = ( double *))malloc((size_t)( sizeof (double) * (lma*nn) ));

if ( ar == NULL

printf( "no enough memory for
return -1;

ai = ( double * )malloc((size_t)(
if( ai == NULL )
printf( "no enough memory for
return -1;
br = ( double * )malloc((size_t)(
if ( br == NULL )
printf( "no enough memory for
return -1;
bi = ( double * )malloc((size_t)(
if ( bi == NULL )
printf( "no enough memory for
return -1;
cr = ( double * )malloc((size_t)(
if( cr == NULL )
printf( "no enough memory for
return -1;
ci = ( double * )malloc((size_t)(
if( c¢i == NULL )

printf( "no enough memory for
return -1;

array ar\n" );

sizeof (double)

array ai\n" );

sizeof (double)

array br\n" );

sizeof (double)

array bi\n" );

sizeof (double)

array cr\n" );

sizeof (double)

array ci\n" );

printf( "\tReal part of matrix A\n" );

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

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", ar[i+lma*jl=i+1 );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );
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for( i=0 ; i<om ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", aili+lma*xjl=j+1 );
}
printf( "\n" );
}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<nl ; i++ )
printf( "\t" );
for( j=0 ; j<nn ; j++ )
printf( "%8.3g ", brli+lnb*jl=i+1 );
}
printf( "\n" );
}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nl ; i++ )
printf( "\t" );
for( j=0 ; j<nn ; j++ )
printf( "%8.3g ", bili+lnb*jl=j+1 );
}
printf( "\n" );
}
ierr = ASL_zamimh(ar, ai, lma, nm, nn, br, bi, 1lnb, nl, cr, ci, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
{or( i=0 ; i<om ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", crli+lmc*j] );
printf( "\n" );
}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", cili+lmc*jl );

}
printf( "\n" );
}

free( ar
free( ai
free( br
free( bi
free( cr
free( ci

(AN NN

return O;

}
(d) Output results

*xx ASL_zamlmh ***

** Input *x*

Ima=11 Inb=11 Imc=11
nmm =4 nn =5 nl = 4
isw= 0

Real part of matrix A
1

2 2
3 3
4 4

Imaginary part of matrix
1

WWWWEPWN -
BERE DO
oo W

e
NN N
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Real part of matrix B
1 1

1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix B
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
** Qutput **
ierr = 0
Real part of matrix C
65 70 75
65 75 85 95
70 85 100 115
75 95 115 135
Imaginar art of matrix C
& Oy P 15 30 45
-15 0 15 30
-30 -15 0 15
-45 -30 -15 0
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3.2.13 ASL_zamlhm, ASL_camlhm
Multiplying Complex Matrices (Two-Dimensional Array Type) (Real Argu-
ment Type) (C =C + A*B)

(1) Function
Obtain the product of complex matrix A and complex matrix B (C' = [C+]A*B)

(2) Usage
Double precision:
ierr = ASL_zamlhm (ar, ai, lna, nm, nn, br, bi, lnb, nl, cr, ci, lmc, isw);
Single precision:

ierr = ASL_camlhm (ar, ai, Ina, nm, nn, br, bi, Inb, nl, cr, ci, lmc, 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. & Type Size put/ Contents
Return Value Output
1 ar Dx Inaxnm Input | Real part of complex matrix A
R (two-dimensional array type).
2 ai D+ Inaxnm Input | Imaginary part of complex matrix A
R+ (two-dimensional array type).
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai.
4 nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C).
5 nn I 1 Input | Number of rows in matrix A

(Number of rows in matrix B).
6 br {D*} Inbxnl Input | Real part of complex matrix B

Rx (two-dimensional array type).
7 bi Dx Inbxnl Input | Imaginary part of complex matrix B

R (two-dimensional array type).
8 Inb I 1 Input | Adjustable dimension of arrays br and bi.
9 nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
10 cr Dx Imexnl Input | Real part of initial complex matrix C' (when
R+ isw = +1) (two-dimensional array type).
Output | Real part of product (C' = [C+]A*B).
11 ci D Imexnl Input | Imaginary part of initial complex matrix C'
R+ (when isw = =£1) (two-dimensional array
type).
Output | Imaginary part of product (C' = [C+]A*B).
12 Imc I 1 Input | Adjustable dimension of arrays cr and ci.
13 isw I 1 Input | Processing switch.
isw =1: Obtain C =C + A*B
isw = 0: Obtain C = A*B
isw = —1: Obtain C =C — A*B
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 < nm < lme
(b) 0 < nn < Ilna,lnb
(c) n1>0
(d) isw € {0,1,—1}
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

[ 147 1420 1+3i 1+4+4i
A= 247 242 2+3i 24+4i
3+47 3+2i 3+3i 3+4i

| 4+i 4420 4+3i 4+4i

[ 1+i 142 1+3i 1+4i
B 244 242 2430 244i
344 3+2 3+3i 3+4i

| 444 4+2i 4+3i 4+4i

Obtain C' = A*B.

1+ 54
2+ 5t
3+ 5¢
4+ 51
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(b) Input data

Matrices A and B, Ina = 11, Inb = 11, Inc = 11, nm = 5, nn = 4, nl = 4 and isw = 0.

(¢) Main program

/* C interface example for ASL_zamlhm */

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

int main()
{

double *ar;
double *aij;
int lma=11;
int nm=5;

int nn=4;

double *br;
double *bij;
int 1lnb=11;
int nl=4;

double *cr;
double *cij;

Imc=)2d\n\n", Ima, lnb, lmc );

int 1lmc=11;

int isw=0;

int ierr;

int i,j;

printf( " *#x* ASL_zamihm ***\n" );
printf( "\n *#x Input **\n\n" );
printf( "\tlma=Y%2d 1nb=%2d

printf( "\tnm =%2d nn =)2d nl

printf ( "\tisw=%2d\n\n", isw );

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

printf( "no enough memory for
return -1;
ai = ( double * )malloc((size_t)(
if( ai == NULL )
printf( "no enough memory for
return -1;
br = ( double * )malloc((size_t)(
if ( br == NULL )
printf( "no enough memory for
return -1;
bi = ( double * )malloc((size_t)(
if ( bi == NULL )
printf( "no enough memory for
return -1;
cr = ( double * )malloc((size_t)(
if ( cr == NULL )
printf( "no enough memory for
return -1;
ci = ( double * )malloc((size_t)(
if( ci == NULL )

printf( "no enough memory for
return -1;

=%2d\n\n", nm, nn, nl );
sizeof (double) * (lmaxnm) ));

array ar\n" );

sizeof (double) * (lmaxnm) ));

array ai\n" );

sizeof (double) * (lnb*nl) ));

array br\n" );

sizeof (double) * (lnb*nl) ));

array bi\n" );

sizeof (double) * (Ilmc*nl) ));

array cr\n" );

sizeof (double) * (lmc*nl) ));

array ci\n" );

printf( "\tReal part of matrix A\n" );

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

printf( "\t" );
for( j=0 ; j<nm ; j++ )

printf( "%8.3g ", ar[i+lmaxjl=i+l );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );

{or( i=0 ; i<nn ; i++ )
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printf( "\t" );
for( j=0 ; j<nm ; j++ )

printf( "%8.3g ", aili+lmaxjl=j+1 );
}
printf( "\n" );

}
printf( "\n\tReal part of matrix B\n" );
%or( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", brli+lnb*jl=i+l );
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

N printf( "%8.3g ", bil[i+lnb*jl=j+1 );
printf( "\n" );
}
ierr = ASL_zamilhm(ar, ai, lma, nm, nn, br, bi, 1lnb, nl, cr, ci, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<om ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", crli+lmc*jl );
}
printf( "\n" );
}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )
printf( "\t" );
for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", cili+lmc*jl );

}
printf( "\n" );
}

free( ar
free( ai
free( br
free( bi
free( cr
free( ci

(AN

return O;

}
(d) Output results

*x*x ASL_zamlhm **x*
** Input *x*
Ima=11 1nb=11 Imc=11

nm = 5 nn = 4 nl = 4

isw= 0
Real part of matrix A
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1
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2 2 2 2
3 3 3 3
4 4 4 4
Imaginary part of matrix B
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
** Qutput **
ierr = 0
Real part of matrix C
42 46
38 46 54 62
42 54 66 78
46 62 78 94
50 70 90 110
Imaginary part of matrix C
0 10 20 30
-10 0 10 20
-20 -10 0 10
-30 -20 -10 0
-40 -30 -20 -10
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3.2.14 ASL_zamlhh, ASL_camlhh
Multiplying Complex Matrices (Two-Dimensional Array Type) (Real Argu-
ment Type) (C =C + A*B*)
(1) Function
Obtain the product of complex matrix A and complex matrix B (C' = [C+]A*B*)
(2) Usage
Double precision:
ierr = ASL_zam1lhh (ar, ai, Ina, nm, nn, br, bi, llb, nl, cr, ci, lmc, isw);
Single precision:
ierr = ASL_camlhh (ar, ai, Ina, nm, nn, br, bi, llb, nl, cr, ci, Imc, 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. & Type Size put/ Contents
Return Value Output
1 ar Dx Inaxnm Input | Real part of complex matrix A
Rx (two-dimensional array).
2 ai D+ Inaxnm Input | Imaginary part of complex matrix A
R (two-dimensional array).
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai.
4 nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C).
5 nn I 1 Input | Number of rows in matrix A

(Number of columns in matrix B).
6 br {D*} lIbxnn Input | Real part of complex matrix A

Rx (two-dimensional array type).
7 bi Dx lIbxnn Input | Imaginary part of complex matrix B

Rx (two-dimensional array type).
8 1Ib I 1 Input | Adjustable dimension of arrays br and bi.
9 nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
10 cr Dx Imexnl Input | Real part of initial complex matrix C' (when
{R*} isw = +1) (two-dimensional array type).
Output | Product of complex matrices
(C = [C£]A*B*).
11 ci Dx Imcxnl Input | Imaginary part of initial complex matrix C'
{R*} (when isw = =£1) (two-dimensional array
type).
Output | Product of complex matrices
(C =[C£]A*B*).
12 Imc I 1 Input | Adjustable dimension of arrays cr and ci.
13 isw I 1 Input | Processing switch.
isw = 1: Obtain C = C + A*B*
isw = 0: Obtain C = A*B*
isw = —1: Obtain C = C — A*B*
14 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 < nm <lmc
(b)

(¢) 0 <nl <Inb
(d) isw € {0,1,—1}

0 < nn < lna

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
1+4 1420 1431 1+4i 1450
241 2429 2431 2+4i 2451
A=|3+7 3+2i 3+3i 3+4i 3+5i
4+1 4+20 4+30 4+41 4+5
5+¢ 5+2i 543t 5+4i 5451
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149 1420 1430 144
2417 2420 243 2+4
34+1 3420 3+3h 3+4:
4417 4427 4430 4+4

Obtain C' = A*B*.

Input data

Matrices A and B, Ina = 11, llb = 11, Inc = 11, nm = 5, nn = 5, nl = 4 and isw = 0.

Main program

/%

1+ 54
2+ 51
3+ 51
4+ 51

C interface example for ASL_zamlhh */

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

int main()
{

double *ar;
double *ai;
int lma=11;
int nm=5;

int nn=5;

double *br;
double *bi;
int lnb=11;
int nl=4;

double *cr;
double *ci;

int 1lmc=11;

int isw=0;

int ierr;

int i,5;

printf( " *%*% ASL_zamlhh ***\n"
printf( "\n ** Input **\n\n" )
printf( "\tlma=%2d 1lnb=/%2d
printf( "\tnm =%2d nn =)2d nl
printf( "\tisw=Y2d\n\n", isw );

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

printf( "no enough memory for
return -1;
ai = ( double * )malloc((size_t)(
if( ai == NULL )
printf( "no enough memory for
return -1;
br = ( double * )malloc((size_t)(
if ( br == NULL )
printf( "no enough memory for
return -1;
bi = ( double * )malloc((size_t)(
if ( bi == NULL )
printf( "no enough memory for
return -1;
cr = ( double * )malloc((size_t) (
if ( cr == NULL )
printf( "no enough memory for
return -1;
ci = ( double * )malloc((size_t)(
if( ci == NULL )

printf( "no enough memory for
return -1;

);

s

=%2d\n\n", nm,

1mc=%2d\n\n", 1lma, lnb, 1lmc );
nn,

nl );

sizeof (double) * (lma*nm) ));

array ar\n" );

sizeof (double)

array ai\n" );

sizeof (double)

array br\n" );

sizeof (double)

array bi\n" );

sizeof (double)

array cr\n" );

sizeof (double)

array ci\n" );

printf( "\tReal part of matrix A\n" );

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

printf( "\t" );
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for( j=0 ; j<mm ; j++ )
printf( "%8.3g ", ar[i+lma*jl=i+1 );
}
printf( "\n" );
}
printf( "\tImaginary part of matrix A\n" );
for( i=0 ; i<nn ; i++ )
printf( "\t" );
for( j=0 ; j<mm ; j++ )
printf( "%8.3g ", aili+lma*xjl=j+1 );
}
printf( "\n" );
}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<nl ; i++ )
printf( "\t" );
for( j=0 ; j<mmn ; j++ )
printf( "%8.3g ", brli+lnb*jl=i+1 );
}
printf( "\n" );
}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nl ; i++ )
printf( "\t" );
for( j=0 ; j<nn ; j++ )
printf( "%8.3g ", bili+lnb*jl=j+1 );
}
printf( "\n" );
}
ierr = ASL_zamihh(ar, ai, lma, nm, nn, br, bi, lnb, nl, cr, ci, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", crli+lmc*j] );
}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix C\n" );
{or( i=0 ; i<om ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cili+lmc*j] );

printf( "\n" );
}

free( ar );
free( ai );
free( br );
free( bi );
free( cr g'

free( ci

return O;

}
(d) Output results

#%*% ASL_zamlhh **x

** Input **

Ima=11 Inb=11 Imc=11
nm = 5 nn = 5 nl = 4
isw= 0
Real pagt of mat{ix A

2 2

N =
N
N
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3 3 3 3 3
4 4 4 4 4
5 5 5 5 5
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix B
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
** Qutput *x*
ierr = 0
Real part of matrix C
0 15 30 45
-15 0 15 30
-30 -15 0 15
-45 -30 -15 0
-60 -45 -30 -15
Imaginary part of matrix C
-60 -65 =70 =75
-65 =75 -85 -95
=70 -85 -100 -115
=75 -95 -115 -135
-80 -105 -130 -155
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3.2.15 ASL_zanlmm, ASL_canlmm
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex
Argument Type) (C =C + AB)

(1) Function
Obtain the product of two complex matrices (Two-dimensional Array Type) (C = [C+]AB).

(2) Usage
Double precision:
ierr = ASL_zanlmm (a, lma, nm, nn, b, lnb, nl, ¢, Imc, isw);
Single precision:

ierr = ASL_canlmm (a, lma, nm, nn, b, Inb, nl, ¢, Imc, 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 Dx Imaxnn Input | Complex matrix A (two-dimensional array
{R* } type).
2 Ima I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 nn I 1 Input | Number of columns in matrix A
(Number of rows in matrix B).
5 b Dx Inbxnl Input | Complex matrix B (two-dimensional array
{R* } type).
Inb I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial complex matrix C' (when isw = £1)

(two-dimensional array type)
Output | Product of complex matrices (C' = [C+]AB).

9 lmc I 1 Input | Adjustable dimension of array c.

10 isw I 1 Input | Processing switch.

isw = 1: Obtain C =C + AB
isw = 0: Obtain C' = AB

isw = —1: Obtain C =C — AB
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

a)
b)
(¢) nl>0
(d) isw € {0,1,—1}

(a) 0 < nm < lma, lmc
(

0 <nn <lInb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

[ 1+i 1+2 1+3i 1+4i 1+5i
244 2420 2430 2440 2450
3+i 3+2i 3+3i 3+4i 3+50
| 4+4 4+20 4430 4440 445

(14 1420 1+30 1+4i
240 242 2430 244
B=|34+i 342 343 3+4i
A+i 442 4+30 4+4i
540 542 5430 544
Obtain C' = AB.

(b) Input data
Matrices A and B, Ima = 11, Inb = 11, Inc = 11, nm = 4, nn = 5, nl = 4 and isw = 0.
(¢) Main program

A:

/* C interface example for ASL_zanlmm */

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

int main()
{

double _Complex *a;
int lma=11;

int nm=4;

int nn=5;

double _Complex *b;
int 1lnb=11;

int nl=4;

double _Complex *c;
int 1lmc=11;

int isw=0;

int ierr;

int 1,j;

printf( " *x% ASL_zanimm ***\n" );

112



ASL_zanlmm, ASL_canlmm
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex Argument Type) (C' = C + AB)

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

printf( "\tlma=%2d 1lnb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lma*nn) ));
%f( a == NULL )

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

return -1;
b = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lnb*nl) ));
if( b == NULL )

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

return -1;
¢ = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lmc*nl) ));
if ( ¢ == NULL )

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

return -1;
printf( "\tReal part of matrix A\n" );
for( i=0 ; i<mm ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

ali+lma*j] = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(ali+lma*jl) );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

printf( "%8.3g ", cimag(ali+lma*jl) );
}
printf( "\n" );

}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<on ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

b[i+lnb*j]l = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(bl[i+lnb*jl) );

}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cimag(bli+lnb*jl) );

}
printf( "\n" );
}

ierr = ASL_zanimm(a, 1lma, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", creal(cl[i+lmc*jl) );
}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )
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printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cimag(c[i+lmc*j]l) );

}
printf( "\n" );

return O;

}
(d) Output results

*xx ASL_zanlmm **x*
** Input *x*
1ma=11 1nb=11 Imc=11

nm = 4 nn =5 nl = 4

isw= 0
Real part of matrix A
1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
5 5 5 5
Imaginar art of matrix B
g Yy P 5 3 4
1 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
** Qutput **
ierr = 0
Real part of matrix C
-15 -30 -45
15 0 -15 -30
30 15 0 -15
45 30 15 0
Imaginary part of matrix C
60 65 70 75
65 75 85 95
70 85 100 115
75 95 115 135
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3.2.16 ASL_zanlmh, ASL_canlmh
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex
Argument Type) (C =C + AB*)

(1) Function
Obtain the product of two complex matrices (Two-dimensional Array Type) (C = [C+]AB*).

(2) Usage
Double precision:
ierr = ASL zanlmh (a, lma, nm, nn, b, llb, nl, ¢, lmc, isw);
Single precision:

ierr = ASL_canlmh (a, lma, nm, nn, b, 1lb, nl, ¢, Imec, 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 Dx Imaxnn Input | Complex matrix A (two-dimensional array
{R* } type).
2 Ima I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of rows in matrix A
(Number of rows in matrix C).
4 nn I 1 Input | Number of columns in matrix A
(Number of columns in matrix B).
5 b Dx llbxnn Input | Complex matrix B (two-dimensional array
{R* } type).
11b I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
8 c {D*} lmexnl Input | Initial complex matrix C' (when isw = £1)

(two-dimensional array type).

Output | Product of complex matrices

(C = [Cx]AB*).
9 Imc I 1 Input | Adjustable dimension of array c.
10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + AB*
isw = 0: Obtain C' = AB*

isw = —1: Obtain C = C — AB*
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

a

(a) 0 <nm < Ima, Imc
(b) 0 < nl < 1Ih
)
)

(¢) nn>0
(d) isw € {0,1, -1}

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
[ 1+i 1+2 1+3i 1+4i 1+5i
2449 242i 2431 244 2450

A=
3+4 3+2i 3+3c 3+4i 3+5i
| 4+4 4420 4430 4+4i 4450 |
[ 144 1420 1437 1+4i 1453 ]
B 244 2420 24+3i 2+4i 2450

341 342t 3+3t 3+4+47 3+5
| 447 4+27 4437 4447 445
Obtain C' = AB*.

(b) Input data
Matrices A and B, Ima = 11, 1lb = 11, Inc = 11, nm = 4, nn = 5, nl = 4 and isw = 0.
(¢) Main program

/* C interface example for ASL_zanlmh */

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

int main()
{

double _Complex *a;
int 1lma=11;

int nm=4;

int nn=5;

double _Complex *b;
int 1lnb=11;

int nl=4;

double _Complex *c;
int 1lmc=11;

int isw=0;

int ierr;

int 1,j;

printf( " *x% ASL_zanimh **x\n" );
printf( "\n ** Input **\n\n" );
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printf( "\tlma=%2d 1nb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf( "\tisw=Y,2d\n\n", isw );

a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lma*nn) ));
%f( a == NULL )

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

b = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lnb*nn) ));
if( b == NULL )

{
printf( "no enough memory for array b\n" );
return -1;
}
c = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lmc#*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tReal part of matrix A\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

ali+lma*j] = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(ali+lma*jl) );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", cimag(ali+lma*jl) );
}
printf( "\n" );

}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<nl ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

b[i+lnb*j]l = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(bl[i+lnb*jl) );

}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nl ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

printf( "%8.3g ", cimag(bli+lnb*jl) );

}
printf( "\n" );
}

ierr = ASL_zanimh(a, 1lma, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", creal(cl[i+lmc*jl) );
¥
printf( "\n" );

}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
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for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", cimag(cl[i+lmc*jl) );

}
printf( "\n" );

return O;

}
(d) Output results

*xx ASL_zanlmh ***

** Input *x*

Ima=11 Inb=11 Imc=11
nmm =4 nn =25 nl = 4
isw= 0

Real part of matrix A

1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix B
£ 1y P 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
*% Qutput *x*
ierr = 0
Real part of matrix C
60 65 70 75
65 75 85 95
70 85 100 115
75 95 115 135
Imaginary part of matrix C
0 15 30 45
-15 0 15 30
-30 -15 0 15
-45 -30 -15 0
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3.2.17 ASL_zanlhm, ASL _canlhm
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex
Argument Type) (C =C + A*B)

(1) Function
Obtain the product of complex matrix A and complex matrix B (C' = [C+]A*B)

(2) Usage
Double precision:
ierr = ASL_zanlhm (a, lna, nm, nn, b, Inb, nl, ¢, lmc, isw);
Single precision:

ierr = ASL_canlhm (a, Ina, nm, nn, b, lnb, nl, ¢, Ime, 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 7k Inaxnm Input | Complex matrix A (two-dimensional array
{C*} type).
2 Ina I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C').
4 nn I 1 Input | Number of rows in matrix A
(Number of rows in matrix B).
5 b D« Inbxnl Input | Real matrix B (two-dimensional array type).
e
Inb I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of columns in matrix B

(Number of columns in matrix C').
8 c {Z*} lmexnl Input | Initial complex matrix C' (when isw = £1)

(two-dimensional array type).

Output | Product of complex matrices

(C =[C+£]A*B).
9 Imc I 1 Input | Adjustable dimension of array c.
10 isw I 1 Input | Processing switch.

isw = 1: Obtain C =C + A*B
isw = 0: Obtain C' = A*B

isw = —1: Obtain C =C — A*B
11 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0 < nm < lme
(b) 0 < nn < Ina,Inb
(¢) nl>0

)

(d) isw € {0,1, -1}

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem
[ 1+i 1+2 1+3i 1+4i 1+5i
2449 242i 2431 244 2450

A=
3+4 3+2i 3+3c 3+4i 3+5i
| 440 4420 4+3i 4+4i 4450
[ 14+d¢ 142 1+3i 1+4i

B 244 242 243i 2+4i

3+47 34+2¢ 3+31 3+4i
| 4+i 4+20 4+30 4+4i
Obtain C' = A*B.

(b) Input data
Matrices A and B, Ina = 11, Inb = 11, Inc = 11, nm = 5, nn = 4, nl = 4 and isw = 0.
(¢) Main program

/* C interface example for ASL_zanlhm */

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

int main()
{

double _Complex *a;
int 1ma=11;

int nn=4;

double _Complex *b;
int 1lnb=11;

int nl=4;

double _Complex *c;
int 1lmc=11;

int isw=0;

int ierr;

int 1,j;

printf( " *x% ASL_zanlhm **x\n" );
printf( "\n ** Input **\n\n" );
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printf( "\tlma=%2d 1nb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf( "\tisw=Y,2d\n\n", isw );

a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lma*nm) ));
%f( a == NULL )

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

b = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lnb*nl) ));
if( b == NULL )

{
printf( "no enough memory for array b\n" );
return -1;
}
c = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lmc#*nl) ));
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tReal part of matrix A\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<mm ; j++ )

ali+lma*j] = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(ali+lma*jl) );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nm ; j++ )

printf( "%8.3g ", cimag(ali+lma*jl) );
}
printf( "\n" );

}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<on ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

b[i+lnb*j]l = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(bl[i+lnb*jl) );

}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cimag(bli+lnb*jl) );

}
printf( "\n" );
}

ierr = ASL_zanlhm(a, 1lma, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", creal(cl[i+lmc*jl) );
¥
printf( "\n" );

}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
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for( j=0 ; j<nl ; j++ )
printf( "%8.3g ", cimag(cl[i+lmc*jl) );

}
printf( "\n" );

return O;

}
(d) Output results

*xx ASL_zanlhm *x**

** Input *x*

Ima=11 Inb=11 Imc=11
nm =5 nn =4 nl =4
isw= 0

Real part of matrix A

1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix A
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1
2 2 2 2
3 3 3 3
4 4 4 4
Imaginar; art of matrix B
£ 1y P 2 3 4
1 2 3 4
1 2 3 4
1 2 3 4
*% Qutput *x*
ierr = 0
Real part of matrix C
34 38 42 46
38 46 54 62
42 54 66 78
46 62 78 94
50 70 90 110
Imaginar; art of matrix C
£ Oy P 10 20 30
-10 0 10 20
-20 -10 0 10
-30 -20 -10 0
-40 -30 -20 -10
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3.2.18 ASL_zanlhh, ASL_canlhh
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex
Argument Type) (C =C + A*B¥)
(1) Function
Obtain the product of complex matrix A and complex matrix B (C' = [C+]|A*B*)
(2) Usage
Double precision:
ierr = ASL_zanlhh (a, Ina, nm, nn, b, llb, nl, ¢, lmc, isw);
Single precision:
ierr = ASL_canlhh (a, Ina, nm, nn, b, llb, nl, ¢, Imc, 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 7k Inaxnm Input | Complex matrix A (two-dimensional array
{C*} type).
2 Ina I 1 Input | Adjustable dimension of array a.
nm I 1 Input | Number of columns in matrix A
(Number of rows in matrix C').
4 nn I 1 Input | Number of rows in matrix A
(Number of columns in matrix B).
5 b Tk llbxnn Input | Complex matrix B (two-dimensional array
{c*} type).
11b I 1 Input | Adjustable dimension of array b.
nl I 1 Input | Number of rows in matrix B

(Number of columns in matrix C').
8 c {Z*} lmexnl Input | Initial complex matrix C' (when isw = £1)

(two-dimensional array type).
Output | Product of real matrices (C' = [C+]A*B*).

9 lmc I 1 Input | Adjustable dimension of array c.

10 isw I 1 Input | Processing switch.

isw = 1: Obtain C = C + A*B*
isw = 0: Obtain C = A*B*

isw = —1: Obtain C' =C — A*B*
11 ierr I 1 Output | Error indicator (Return Value)

123



ASL_zanlhh, ASL_canlhh
Multiplying Complex Matrices (Two-Dimensional Array Type) (Complex Argument Type) (C' = C + A* B¥)

(4) Restrictions

a) 0 <nm <lmec

b

(c
(d) isw € {0,1,—1}

(
(b) 0 < nn <Ina
0 <nl <Inb

)
)
)
)

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 nn was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
3010 Restriction (d) was not satisfied.
(6) Notes
None

(7) Example

(a) Problem

[ 144 142 1+43i 1+4i 1+45i
240 242 2430 2+4i 2450
A=|3+i 3+2 3+3i 3+4i 3+5i
A4i 442 4+3i 4440 4+5i
5449 542 5+3i 5+4i 5+5i

[ 1+4d 1+2i 1+3i 1+4i 145
247 2420 2431 2+4i 2450
3+7 342t 3+31 3+4i 3+5¢
| 4+¢ 4+2¢ 4437 4447 445
Obtain C' = A*B*.
(b) Input data
Matrices A and B, Ina = 11, llb = 11, Inc = 11, nm = 5, nn = 5, nl = 4 and isw = 0.
(¢) Main program

/* C interface example for ASL_zanlhh */

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

int main()
{

double _Complex *a;
int lma=11;

int nm=5;

int nn=5;

double _Complex *b;
int 1lnb=11;

int nl=4;

double _Complex *c;
int 1lmc=11;

int isw=0;

int ierr;

int i,j;

printf( " *x% ASL_zanlhh **x\n" );
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printf( "\n ** Input **\n\n" );

printf( "\tlma=%2d 1lnb=%2d 1lmc=%2d\n\n", lma, lnb, lmc );
printf( "\tnm =%2d nn =%2d nl =2d\n\n", nm, nn, nl );
printf ( "\tisw=%2d\n\n", isw );

a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lma*nm) ));
%f( a == NULL )

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

return -1;
b = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lnb*nn) ));
if( b == NULL )

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

return -1;
¢ = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lmc*nl) ));
if ( ¢ == NULL )

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

return -1;
printf( "\tReal part of matrix A\n" );
for( i=0 ; i<mmn ; i++ )

printf( "\t" );
for( j=0 ; j<mnm ; j++ )

ali+lma*j] = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(ali+lma*jl) );

}
printf( "\n" );

}
printf( "\tImaginary part of matrix A\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<mm ; j++ )

printf( "%8.3g ", cimag(ali+lma*jl) );
}
printf( "\n" );

}
printf( "\n\tReal part of matrix B\n" );
for( i=0 ; i<nl ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

b[i+lnb*j]l = (double) (i+1) + (double) (j+1) * _Complex_I;
printf( "%8.3g ", creal(bl[i+lnb*jl) );

}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix B\n" );
for( i=0 ; i<nl ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", cimag(bli+lnb*jl) );

}
printf( "\n" );
}

ierr = ASL_zanlhh(a, 1lma, nm, nn, b, 1lnb, nl, c, lmc, isw);

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

printf( "\n\tReal part of matrix C\n" );
for( i=0 ; i<nm ; i++ )

printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", creal(cl[i+lmc*jl) );
}
printf( "\n" );

}
printf( "\n\tImaginary part of matrix C\n" );
for( i=0 ; i<nm ; i++ )
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printf( "\t" );
for( j=0 ; j<nl ; j++ )

printf( "%8.3g ", cimag(c[i+lmc*j]l) );

}
printf( "\n" );

return O;

}
(d) Output results

*xx ASL_zanlhh *x**

** Input **

Ima=11 1nb=11 Imc=11
nm = 5 nn =5 nl = 4
isw= 0

Real part of matrix A
1

1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
5 5 5 5 5
Imaginar; art of matrix A
& 1y P 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
Real part of matrix B
1 1 1 1 1
2 2 2 2 2
3 3 3 3 3
4 4 4 4 4
Imaginary part of matrix B
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
** Qutput **
ierr = 0
Real part of matrix C
0 15 30 45
-15 0 15 30
-30 -15 0 15
-45 -30 -15 0
-60 -45 -30 -15
Imaginar; art of matrix C
£ -60y P -65 =70 =75
-65 =75 -85 -95
=70 -85 -100 -115
=75 -95 -115 -135
-80 -105 -130 -155
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3.2.19 ASL_damlvm, ASL_ramlvm
Multiplying a Real Matrix (Two-Dimensional Array Type) and a Vector
(1) Function

Obtain the product of the real matrix A (two-dimensional array type) and the vector x.

(2) Usage
Double precision:
ierr = ASL_damlvm (a, lma, m, n, x, y);
Single precision:

ierr = ASL_ramlvm (a, lma, m, n, x, y);

(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 Dx Imaxn Input | Real matrix A (two-dimensional array type).
Rx
2 Ima I 1 Input | Adjustable dimension of array a.
3 m I 1 Input | Number of rows in matrix A.
4 n I 1 Input | Number of columns in matrix A.
5 X n Input | Multiplier vector x.

6 y D+ m Output | Product (Az) of matrix A and vector x.
R«
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) n>0

(b) 0 <m <lma

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
None
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(7) Example

(a) Problem

9 8 7
8 8 7
e TTT7
7 6 6
6 6 6
| 5 6 7 |
!
=] —1
et
Obtain y= Ax.
Input data

Matrix A, vector , Ima = 11, m = 6 and n = 3.

Main program

/*

#include
#include
#include
#include

C interface example for ASL_damlvm */

<stdio.h>
<stdlib.h>
<math.h>
<asl.h>

int main()
{

doub
int
int
int
doub
doub
int
int
FILE

fp = fopen( "damivm.dat",

if(

le *a;
ma=11;
mm;
nn;
le *b;
le *x;
ierr;
1) ;
*%p;

fp == NULL )

nypn );

printf( "file open error\n" );

return -1;

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

printf( "\n

fscanf( fp, "%d", &mm );
fscanf( fp, "%d", &nn );

a =
if(
{

if (
{

}

printf( "\tNumber of Rows
printf( "\tNumber of Columns

( double * )malloc((size_t)( sizeof (double)

a == NULL )

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

return -1;

b ==

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

return -1;

X ==

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

return -1;

printf( "\n\t Matrix a\n\n" );

for(

i=0 ; i<mm ; i++ )

printf( "\t" );

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

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

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

%6d\n", mm );
%6d\n", nn );
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for( j=0 ; j<mmn ; j++ )

fscanf ( fp, "%1lf", &ali+maxjl );
printf( "%8.3g ", ali+maxj] );

}
printf( "\n" );
}

printf( "\n\t Vector X\n\n" );
for( j=0 ; j<mn ; j++ )

fscanf( fp, "ALlf", &x[j] );

printf( "\t%8.3g\n", x[jl );
fclose( fp );
ierr = ASL_damivm(a, ma, mm, nn, X, b);
printf( "\n **% OQutput *x\n\n" );

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

printf( "\n\t Vector Ax\n\n" );
for( i=0 ; i<mm ; i++ )

printf( "\t x[/6d] = %8.3g\n", i, bl[il );

}
(d) Output results

%k ASL_damlvm ***

*k Input *%

Number of Rows = 6
Number of Columns = 3
Matrix a
9 8 7
8 8 7
7 7 7
7 6 6
6 6 6
5 6 7
Vector X
1
-1
1

** Qutput **

ierr = 0

Vector Ax
x[ 0] = 8
x[ 1] = 7
x[ 2] = 7
x[ 3] = 7
x[ 4] = 6
x[ 5] = 6
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3.2.20 ASL_dam3vm, ASL_ram3vm

Multiplying a Real Band Matrix (Band Type) and a Vector

(1) Function
Obtain the product of the real band matrix A (band type) and the vector x.

(2) Usage
Double precision:

ierr = ASL_dam3vm (a, lma, n, mu, ml, x, y);

Single precision:

ierr = ASL_ram3vm (a, lma, n, mu, ml, x, y);

(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
No. rgument and Type Size Input/ Contents
Return Value Output
1 a D+ Imaxn Input | Real band matrix A (band type) (See Ap-
Rx pendix B).
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mu I 1 Input | Upper band width of matrix A.
5 ml I 1 Input | Lower band width of matrix A.
6 X D+ n Input | Multiplier vector x.
Rx
7 y Dx n Output | Product (Ax) of matrix A and vector x.
Rx
8 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>0
(b) 0 <mu<n
(¢) 0<ml<n
)
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b), (¢) or (d) was not Processing is aborted.
satisfied.
(6) Notes
None

(7) Example

(a) Problem

1 -1 0 0
-1 -1
e 2 0
0 -1 2 -1
0o 0 -1 2
[ 4
3
xXr =
2
| 1
Obtain y= Azx.

(b) Input data
Matrix A, Vector «, Ima = 11, n = 4, mu = 1 and ml = 1.

(¢) Main program

/* C interface example for ASL_dam3vm */

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

int main()

double *a;
int ma=3;
int nn=4;
int mmu=1;
int mml=1;
double *x;
double *y;
int ierr;
int i,j;

double *b;
int nb=4;

FILE *fp;

fp = fopen( "dam3vm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
printf( " *x*x ASL_dam3vm ***\n" );
printf( "\n *x Input **\n\n" );

a = ( double * )malloc((size_t)( sizeof(double) * (ma*nn) ));
if( a == NULL )

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

x = ( double * )malloc((size_t)( sizeof(double) * nn ));
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%f( x == NULL )
printf( "no enough memory for array x\n" );
return -1;

y = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( y == NULL )

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

b = ( double * )malloc((size_t)( sizeof (double) * (nb*nn)
b == NULL )

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

printf( "\tMatrix\n\n" );
{or( i=0 ; i<mb ; i++ )
printf( "\t" );
for( j=0 ; j<nn ; j++ )
fscanf( fp, "JLlf", &bl[i+nbx*j] );
printf( "%8.3g ", bli+nb*j] );
}
printf( "\n" );
}

printf( "\n\tVector\n\n" );
for( i=0 ; i<nn ; i++ )

fscanf( fp, "%1f", &x[i] );
printf( "\t%8.3g\n", x[il );
}

fclose( fp );

ierr = ASL_dabmcs(b, nb, nn, mmu, mml, a, ma);
ierr = ASL_dam3vm(a, ma, nn, mmu, mml, x, y);
printf( "\n ** Output **\n\n" );

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

printf( "\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g\n", yl[il );

return O;

}
(d) Output results

sk% ASL_dam3vm sk

*k Input *%

Matrix
1 -1 0 0
-1 2 -1 0
0 -1 2 -1
0 -1 2
Vector
4
3
2
1

*% Qutput *x*

ierr = 0

QOO
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3.2.21 ASL_dam4vm, ASL_ram4vm
Multiplying a Real Symmetric Band Matrix (Symmetric Band Type) and a
Vector

(1) Function
Obtain the product of the real band symmetric matrix A (symmetric band type) and the vector x.
(2) Usage
Double precision:
ierr = ASL_dam4vm (a, lma, n, mb, x, y);
Single precision:

ierr = ASL_ram4vm (a, lma, n, mb, x, y);

(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
1 a Dx Imaxn Input | Real symmetric band matrix A (symmetric
R band type) (See Appendix B).
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 X Dx n Input | Multiplier vector x.
Rx
6 y D« n Output | Product (Ax) of matrix A and vector .
Rx
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) n>0
(b) 0<mb<n

(¢) mb < lma

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
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(6) Notes
None

(7) Example

(a) Problem

[ 1 -1 0 0
-1 2 -1 0
A:
0 -1 2 -1
0o 0 -1 =2
[ 4
3
xr =
2
!
Obtain y= Ax.

(b) Input data
Matrix A, vector x, Ima = 11, n = 4 and mb = 1.

(¢) Main program

/* C interface example for ASL_damdvm */

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

int main()
{

double *a;
int ma=3;
int nn=4;
int mm=1;
double *x;
double *y;
int ierr;
int i,j;
double *bj;
int nb=4;
int mm2=1;
FILE *fp;

fp = fopen( "dam4vm.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_damdvm ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
%f( a == NULL )

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

x = ( double * )malloc((size_t)( sizeof(double) * nn ));
%f( x == NULL )

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

y = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( y == NULL )

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

( double * )malloc((size_t)( sizeof (double) * (nb*nn) ));
%f( b == NULL )
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printf( "no enough memory for array b\n" );
return -1;

printf( "\tMatrix\n\n" );
for( i=0 ; i<mnb ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1f", &bl[i+nbxjl );
printf( "%8.3g ", bli+nb*jl );

}
printf( "\n" );
}

printf( "\n\tVector\n\n" );
for( i=0 ; i<nn ; i++ )

fscanf( fp, "ALf", &x[il );
printf( "\t%8.3g\n", x[il );

fclose( fp );

ierr = ASL_dasbcs(b, nb, nn, mm2, a, ma);
ierr = ASL_dam4vm(a, ma, nn, mm, X, y);
printf( "\n *x Output **\n\n" );

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

printf( "\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g\n", yl[il );

return O;

}
(d) Output results

%k ASL_damdvm ***

** Input *x*

Matrix
1 -1 0 0
-1 2 -1 0
0 -1 2 -1
0 0 -1 2
Vector
4
3
2
1

** Qutput *x*

ierr = 0

[eXeeol o
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3.2.22 ASL_damltp, ASL_ramltp

Transposing a Real Matrix (Two-Dimensional Array Type)

(1) Function

Obtain the transposed matrix of the real matrix A (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_damltp (a, lma, m, n, b, Inb);
Single precision:

ierr = ASL_ramltp (a, lma, m, n, b, Inb);
(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. FEUHent aty Type Size nput/ Contents
Return Value Output
1 a D+ Imaxn Input | Real matrix A (two-dimensional array type).
Rx
2 Ima I 1 Input | Adjustable dimension of array a.
3 m I 1 Input | Number of rows in matrix A.
4 n I 1 Input | Number of columns in matrix A.
5 b D Inbxm Output | Transposed matrix A7 (two-dimensional ar-
Rx ray type) of matrix A.
6 Inb I 1 Input | Adjustable dimension of array b.
7 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <m <lma
(b) 0 <n <lInb
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes
None
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(7) Example

(a)

Problem
11 12 13
21 22 2
A= 3
31 32 33
0 42 43
Obtain B = AT.
Input data

Matrix A, Ima = 11, Inb = 11 m = 4 and n = 4.

Main program

/* C interface example for ASL_damltp */

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

#include <asl.h>

int main()
{

double *a;
int ma=4;
int mm=4;
int nn=4;
double *b;
int nb=4;
int ierr;
int i,j;

FILE *fp;

fp = fopen( "damltp.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *#x* ASL_damitp ***\n" );
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
%f( a == NULL )

printf( "no enough memory for array a\n" );
return -1;
b = ( double * )malloc((size_t)( sizeof(double) * (nb*mm) ));
%f( b == LL )
printf( "no enough memory for array b\n" );
return -1;
printf( "\tinput matrix\n\n" );
for( i=0 ; i<ma ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

fscanf ( fp, "%1lf", &ali+maxjl );
printf( "%8.3g ", ali+ma*j] );

}
printf( "\n" );

fclose( fp );
ierr = ASL_damitp(a, ma, mm, nn, b, nb);

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

printf( "\toutput matrix\n\n" );
for( i=0 ; i<mnb ; i++ )

printf( "\t" );
for( j=0 ; j<mm ; j++ )

printf( "%8.3g ", bli+nb*j]l );
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printf( "\n" );
free( a );
free( b );

return O;

}
(d) Output results

sk ASL_damltp ***
*k Input *%

input matrix

11 12 13 14
21 22 23 24
31 32 33 34
41 42 43 44

*% Output *x*
ierr = 0

output matrix

11 21 31 41
12 22 32 42
13 23 33 43
14 24 34 44
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3.2.23 ASL_dam3tp, ASL_ram3tp
Transposing a Real Band Matrix (Band Type)

(1) Function
Obtain the transposed matrix of the band matrix A (band type).

(2) Usage
Double precision:
ierr = ASL_dam3tp (a, lma, n, mu, ml, b, lmb);
Single precision:
ierr = ASL_ram3tp (a, lma, n, mu, ml, b, Imb);

(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
1 a Dx Imaxn Input | Real band matrix A
Rx (band type) (See Appendix B).
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mu I 1 Input | Upper band width of matrix A.
5 ml I 1 Input | Lower band width of matrix A.
6 b D+ Imbxn Output | Transposed matrix AT
R of matrix A (band type) (See Appendix B).
7 Imb I 1 Input | Adjustable dimension of array b.
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. Processing continues.
3000 Restriction (a), (b), (c) or (d) was not Processing is aborted.
satisfied.
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(6) Notes

(a) Array b elements that had not been stored in matrix A retain the values they had at the time the
function was called.

Example:
Storage status within array a[lma x k]
x| al0] | az2,1 | allma] as, | a[4xlmal
a1 | a[l] | az,2 | a[lma+1] as,5 | a[dxlma+1]
aiz | af2] | az3 | allma+2] * | aldxIma+2] 2xml+mu+t1
Ima ays | a[3] | az,4 | a[lma+3] x| a[dxIlma+3]
- |a[4] | — | a[lma+t4] x| a[4x1ma+4]
- n————— -
——————————— = k—-——————————- —
4
Storage status within array b[lmb x k|
* | b[0] | * | b[lmb] as,s | b[4xlmb]
x| b[1] | a1,2 | b[lmb+1] as,5 | b[4xlmb+1]
a1 b[2] az,2 b[lmb+2] as,s b[4><lmb+2} 2xml+mu-+1
Imb az1 | b[3] | azz2 | blmb+3] ---| % | bldxImb+3]
— | b4 | — | b[lmb+4] x| b[4x1lmb+4]
—————= n—-———— —
——————————— = k—-——————————- —
Remarks

a. Elements of b indicated by asterisks (x) and dashes (—) retain their input-time values.
b. The area indicated by dashes (-) is required for an LU decomposition of the matrix.
c.  mu is the upper band width and ml is the lower band width.

d. lmb > ml+ mu and k > n must hold. (However, if LU decomposition is to be performed after conversion,
Imb > 2 X ml+ mu + 1 and k > n must hold.)

(7) Example

(a) Problem
11 12 13 O
21 22 23 24

A:
0 32 33 34
0 0 43 44
Obtain B = AT.

(b) Input data

Matrix A, lma = 11, Imb =11, n =4, mu = 2 and ml = 1.
(¢) Main program

/* C interface example for ASL_dam3tp */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()
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double *a;
int ma=5;
int nn=4;
int mmu=2;
int mml=1;
double *bj;
int mb=5;
int ierr;
int i,j;

double *c;
int mc=4;

FILE *fp;

fp = fopen( "dam3tp.dat", "r" );

if ( fp == NULL )

printf( "file open error\n" );
return -1;

printf( " #%% ASL_dam3tp ***\n" );
printf( "\n *x Input **\n\n" );
a = ( double * )malloc((size_t)( sizeof (double)
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
b = ( double * )malloc((size_t)( sizeof (double)
%f( b == NULL )
printf( "no enough memory for array b\n" );
) return -1;
¢ = ( double * )malloc((size_t)( sizeof (double)
%f( ¢ == NULL )
printf( "no enough memory for array c\n" );
) return -1;

printf( "\tinput matrix\n\n" );
for( i=0 ; i<mc ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1lf", &cli+mcxjl );
printf( "%8.3g ", cli+mc*jl );

}
printf( "\n" );
}

fclose( fp );
for( i=0 ; i<ma ; i++ )
for( j=0 ; j<mmn ; j++ )
ali+ma*j] = 0.0;
}
for( i=0 ; i<mb ; i++ )
¢ for( j=0 ; j<mnn ; j++ )

bli+mb*j] = 0.0;

}
}
ierr = ASL_dabmcs(c, mc, nn, mmu, mml, a, ma);
ierr = ASL_dam3tp(a, ma, nn, mmu, mml, b, mb);
ierr = ASL_dabmel(b, mb, nn, mml, mmu, c, mc);
printf( "\n *x Output **\n\n" );

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

printf ( "\toutput matrix\n\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

printf( "%8.3g ", cli+mc*j] );
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printf( "\n" );

return O;

}
(d) Output results

sk% ASL_dam3tp sk

** Input *x*
input matrix

11
21
0
0

** Qutput **
ierr = 0
output matrix

11
12

13
0

12
22

32
34

24
44
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3.2.24 ASL_damvjl, ASL_ramvjl
Matrix—Vector Product of a Real Random Sparse Matrix (JAD; Jagged
Diagonals Storage Type) (y = fy + aAx)
(1) Function
Obtain the product (y = By + aAx) of real random sparse matrix A (JAD; jagged diagonals storage type)

and vector x.

(2) Usage
Double precision:
ierr = ASL_damvjl (ajad, Ixa, iajad, jajad, jadord, n, mjad, alpha, beta, x, y, w);
Single precision:
ierr = ASL_ramvjl (ajad, Ixa, iajad, jajad, jadord, n, mjad, alpha, beta, x, y, 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. FEHment ai Type Size nput/ Contents
Return Value Output
1 ajad D« Ixa Input | Sparse matrix A (JAD storage type) (See Ap-
R pendix B).
2 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
iajad I* mjad+1 Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
4 jajad I* Ixa Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
5 jadord I* n Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
n I 1 Input | Order of vectors x and y.
mjad I 1 Input | Number of jagged diagonals for JAD storage
of matrix A.
8 alpha D 1 Input | Multiplier « of y = By + aAx.
R
9 beta D 1 Input | Multiplier 8 of y = Sy + aAx.
R
10 X D+ n Input | Vector x of y = Sy + aAx.
Rx
11 y Dx n Input/ | Vector y of y = By + aAx.
Ry Output
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Argument and ) Input/
Type Size
Return Value Output

Contents

12

w D n Work | Work area
R

13

ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a)
(b)
(©)

n>0
0 <mjad <n

iajad[mjad] — iajad[0] < lxa

(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.
(Contradictions may exist among input

value for n, a, ia, ja).

3200 Restriction (c) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

()

When you want to calculate a matrix-vector product of sparse matrix A that has matrices of size 3x3
ASL_damvj3}

or 4x4 as block elements, performance will be better if you calculate by using 3.2.25 '
ASL_ramvj3

or 3.9.96 ASL_damvij4 .
ASL_ramvj4

Matrix storage type conversions preceded by using this function should be executed as less number
of times as possible. For example, when you will calculate repeatedly matrix-vector products without
changing matrix A for iterative solution methods of simultaneous linear equation, eigenvalue equation

of sparse matrix and so on, calculation will be performed efficiently if you perform storage mode

ASL _darsjd ASL_dargjm

: or 2.2.6 :
ASL_rarsjd ASL_rargjm
and use repeatedly this function inside the iteration loop.

conversion only once using 2.2.5 { } outside the iteration loop

(7) Example

(a)

Problem

Hold the real random sparse matrix A in the array a as real one-dimensional row-oriented block list
type, convert the storage mode into JAD storage type, and then solve the matrix-vector conducts
y = By + aAx using by the array ajad holding the matrix with converted mode.
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(b) Main program

/% C interface example for ASL_damvjl */

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

int main(){
const int n=4;
const int nz=8;
const int isw=0;
const int 1xa=8;
const int 1lxia=5;
const int m=1;
int ialn+1],jalnz],iajad[1xia],jajad[1lxa], jadord[n];
int iw[n*2+1];
int mjad,ierr;
int 1i,j;
double alnz],ajad[lxal;
double x[n], y[n], wlnl;
const double alpha=1.0, beta=1.0;
FILE *fp;

fp = fopen( "damvjl.dat", "r" );
if ( fp == NULL ){
printf( "file open error\n" );
return -1;

printf( "*** ASL_damvjl ***x\n" );
printf( "\n ** Input **\n\n" );
printf( "\n isw = %d\n\n", isw );
printf( "\n * MATRIX DATA FOR CSR FORMAT *\n");
printf( "\n IA IN CSR\n");
for(i=0; i<n+1; i++){
fscanf( fp, "/d", &ialil );
printf( "%6d", ialil );

}
printf( "\n");

printf( "\n JA IN CSR\n");
for(i=0; i<n; i++){
for(j=ia[ij; j<iali+1l; j++){
fscanf( fp, "Yd", &jalj-1] );
printf( "%6d", jalj-1] );

}

printf( "\n");
}
fclose( fp );

printf( "\n A IN CSR\n");
for(i=0; i<n; i++){
for(j=ia[ij; j<iali+1l; j++){
alj-11 = j;
printf( "%6.3g", alj-11 );

}
printf( "\n");

printf( "\n % ALPHA, BETA *\n");
printf( " %5.0f, %5.0f", alpha, beta);
printf( "\n");
for(i=0; i<n; i++){
x[i] = i + 1;
y[il = n - i;

%rintf( "\n * VECTOR X *\n");

for(i=0; i<n; i++) printf( "%6.3g", x[i] );
printf( "\n");

printf( "\n  * VECTOR Y *\n");

for(i=0; i<n; i++) printf( "%6.3g", yl[il );
printf( "\n");

CONVERT FROM CSR TO JAD
ierr = ASL_dargjm(n,m,a,ia,ja,isw,lxa,lxia,&mjad,ajad,iajad,jajad, jadord,iw);

MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*Ax*X

NN NN
NN NN

ierr = ASL_damvji(ajad,lxa,iajad,jajad,jadord,n,mjad,alpha,beta,x,y,w);

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

printf( "\n  * RESULT Y=BETA*Y+ALPHA*A*X *\n\n");
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for(i=0; i<n; i++) printf( "%6.3g", yl[il );
printf( "\n");

return O;

(¢) Output results

*xk ASL_damvjl *#*

*% Input *%
isw = 0

* MATRIX DATA FOR CSR FORMAT =*

IA IN CSR
1 3 6 7 9
JA IN CSR
1 3
1 2 3
3
3 4
A IN CSR
1 2
3 4 5
6
7 8
* A

LPHA, BETA *
1

>

* VECTOR X *
1 2

* VECTOR Y *
4 3

** Qutput **
ierr = 0

* RESULT Y=BETA*Y+ALPHA*A*X *
11 29 20 54
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3.2.25 ASL_damvj3, ASL_ramvj3
Matrix—Vector Product of a Real Random Sparse Matrix (MJAD; Multiple
Jagged Diagonals Storage Type: 3x3 Block Matrix) (y = fy + aAx)
(1) Function

Obtain the product (y = Sy + aAx) of real random sparse matrix A (MJAD; multiple jagged diagonals
storage type: 3x3 block matrix) and vector .

(2) Usage
Double precision:
ierr = ASL_damvj3 (ajad, Ixa, iajad, jajad, jadord, nb, mjad, alpha, beta, x, y, w);
Single precision:

ierr = ASL_ramvj3 (ajad, Ixa, iajad, jajad, jadord, nb, mjad, alpha, beta, x, y, 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
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 ajad D+ See Input | Sparse matrix A (MJAD storage type)
{R*} Contents Size: Ixax3x3 (See Appendix B).
2 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
iajad I* mjad+1 Input | Array of indices for sparse matrix A (MJAD

storage type) (See Appendix B).

4 jajad I* Ixa Input | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).

5 jadord I* nb Input | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).

6 nb I 1 Input | Number of block rows (or columns) for divid-
ing matrix A into 3x3 block matrix.

7 mjad I 1 Input | Number of jagged diagonals for MJAD stor-
age of matrix A.

8 alpha D 1 Input | Multiplier « of y = fy + aAx.

)
9 beta {D} 1 Input | Multiplier S8 of y = Sy + aAx.
R
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
10 X Dx nbx3 Input | Vector x of y = Sy + aAx.
Rx
11 y D+ nbx3 Input/ | Vector y of y = By + aAx.
Ry Output
12 w D nbx3 Work | Work area
Rx
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) mb >0
(b) 0 < mjad < nb
(c) iajad[mjad] — iajad[0] < Ixa
(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.

(Contradictions may exist among input

value for nb, a, ia, ja.)

3200 Restriction (c) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

()

This function calculates the matrix-vector product of sparse matrix that have element of 3x3 block
matrix. If sparse matrix that have element of 1x1 or 4x4 block matrix, you should be used 3.2.24

ASL_damV:]l and 3.2.26 ASL_damV:]él , respectively.
ASL_ramvjl ASL_ramvj4

Matrix storage type conversions preceded by using this function should be executed as less number
of times as possible. For example, when you will calculate repeatedly matrix-vector products without
changing matrix A for iterative solution methods of simultaneous linear equation, eigenvalue equation

of sparse matrix and so on, calculation will be performed efficiently if you perform storage mode
ASL_darsjd ASL_dargj
SL_darsj or 226 { SL_dargjm

ASL _rarsjd
and use repeatedly this function inside the iteration loop.

conversion only once using 2.2.5 } outside the iteration loop

ASL_rargjm
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(7) Example

(a) Problem
Hold the real random sparse matrix A that have element of 3x3 block matrix in the array a as real

one-dimensional row-oriented block list type, convert the storage mode into MJAD storage type, and

then solve the matrix-vector conducts y = By + aAx using by the array ajad holding the matrix with

converted mode.

Main program

/%

C interface example for ASL_damvj3 */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main(){

const
const
const
const
const
const
const

int ia[nb+1],ja[ﬁz],iajad[lxia],jajad[lxa],jadord[nb];

int
int
int
int
int
int
int

nb=4;
nz=8;
isw=0;
1xa=8;
1xia=5;
m=3;
mm=mxm ;

int iw[nb*2+1];
int mjad,ierr;
int 1,j,k,1;

double alnz*mm],ajad[lxa*mm];

double x[nb*m], y[nb*m], wlnb*m];
const double alpha=1.0, beta=1.0;

FILE *fp;

fp = fopen( "damvj3.dat",

if ( fp == NULL ){
printf( "file open error\n" );
return -1;

printf (
printf (
printf(
printf (
printf(
for(i=0; i<nb+1; i++){
fscanf( fp, "%d", &iali] );

n \n
"\n

’

"x*k ASL_damvj3 ***\n" );

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

%d\n\n", isw );

* MATRIX DATA FOR BLOCK CSR FORMAT *\n");
IA IN BLOCK CSR\n");

"\n isw

printf( "%64",

}
printf( "\n");

printf( "\n
for(i=0; i<mb; i++){
for(j=ialil; j<iali+1]; j++){
fscanf( fp, "%d",
printf( "%6d4",

}
printf( "\n");

}

printf( "\n
for(i=0; i<mnb; i++){
for(k=0; k<m; k++){
for(j=ialil; j<iali+1l; j++){
for(1=0; 1<m; 1++){
al(j-1)*mm+k*m+1] = k*m+l+1;
printf( "¥5.0f",

}
printf( "\n");

fclose( fp );
printf( "\n
printf( "
printf( "\n");

for(i=0; i<mb; i++){
for(j=0; j<m; j++){
x[ixm+j] = i + 1;
y[i*m+j] = nb - i;

JA IN BLOCK CSR\n");

A IN BLOCK CSR\n");

al(j-1) *mm+k*m+1] );

* ALPHA, BETA *\n");
%5.0f, %5.0f",

alpha, beta);

149



ASL_damvj3, ASL_ramvj3
Matrix—Vector Product of a Real Random Sparse Matrix (MJAD; Multiple Jagged Diagonals Storage Type:
3x 3 Block Matrix) (y = fy + aAx)

%rintf( "\n * VECTOR X *\n");

for(i=0; i<nb*m; i++) printf( "%5.0f", x[i]l );
printf( "\n");

printf( "\n  * VECTOR Y *\n");

for(i=0; i<nb*m; i++) printf( "%5.0f", y[il );
printf( "\n");

CONVERT FROM BLOCK CSR TO JAD
ierr = ASL_dargjm(nb,m,a,ia,ja,isw,1lxa,lxia,&mjad,ajad,iajad,jajad,jadord,iw);

MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*A*X

NN NN
NN NN

ierr = ASL_damvj3(ajad,lxa,iajad,jajad,jadord,nb,mjad,alpha,beta,x,y,w);

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

printf( "\n * RESULT Y=BETA*Y+ALPHA*A*X *\n\n");
for(i=0; i<nb*m; i++) printf( "%5.0f", yl[il );
printf( "\n");

return O;

}
(¢) Output results

%+ ASL_damvj3 *#*

*% Input *%
isw = 0

* MATRIX DATA FOR BLOCK CSR FORMAT *
IA IN BLOCK CSR
1 3 6

9

JA IN BLOCK CSR

1 3

1 2 3

3

3 4
A IN BLOCK CSR

1 2 3 1 2 3
4 5 6 4 5 6
7 8 9 7 8 9

1 2 3 1 2 3 1 2 3
4 5 6 4 5 6 4 5 6
7 8 9 7 8 9 7 8 9
1 2 3
4 5 6
7 8 9

1 2 3 1 2 3
4 5 6 4 5 6
7 8 9 7 8 9

* ALPHA, BETA *
1

>

* VECTOR X *
1 1 1
* VECTOR Y =*
4 4 4
** Qutput *x*
ierr = 0

* RESULT Y=BETA*Y+ALPHA*A*X *
28 64 100 39 93 147 20 47 74 43 106 169
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3.2.26 ASL_damvj4, ASL_ramvj4
Matrix—Vector Product of a Real Random Sparse Matrix (MJAD; Multiple
Jagged Diagonals Storage Type: 4x4 Block Matrix) (y = fy + aAx)
(1) Function

Obtain the product (y = Sy + aAx) of real random sparse matrix A (MJAD; multiple jagged diagonals
storage type: 4x4 block matrix) and vector y.

(2) Usage
Double precision:
ierr = ASL_damvj4 (ajad, Ixa, iajad, jajad, jadord, nb, mjad, alpha, beta, x, y, w);
Single precision:

ierr = ASL_ramvj4 (ajad, Ixa, iajad, jajad, jadord, nb, mjad, alpha, beta, x, y, 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
No. Argument and Type Size fnput/ Contents
Return Value ’ Output
1 ajad D+ See Input | Sparse matrix A (MJAD storage type)
{R*} Contents Size: Ixax4x4 (See Appendix B).
2 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
iajad I* mjad+1 Input | Array of indices for sparse matrix A (MJAD

storage type) (See Appendix B).

4 jajad I* Ixa Input | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).

5 jadord I* nb Input | Array of indices for sparse matrix A (MJAD
storage type) (See Appendix B).

6 nb I 1 Input | Number of block rows (or columns) for divid-
ing matrix A into 4x4 block matrix.

7 mjad I 1 Input | Number of jagged diagonals for MJAD stor-
age of matrix A.

8 alpha D 1 Input | Multiplier 5 of y = Sy + cAx.

)
9 beta {D} 1 Input | Multiplier @ of y = By + aAx.
R
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
10 X Dx nbx4 Input | Vector x of y = Sy + aAx.
Rx
11 y D+ nbx4 Input/ | Vector y of y = By + aAx.
Ry Output
12 w D nbx4 Work | Work area
Rx
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) mb >0
(b) 0 < mjad < nb
(c) iajad[mjad] — iajad[0] < Ixa
(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.

(Contradictions may exist among input

value for nb, a, ia, ja.)

3200 Restriction (c) was not satisfied.

(Either size of array ajad or jajad is

insufficient.)

(6) Notes

()

This function calculates the matrix-vector product of sparse matrix that have element of 4x4 block
matrix. If sparse matrix that have element of 1x1 or 3x3 block matrix, you should be used 3.2.24

ASL_damV:]l and 3.2.25 ASL_damV:]3 , respectively.
ASL_ramvjl ASL_ramvj3

Matrix storage type conversions preceded by using this function should be executed as less number
of times as possible. For example, when you will calculate repeatedly matrix-vector products without
changing matrix A for iterative solution methods of simultaneous linear equation, eigenvalue equation

of sparse matrix and so on, calculation will be performed efficiently if you perform storage mode
ASL_darsjd ASL_dargj
SL_darsj or 226 { SL_dargjm

ASL _rarsjd
and use repeatedly this function inside the iteration loop.

conversion only once using 2.2.5 } outside the iteration loop

ASL_rargjm
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(7) Example

(a) Problem
Hold the real random sparse matrix A that have element of 4x4 block matrix in the array a as real

one-dimensional row-oriented block list type, convert the storage mode into MJAD storage type, and

then solve the matrix-vector conducts y = By + aAx using by the array ajad holding the matrix with

converted mode.

Main program

/%

C interface example for ASL_damvj4 */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main(){

const
const
const
const
const
const
const

int ia[nb+1],ja[ﬁz],iajad[lxia],jajad[lxa],jadord[nb];

int
int
int
int
int
int
int

nb=4;
nz=8;
isw=0;
1xa=8;
1xia=5;
m=4;
mm=mxm ;

int iw[nb*2+1];
int mjad,ierr;
int 1,j,k,1;

double alnz*mm],ajad[lxa*mm];

double x[nb*m], y[nb*m], wlnb*m];
const double alpha=1.0, beta=1.0;

FILE *fp;

fp = fopen( "damvj4.dat",

if ( fp == NULL ){
printf( "file open error\n" );
return -1;

printf (
printf (
printf(
printf (
printf(
for(i=0; i<nb+1; i++){
fscanf( fp, "%d", &iali] );

n \n
"\n

’

"xxk ASL_damvjéd ***\n" );

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

%d\n\n", isw );

* MATRIX DATA FOR BLOCK CSR FORMAT *\n");
IA IN BLOCK CSR\n");

"\n isw

printf( "%64",

}
printf( "\n");

printf( "\n
for(i=0; i<mb; i++){
for(j=ialil; j<iali+1]; j++){
fscanf( fp, "%d",
printf( "%6d4",

}
printf( "\n");

}

printf( "\n
for(i=0; i<mnb; i++){
for(k=0; k<m; k++){
for(j=ialil; j<iali+1l; j++){
for(1=0; 1<m; 1++){
al(j-1)*mm+k*m+1] = k*m+l+1;
printf( "¥5.0f",

}
printf( "\n");

fclose( fp );
printf( "\n
printf( "
printf( "\n");

for(i=0; i<mb; i++){
for(j=0; j<m; j++){
x[ixm+j] = i + 1;
y[i*m+j] = nb - i;

JA IN BLOCK CSR\n");

A IN BLOCK CSR\n");

al(j-1) *mm+k*m+1] );

* ALPHA, BETA *\n");
%5.0f, %5.0f",

alpha, beta);
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%rintf( "\n * VECTOR X *\n");

for(i=0; i<nb*m; i++) printf( "%5.0f", x[i]l );
printf( "\n");

printf( "\n  * VECTOR Y *\n");

for(i=0; i<nb*m; i++) printf( "%5.0f", y[il );
printf( "\n");

CONVERT FROM BLOCK CSR TO JAD
ierr = ASL_dargjm(nb,m,a,ia,ja,isw,1lxa,lxia,&mjad,ajad,iajad,jajad,jadord,iw);

MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*A*X

NN NN
NN NN

ierr = ASL_damvj4(ajad,lxa,iajad,jajad,jadord,nb,mjad,alpha,beta,x,y,w);

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

printf( "\n * RESULT Y=BETA*Y+ALPHA*A*X *\n\n");
for(i=0; i<nb*m; i++) printf( "%5.0f", yl[il );
printf( "\n");

return O;

}
(¢) Output results

%+ ASL_damvjd **

*% Input *%
isw = 0

* MATRIX DATA FOR BLOCK CSR FORMAT *
IA IN BLOCK CSR
1 3 6
JA IN BLOCK CSR
1 3
2 3
4
A IN BLOCK CSR
2 4

1
3
3

1 1

5 5 6 7 8

9 10 11 12 9 10 11 12

13 14 15 16 13 14 15 16

1 2 3 4 1 2 3 4 1 2 3 4
5 6 7 8 5 6 7 8 5 6 7 8
9 10 11 12 9 10 11 12 9 10 11 12
13 14 15 16 13 14 15 16 13 14 15 16
1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

1 2 3 4 1 2 3 4

5 6 7 8 5 6 7 8

9 10 11 12 9 10 11 12

13 14 15 16 13 14 15 16

* ALPHA, BETA *
1

s>

* VECTOR X *
1 1 1
* VECTOR Y *
4 4 4
** Qutput **
ierr = 0

* RESULT Y=BETA*Y+ALPHA*A*X *
44 108 172 236 63 159 255 351 32 80 128 176 71 183 295 407
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3.2.27 ASL_zanvjl, ASL_canvjl
Matrix—Vector Product of a Complex Random Sparse Matrix (JAD; Jagged
Diagonals Storage Type) (y = fy + aAx)
(1) Function
Obtain the product (y = By + aAx) of complex random sparse matrix A (JAD; jagged diagonals storage

type) and vector x.

(2) Usage
Double precision:
ierr = ASL_zanvjl (ajad, Ixa, iajad, jajad, jadord, n, mjad, &alpha, &beta, x, y, w);
Single precision:
ierr = ASL_canvjl (ajad, Ixa, iajad, jajad, jadord, n, mjad, &alpha, &beta, x, y, 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
No. Argument and Type Size fput/ Contents
Return Value ’ Output
1 ajad 7% Ixa Input | Sparse matrix A (JAD storage type) (See Ap-
{C*} pendix B).
2 Ixa I 1 Input | Size allocated for arrays ajad and jajad.
iajad I* mjad+1 Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
4 jajad I* Ixa Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
5 jadord I* n Input | Array of indices for sparse matrix A (JAD
storage type) (See Appendix B).
n I 1 Input | Order of vectors x and y.
mjad I 1 Input | Number of jagged diagonals for JAD storage
of matrix A.
8 alpha 7% 1 Input | Multiplier « of y = By + aAx.
e
9 beta 7% 1 Input | Multiplier 8 of y = Sy + aAx.
e
10 X 7% n Input | Vector x of y = Sy + aAx.
e
11 y 7% n Input/ | Vector y of y = By + aAx.
{C*} Output
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Argument and Type Size Input/

Contents
Return Value Output

12

w 7ok n Work | Work area
Cx

13

ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a)
(b)
(©)
(5) Err

n>0
0 <mjad <n

iajad[mjad] — iajad[0] < lxa

or 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.
(Contradictions may exist among input

value for n, a, ia, ja.)

3200 Restriction (c) was not satisfied.
(Either size of array ajad or jajad is

insufficient.)

(6) Notes

()

Matrix storage type conversions preceded by using this function should be executed as less number
of times as possible. For example, when you will calculate repeatedly matrix-vector products without
changing matrix A for iterative solution methods of simultaneous linear equation, eigenvalue equation

of sparse matrix and so on, calculation will be performed efficiently if you perform storage mode
ASL_zarsjd ASL_zargjm
or 2.2.8

ASL_carsjd
use repeatedly this function inside the iteration loop.

conversion only once using 2.2.7 } outside the iteration loop and

ASL _cargjm

(7) Example

()

Problem

Hold the complex random sparse matrix A in the array a as real one-dimensional row-oriented block
list type, convert the storage mode into JAD storage type, and then solve the matrix-vector conducts
y = Py + aAx using by the array ajad holding the matrix with converted mode.

Main program

/* C interface example for ASL_zanvjl */

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

int main(){
const int n=4;
const int m=1;
const int nz=8;
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NN NN
NN NN

const int isw=0;

const int 1xa=8;

const int lxia=5;

int ialn+1],jalnz],iajad[1xia],jajad[lxal, jadord[n];
int iw[n*2+1];

int mjad,ierr;

int i,j;

double _Complex alnz],ajad[lxal;
double _Complex x[n], y[n], w[n];
double _Complex alpha, beta;

FILE *fp;

fp = fopen( "zanvjl.dat", "r" );
if ( fp == NULL ){
printf( "file open error\n" );
return -1;

printf( "*** ASL_zanvjl ***x\n" );
printf( "\n ** Input **\n\n" );
printf( "\n isw = %d\n\n", isw );
printf( "\n * MATRIX DATA FOR CSR FORMAT *\n");
printf( "\n IA IN CSR\n");
for(i=0; i<n+1; i++){
fscanf( fp, "/d", &ialil );
printf( "j%6d", ialil );

¥
printf( "\n");
printf( "\n JA IN CSR\n");
for(i=0; i<m; i++){
for(j=ialil; j<iali+1]; j++){
fscanf ( fp, "%d", &jalj-11 );
printf( "%6d", jalj-1] );

}

printf( "\n");
3
fclose( fp );
printf( "\n A IN CSR\n");
for(i=0; i<n; i++){

for(j=ialil; j<iali+1]; j++){

a[j-1] = (double)j - (double)j * _Complex_I;

printf( " (%3.3g,%4.3g)", creal(alj-1]), cimag(alj-11) );

}
printf( "\n");

printf( "\n % ALPHA, BETA *\n");

alpha = 1.0;

beta = 1.0;

printf( " ALPHA = (%3.3g,%4.3g)\n", creal(alpha), cimag(alpha));
printf( " BETA = (%3.3g,%4.3g)\n", creal(beta), cimag(beta));

printf( "\n");
for(i=0; i<n; i++){

x[i] = (double) (i + 1) - (double) (i + 1) * _Complex_I;
y[i] = (double) (n - i) - (double) (n - i) * _Complex_I;

}
printf( "\n  * VECTOR X *\n");

for(i=0; i<n; i++) printf( "(%3.3g,%4.3g)", creal(x[i]), cimag(x[i]l) );

printf( "\n");
printf( "\n  * VECTOR Y *\n");

for(i=0; i<n; i++) printf( "(%3.3g,%4.3g)", creal(yl[il), cimag(y[il) );

printf( "\n");

CONVERT FROM CSR TO JAD

MATRIX-VECTOR PRODUCT Y=BETA*Y+ALPHA*A*X

ierr = ASL_zanvji(ajad,lxa,iajad,jajad,jadord,n,mjad,&alpha,&beta,x,y,w);

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

printf( "\n  * RESULT Y=BETA*Y+ALPHA*A*X *\n\n");

for(i=0; i<n; i++) printf( "(%3.3g,%4.3g)", creal(yl[il), cimag(y[il) );

printf( "\n");

return 0;
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(¢) Output results

*%x ASL_zanvjl ***

*% Input *%
isw = 0

* MATRIX DATA FOR CSR FORMAT =*
IA IN CSR
1 3

7 9
JA IN CSR
1 3
1 2 3
3
3 4
A IN CSR
(1, -1 ¢ 2, -2)
(¢ 3, -3 ( 4, -4 ( 5, -5
( 6, -6)
c7, - 8, -8
* ALPHA, BETA *
ALPHA = ( 1, 0)
BETA = ( 1, 0)
* VECTOR X =*
1, -»C 2, -2C 3, -3)( 4, -4
* VECTOR Y *

¢ 4, -oC 3, -3)C 2, -2 1, -1

** Qutput **
ierr = 0
* RESULT Y=BETA*Y+ALPHA*A*X *
( 4, -18)(C 3, -55)( 2, -38)( 1,-107)
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Chapter 4
EIGENVALUES AND EIGENVECTORS

4.1 INTRODUCTION

This chapter describes functions that obtain eigenvalues and eigenvectors of matrices.

In standard eigenvalue problem, obtain the value A and corresponding vector & which satisfy the following
equation for a given matrix A:

Ax = dx.

The value A and the corresponding vector @ are called an eigenvalue and the corresponding eigenvector, respec-
tively. In generalized eigenvalue problem, obtain the value A and corresponding vector & which satisfy one of the

following equations for given matrices A and B:

Ax = A\Bzx

or

ABx = Az ( both A and B are Hermitian, B is positive definite )
or

BAx = Az ( both A and B are Hermitian, B is positive definite ).

These A and x are also called an eigenvalue and an eigenvector. Various procedures have been devised to solve
the eigenvalue problem depending on the type of matrix. If both A and B are Hermitian and B is positive definite,
all the eigenvalues are real and the eigenvectors for different eigenvalues are orthogonal for each other.

This library uses the following three-step process for solving the eigenvalue problem as a rule.

(1) Transform the input matrix to a real symmetric tridiagonal matrix or Hessenberg matrix.

(2) Obtain the eigenvalues and eigenvectors of the real symmetric tridiagonal or Hessenberg matrix.

(3) Transform the obtained eigenvectors to the eigenvectors of the original input matrix.
The functions contained in this chapter provide functions corresponding to the following six categories.
All eigenvalues and all eigenvectors: Obtain all eigenvalues and the corresponding eigenvectors.
All eigenvalues: Obtain all eigenvalues only.

Eigenvalues and eigenvectors: Obtain a number of the largest or smallest eigenvalues and the corresponding

eigenvectors.
Eigenvalues: Obtain a number of the largest or smallest eigenvalues in a specified interval.

Eigenvalues and eigenvectors (Interval Specified): Obtain a number of the largest or smallest eigenvalues

in a specified interval and the corresponding eigenvectors.
Eigenvalues (Interval Specified): Obtain a number of the largest or smallest eigenvalues.

However, only functions corresponding to ‘all eigenvalues and all eigenvectors’ and ‘all eigenvalues’ are provided

for an asymmetric matrix.
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4.1.1 Notes

(1)

When using these functions, you must first select the appropriate function group for the matrix type (for
example Section 4.2, “Real Matrix” or Section 4.9, “Real Symmetric Band Matrix”) and then select the

optimum function based on your objectives, the processing time, memory requirements, and so on.

In general, functions corresponding to ‘All eigenvalues and all eigenvectors’ or ‘Eigenvalues and eigenvectors’
require more processing time and memory than functions corresponding to ‘All eigenvalues’ or ‘Eigenvalues’

respectively.

In general, it is more efficient to use functions corresponding to ‘Eigenvalues and eigenvectors’ or ‘Eigenval-
ues’ if you want to obtain no more than 20% of the total number of eigenvalues. To obtain more than 20%
of the total number of eigenvalues, functions corresponding to ‘All eigenvalues and all eigenvectors’ or ‘All

eigenvalues’ require less processing time.

In this library, the functions of the generalized eigenvalue problem require the restriction that B is positive
definite. In the following cases, however, the eigenvalues and the eigenvectors can be obtained even if B is

not positive definite.

(a) Matrix B is not positive definite but matrix A is positive definite
Bv=\"1Av
gives non-zero eigenvalues.

(b) Both of A and B are not positive definite but A + B is positive definite

A
AU = H—)\(A + B)U

gives the eigenvalues which are not —1.

If the input matrix is a symmetric matrix or Hermitian matrix, the use of the exclusive functions requires

less processing time.

Matrix structure

The functions for regular sparse matrices are used to solve eigenvalue equations of regular sparse matrices
which are produced in the two-dimensional finite difference method or in the three-dimensional implicit-
solution finite difference method. To solve eigenvalue equations of random sparse matrices produced in other
difference methods or in the finite element method, functions for random sparse matrices are used. (See

Appendix B for the matrix data storage method.)
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4.1.2 Algorithms Used
4.1.2.1 Transforming a real matrix to a Hessenberg matrix

A basic similarity transformation is used to transform an n x n real matrix A to a Hessenberg matrix H = (h;;) :
hij = O(Z > 5+ 1). That is,

A=A
is assumed, and the Hessenberg matrix is obtained by iterating the transformation: n — 2 times,

A1 = P T o1y Ak T (kg 1y Prg
where I (x41yand Pgy1 are the substitution matrix and similarity transformation matrix respectively deter-
mined by (1) and (2) below. Ay has a Hessenberg format for the first £k — 1 columns. If we let:
k
A = (@)

,

then:
(1) From column k, find:

(k)|
k

i

|a(k) |= max Ja
(1) R
and exchange row (k + 1)’ with row (k + 1) and column (k + 1) with column (k + 1)’. If this value is 0,
the matrix is decomposed into two submatrices, and you should solve the eigenvalue problem for these two
submatrices.

(2) for i=k+2,n

T )

(k+1) (k
Pikt1 < T
b+

1,k
Row i + Row ¢ — Column (k + 1) x pfkkfl)
(k+1)

Column (k + 1) < Column (k + 1) + Row i x p;’ '/

(Prt1)ikt+1 = pgkkill) (i=k+2,---,n)

(Pi1)ij = 0ij (For other ¢ and j)
(0i5is the Kronecker delta)

Note In general, if you cumulate the transformation matrix, you can obtain the eigenvectors. That is, if you use
a non-singular matrix to repeatedly apply the transformation to the m x m matrix A to obtain the following

relationship:

Qnl Q7' QT TAQ1Q2 - Q= A

where A is a diagonal matrix, then the eigenvalues become the diagonal components of and each of the

column vectors in the product of transformation matrices (Q1Q2 - - - Q) becomes an eigenvector.

4.1.2.2 Transforming a complex matrix to a Hessenberg matrix

The Householder method is used to transform an n x n complex matrix A to a Hessenberg matrix. That is,

Ay = Ais assumed, and for £ =1,2,---,n — 2, a vector u is taken so that:

1 *
Hk = §ukuk
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upU;,

P.=1
k i

and all elements below the subdiagonal component is column k of:
Ap1 = PyAp Py
become 0. A,,_1 becomes the obtained Hessenberg matrix. In addition, the transformation matrix Py is a unitary
Hermitian matrix.
4.1.2.3 Balancing real and complex matrices

Real and complex matrices are balanced before they are transformed to Hessenberg matrices. First, the original

matrix A is multiplied on the left and right by P in which rows and columns have been suitably exchanged to

form:
U XY
PAP=| O B Z
O OV

U and V are upper triangular matrices having self-evident isolated eigenvalues as diagonal components, and B is
a square matrix that does not contain further isolated eigenvalues.

Next, By = B is assumed and the non-singular diagonal matrix Dy, is used to repeatedly perform the similarity
transformation:

Bji1 = D' By Dy,

unit the absolute sum of mutually corresponding rows and columns of B are nearly equal. Eventually, this is

transformed to the following form:

U XD Y
O D7 'BD D'z
0 0] v

4.1.2.4 QR method and double QR method

For a non-singular complex Hessenberg matrix H, there is a unitary matrix @) and an upper triangular matrix R
(for which all diagonal components are positive) such that H is uniquely decomposed into H = QR. H; = H is
assumed, Hy is decomposed into Hy = Qi Ry, and these are multiplied in the reverse order to form:

Hiy1 = ReQr = Qi HrQr (Qy is the adjoint matrix of Q)

If Hi,Hs,---,Hx_1, Hy are created, they are all Hessenberg matrices. As k — oo, Hy converges to an upper
triangular matrix having the eigenvalues of H as its diagonal components. To accelerate convergence in the
actual QR method, Hy — url is created in place of Hy by performing a translation of the origin and this is

decomposed into:

Hy — il = QrRy (where puy is taken as an approximation of the eigenvalue)
If Hii1 = RpQy + pil is created, then Hy 1 becomes:

Hyp1 = QpHpQp

After iterating this operation until the sequence of matrices converges, the values adjusted by the cumulative

amount the origin was translated become the eigenvalues.
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Double QR method
If the origin is translated as described above for a real matrix (asymmetric), a complex matrix may appear

at an intermediate step. To prevent this, we let:
Hiyo = (QuQr1)" Hi(QrQri1)
(Hi — piD)(Hi = py1 1) = (QrQr41) (Rit1 Ri)

If py, and pg41 both become real or conjugate complex, then the left hand side of the second equation shown
above becomes a real matrix.

Actually, using the Householder transformation matrix P;i:

QrQre1=P1Py------ P,

is assumed, and Hyyo becomes:

For details, refer to (1), (2), and (5) in the reference bibliography.

4.1.2.5 Transforming a real symmetric matrix to a real symmetric tridiagonal matrix

The Householder method is used to transform an n x n real symmetric matrix A to a real symmetric tridiagonal

matrix T'. That is, A; = A is assumed, and for £k =1,2,---,n — 2, a vector uy is taken so that:
1
Hk = §u;‘5uk
T
UL U
Po=1—-—=
k .

and all elements below the subdiagonal component in column & of:
Ap1 = PyAp Py
become 0. A,,_; becomes the obtained real symmetric tridiagonal matrix. In addition, the transformation matrix
Py, is an orthogonal symmetric matrix.
4.1.2.6 Transforming a Hermitian matrix to a real symmetric tridiagonal matrix

First, the Householder method is used to transform an n x n Hermitian matrix A to a Hermitian tridiagonal

matrix S.
S=P, o - - PoPIAP\Py---P,_o

Then a regular complex diagonal matrix D is used (similarity transformation) to transform matrix S to a real

symmetric tridiagonal matrix 7.

T=D*SD

163



Algorithms Used

4.1.2.7 The Householder transformation by block algorithm

As for the Householder transformation, the block algorithm is used. This method simplifies the update of a
matrix by applying the lump sum of a rank-one matrix update that transforms the original real symmetric matrix
into a real symmetric tridiagonal matrix. Let Ax41 be the symmetric matrix that is generated after similarity

transformations are performed for k times on the original symmetric matrix A. Then it holds that:

T T
Ak+1 = PkAkPk = Ak — ULV, — VU

where Py is an orthogonal matrix. Also the following relationship holds:

A=A
UL U,
P,=1—-——"7
k Hk
1
Hk = iuguk
Y = Apug

The Householder transformation updates the symmetric matrix twice for one similarity transformation.

The Aj+1 can be expressed without using Ay explicitly.
T T T T
App1 = Ap—1 — Up—1Vk—1" — Vp—1Uk—1 — UKV — VU

Similarly, matrix A,;; after the p times of mirror transformation becomes:

p
Api1 =41 — Z(’u,ﬂ)? + 'vzu;f)
=1

Therefore, matrix A,41 can be computed at a higher speed if matrix A; is updated in the lump, once per 2p

matrices. If the original matrix is Hermitian, the transpose notation “7” should be replaced with the Hermite

conjugate notation “*”. For details, refer to (3) and (4) in the reference bibliography.

4.1.2.8 Transforming a real symmetric band matrix to a real symmetric tridiagonal matrix

The Givens method is used to transform an n x n real symmetric band matrix A (band width M B) to a real
symmetric tridiagonal matrix 7. That is, with a real symmetric band matrix A and the transformation matrix
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P assumed that:

i-th column j-th column
1
0
1
COSG - Sln@ . . i_thrOW
1
P =
1
_Sln9 COS@ ]_throw
1
0
1
where
cosf = 4541
Vg1 T a5
sinf = Y1

b
2 2
\%—1 T 455

aij—1 can be 0 by transforming A’ = PT AP (a;; is the (i, j) component of matrix A).

If this transformation is used for

=541, ,min(MB+j—1,n)

A real symmetric band matrix A can be a real Symmetric tridiagonal matrix 7. At this time the number of

transformation is (M B — 1)(n — 242 — 1). The transformation matrix P is an orthogonal matrix.

4.1.2.9 QR method

For a tridiagonal matrix T, there is a unitary matrix @ and an upper triangular matrix R (for which all diagonal
components are positive) such that 7' is uniquely decomposed into T'= QR. T}, = T is assumed, T}, is decomposed

into T, = Qx Ry, and these are multiplied in the reverse order to form:
Trt1 < ReQr = QiTrQr(QFis the adjoint matrix of Qx)(k=1,---)

Ty, Ts, -+, Tk, Tky1 are created, they are all tridiagonal matrices. As k — oo, T}, converges to a diagonal matrix
having the eigenvalues of T as its diagonal elements.
To accelerate convergence in the actual QR method, the values uj are taken as approximations of the eigenvalues,

Ty — uil are created in place of Tj by performing an origin shift, and these are decomposed into:

Ty — pd = Qi Ry,
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To calculate the approximation of an eigenvalue, consider the case when there is an adjacent eigenvalue (or an
eigenvalue having a close absolute value). Let the eigenvalue uy of the lower-right corner submatrix obtained by
the root-free QR method. If Ty 1 = RpQr + purl is created, then Ty, becomes:

Try1 = QrTrQr

After this operation is iterated until the sequence of matrices converges, the values adjusted by the cumulative
amount the origin was shifted become the eigenvalues.

The eigenvectors of the original matrix before tridiagonalization are obtained by the following procedures. First,
sequentially accumulate the transformation matrices used when obtaining the trigonal matrix T according to
the Householder transformation method. Next, accumulate the transformation matrices @1, Q2, - - -, @k obtained
according to the QR method.

4.1.2.10 Root-free QR method

The root-free QR method, which eliminates the square root calculations of the QR method, is faster when only
seeking the eigenvalues of a real symmetric tridiagonal matrix. Let «q,---,a, be the diagonal elements and
b1, -, Bn—1 be the subdiagonal elements. Let one of the components of the transformation matrix during the
calculation be P and let S; and C; be sin @ and cos# within P®). Although square roots must be computed in
the calculations:

P =0a;Ci_1 — Bi-15i-1Ci—»

Bi
VI + 57

/PP B

New a;—1 = a; + P,_1Ci—9 — P;Ci

New fBi_o = Si_2\/ P2, + 7,

If these calculations are performed using the squared formats of each of P;, 3;,5;, andC;, and if the following

values are assumed: Cop = 1,5y = 0,71 = 2,P12 = a%, Qm+1 = Bm+1 = 0 then the equations can be expressed as

follows:
7 =P+ Bi2+1
New 52 = S2_,£2

2 2
g2 — Pit1 o _ b

e T
P =alCF — 20 + 87y + B7,,57CF
Yi+1 = ai+1C¢2 = 51'2%'

New a; = aj41 + 7 — Vig1

and the calculations can be performed without computing any square roots.

For details, refer to (11) in the reference bibliography.
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4.1.2.11 Bisection method

The bisection method obtains several of the largest or smallest eigenvalues of a real symmetric tridiagonal matrix
T. If we let dy,ds,- -+, d, be the diagonal components of T’ let sy, s2,---, s,—1 be the subdiagonal components,

let A be a variable, and create the sequence of functions:
fo(A) =1
fiN) =di — A
FiN) = (di = N fici(\) =82 fia(N) (i=2,---,n)

then fo(A), fi(A), -+, fm(A) is the Sturm sequence. That is, if we let L(A) be the number of non-matching signs
for the successive sequence of functions for a given A, then this L()) is equal to the number of eigenvalues less

than A. To prevent overflow or underflow, if g;()\) is actually defined as:

O
gN)=—— (=12,---.,n
W=7om | :
L(\) becomes the number of g;(\) that are negative. Furthermore, g;()) satisfies the following;:
gl(/\) = dl -A
s2
glz(dli)\)i =1 (Z:2,,Tl)

gi-1(A)
If g;—1(A\)=0, then g;(\) is assumed to be:

|si—1]
&

gi(A) = (d; = \) — (¢ : Units for determining error)

Assume that the eigenvalues of T' satisfy:

From the Gerschgorin theorem, the lower limit (2,i,) and upper limit (2max) of all the eigenvalues are given by:
Tmax = max(d; + (|si—1] +1s:])) (1 <i<n)
Tmin = min(d; — (|si—1] +[si])) (1 <i<n)

where, sg = s, = 0 is assumed.

We continue to make the eigenvalue existence range smaller by repeatedly subdividing the interval while counting
the number of eigenvalues as described above, based on i, and Tmax. In this way, both ends of the infinitesimal
interval can be made to converge to a given eigenvalue.

For information about the Sturm sequence of functions and the Gerschgorin theorem, refer to entries (2) and (5)

of the bibliography.

4.1.2.12 Accumulation of similarity (unitary) transformation by block algorithm

In seeking the eigenvectors of a real symmetric matrix using the QR method or the inverse iteration method, it
is necessary to calculate the accumulation of the similarity (unitary) matrices that had already been computed in
the preceding Householder transformation. It is very effective to apply the block algorithm to this accumulating

procedure for getting better performance.
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Let P, be a transformation matrix that is obtained in Householder transformation which transform the real

symmetric matrix to a tridiagonal matrix.

T
UL U
P, =1-
k Hk
1
Hk = iuguk

The accumulation of the transformation matrix P, becomes to:

PPy Py =1 X" Puw!

i

T

where w; is expressed by the following recurrence formula.

If we let V' be the eigenvectors of a real symmetric tridiagonal matrix which are obtained with the QR method

or the inverse iteration method. The eigenvectors X of the original matrix is obtained by the following.

X=P P,V

n—2

=1

A product of a similarity (unitary) matrix Py and the eigenvectors V' is a rank-one update. Therefore, the
accumulation of the transformation matrices can be obtained at a higher speed if the matrix updates are performed
in the lump. If the original matrix is Hermitian, the transpose notation “I” should be replaced with the Hermite

Wk

conjugate notation

4.1.2.13 Inverse iteration method

The inverse iteration method is used to obtain the eigenvector corresponding to the eigenvalues obtained by the
root-free QR method or bisection method.
Assume the approximate value ui of a given eigenvalue Ay of the real symmetric tridiagonal matrix 7" has been

obtained. If a suitable initial vector vg has been chosen at this time and the linear simultaneous equations:
(T — /ka)’Ui = V;—1 (Z = 1,2, o )

are iteratively solved, then if v; satisfy the convergence conditions, they converge to the eigenvector.
To solve the simultaneous linear equations, partial pivoting is performed while using the Gauss method to perform

an LU decomposition. Then forward elimination and back substitution are performed.
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4.1.2.14 Generalized eigenvalue problem

A Cholesky decomposition of B is performed:
B=LL"
in the generalized eigenvalue problem for a Hermitian matrix:
Ax = ABx (A: Hermitian, B : Positive Hermitian)
yielding:
(LYA(LY) Y (L*x) = ML*x)
If we set:
P=L"1ALY)!
L'z =y

then the generalized eigenvalue problem is transformed to a standard eigenvalue problem for the Hermitian matrix
P.

Py =)y
The eigenvector of matrix A is given by:
z=(L)""y

Generalized eigenvalue problems for Hermitian matrix other than Az = ABx (B : Positive Hermitian) are
classified into two cases by the position of positive Hermitian Matrix B as:

ABx = \x
and
BAx = \x

The eigenvalues A and the eigenvectors = of these equations can be obtained by reducing them to standard

eigenvalue problems using the following procedure:

(® Apply the Cholesky decomposition to the positive matrix B as B = L*L. (Where L is a lower triangle
matrix.)

@ ABx = Az is reduced to the eigenvalue problem for C' = LAL*, and the eigenvectors are obtained by
multiplying the inverse of L.

® BAx = Az is reduced to the eigenvalue problem for C = LAL*, and the eigenvectors are obtained by
multiplying L*.
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4.1.2.15 QZ method and the combination shift QZ method

For Ax = ABx where A is a Hessenberg matrix and B is a regular upper triangular matrix, if we let C = AB™!,
then C' also is a Hessenberg matrix.

Therefore, if we let:
C,=C
Cr = QrRy (Qr : Unitary matrix, Ry : Upper triangular matrix)

Cit1 = ReQr = QLCrQu

and use the QR method to create C1,Cy, -+, Cg, Ciy1, - - - these matrices are Hessenberg matrices that converge
to an upper triangular matrix as k — oo.
In addition, we can select a unitary matrix Z so that:

A1 = QrArZk Ag41 : Hessenberg matrix
Biy1 = QiBrZk Bi+1 @ Upper triangular matrix

Since:
A1 (Big1) ™" = QuArZiZ B, ' Q) = QuArB, ' QF, = Crpa

at this time, Ay converges to an upper triangular matrix, and if «; are the diagonal elements of A and f3; are the
diagonal elements of B then the eigenvalues are expressed by «;/3;. Combination shift QZ method

In a manner similar to the origin shift in the QR and double QR methods, you can also shift the origin in the
QZ method in order to accelerate convergence. The combination shift QZ method uses a combination of the
origin shift methods used in the QR and double QR methods. For details, refer to (9) and (10) in the reference
bibliography.

4.1.2.16 Subspace method

The starting vector group:

Xo = @0, 29,20 20 ©) (20 5©

Ty, Ly Ly Ly ey, T ;are independent)

is determined for Axz = ABx (A: Real symmetric matrix, B: Positive symmetric matrix.) If we let:
Y, = BX},

AX;H_l =Y. (k — OO)

(k)

then the space Ej over which the x;"’ extend converge to the space Fo, over which the eigenvectors ¢,(i =

1,2,---,m) corresponding to the m eigenvalues \;(i = 1,2, - - -, m) having smallest absolute values extend. (How-
(0)

ever, we assume that the z;’ are not orthogonal to E.)
To speed up convergence, we let AZ; = Y}, and use a projection onto the space over which the Zl-(k) of matrices
A and B extend.

Av=2Z{AZc  (Z=(2", 2", Z{))

m

By = Z}' BZ,
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If we obtain the eigenvalues and eigenvectors of Ay and By, improve Z, and let it be X1, then X1 converges
faster to the eigenvector ¢ = (¢, ¢y, -+, ¢p,,,) to be obtained.

Ay : Diagonal matrix having eigenvalues corresponding to Ay and By,
ArQr = BrQr Ay as diagonal components.
Q: Matrix having eigenvectors of Ay and By as column vectors.

X1 = ZkQk
Xk+1 —- o (k*}OO) ® = (¢17¢27"'7¢m)

A1 0
0 Am

In addition, to obtain eigenvalues having maximum absolute values, let:

Y, = AX,
BZ, =Y,
Xit1 = ZrQy

To prevent the norm from expanding or the vectors from becoming close to being parallel to each other at an
intermediate iteration during the actual computation, the vectors are normalized and orthogonalized for each
iteration.

In addition, to make the convergence speed proportional to |\;/A;,|, more vectors are used in the iterative

processing than the number of eigenvalues to be actually obtained.

4.1.2.17 Sturm sequence check

If n is the number of negative elements that appear as diagonal elements when (A — AB) is LDL”-decomposed
in the generalized eigenvalue problem Ax = ABx, then n corresponds to the number of eigenvalues smaller than

Am. (However, assume that all eigenvalues are positive.)

4.1.2.18 Jacobi-Davidson method

To solve large sparse Hermitian eigenvalue problems numerically, variants of a method proposed by Davidson (18)
are frequently applied. These solvers use a succession of subspaces where the update of the subspace exploits
approximate inverses of the problem matrix, A. For A, A = A¥ or A* = AT holds where A* denotes A with
complex conjugate elements and A = (AT)* (transposed and complex conjugate). The basic idea is: Let V¥

be a subspace of the whole n-dimensional space with an orthonormal basis w¥,---,w" and W the matrix with
columns w;-“, S =WHAW, ;\;? the eigenvalues of S, and T a matrix with the eigenvectors of S as columns. The
columns xf of W T are approximations to eigenvectors of A with Ritz values 5\;? = (xf)H A:z:;? that approximate
eigenvalues of A. Let us assume that 5\;?3, e stﬂfl € [Mowers Aupper)- For j € js, -+, jsyi—1 define

q;-“ = (AfS\?I):rf, rf = (Afof)fqu, (4.1)

and V¥ = span(VF U r;-“s U---urk ) where A is an easy to invert approximation to A (A = diag(A) in

Js+1—1
(18). Then V**+1 is an (m +[)-dimensional subspace of the whole n-dimensional space , and the repetition of the
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procedure above gives in general improved approximations to eigenvalues and -vectors. Restarting may increase
efficiency. For good convergence, V¥ has to contain crude approximations to all eigenvectors of A with eigenvalues
smaller than Ajpwer (cf. (18)). The approximate inverse must not be too accurate, otherwise the method stalls.
The reason for this was investigated in (19) and leads to the Jacobi-Davidson (JD) method with an improved
definition of r;?:

[(1 =5 @)) (A= NPD) (I =5 (25) )] 7} = af . (4.2)

The projection (If:rf (xf)H) in (4.2) is not easy to incorporate into the matrix, but there is no need to do so, and

solving (4.2) is only slightly more expensive than solving (4.1). The method converges quadratically for A = A.

4.1.2.19 Preconditioning for Jacobi-Davidson method

The character of the JD method is determined by the approximation A to A. For obtaining an approximate
solution of the preconditioning system (4.2), we may try an iterative approach (cf. (13), (14), (19), (20)). Here,
a real symmetric or a complex Hermitian version of the QMR algorithm are used (cf. (15), (16), (17)) that are
directly applied to the projected system (4.2) with A = A. The control of the QMR iteration is as follows.
Iteration is stopped when the current residual norm is smaller than the residual norm of QMR in the previous
inner JD iteration. By controlling the QMR residual norms, we achieve that the preconditioning system (4.2)
is solved in low accuracy in the beginning and in increasing accuracy in the course of the JD iteration. For a
block version of JD, the residual norms of each preconditioning system (4.2) are separately controlled for each
eigenvector to approximate since some eigenvector approximations are more difficult to obtain than others. This

adapts the control to the properties of the matrix’s spectrum.
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Complex Hermitian

QMR

P=¢=d"=s"=0,v' =1, K= -1, w! =o'
'-)/1 = H’UlH, gl = '-)/17 pl = (wl)T’U17 el = (B*wl)T
1=1,2,
_ 1 . o
pz — ?U17M1p171
- Vo i Y1 i
L *, 000 i—1
TS i T
i
. g
w1+1 — qu ng

41

tolerance ) then STOP

[Eaa

lw™

(wi+1)TUi+1

(ralies

,yié-iphLl

’YHlTiPi

6i+1 1 i
AT 1+

it YK

[T P —v)
Vi|7—7l|2 + |7i+1|2
—’yi(Ti)*FLi_l
Vi|7-i|2 + |,-y'i+1|2
Vi|7_i|2
Vi|7-i|2 + |,-y'i+1|2
Gidifl +H1p1
91'31'71 + Iiprl

xifl 4 dz

The algorithm above shows the QMR iteration used to precondition JD for complex Hermitian matrices. The
method is derived from the QMR variant described in (16). Within JD, the matrix B in the algorithm above
corresponds to the matrix [(I —z¥ (25)7) (A= X¥T) (I—2% (2%)™)] of the preconditioning system (4.2). Per QMR

J

iteration, two matrix-vector operations with B and B* (marked by frames in the algorithm above) are performed

since QMR bases on the non-Hermitian Lanczos algorithm that requires operations with B and BT = B* but not

with BH (17). For real symmetric problems, only one matrix-vector operation per QMR iteration is necessary

since then ¢' = Bp® and thus v"! = ¢ — (7¢/4%)v* hold. The only matrix-vector multiplication to compute per
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iteration is then Bw*!. Naturally, B is not computed element-wise from [(I—z¥ (2%)#) (A=XET) (I—2% (ak)™)];

the operation Bp', for instance, is split into vector-vector operations and one matrix-vector operation with A.
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4.2 REAL MATRIX (TWO-DIMENSIONAL ARRAY TYPE)
(REAL ARGUMENT TYPE)

4.2.1 ASL_dcgeaa, ASL _rcgeaa
All Eigenvalues and All Eigenvectors of a Real Matrix
(1) Function

ASL_dcgeaa or ASL_rcgeaa uses a basic similarity transformation and the double QR method to obtain all

eigenvalues of the real matrix A (two-dimensional array type) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcgeaa (a, Ina, n, er, ei, ve, lnv, iwl, wl);
Single precision:

ierr = ASL_rcgeaa (a, Ina, n, er, ei, ve, lnv, iwl, wl);
(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. FEHIMEnt atl Type Size nput/ Contents
Return Value Output
1 a D« Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 er Dx n Output | Real parts of eigenvalues (See Notes (a) and
R (b))
5 ei D+ n Output | Imaginary parts of eigenvalues (See Notes (a)
R and (b)).
6 ve Dx Invxn Output | Eigenvectors (See Notes (¢) and (d)).
Rx*
Inv I 1 Input | Adjustable dimension of array ve.
iwl I* n Work | Work area
9 wl Dx n Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a)

0 <n < Ina,lnv

(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. er[0] < al0],
ei[0] < 0.0 and
vel0] + 1.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 42 The sequence did not converge in the step FEigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of er and ei.

No eigenvector is obtained at this time.

(6) Notes

(a)

(b)

(d)
()

Eigenvalue real parts are stored in er and eigenvalue imaginary parts are stored in ei. If the j-th
element eigenvalue at this time is a complex number, then its conjugate complex eigenvalue is stored

in the (j + 1)-th element. However, the positive imaginary part is stored first.

Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to
be obtained is stored in the (n— j+ 1)-th element of er and ei. However, the order in which eigenvalues

are obtained is unrelated to the numerical values of the eigenvalues themselves.

Eigenvectors are stored as shown in Figure 4—1 corresponding to eigenvalues (er, ei). That is, if the
k-th element eigenvalue is real, then the real eigenvector corresponding to it is stored in the k-th
column of array ve. In addition, if the j-th and (j + 1)-th element eigenvalues are a pair of conjugate
complex eigenvalues, then the real and imaginary parts of the complex eigenvector corresponding to
the j-th element eigenvalue are stored in the j-th and (j + 1)-th columns respectively of array ve. The
conjugate vector of this complex eigenvector becomes the eigenvector corresponding to the (j + 1)-th
element eigenvalue.

Here, the k-th element (k =1,---,n) of array er, ei denotes er[k — 1],ei[k — 1] and the k-th column of

array ve denotes ve[i +1nv x (k —1)] (i =0,---,n — 1), respectively.
An eigenvector is normalized so that its Euclidean norm becomes ||z||2 = 1.0.

ASL_dcgean}

If eigenvectors are not required, use 4.2.2
ASL_rcgean

178



ASL_dcgeaa, ASL_rcgeaa
All Eigenvalues and All Eigenvectors of a Real Matrix

k-th

element

j-th
element

(j +1)-th
element

Figure 4—1 Eigenvalue and Eigenvector Storage Method

er ei
(692 0.0
er ei
@ Bj
@ —Bj

k-th

column

j-th
column

(j + 1)-th
column
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(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

4 -5 0 3
0 4 -3 =5
5 =3 4 0
3 0 5 4

A:

and their corresponding eigenvectors.

(b) Input data
Matrix A, lna=11, n=4 and Inv=11.

(¢) Main program

/* C interface example for ASL_dcgeaa */

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

int main()

double *a;
int na=11;
int nn;
double *er;
double *ei;
double *ve;
int nv=11;
int *kwl;
double *wl;
int ierr;
int i,j;
FILE *fp;

double zero=0.0;
int mod;

fp = fopen( "dcgeaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*xx ASL_dcgeaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &nn );
mod = nn % 2;

a = ( double * )malloc((size_t)( sizeof(double) * (na*nn) ));
%f( a == NULL )

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

return -1;
er = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( er == NULL )

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

return -1;
ei = ( double * )malloc((size_t)( sizeof(double) * nn ));
if ( ei == NULL )

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

return -1;
ve = ( double * )malloc((size_t) ( sizeof(double) * (nv*nn) ));
if( ve == NULL )

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

return -1;
kwl = ( int * )malloc((size_t)( sizeof(int) * nn ));
if( kwl == NULL )
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printf( "no enough memory for array kwi\n" );
return -1;

wl = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( wi == NULL )

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

return -1;
printf( "\tn = %6d\n\n", nn );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1lf", &ali+naxjl );
printf( "%8.3g ", ali+naxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcgeaa(a, na, nn, er, ei, ve, nv, kwl, wl);

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

for( j=0 ; j<mn-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")

}

printf( "\n" );

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
er[jl, eiljl, er[j+1], eilj+1] );

for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector ")

}
printf( "\n" );
if( ei[j] == zero )

{
if( ei[j+1] == zero )
{or( i=0 ; i<nn ; i++ )
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
ve[i+nv*j], zero, ve[i+nvx(j+1)], zero );
else
%or( i=0 ; i<on ; i++ )
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
ve[i+nv*j], zero, veli+nv*(j+1)], vel[i+nv*(j+2)] );
}
}

}

else

{
if( ei[j+1] == zero )
for( i=0 ; i<on ; i++ )
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
veli+nv*(j-1)]1, -veli+nv*jl, veli+nv*(j+1)], zero );
else
{or( i=0 ; i<nn ; i++ )
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
ve[i+nv*j], veli+nv*(j+1)], veli+nv*j], -vel[i+nv*(j+1)] );
}
}

}
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if( mod != 0 )
{

printf( "\n" );

printf( "\tEigenvalue\n" );

printf( "\t%8.3g , %8.3g\n", er[nn-1], eilnn-1] );
printf( "\tEigenvector\n" );

%f( ei[nn-1] == zero )

{or( i=0 ; i<on ; i++ )

printf( "\t%8.3g , %8.3g\n", veli+nv*(nn-1)], zero );
}

}

else
for( i=0 ; i<nn ; i++ )
printf( "\t%8.3g , %8.3g\n",
ve[i+nv*(nn-2)], -vel[i+nv*(nn-1)] );

}
free( a )
free( e
free( ei
free(
free(
free( wl );

return O;

}
(d) Output results

***x ASL_dcgeaa ***
*k Input *%
n = 4

Input Matrix a

4 -5 0 3
0 4 -3 -5
5 -3 4 0
3 0 5 4
** Qutput **
ierr = 0
Eigenvalue Eigenvalue
s 0 , 5
Eigenvector Eigenvector
.5, 0 .131 , 0.483
-0.5 , 0 0.483 , -0.131
0.5, 0 0.483 , -0.131
0.5, 0 -0.131 , -0.483
Eigenvalue Eigenvalue
-5 0
Eigenvectér Eigenvec%or
0.131 , -0.483 0.5 , 0
0.483 , 0.131 0.5, 0
0.483 , 0.131 -0.5 , 0
-0.131 , 0.483 0.5 , 0
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4.2.2 ASL_dcgean, ASL _rcgean
All Eigenvalues of a Real Matrix

(1) Function
ASL_dcgean or ASL_rcgean uses a basic similarity transformation and the double QR method to obtain all

eigenvalues of the real matrix A (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_dcgean (a, lna, n, er, ei, iwl, wl);
Single precision:

ierr = ASL_rcgean (a, Ina, n, er, ei, iwl, wl);
(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
1 a D+ Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A.
4 er D« n Output | Real parts of eigenvalues (See Notes (a) and
R+ (b))
5 ei Dx n Output | Imaginary parts of eigenvalues (See Notes (a)
R and (b)).
iwl I* n Work | Work area
wl Dx n Work | Work area
Rx
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. er[0] < a[0] and
ei[0] « 0.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of er and ei.
(6) Notes

(a) Eigenvalue real parts are stored in er and eigenvalue imaginary parts are stored in ei. If the j-th

element eigenvalue at this time is a complex number, then its conjugate complex eigenvalue is stored

in the (j + 1)-th element. However, the positive imaginary part is stored first.

(b) Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to

be obtained is stored in the (n— j+ 1)-th element of er and ei. However, the order in which eigenvalues

are obtained is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k = 1,---,n) of array er, ei denotes er[k — 1], ei[k — 1], respectively.
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(COMPLEX ARGUMENT TYPE)

4.3.1 ASL_dcgnaa, ASL _rcgnaa
All Eigenvalues and All Eigenvectors of a Real Matrix
(1) Function

ASL_dcgnaa or ASL_rcgnaa uses a basic similarity transformation and the double QR method to obtain all

eigenvalues of the real matrix A (two-dimensional array type) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcgnaa (a, Ina, n, e, ve, Inv, iwl, wl);
Single precision:

ierr = ASL_rcgnaa (a, lna, n, e, ve, lnv, iwl, wl);
(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. FEHment ai Type Size nput/ Contents
Return Value Output
1 a D« Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 e 7% n Output | Real parts of eigenvalues (See Notes (a) and
Cx (b))
5 ve 7k Invxn Output | Eigenvectors (See Notes (¢) and (d)).
Cx
Inv I 1 Input | Adjustable dimension of array ve.
iwl I* n Work | Work area
wl Dx n Work | Work area
Rx
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n < Ina,lnv
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + (a[0],0.0) and
ve[0] + (1.0,0.0)
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of e.
No eigenvector is obtained at this time.
(6) Notes

(a) If the j-th element eigenvalue at this time is a complex number, then its conjugate complex eigenvalue

is stored in the (j 4 1)-th element. However, the positive imaginary part is stored first.

(b) Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to

be obtained is stored in the (n — j + 1)-th element of e. However, the order in which eigenvalues are

obtained is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k = 1,---,n) of array e denotes e[k — 1].

(¢) The eigenvector corresponding to the k-th element eigenvalue e is stored in the k-th column of array

ve.

Here, the k-th column of array ve denotes ve[i + Inv x (k — 1)]

(i=0,---,n—1).

(d) An eigenvector is normalized so that its Euclidean norm becomes ||z]|2 = 1.0.

(e) If eigenvectors are not required, use 4.3.2 {

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

4 -5 0 3
0 4 -3 =5

A:

5 =3 4 0
3 0 5 4

and their corresponding eigenvectors.

(b) Input data
Matrix A, lna=11, n=4 and Inv=11.
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(¢) Main program

/% C interface example for ASL_dcgnaa */

#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <complex.h>

#include <asl.h>

int main()
{

double *a;
int lna=11;
int n;

double _Complex *e;
double _Complex *ve;
int lnv=11;

int *iwl;

double *wl;

int ierr;

int i,j;

FILE *fp;

int mod;

fp = fopen( "dcgnaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
printf( " #*% ASL_dcgnaa ***\n" );
printf( "\n ** Input **\n\n" );
fscanf( fp, "%d", &n );
mod = n % 2;

( double * )malloc((size_t) ( sizeof (double) * (lna*n) ));
a == NULL )

~1

a
if
{

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

e = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * n ));

if( e == NULL )

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

ve = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lnv*n) ));

if ( ve == NULL )
printf( "no enough memory for array ve\n" );
return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * n ));
if ( iwl == NULL )
printf( "no enough memory for array iwl\n" );
return -1;
wl = ( double * )malloc((size_t)( sizeof (double) * n ));
if ( wl == NULL )
printf( "no enough memory for array wi\n" );
return -1;
printf( "\tn = %6d\n\n", n );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<n ; i++ )

for( j=0 ; j<n ; j++ )

fscanf( fp, "Ylf", &ali+lna*j]l );
printf( "%8.3g", ali+lna*j] );

}
printf( "\n" );
}

fclose( fp );

ierr = ASL_dcgnaa(a, lna, n, e, ve, lnv, iwl, wl);
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printf( "\n ** Output **\n\n" );
printf( "\tierr = %6d\n", ierr );

for( j=0 ; j<n-1 ; j = j+2 )
{
printf( "\n" );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
creal(e[jl), cimag(el[jl), creal(el[j+1]), cimag(e[j+11) );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector ")
}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
creal (ve[i+lnv*j]),cimag(ve[i+1lnv*j]l), creal(vel[i+1lnv*(j+1)]), cimag(ve[i+lnv*(j+1)])

}
if( mod !'= 0 )
{

printf( "\n" );
printf( "\tEigenvalue\n" );
printf( "\t%8.3g , %8.3g\n", creal(e[n-1]), cimag(e[n-1]) );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )

{
printf( "\t%8.3g , %8.3g\n",
creal (ve[i+lnv*(n-1)]), cimag(ve[i+lnv*(n-1)]1) );

}
}
free( a );
free( e );
free( ve );
free( iwl );
free( wl );
return O;

}
(d) Output results

***x ASL_dcgnaa ***
*% Input *%
n = 4

Input Matrix a

4 -5 0 3
0 4 -3 -5
5 -3 4 0
3 0 5 4
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue
0 5
Eigenvectér Eigenvector
.5, 0 .131 , 0.483
-0.5 , 0 0.483 , -0.131
0.5, 0 0.483 , -0.131
0.5, 0 -0.131 , -0.483
Eigenvalue Eigenvalue
-5 0
Eigenvectér Eigenvec%or
0.131 , -0.483 0.5 , 0
0.483 , 0.131 0.5, 0
0.483 , 0.131 -0.5 , 0
-0.131 , 0.483 0.5 , 0
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4.3.2 ASL_dcgnan, ASL_rcgnan
All Eigenvalues of a Real Matrix

(1) Function
ASL_dcgnan or ASL_rcgnan uses a basic similarity transformation and the double QR method to obtain all

eigenvalues of the real matrix A (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_dcgnan (a, lna, n, e, iwl, wl);
Single precision:

ierr = ASL_rcgnan (a, Ina, n, e, iwl, wl);
(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
1 a D+ Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A.
4 e 7% n Output | Eigenvalues (See Notes (a) and (b)).
Cx
5 iwl I* n Work | Work area
6 wl D+ n Work | Work area
Rx
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n <lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « (a[0],0.0)
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of e.
(6) Notes

(a) If the j-th element eigenvalue at this time is a complex number, then its conjugate complex eigenvalue

is stored in the (j 4 1)-th element. However, the positive imaginary part is stored first.

(b) Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to

be obtained is stored in the (n — j + 1)-th element of e. However, the order in which eigenvalues are

obtained is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k =1,---,n) of array e denotes e[k — 1].
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(REAL ARGUMENT TYPE)

4.4.1 ASL_zcgeaa, ASL _ccgeaa
All Eigenvalues and All Eigenvectors of a Complex Matrix
(1) Function

ASL _zcgeaa or ASL_ccgeaa uses a basic similarity transformation and QR method to obtain all eigenvalues
of the complex matrix A=(ar, ai) (two-dimensional array type) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zcgeaa (ar, ai, Ina, n, er, ei, vr, vi, Inv, wl);
Single precision:

ierr = ASL_ccgeaa (ar, ai, lna, n, er, ei, vr, vi, Inv, wl);
(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 fput/ Contents
Return Value ’ Output
1 ar D+ Inaxn Input | Real part of complex matrix A (two-
{R*} dimensional array type).
Output | Input-time contents are not retained.
2 ai D+ Inaxn Input | Imaginary part of complex matrix A (two-
{R*} dimensional array type).
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai.
4 n I 1 Input | Order of matrix A.
5 er D« n Output | Real parts of eigenvalues (See Note (a)).
)
6 ei Dx n Output | Imaginary parts of eigenvalues (See Note
{R*} (a).
7 vr D+ Invxn Output | Real parts (column vectors) of eigenvectors
{R*} corresponding to eigenvalues (er, ei) (See
Notes (b) and (c)).
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
8 vi D Invxn Output | Imaginary parts (column vectors) of eigen-
{R*} vectors corresponding to eigenvalues (er, ei)
(See Notes (b) and (c)).
9 Inv I 1 Input | Adjustable dimension of arrays vr and vi.
10 wl Dx 3Xn Work | Work area
()
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,Inv
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. er[0] + ar|0],
ei[0] « ai[0],
vr[0] < 1.0 and
vi[0] + 0.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of er and ei.
No eigenvector is obtained at this time.

(6) Notes

(a) Eigenvalue real parts are stored in er and eigenvalue imaginary parts are stored in ei. Eigenvalues are
obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to be obtained is

stored in the (n — j + 1)-th element of er and ei. However, the order in which eigenvalues are obtained

is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k =1,---,n) of array er, ei denotes er[k — 1], ei[k — 1], respectively.

(b) The real and imaginary parts of the eigenvector corresponding to the k-th element (er[k — 1], eik — 1])

of eigenvalue (er, ei) are stored in the k-th columns of vr and vi respectively. Here, the k-th column of

array vr, vi denotes vr[i + Inv x (k — 1)],vi[i +1Inv x (k —1)] (i =0,---,n — 1), respectively.

(c) An eigenvector is normalized so that its Euclidean norm becomes ||z||2 = 1.0.

(d) If eigenvectors are not required, use 4.4.2 {
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(7) Example

(a) problem
Obtain all eigenvalues of the matrix:

5+9% 5+57 —6-61 —7—-T1¢
3+3t 6+100 —-5—-51 —6—06:
242t 343t —-14+3t —5—-25i
1+¢ 2420 —3-3 43

and their corresponding eigenvectors.

(b) Input data
Real part ar and imaginary ai of matrix A, Ina=11, n=4 and Inv=11.

(¢) Main program

/* C interface example for ASL_zcgeaa */

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

int main()

double *ar;
double *ai;
int na=11;
int nn;
double *er;
double *ei;
double *vr;
double *vi;
int nv=11;
double *wk;
int ierr;
int i,j;
FILE *fp;

int mod;

fp = fopen( "zcgeaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **kx ASL_zcgeaa *x*\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &nn );
mod = nn % 2;

ar = ( double * )malloc((size_t)( sizeof (double) * (na*nn) ));
if ( ar == NULL )

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

return -1;
ai = ( double * )malloc((size_t)( sizeof(double) * (na*nn) ));
if ( ai == NULL )

printf( "no enough memory for array ailn" );

return -1;
er = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( er == L)

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

return -1;
ei = ( double * )malloc((size_t)( sizeof(double) * nn ));
if( ei == NULL )

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

return -1;

vr = ( double * )malloc((size_t) ( sizeof (double) * (nv*nn) ));
if( vr == NULL )
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printf( "no enough memory for array vr\n" );
return -1;

vi = ( double * )malloc((size_t)( sizeof (double) * (nv*nn) ));
if( vi == NULL )

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

return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * (3%nn) ));
if ( wk == NULL )

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

return -1;
printf( "\tn = %6d\n", nn );

printf( "\n\tInput Matrix a ( Real,Imaginary )\n\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<mmn ; j++ )

fscanf ( fp, "%1f", &ar[i+na*j]l );
fscanf( fp, "Jlf", &aili+na*j] );
printf( "(%8.3g,%8.3g) ", arl[i+na*jl, aili+naxj]l );

}
printf( "\n" );
}
fclose( fp );
ierr = ASL_zcgeaa(ar, ai, na, nn, er, ei, vr, vi, nv, wk);

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

for( j=0 ; j<mn-1 ; j = j+2 )
{
printf( "\n" );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
er[jl, eiljl, er[j+1], eilj+1] );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector "),
}
printf( "\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
vr[i+nv*j], vili+nv*j], vrli+nv*(j+1)],vili+tnv*(j+1)] );

}
if( mod != 0 )
{

printf( "\n" );
printf( "\tEigenvalue\n" );
printf( "\t%8.3g , %8.3g\n", er[nn-1], eilnn-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<nn ; i++ )
printf( "\t%8.3g , %8.3g\n",
vr[i+nv*(nn-1)], vili+nv*(nn-1)] );
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(d) Output results

***x ASL_zcgeaa ***
*% Input *%
n = 4

Input Matrix a ( Real,Imaginary

( 5, 9 5, 5) ( -6, -6) ( -7, =7)
s 3) ( 6, 10) ¢ -5, -5) ( -6, -6)
( 2, 2) 3, 3) ( -1, 3) -5, -5)
( 1, 1) ( 2, 2) ( -3, -3) ( 0, 4)
*% Output *x*
ierr = 0
Eigenvalue Eigenvalue
6
Eigenvectér Eigenvector ’
0.542 , -0.199 0.344 , -0.157
0.542 , -0.199 0.688 , -0.314
0.542 , -0.199 0.344 , -0.157
-9.61e-17 , 3.85e-16 0.344 , -0.157
Eigenvalue Eigenvalue
5
Eigenvectér Eigenvector ’
-0.292 , 0.498 -0.388 , 0.649
-0.292 , 0.498 -0.194 , 0.324
5.04e-15 , -1.91e-15 -0.194 , 0.324
-0.292 , 0.498 -0.194 , 0.324
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4.4.2 ASL_zcgean, ASL _ccgean
All Eigenvalues of a Complex Matrix

(1) Function
ASL _zcgean or ASL_ccgean uses the a basic similarity transformation and QR method to obtain all eigen-
values of the complex matrix A=(AR, AI) (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_zcgean (ar, ai, lna, n, er, ei);
Single precision:

ierr = ASL_ccgean (ar, ai, Ina, n, er, ei);
(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 ar Dx Inaxn Input | Real part of complex matrix A (two-
{R*} dimensional array type).
Output | Input-time contents are not retained.
2 ai D+ Inaxn Input | Imaginary part of complex matrix A (two-
{R*} dimensional array type).
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai.
n I 1 Input | Order of matrix A.
5 er Dx n Output | Real parts of eigenvalues (See Note (a)).
()
6 ei Dx n Output | Imaginary parts of eigenvalues (See Note
{R*} (@).
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n <lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. er[0] < ar[0] and
ei[0] < ai[0]

are performed.

3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)

(1<i<n) through n of er and ei.

(6) Notes

(a) Eigenvalue real parts are stored in er and eigenvalue imaginary parts are stored in ei. Eigenvalues are
obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to be obtained is
stored in the (n — j + 1)-th element of er and ei. However, the order in which eigenvalues are obtained
is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k= 1,---,n) of array er, ei denotes er[k — 1],ei[k — 1], respectively.
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(COMPLEX ARGUMENT TYPE)

4.5.1 ASL_zcgnaa, ASL _ccgnaa
All Eigenvalues and All Eigenvectors of a Complex Matrix

(1) Function

ASL _zcgnaa or ASL_ccgnaa uses a basic similarity transformation and QR method to obtain all eigenvalues

of the complex matrix A=(ar, ai) (two-dimensional array type) and all corresponding eigenvectors.

(2) Usage

Double precision:

ierr = ASL_zcgnaa (a, Ina, n, e, ve, Inv, wl, wk);

Single precision:

ierr = ASL_ccgnaa (a, lna, n, e, ve, Inv, wl, 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

A t and I t
No. FEHIMELE an Type Size nput/ Contents
Return Value Output
1 a 7% Inaxn Input | Complex matrix A (two-dimensional array
Cx type).
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 e 7% n Output | Eigenvalues (See Note (a)).
Cx
5 ve 7% Invxn Output | Eigenvectors (column vectors) corresponding
Cx to each eigenvalue (See Notes (b) and (c)).
6 Inv I Input | Adjustable dimension of array ve.
7 wl D n Work | Work area
R«
8 wk Tk n Work | Work area
Cx
9 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 0 <n < lna,lnv

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] and

ve[0] « (1.0,0.0)
are performed.

3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step FEigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in elements (i + 1)
(I1<i<n) through n of e.

No eigenvector is obtained at this time.

(6) Notes

(a) Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to
be obtained is stored in the (n — j + 1)-th element of e. However, the order in which eigenvalues are
obtained is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k = 1,---,n) of array er, ei denotes e[k — 1].

(b) The eigenvector corresponding to the k-th element eigenvalue e[k — 1] are stored in the k-th columns

of ve. Here, the k-th column of array ve denotes ve[i +Inv x (k—1)] (i=0,---,n—1).

(c) An eigenvector is normalized so that its Euclidean norm becomes ||z[|2 = 1.0.

ASL_zcgnan}

(d) If eigenvectors are not required, use 4.5.2
ASL _ccgnan

(7) Example

(a) problem
Obtain all eigenvalues of the matrix:

5+9% 5457 —6-61 —7—-T1¢
242t 343t —-14+3t —-5-25i
3+3t 64100 —5—-57 —6—617
147 242t —3-3 43

and their corresponding eigenvectors.

(b) Input data
Matrix A, lna=11, n=4 and Inv=11.

(¢) Main program

/* C interface example for ASL_zcgnaa */
#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <complex.h>

#include <asl.h>

int main()

double _Complex *a;
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int lna=11;

int n;

double _Complex *e;
double _Complex *ve;
int lnv=11;

double *wl;

double _Complex *wk;
int ierr;

int i,j;

FILE *fp;

int mod;

fp = fopen( "zcgnaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **% ASL_zcgnaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
mod = n % 2;

a = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lna*n) ));
%f( a == NULL )

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

return -1;
}
e = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * n ));
%f( e == NULL )

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

ve = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lnv*n) ));
if ( ve == NULL )

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

return -1;
wl = ( double * )malloc((size_t)( sizeof(double) * n ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;

wk = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * n ));
if ( wk == NULL )

printf( "no enough memory for array wk\n" );
return -1;
printf( "\tn = %6d\n\n", n );

printf( "\tInput Matrix a ( Real,Imaginary )\n\n");
for( i=0 ; i<n ; i++ )

for( j=0 ; j<n ; j++ )
{

double tmp_re, tmp_im;

fscanf( fp, "%lf", &tmp_re );

fscanf( fp, "%1f", &tmp_im );

ali+lna*j]l = tmp_re + tmp_im * _Complex_I;

printf( "\t(%8.3g,%8.3g)" , creal(ali+lnaxjl) , cimag(al[i+lna*xj]) );

}
printf( "\n" );

fclose( fp );
ierr = ASL_zcgnaa(a, lna, n, e, ve, lnv, wl, wk);

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

for( j=0 ; j<n-1 ; j=j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")
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}
printf( "\n" );
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
creal(el[jl) , cimag(e[jl) , creal(e[j+1]) , cimag(e[j+1]) );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvector "),

}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g
creal (ve[i+1nv*j])

%8.3g , %8.3g\n",

, cimag(ve[i+lnv*j]) , creal(ve[i+lnv*(j+1)]) , cimag(ve[i+lnv*(j+1)1) );

}
}
%f( mod != 0 )
printf( "\n" );
printf( "\tEigenvalue\n" );
printf( "\t%8.3g , %8.3g\n", creal(e[n-1]) , cimag(e[n-1]) );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )
printf( "\t%8.3g , %8.3g\n",
creal(ve[i+lnv*(n-1)]) , cimag(ve[i+lnv*(n-1)]) );
}
}
free( a );
free( e );
free( ve );
free( wl );
free( wk );
return O;

}
(d) Output results

*xx ASL_zcgnaa ***
*% Input *%
n = 4

Input Matrix a ( Real,Imaginary )

( 5, 9) ( 5, 5) -6, -6) ( -7, -7
( 2, 2) 3, 3) -1, 3) -5, -5)
( 3, 3) ( 6, 10) ( -5, -5) ( -6, -6)
( 1, 1 ( 2, 2) ( -3, -3) ( 0, 4)
*% Output *x*
ierr = 0
Eigenvalue Eigenvalue
-3.6 , -7.54 , 8
Ei%envector Eigenvector
-0.0142 , 0.528 0. , 0.182
0.189 , -0.0597 0.548 , 0.182
-0.217 , 0.757 0.548 , 0.182
-0.00389 , 0.248 -1.78e-17 , 1.78e-17
Eigenvalue Eigenvalue
s 5 6 , 5.54
Eigenvector Eigenvector
0. , -0.353 -0. , -0.584
0.334 , -0.177 -0.128 , -0.169
0.334 , -0.177 -0.156 , -0.173
0.334 , -0.177 -0.272 , -0.261
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4.5.2 ASL_zcgnan, ASL_ccgnan
All Eigenvalues of a Complex Matrix

(1) Function
ASL _zcgnan or ASL_ccgnan uses the a basic similarity transformation and QR method to obtain all eigen-

values of the complex matrix A=(AR, AI) (two-dimensional array type).

(2) Usage
Double precision:
ierr = ASL_zcgnan (a, lna, n, e, wl);
Single precision:

ierr = ASL_ccgnan (a, lna, n, e, wl);
(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 7k Inaxn Input | Complex matrix A (two-dimensional array
Cx type).
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A.
4 e 7% n Output | Eigenvalues (See Note (a)).
Cx
5 wl D+ n Work | Work area
R«
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) 0 <n <lna

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + al0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this

where the eigenvalues obtained. time are entered in elements (i + 1)
(1<i<n) through n of e.
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(6) Notes

(a) Eigenvalues are obtained in decreasing order of their subscript values. That is, the j-th eigenvalue to
be obtained is stored in the (n— j+ 1)-th element of er and ei. However, the order in which eigenvalues
are obtained is unrelated to the numerical values of the eigenvalues themselves.

Here, the k-th element (k = 1,---,n) of array e denotes e[k — 1].
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4.6 REALSYMMETRIC MATRIX (TWO-DIMENSIONAL ARRAY
TYPE) (UPPER TRIANGULAR TYPE)

4.6.1 ASL_dcsmaa, ASL_rcsmaa
All Eigenvalues and All Eigenvectors of a Real Symmetric Matrix
(1) Function
ASL_dcsmaa or ASL_rcsmaa uses the Householder method and QR method to obtain all eigenvalues of

the real symmetric matrix A (two-dimensional array type) (upper triangular type) and all corresponding

eigenvectors.

(2) Usage
Double precision:
ierr = ASL_desmaa (a, Ina, n, e, wl);
Single precision:

ierr = ASL_rcsmaa (a, lna, n, e, wl);

(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 Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Eigenvectors (column vectors) corresponding
to each eigenvalue
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 e D+ n Output | Eigenvalues
()
5 wl D n Work | Work area
e
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n <lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] and
al0] + 1.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in e[0],---,e[i — 2] and
(1 <i<n) eigenvectors corresponding to them are
entered in a (However, the order is
irregular).
(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.

(b) Eigenvalues are stored in ascending order.

(¢) The eigenvectors are an orthonormal system.

(d) If eigenvectors are not required, use 4.6.2 {

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

6 4 4 1
4 6 1 4
4 1 6 4
1 4 46

and their corresponding eigenvectors.

Input data

Matrix A, Ina=11 and n=4.

/*

C

Main program

interface example for ASL_dcsmaa */

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

int main()
{

double *a;
int lda=11;
int n;
double x*e;
double *wl;
int ierr;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsmaa.dat",

nypn );

if( fp == NULL )

pr

intf( "file open error\n" );
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return -1;
printf( " **x* ASL_dcsmaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );

mod = n % 4;
a = ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( e == NULL )

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

wl = ( double * )malloc((size_t)( sizeof(double) * n ));
if ( wi == NULL )
printf( "no enough memory for array wiln" );

return -1;

printf( "\tn = %6d\n\n", n );
printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<m ; j++ )
fscanf ( fp, "%1f", &ali+lda*jl );
}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g ", alj+ldaxi] );
for( j=i ; j<n ; j++ )
printf( "%8.3g ", ali+ldaxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcsmaa(a, lda, n, e, wl);

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

for( k=0 ; k<n-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i< k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i=k ; i< k+4 ; i++ )
printf( "\t%8.3g ", al[j+lda*i] );

}
printf( "\n" );
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if( mod !'= 0 )
{

printf( "\n" );
for( i=n-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=n-mod ; i<m ; i++ )

printf( "\t%8.3g ", elil );
printf( "\n" );
for( i=n-mod ; i<n ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=1 ; j<n ; j++ )
{

for( i=n-mod ; i<n ; i++ )
printf( "\t%8.3g ", alj+ldaxil );
%rintf( "\n" );
}

free( a
free( e
free( w

)
);
1);

return O;

}
(d) Output results

**%*% ASL_dcsmaa ***
** Input *x*
n = 4

Input Matrix a

6 4 4 1
4 6 1 4
4 1 6 4
1 4 4 6

** Qutput *x*
ierr = 0

Eigenvalue Eigenvalue Eigenvalue Eigenvalue
-1 5 5

15
Eigenvector Eigenvector Eigenvector Eigenvector
.5 0.707 0
-0.5 8.33e-17 -0.707 0.5
-0.5 -1.67e-16 0.707 0.5
0.5 -0.707 8.33e-17 0.5
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4.6.2 ASL_dcsman, ASL_rcsman
All Eigenvalues of a Real Symmetric Matrix

(1) Function
ASL_dcsman or ASL_rcsman uses the Householder method and root-free QR method to obtain all eigenvalues

of the real symmetric matrix A (two-dimensional array type) (upper triangular type).

(2) Usage
Double precision:
ierr = ASL_dcsman (a, Ina, n, e, wl);
Single precision:

ierr = ASL_rcsman (a, Ina, n, e, wl);

(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+ Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 e D+ n Output | Eigenvalues
)
5 wl D n Work | Work area
1
6 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « al0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues correctly obtained by this
where the eigenvalues obtained. time are entered in e[0], - - -, e[i — 2] (How-
(1<i<n) ever, the order is irregular).
(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.

(b) Eigenvalues are stored in ascending order.
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4.6.3 ASL_dcsmss, ASL_rcsmss
Eigenvalues and Eigenvectors of a Real Symmetric Matrix

(1) Function
ASL _dcsmss or ASL_resmss uses the Householder method, root free QR method, or Bisection method to
obtain the m largest or m smallest eigenvalues of the real symmetric matrix A (two-dimensional array type)
(upper triangular type) and the inverse iteration method to obtain the corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcsmss (a, lna, n, eps, e, m, ve, Inv, isw, iwl, wl);
Single precision:

ierr = ASL_rcsmss (a, Ina, n, eps, e, m, ve, lnv, isw, iwl, wl);
(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+ Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalues con-
vergence test. (See Note (d))
5 e Dx m Output | Eigenvalues
1)
6 m I 1 Input | The number m of eigenvalues to be obtained.
7 ve D Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue.
8 Inv I 1 Input | Adjustable dimension of array ve
9 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
10 iwl I* m Output | Eigenvectors flag (See Note (e))
11 wl Dx 8 x1n Work | Work area
Rx
12 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 < n <lna,lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] and
ve[0] + 1.0
are performed.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.
(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.
If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.
If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
(f) The eigenvectors are an orthonormal system.

ASL_dcsmsn}

(g) If eigenvectors are not required, use 4.6.4
ASL _rcsmsn
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(7) Example

(a)

Problem
Obtain the three smallest eigenvalues of the matrix:
4 1 0 0
1310
A=
01 3 1
0 01 4

and their corresponding eigenvectors.

Input data
Matrix A, lna=11, n=4, eps=—1.0, m=3, Inv=11 and isw=—1.
Main program

/* C interface example for ASL_dcsmss */

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

int main()

double *a;
int lda=11;
int n;

double ceps = -1.0;
double x*e;
int m;

double *ve;
int 1ldv=11;
int isw = -1;
int *iwl;
double *wl;
int ierr;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsmss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_dcsmss ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

mod = m % 4;

a = ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
%f( a == NULL )

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

(o)

( double * )malloc((size_t)( sizeof (double) * m ));
e

e =
if( e == NULL )
{

printf( "no enough memory for array e\n" );
return -1;
ve = ( double * )malloc((size_t)( sizeof (double) * (ldv*m) ));
if ( ve == NULL )
printf( "no enough memory for array ve\n" );
return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if ( iwl == NULL )

printf( "no enough memory for array iwl\n" );
return -1;
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wl = ( double * )malloc((size_t)( sizeof(double) * (8%n) ));
if( wi == NULL )

printf( "no enough memory for array wiln" );
return -1;

%6d\n", n );

%6d\n", m );

printf( "\n\tInput Matrix a\n\n" );
for( i=0 ; i<n ; i++ )

printf( "\tn
printf( "\tm

for( j=i ; j<n ; j++ )
fscanf ( fp, "%1lf", &ali+ldaxj] );
}
%or( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++)

printf( "%8.3g ", alj+ldaxi] );
for( j=i ; j<n ; j++ )
printf( "%8.3g ", alit+lda*j] );

printf( "\n" );
}

fclose( fp );
ierr = ASL_dcsmss(a, lda, n, ceps, e, m, ve, 1ldv, isw, iwl, wl);

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

{or( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", ve[j+ldvxi] );
%rintf( "\n" );
}
if( mod != 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )
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for( i= m-mod ; i<m ; i++ )
printf( "\t%8.3g ", ve[j+ldv*i]

}
printf( "\n" );

}
free( a )
free( e )
free( v
free( i
free( w

return O;

}
(d) Output results

**%*k ASL_dcsmss ***
* % Input * %

4
3

n
m

Input Matrix a

4 1 0 0
1 3 1 0
0 1 3 1
0 0 1 4
** Qutput *x*
ierr = 0
Eigenvalue Eigenvalue Eigenvalue
. 3 4.41
Eigenvector Eigenvector Eigenvector
-0.271 0.5 -0.653
0.653 -0.5 -0.271
-0.653 -0.5 0.271
0.271 0.5 0.653
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4.6.4 ASL_dcsmsn, ASL_rcsmsn
Eigenvalues of a Real Symmetric Matrix

(1) Function
ASL_dcsmsn or ASL_rcsmsn uses the Householder method, root-free QR method, or Bisection method to
obtain the m largest or m smallest eigenvalues of the real symmetric matrix A (two-dimensional array type)
(upper triangular type).

(2) Usage
Double precision:
ierr = ASL_desmsn (a, Ina, n, eps, e, m, isw, wl);
Single precision:

ierr = ASL_rcsmsn (a, Ina, n, eps, e, m, isw, wl);
(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+ Inaxn Input | Real symmetric matrix A
{ R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalues con-
vergence test. (See Note (d))
5 e Dx m Output | Eigenvalues
()
6 m I 1 Input | The number m of eigenvalues to be obtained.
7 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
8 wl Dx 5Xn Work | Work area
()
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lna

(b) 0<m<n
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « al0]
is performed.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.
(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c¢) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.
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4.6.5 ASL_dcsmee, ASL_rcsmee
Eigenvalues in an Interval and Their Eigenvectors of a Real Symmetric Matrix
(Interval Specified)

(1) Function
ASL _dcsmee or ASL_rcsmee uses the Householder method and the Bisection method to obtain the m largest
or m smallest eigenvalues in a specified interval of the real symmetric matrix A (two-dimensional array

type)(upper triangular type) and the inverse iteration method to obtain the corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcsmee (a, Ina, n, eps, e, &m, el, €2, ve, lnv, iwl, wl);
Single precision:

ierr = ASL_rcsmee (a, lna, n, eps, e, &m, el, €2, ve, Inv, iwl, wl);
(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 Inaxn Input | Real symmetric matrix A
{ R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalues con-
vergence test. (See Note (b))
5 e Dx m Output | Eigenvalues
18
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
7 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
{R} [el, €2] from the smallest one. (e2 is upper
bound.)
8 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
9 ve D Invxm Output | Eigenvectors (column vector) corresponding
R+ to each eigenvalue.
10 Inv I 1 Input | Adjustable dimension of array ve
11 iwl I* m Output | Eigenvectors flag (See Note (e))
12 wl Dx 8 xX1n Work | Work area
Rx
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < lna,lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] and
vel0] + 1.0
are performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection

method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el>e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = €2, the eigenvalues in the interval [el — eps, el 4 eps] are obtained. Normally, el should be set

to be different e2.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000

is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
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()
(2)

the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].
If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.

The eigenvectors are an orthonormal system.

ASL_dcsmen

If eigenvectors are not required, use 4.6.6
ASL _rcsmen

(7) Example

(a)

Problem
Obtain the three eigenvalues in the interval [0, 5] from the smallest one of the following symmetric
matrix:
4 1 0 0
e 1310
01 3 1
0 01 4

and their corresponding eigenvectors.

Input data
Matrix A, lna=11, n=4, eps=—1.0, m=3, e1=0, e2=5 and Inv=10.
Main program

/* C interface example for ASL_dcsmee */

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

int main()

double *a;
int lda=11;
int n;

double ceps = -1.0;
double x*e;
double el,e2;
int m;

double *ve;
int 1ldv=11;
int *iwl;
double *wl;
int ierr;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsmee.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_dcsmee ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%Llf", &el );
fscanf( fp, "JLlf", &e2 );

mod =m % 4;

a = ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
if( a == NULL )

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

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

printf( "no enough memory for array e\n" );
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return -1;
ve = ( double * )malloc((size_t)( sizeof (double) * (ldv*m) ));
if ( ve == NULL )

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

return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if ( iwl == NULL

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

return -1;
wl = ( double * )malloc((size_t)( sizeof (double) * (8%n) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;

printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
printf( "\tel= %6.3g\n", el );
printf( "\te2= %6.3g\n", e2 );

printf( "\n\tInput Matrix a\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<m ; j++ )
fscanf ( fp, "%1f", &ali+lda*jl );
}
{or( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g ", alj+ldaxi] );
for( j=i ; j<n ; j++ )
printf( "%8.3g ", ali+ldaxj] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcsmee(a, lda, n, ceps, e, &m, el, e2, ve, 1ldv, iwl, wl);

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

for( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

printf( "\n" );
for( j=0 ; j<n ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", ve[j+ldvxi] );
%rintf( "\n" );
}
if( mod != 0 )
{
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printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", ve[j+ldvxi] );
}
printf( "\n" );
}
}
free( a );
free( e );

free( ve );
free( iwl );
free( wl );

return O;

}
(d) Output results

**%*% ASL_dcsmee ***

** Input *x*

[ONON=N=]

N =

o wom

Input Matrix a

0 1 0 0 0 1
1 0 1 0 0 0
0 1 0 1 0 0
0 0 1 0 1 0
0 0 0 1 0 1
1 0 0 0 1 0
** Qutput *x*
ierr = 0
Eigenvalue Eigenvalue Eigenvalue
1 1 2
Eigenvector Eigenvector Eigenvector
0.577 0 -0.408
0.289 -0.5 -0.408
-0.289 -0.5 -0.408
-0.577 -5.55e-17 -0.408
-0.289 0.5 -0.408
0.289 0.5 -0.408
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4.6.6 ASL_dcsmen, ASL_rcsmen
Eigenvalues in an Interval of a Real Symmetric Matrix (Interval Specified)

(1) Function
ASL_dcsmen or ASL_rcsmen uses the Householder method and the Bisection method to obtain m largest or
m smallest eigenvalues in a specified interval of the real symmetric matrix A (two-dimensional array type)

(upper triangular type).

(2) Usage
Double precision:
ierr = ASL_dcsmen (a, Ina, n, eps, e, &m, el, e2 , wl);
Single precision:

ierr = ASL_rcsmen (a, Ina, n, eps, e, &m, el, e2 , wl);
(3) Arguments and Return Value

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

int
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+ Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalues con-
vergence test. (See Note (b))
5 e Dx m Output | Eigenvalues
()
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
7 el D 1 Input | el<e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the smallest one. (e2 is upper
bound.)
8 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
9 wl D 5xn Work | Work area
()
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0 <n<lna

(b) 0<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + al0]
is performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-

tained and the number of the found eigen-

value is output to m.

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

(6) Notes

(a) Data should be stored only in the upper triangular portion of array a.

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el > e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = €2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different e2.
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4.7.1 ASL_zchraa, ASL_cchraa
All Eigenvalues and All Eigenvectors of a Hermitian Matrix

(1) Function
ASL _zchraa or ASL_cchraa uses the Householder method and QR method to obtain all eigenvalues of the
Hermitian matrix A=(ar, ai) (two-dimensional array type) (upper triangular type) (real argument type)
and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zchraa (ar, ai, Ina, n, e, vr, vi, Inv, wl);
Single precision:

ierr = ASL_cchraa (ar, ai, Ina, n, e, vr, vi, Inv, wl);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A (two-
R dimensional array type) (upper triangular
type)
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A (two-
R dimensional array type) (upper triangular
type)
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrix A
5 e D n Output | Eigenvalues

Invxn Output | Real part (column vector) of eigenvectors cor-

responding to each eigenvalue

tors corresponding to each eigenvalue

8 Inv 1 Input | Adjustable dimension of arrays vr and vi

3Xn Work | Work area

7 vi {D*} Invxn Output | Imaginary part (column vectors) of eigenvec-

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

(4) Restrictions

(a) 0 <n < Ina,Inv
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « a[0],

vr[0] < 1.0 and
vi[0] < 0.0
are performed.

3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i— 2] (However, the or-
(1<i<n) der is irregular).

Not eigenvector is obtained at this time.

(6) Notes
(a) Real and imaginary parts of the Hermitian matrix are stored only in the upper triangular portions of
arrays ar and ai respectively. (See Appendix B)
(b) Eigenvalues are stored in ascending order.

(¢) The eigenvectors are an orthonormal set.

(d) If eigenvectors are not required, use 4.7.2
ASL _cchran

ASL_zchran}

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

7 3 1+2¢ -1+
A— 3 ‘ 7 ‘ 1-2¢9 —1—-20

1-24 1424 7 -3

-1-2t —-1+4+271 -3 7

and their corresponding eigenvectors.

(b) Input data
Real part ar and imaginary part ai of matrix A, Ina=11, n=4 and Inv=10.
(¢) Main program

/* C interface example for ASL_zchraa */
#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()

{

double *ar;
double *ai;

int lda=11;
int n;
double x*e;

double *vr;
double *vi;
int 1ldv=11;
double *wl;
int ierr;
int i,j;
FILE *fp;
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int mod;

fp = fopen( "zchraa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_zchraa ***\n" );
printf( "\n ** Input **\n\n" );
fscanf( fp, "%d", &n );
mod = n % 2;

= ( double * )malloc((size_t) ( sizeof (double) * (lda*n) ));
if( ar == NULL )

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

return -1;

= ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
if ( ai == NULL )

printf( "no enough memory for array ailn" );
return -1;

(-]

e = ( double * Jmalloc((size_t) ( sizeof (double) * n ));
‘1[ ( e == NULL )
printf( "no enough memory for array e\n" );
return -1;
vr = ( double * )malloc((size_t)( sizeof (double) * (ldv*n) ));
if ( vr == NULL )

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

return -1;

( double * )malloc((size_t)( sizeof(double) * (1ldv*n) ));

1f( vi == NULL )

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

return -1;
wl = ( double * )malloc((size_t)( sizeof (double) * (3*n) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;
printf( "\tn = %6d\n", n );

printf( "\n\tInput Matrix a ( Real , Imaginary )\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<n ; j++ )

fscanf( fp, "Jlf", &ar[i+ldaxjl );
fscanf ( fp, "%1lf", &aili+lda*jl );

}
{or( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "(%8.3g , %8.3g) ", ar[j+ldaxi], -ail[j+ldaxi] );
for( j=i ; j<n ; j++ )
printf( "(%8.3g , %8.3g) ", ar[i+ldaxjl, aili+lda*j]l );
%rintf( "\n" );
}
fclose( fp );
ierr = ASL_zchraa(ar, ai, lda, n, e, vr, vi, ldv, wl);

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

for( j=0 ; j<n-1 ; j = j+2 )
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printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g \t%8.3g\n",
eljl, elj+11 );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector "),
}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
vr[i+ldv*j], vili+ldv*j], vrli+ldv*(j+1)],vil[i+ldv*(j+1)] );

}
if( mod != 0 )
{

printf( "\n" );
printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", e[n-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )
printf( "\t%8.3g , %8.3g\n",
vr[i+ldv*(n-1)], vili+ldv*(n-1)] );
}
free( ar );
free( ai );
free( e );
free( vr );
free( vi );
free( wl );

return O;

}
(d) Output results

%% ASL_zchraa *¥*
** Input *x*
n = 4

Input Matrix a ( Real , Imaginary )

( 7, 0) ( 3, 0) ( 1, 2) ( -1, 2)
( 3, 0) ( 7, 0) ( 1, -2) ( -1, -2)
( 1, -2) ( 1, 2) ( 7, 0) ( -3, 0)
( -1, -2) ( -1, 2) ( -3, 0) ( 7, 0)
** Qutput **
ierr = 0
Eigenvalue Eigenvalue
0 8
Eigenvector Eigenvector
.5, 0 -0.707 , 0
-0.5 , 0 5.55e-16 , 0
1.39e-16 , 0.5 0.354 , 0.354
-8.33e-17 , 0.5 -0.354 , 0.354
Eigenvalue Eigenvalue
8 12
Eigenvector Eigenvector
0, 0 0.5, 0
-0.0999 , 0.7 0.5, 0
-0.3 , -0.4 0.5, -5e-16
-0.4 , 0.3 -0.5 , -3.89%e-16
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4.7.2 ASL_zchran, ASL_cchran
All Eigenvalues of a Hermitian Matrix

(1) Function
ASL _zchran or ASL_cchran uses the Householder method and root-free QR method to obtain all eigenvalues
of the Hermitian matrix A=(ar, ai) (two-dimensional array type) (upper triangular type) (real argument
type).

(2) Usage
Double precision:
ierr = ASL_zchran (ar, ai, Ina, n, e, wl);
Single precision:

ierr = ASL_cchran (ar, ai, Ina, n, e, wl);
(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 ar D+ Inaxn Input | Real part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrix A
e Dx n Output | Eigenvalues
()
6 wl Dx 3Xn Work | Work area
()
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n <lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + ar[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).
(6) Notes

(a) Real and imaginary parts of the Hermitian matrix are stored only in the upper triangular portions of

arrays ar and ai respectively. (See Appendix B)

(b) Eigenvalues are stored in ascending order.
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4.7.3 ASL_zchrss, ASL_cchrss
Eigenvalues and Eigenvectors of a Hermitian Matrix

(1) Function
ASL _zchrss or ASL _cchrss uses the Householder method, root-free QR method, or Bisection method to obtain
the m largest or m smallest eigenvalues of the Hermitian matrix A=(ar, ai) (two-dimensional array type)
(upper triangular type) (real argument type) and the inverse iteration method to obtain the corresponding

eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zchrss (ar, ai, lna, n, eps, e, m, vr, vi, Inv, isw, iwl, wl);
Single precision:

ierr = ASL_cchrss (ar, ai, lna, n, eps, e, m, vr, vi, Inv, isw, iwl, wl);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrix A
eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
6 e Dx m Output | Eigenvalues
()
7 m I 1 Input | The number of m of eigenvalues to be
obtained.
8 vr D+ Invxm Output | Real part (column vector) of eigenvectors cor-
{R*} responding to each eigenvalue
9 vi D+ Invxm Output | Imaginary parts (column vectors) of eigen-
{R*} vectors corresponding to each eigenvalue
10 Inv I 1 Input | Adjustable dimension of arrays vr and vi
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
11 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
12 iwl I* m Output | Eigenvector flag (See Note (e))
13 wl Dx 10 x n Work | Work area
Rx
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « ar]0],
vr[0] < 1.0 and
vi[0] < 0.0
are performed.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a)

The real and imaginary parts of the Hermitian matrix should be stored only in the upper triangular

portions of arrays ar and ai respectively (See Appendix B).
If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection
method internally.

If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
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(f) The eigenvectors are an orthonormal set.

ASL _zchrsn

If eigenvectors are not required, use 4.7.4
(&) 8 4 ASL _cchrsn
(7) Example

(a) Problem

Obtain the three largest eigenvalues of the Hermitian matrix A.

7 3 14+2¢ —1+42¢
A 3 . 7 . 1-2¢ —1-2¢

1—-2¢ 1424 7 -3

—-1-2t —-1+2¢ -3 7

and their corresponding eigenvectors.

(b) Input data
Real part ar and imaginary part ai of matrix A, Ina=11, n=4, eps=—1.0, m=3, Inv=11 and isw=1.
(¢) Main program

/* C interface example for ASL_zchrss */

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

int main()

double *ar;
double *ai;
int lda=11;
int n;
double ceps= -1.0;
double x*e;
int m;
double *vr;
double *vi;
int 1ldv=11;
int isw=1;
int *iwl;
double *wl;
int ierr;
int i,j;
FILE *fp;

int mod;

fp = fopen( "zchrss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
printf( " *x* ASL_zchrss **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

mod = m % 2;

ar = ( double * )malloc((size_t)( sizeof(double) * (lda*n) ));
if ( ar == NULL )

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

ai = ( double * )malloc((size_t)( sizeof(double) * (lda*n) ));
if( ai == NULL )

printf( "no enough memory for array ailn" );

return -1;
}
e = ( double * )malloc((size_t) ( sizeof(double) * m ));
%f( e == NULL )

printf( "no enough memory for array e\n" );
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return -1;
vr = ( double * )malloc((size_t)( sizeof (double) * (ldv*m) ));
if ( vr == NULL )

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

return -1;
vi = ( double * )malloc((size_t)( sizeof(double) * (ldv*m) ));
if ( vi == NULL )

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

return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if ( iwl == NULL )

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

return -1;
wl = ( double * )malloc((size_t)( sizeof(double) * (10%n) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;

printf( "\tn
printf( "\tm

%6d\n", n );
%6d\n", m );

printf( "\n\tInput Matrix a ( Real , Imaginary )\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<m ; j++ )

fscanf ( fp, "%1lf", &ar[i+lda*jl );
fscanf( fp, "%lf", &aili+ldaxj]l );

}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++)

printf( "(%8.3g , %8.3g) ", ar[j+lda*i], -ail[j+lda*i] );
for( j=i ; j<n ; j++ )
printf( "(%8.3g , %8.3g) ", arl[i+ldaxj], aili+lda*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_zchrss(ar, ai, lda, n, ceps, e, m, vr, vi, 1ldv, isw, iwl, wl);

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

for( j=0 ; j<m-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g \t%8.3g\n",
eljl, elj+1]1 );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector ")

}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
vr[i+ldv*j]l, vili+ldv*jl, vrli+ldv*(j+1)],vili+ldv*(j+1)] );

}
if( mod !'= 0 )
{
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printf( "\n" );

printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", elm-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g\n",

vr[i+ldv*(m-1)], vil[i+ldvx*(m-1)]

}

free( ar );
free( ai );
free( e );

free( vr );
free( vi );
free( iwl );
free( wl );

return O;

}
(d) Output results

**%*% ASL_zchrss ***
** Input *x*

4
3

n
m

Input Matrix a ( Real

( 7, 0)
( 3, 0)
( 1, -2)
( -1, -2)
** Qutput **

ierr = 0
Eigenvalue

12

Eigenvector

0.5 , 0
0.5 , 1.02e-16
0.5 , -5.41e-16
-0.5 , -4.58e-16

Eigenvaéue
Eigenvector
0.707 , 0
-6.66e-16 , -5.09e-17
-0.354 , -0.354
0.354 , -0.354

, Imaginary )

3,
7’
1,
_1’

~AAA

Eigenvalue
8
Eigenvector

0,
-0.0999

-0.3
-0.4

>
>
>

NNO O
T
~AAA
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4.7.4 ASL_zchrsn, ASL_cchrsn
Eigenvalues of a Hermitian Matrix

(1) Function
ASL _zchrsn or ASL_cchrsn uses the Householder method, root-free QR method, or Bisection method to
obtain the m largest or m smallest eigenvalues of the Hermitian matrix A=(ar, ai) (two-dimensional array

type) (upper triangular type) (real argument type).

(2) Usage
Double precision:
ierr = ASL_zchrsn (ar, ai, Ina, n, eps, e, m, isw, wl);
Single precision:

ierr = ASL_cchrsn (ar, ai, Ina, n, eps, e, m, isw, wl);
(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 ar D+ Inaxn Input | Real part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrix A
eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
6 e Dx m Output | Eigenvalues
e}
7 m I 1 Input | The number of m of eigenvalues to be
obtained.
8 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
9 wl D+ 5Xn Work | Work area
e
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0 <n <lna

(b 0<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] «+ arl0]
is performed.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) The real and imaginary parts of the Hermitian matrix should be stored only in the upper triangular

portions of arrays ar and ai respectively (See Appendix B).
(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.
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4.7.5 ASL_zchree, ASL_cchree
Eigenvalues in an Interval and Their Eigenvectors of a Hermitian Matrix
(Interval Specified)

(1) Function
ASL_zchree or ASL_cchree uses the Householder method and the Bisection method to obtain the m largest or
m smallest eigenvalues in a specified interval of the Hermitian matrix A=(ar, ai) (two-dimensional array type)
(upper triangular type) (real argument type) and the inverse iteration method to obtain the corresponding

eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zchree (ar, ai, lna, n, eps, e, &m, el, e2,vr, vi, lnv, iwl, wl);
Single precision:

ierr = ASL_cchree (ar, ai, lna, n, eps, e, &m, el, e2,vr, vi, Inv, iwl, wl);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
2 ai D+ Inaxn Input | Imaginary part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
n I 1 Input | Order of matrix A
5 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
6 e D+ m Output | Eigenvalues
tr
7 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
8 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
R [el, e2] from the smallest one. (e2 is upper
bound.)
9 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
R [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
10 vr D+ Invxm Output | Real part (column vector) of eigenvectors cor-
Rx responding to each eigenvalue
11 vi D Invxm Output | Imaginary parts (column vectors) of eigen-
R+ vectors corresponding to each eigenvalue
12 Inv I 1 Input | Adjustable dimension of arrays vr and vi
13 iwl I* m Output | Eigenvector flag (See Note (e))
14 wl Dx 10 x n Work | Work area
R«
15 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n <lna,lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] «+ arl0],
vr[0] + 1.0 and
vi[0] - 0.0
are performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) The real and imaginary parts of the Hermitian matrix should be stored only in the upper triangular

portions of arrays ar and ai respectively (See Appendix B).

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
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method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,
if el > e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = €2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different e2.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.
If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.
If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.

(f) The eigenvectors are an orthonormal set.

ASL_zch
(g) If eigenvectors are not required, use 4.7.6 { “ ren}'

ASL _cchren
(7) Example

(a) Problem

Obtain the three eigenvalues in the interval [5, 15] from the largest one of the following Hermitian

matrix A:
7 3 1+2f —14+2:¢
= 3 7 1-27 —1-2:¢
1—-24 1+2 7 -3
—-1-2¢i —-1+2i -3 7

and their corresponding eigenvectors.

(b) Input data
Real part ar and imaginary part ai of matrix A, Ina=11, n=4, eps=—1.0, m=3, el=15, e2=5 and
Inv=11.

(¢) Main program

/* C interface example for ASL_zchree */

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

int main()

double *ar;
double *ai;
int lda=11;
int n;

double ceps= -1.0;
double x*e;
double el,e2;
int m;

double *vr;
double *vi;
int 1ldv=11;
int *iwl;
double *wl;
int ierr;

int i,j;

FILE *fp;

int mod;

fp = fopen( "zchree.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;
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}

printf( " *x% ASL_zchree **x\n" );
printf( "\n ** Input **\n\n" );
fscanf( fp, "%d", &n );

fscanf( fp, "%d", &m );

fscanf( fp, "%K1f", &el );

fscanf( fp, "%Llf", &e2 );

mod = m % 2;

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

printf( "no enough memory for
return -1;

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

printf( "no enough memory for

return -1;
}
e =
%f( NULL )

printf( "no enough memory for
return -1;

vr = ( double * )malloc((size_t)(
if ( vr == NULL )
printf( "no enough memory for
return -1;
vi = ( double * )malloc((size_t)(
if ( vi == NULL )
printf( "no enough memory for
return -1;
iwl = ( int *
if ( iwl == NUL
printf( "no enough memory for
return -1;
wi = ( double * )malloc((size_t)(
if ( wl == NULL )

printf( "no enough memory for

return -1;
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );
printf( "\tel= %6.3g\n", el );
printf( "\te2= %6.3g\n", e2 );

printf(
for( i=0 ; i<n ; i++ )

for( j=i ; j<n ; j++ )

fscanf ( fp, "%1lf",

sizeof (double) * (1ldax*n) ));

array ar\n" );

sizeof (double) * (1ldax*n) ));

array ai\n" );

( double * )malloc((size_t)( sizeof(double) * m ));
e ==

array e\n" );

sizeof (double) * (1dv*m) ));

array vr\n" );

sizeof (double) * (1dv*m) ));

array vi\n" );

imilloc((size_t)( sizeof (int) * m ));

array iwi\n" );

sizeof (double) * (10%n) ));

array wi\n" );

"\n\tInput Matrix a ( Real , Imaginary )\n\n" );

&ar[i+ldaxj] );

fscanf ( fp, "%1f", &aili+lda*jl );

}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "(%8.3g , %8.3g) ", ar[j+ldaxi], -ailj+lda*i] );

for( j=i ; j<n ; j++ )

printf( "(%8.3g , %8.3g) ", arl[i+ldaxj], aili+lda*j] );

}
printf( "\n" );
}

fclose( fp );
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}

ierr = ASL_zchree(ar, ai, lda, n, ceps, e, &m, el, e2, vr, vi, ldv, iwl, wil);

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

for( j=0 ; j<m-1 ; j = j+2 )
{

printf( "\n" );

for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")

printf( "\n" );
printf( "\t%8.3g

eljl, elj+11 );

for( i=0 ; i<2 ; i++ )

\t%8.3g\n",

printf( "\tEigenvector "),

}
printf( "\n" );

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

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
vr[i+ldv*j]l, vili+ldv*jl, vrli+ldv*(j+1)],vili+ldv*(j+1)] );

}
%f( mod != 0 )
printf( "\n" );

printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", e[m-1] );
printf( "\tEigenvector\n" );

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

printf( "\t%8.3g , %8.3g\n",
vrli+ldv¥(m-1)], vili+ldvx(m-1)]1 );

}

free( ar );
free( ai );
free( e );
free( vr );
free( vi );
free( iwl );
free( wl );

return O;

(d) Output results

*%% ASL_zchree **¥*

*k Input *k

n = 4
m = 3
el= 15
e2= 5

Input Matrix a ( Real

( 7, 0)
( 3, 0)
( 1, -2)
( -1, -2)

*% Output *x*
ierr = 0
Eigenvalue

12
Eigenvector
0

0.5 , 1.02e-16
0.5 , -6.52e-16
-0.5 . -5.69e-16

Eigenvalue
8
Eigenvector
o, 0
-0.0999 , 0.7
-0.3 , -0.4
-0.4 , 0.3

, Imaginary )

(
(
(
(

3, 0) ¢ 1, 2) ( -1, 2)
7, 0) ( 1, -2) ( -1, -2)
1, 2) ( 7, 0) ( -3, 0)
-1, 2) ( -3, 0) ( 7, 0)
Eigenvaéue
Eigenvector
0. R 0
-6.66e-16 , -5.09e-17
-0.354 , -0.354
0.354 , -0.354
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4.7.6 ASL_zchren, ASL_cchren

Eigenvalues in an Interval of a Hermitian Matrix (Interval Specified)

(1) Function

ASL _zchren or ASL_cchren uses the Householder method and the Bisection method to obtain the m largest

or m smallest eigenvalues in a specified interval of the Hermitian matrix A = (ar, ai) (two-dimensional array

type) (upper triangular type) (real argument type).

(2) Usage

Double precision:

ierr = ASL_zchren (ar, ai, Ina, n, eps, e, &m, el, €2, wl);

Single precision:

ierr = ASL_cchren (ar, ai, Ina, n, eps, e, &m, el, €2, wl);

(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 ar D+ Inaxn Input | Real part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A (two-
{R*} dimensional array type) (upper triangular
type)
Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrix A
5 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
6 e Dx m Output | Eigenvalues
()
7 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
8 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
R [el, e2] from the smallest one. (e2 is upper
bound.)
9 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
R [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
10 wl D+ 5Xn Work | Work area
Rx
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n<lna
(b)y 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + ar|0]
is performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) The real and imaginary parts of the Hermitian matrix should be stored only in the upper triangular

portions of arrays ar and ai respectively (See Appendix B).

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el>e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el=e2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different from e2.
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TYPE) (UPPER TRIANGULAR TYPE) (COMPLEX ARGU-
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4.8.1 ASL_zcheaa, ASL_ccheaa
All Eigenvalues and All Eigenvectors of a Hermitian Matrix

(1) Function
ASL _zcheaa or ASL_ccheaa uses the Householder method or QR method to obtain all eigenvalues of the
Hermitian matrix A (two-dimensional array type) (upper triangular type) (complex argument type) and all

corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zcheaa (a, lna, n, e, wl, w2);
Single precision:

ierr = ASL_ccheaa (a, Ina, n, e, wl, w2);
(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. retment at Type Size nput/ Contents
Return Value Output
1 a Tk Inaxn Input | Hermitian matrix A (two-dimensional array
Cx type) (upper triangular type)
Output | Eigenvectors (column vector) corresponding
to each eigenvalue
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 e D+ n Output | Eigenvalues
R«
5 wl D n Work | Work area
R«
6 w2 Tk n Work | Work area
Cx
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < creal(a[0]) and
a[0] < (1.0,0.0)
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i— 2] (However, the or-
(1<i<n) der is irregular).
No eigenvector is obtained at this time.
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix

B)

(b) Eigenvalues are stored in ascending order.

(¢) The eigenvectors are an orthonormal set.

(d) If eigenvectors are not required, use 4.8.2 {

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

A=

and their

7 3 1+2¢ -1+
3 7 1-2¢ —1—-2
1—-2 1424 7 -3
-1-27 —-1+2¢ -3 7

corresponding eigenvectors.

(b) Input data

Matrix A

, Ina=11 and n=4.

(¢) Main program

/* c

interface example for ASL_zcheaa */

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

int main()

double _Complex *a;
int lda=11;

int n;

double x*e;

double *wl;

double _Complex *w2;
int ierr;

int i,j;
FILE *fp;

int mod;

fp = fopen( "zcheaa.dat", "r" );

245

ASL_zchean
ASL_cchean

}.




ASL_zcheaa, ASL_ccheaa
All Eigenvalues and All Eigenvectors of a Hermitian Matrix

if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_zcheaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );

mod = n % 2;
a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (1lda*n) ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( e == NULL )

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

wl = ( double * )malloc((size_t)( sizeof (double) * n ));
if ( wl == NULL )
printf( "no enough memory for array wiln" );
return -1;
w2 = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * n ));
if ( w2 == NULL )
printf( "no enough memory for array w2\n" );
return -1;
printf( "\tn = %6d\n", n );

printf( "\n\tInput Matrix a ( Real , Imaginary )\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<n ; j++ )

double tmp_re, tmp_im;

fscanf ( fp, "%1lf", &tmp_re );

fscanf( fp, "%Llf", &tmp_im );

ali+lda*j] = tmp_re + tmp_im * _Complex_I;

}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "(%8.3g , %8.3g) ", creal(al[j+lda*il), -cimag(al[j+lda*il) );
for( j=i ; j<m ; j++ )
printf( "(%8.3g , %8.3g) ", creal(ali+ldaxjl), cimag(ali+ldax*jl) );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_zcheaa(a, 1lda, n, e, wl, w2);

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

for( j=0 ; j<n-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue "),
}
printf( "\n" );
printf( "\t%8.3g \t%8.3g\n",
eljl, elj+1]1 );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvector ")
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¥
printf( "\n" );
for( i=0 ; i<n ; i++ )
printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
creal(ali+lda*jl), cimag(ali+lda*jl), creal(ali+lda*(j+1)]1), cimag(ali+lda*(j+1)]) );

}

}

%f( mod != 0 )
printf( "\n" );
printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", e[n-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g\n",
creal(a[i+lda*(n-1)]), cimag(al[i+lda*(n-1)]) );

¥

}

free( a );

free( e );

free( wl );

free( w2 );

return O;

}
(d) Output results

*%% ASL_zcheaa **¥*
** Input *x*
n = 4

Input Matrix a ( Real

, Imaginary )

( 7, 0) ¢ 3, 0) ¢ 1, 2) ¢ -1, 2)
( 3, 0) ¢ 7, 0 ¢ 1, -2) ( -1, -2)
( 1, -2) ( 1, 2) ( 7, 0) ¢ -3, 0)
( -1, -2) ( -1, 2) ( -3, 0 ( 7, 0)
** Qutput **
ierr = 0
Eigenvalue Eigenvalue
0 8
Eigenvector Eigenvector
.5, 0 -0.707 , 0
-0.5 , 0 5e-16 , 0
1.39%e-16 , 0.5 0.354 , 0.354
-8.33e-17 , 0.5 -0.354 , 0.354
Eigenvalue Eigenvalue
8 12
Eigenvector Eigenvector
0, 0 0.5, 0
-0.0999 , 0.7 0.5, 0
-0.3 , -0.4 0.5, -5e-16
-0.4 , 0.3 -0.5 , -3.89%e-16
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4.8.2 ASL_zchean, ASL_cchean
All Eigenvalues of a Hermitian Matrix

(1) Function
ASL _zchean or ASL_cchean uses the Householder method or root-free QR method to obtain all eigenvalues

of the Hermitian matrix A (two-dimensional array type) (upper triangular type) (complex argument type).

(2) Usage
Double precision:
ierr = ASL_zchean (a, Ina, n, e, wl, w2);
Single precision:

ierr = ASL_cchean (a, Ina, n, e, wl, w2);
(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 7k Inaxn Input | Hermitian matrix A (two-dimensional array
Cx type) (upper triangular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A
4 e D+ n Output | Eigenvalues
Rx
5 wl D+ n Work | Work area
R«
6 w2 Tk n Work | Work area
Cx
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lna
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] +— creal(a[0])
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i< AGN) der is irregular).
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix

B)

(b) Eigenvalues are stored in ascending order.
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4.8.3 ASL_zchess, ASL_cchess
Eigenvalues and Eigenvectors of a Hermitian Matrix

(1) Function
ASL _zchess or ASL_cchess uses the Householder method, root-free QR method, or Bisection method to ob-
tain the m largest or m smallest eigenvalues of the Hermitian matrix A (two-dimensional array type) (upper
triangular type) (complex argument type) and the inverse iterative method to obtain the corresponding

eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zchess (a, Ina, n, eps, e, m, ve, lnv, isw, iwl, wl, w2);
Single precision:

ierr = ASL_cchess (a, lna, n, eps, e, m, ve, lnv, isw, iwl, wl, w2);
(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 Tk Inaxn Input | Hermitian matrix A (two-dimensional array
{C*} type) (upper triangular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
5 e Dx m Output | Eigenvalues
()
6 m I 1 Input | The number of m of eigenvalues to be
obtained.
7 ve 7% Invxm Output | Eigenvectors (column vector) corresponding
{C*} to each eigenvalue
8 Inv I 1 Input | Adjustable dimension of array ve
9 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
10 iwl I* m Output | Eigenvector flag (See Note (e))
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
11 wl Dx 8 xn Work | Work area
R
12 w2 Tk n Work | Work area
Cx
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < creal(a[0]) and
ve[0] + (1.0,0.0)
are performed.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix
B)

(b) If isw>0, the eigenvalues are stored in descending order. If isw < 0, they are stored in ascending order.

(c¢) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.
If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and

the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].
If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
(f) The eigenvectors are an orthonormal set.

ASL_zchesn
ASL_cchesn [

(g) If eigenvectors are not required, use 4.8.4 {
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(7) Example

(a) Problem

Obtain the three largest eigenvalues of the following Hermitian matrix A:

7 3 1427 —142¢
A 3 7 1-2¢ —1-2¢

1-24 1424 7 -3

-1-2t —-1+2¢ -3 7

and their corresponding eigenvectors.

(b) Input data
Matrix A, Ina=11, n=4, eps=—1.0, m=3, Inv=11 and isw=1.

(¢) Main program

/* C interface example for ASL_zchess */

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

int main()
{

double _Complex *a;
int lda=11;

int n;

double ceps= -1.0;
double x*e;

int m;

double _Complex *ve;
int 1ldv=11;

int isw=1;

int *iwl;

double *wl;

double _Complex *w2;
int ierr;

int i,j;

FILE *fp;

int mod;

fp = fopen( "zchess.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x* ASL_zchess **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

mod = m % 2;
a = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (lda*n) ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e == NULL )

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

ve = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (ldv*m) ));
if ( ve == NULL )

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

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

printf( "no enough memory for array iwl\n" );
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return -1;
wl = ( double * )malloc((size_t) ( sizeof (double) * (8*n) ));
if( wl == NULL )

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

w2 = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * n ));

if ( w2 == NULL )

printf( "no enough memory for array w2\n" );
return -1;

%6d\n",

printf( "\tn n);
%#6d\n", m );

printf( "\tm

printf( "\n\tInput Matrix a ( Real , Imaginary )\n\n" );
{or( i=0 ; i<n ; i++ )
for( j=i ; j<n ; j++ )
double tmp_re, tmp_im;
fscanf( fp, "%lf", &tmp_re );

fscanf ( fp, "%1lf", &tmp_im );
ali+lda*j] = tmp_re + tmp_im * _Complex_I;

}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "(%8.3g , %8.3g) ", creal(al[j+ldaxil), -cimag(a[j+ldaxil) );

for( j=i ; j<m ; j++ )

printf( "(%8.3g , %8.3g) ", creal(ali+lda*jl), cimag(ali+lda*xjl) );

printf( "\n" );
}

fclose( fp );
ierr = ASL_zchess(a, lda, n, ceps, e, m, ve, 1ldv, isw, iwl, wl, w2);

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

for( j=0 ; j<m-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")

printf( "\n" );
printf( "\t%8.3g
eljl, elj+11 );

for( i=0 ; i<2 ; i++ )

\t%8.3g\n",

printf( "\tEigenvector "),
}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",

creal(ve[i+ldv*jl), cimag(vel[i+1ldv*jl), creal(veli+ldv*(j+1)]1), cimag(ve[i+ldv*(j+1)1) );

}
if( mod !'= 0 )
{

printf( "\n" );

printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", e[m-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g\n",
creal(ve[i+ldv*(m-1)]), cimag(ve[i+ldv*(m-1)]) );

253



ASL_zchess, ASL_cchess

Eigenvalues and Eigenvectors of a Hermitian Matrix

}

free( a );
free( e );
free( ve );
free( iwl );
free( wl );
free( w2 );

return O;

(d) Output results

*%% ASL_zchess **¥*
* % Input * %

4
3

n
m

Input Matrix a ( Real

( 7, 0)
( 3, 0)
( i, -2)
( -1, -2)
*% Qutput *x*
ierr = 0
Eigenvalue
Eigenvector
. 0
0.5 , 1.02e-16
0.5, -5e-16
-0.5 , -4.44e-16
Eigenvalue
8
Eigenvector
0.707 , 0
-6.66e-16 , 0
-0.354 , -0.354
0.354 , -0.354

, Imaginary )
( 3,
( 7,
( 1,
( -1,

Eigenvalue
8
Eigenvector
0
-0.0999

-0.3 .,
-0.4 ,

NNOO
(2Nt
A~AAAA
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4.8.4 ASL_zchesn, ASL_cchesn
Eigenvalues of a Hermitian Matrix

(1) Function
ASL _zchesn or ASL_cchesn uses the Householder method, root-free QR method, or Bisection method to
obtain the m largest or m smallest eigenvalues of the Hermitian matrix A (two-dimensional array type)

(upper triangular type) (complex argument type).

(2) Usage
Double precision:
ierr = ASL_zchesn (a, Ina, n, eps, e, m, isw, wl, w2);
Single precision:

ierr = ASL_cchesn (a, Ina, n, eps, e, m, isw, wl, w2);
(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 7% Inaxn Input | Hermitian matrix A (two-dimensional array
{C*} type) (upper triangular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
5 e D+ m Output | Eigenvalues
()
6 m I 1 Input | The number of m of eigenvalues to be
obtained.
7 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
8 wl Dx 2xmn Work | Work area
Rx
9 w2 7% n Work | Work area
1)
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0 <n <lna

(b 0<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + creal(a[0])
is performed.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix

B)

(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection

method.
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4.8.5 ASL_zcheee, ASL_ccheee
Eigenvalues in an Interval and their Eigenvectors of a Hermitian Matrix (In-
terval Specified)

(1) Function
ASL_zcheee or ASL_ccheee uses the Householder method and the Bisection method to obtain the m largest or
m smallest eigenvalues in a specified interval of the Hermitian matrix A (two-dimensional array type) (upper
triangular type) (complex argument type) and the inverse iterative method to obtain the corresponding

eigenvectors.

(2) Usage
Double precision:
ierr = ASL_zcheee (a, lna, n, eps, e, &m, el, €2, ve, Inv, iwl, wl, w2);
Single precision:

ierr = ASL_ccheee (a, Ina, n, eps, e, &m, el, €2, ve, Inv, iwl, wl, w2);
(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 7ok Inaxn Input | Hermitian matrix A (two-dimensional array
{C*} type) (upper triangular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
5 e Dx m Output | Eigenvalues
18
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
7 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
{R} [el, €2] from the smallest one. (e2 is upper
bound.)
8 e2 D 1 Input | el > e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))

257



ASL_zcheee, ASL_ccheee
Eigenvalues in an Interval and their Eigenvectors of a Hermitian Matrix (Interval Specified)

A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
9 ve 7ok Invxm Output | Eigenvectors (column vector) corresponding
Cx to each eigenvalue
10 Inv I 1 Input | Adjustable dimension of array ve
11 iwl I* m Output | Eigenvector flag (See Note (e))
12 wl Dx 8 xX1n Work | Work area
Rx
13 w2 7% n Work | Work area
Cx
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,Inv
(b 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + creal(a[0]) and
ve[0] « (1.0,0.0)
are performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix

B)

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection

method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el>e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el=e2, the eigenvalues in the interval [el — eps, el + eps| are obtained. Normally, el should be set

to be different e2.
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(e)

()
(g)

If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000

is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.

The eigenvectors are an orthonormal set.

ASL_zcheen}

If eigenvectors are not required, use 4.8.6
ASL_ccheen

(7) Example

(a)

Problem
Obtain the three eigenvalues in the interval [15, 5] from the largest one of the following Hermitian

matrix A:
7 3 1+2f —14+2:¢
A 3 7 1—2¢ —1—22
1—-24 1+2 7 -3
—-1-2i —-1+2i -3 7

and their corresponding eigenvectors.

Input data
Matrix A, lna=11, n=4, eps=—1.0, m=3, el=15, e2=5 and Inv=11.

Main program

/* C interface example for ASL_zcheee */

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

int main()

double _Complex *a;
int lda=11;

int n;

double ceps= -1.0;
double x*e;

double el,e2;

int m;

double _Complex *ve;
int 1ldv=11;

int *iwl;

double *wl;

double _Complex *w2;
int ierr;

int i,j;

FILE *fp;

int mod;

fp = fopen( "zcheee.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_zcheee **x\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%lf", &el );
fscanf( fp, "%Llf", &e2 );

mod = m % 2;
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a = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (lda*n) ));
%f( a == NULL )

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

(o)

e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e == NULL )

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

return -1;

ve = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (ldv*m) ));
if ( ve == NULL )

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

return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if( iwl == NULL )

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

return -1;
wl = ( double * )malloc((size_t)( sizeof(double) * (8%n) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;
w2 = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * n ));
if ( w2 == NULL )

printf( "no enough memory for array w2\n" );

return -1;
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );

printf( "\tel= %6.3g\n", el );
printf( "\te2= %6.3g\n", e2 );

printf( "\n\tInput Matrix a ( Real , Imaginary )\n\n" );
for( i=0 ; i<n ; i++ )

for( j=i ; j<n ; j++ )

double tmp_re, tmp_im;

fscanf( fp, "%lf", &tmp_re );

fscanf ( fp, "%1lf", &tmp_im );

ali+lda*j] = tmp_re + tmp_im * _Complex_I;

}
for( i=0 ; i<n ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "(%8.3g , %8.3g) ", creal(al[j+ldaxil), -cimag(al[j+lda*xil) );
for( j=i ; j<m ; j++ )
printf( "(%8.3g , %8.3g) ", creal(ali+lda*jl), cimag(ali+ldaxjl) );
%rintf( "\n" );
}
fclose( fp );

ierr = ASL_zcheee(a, lda, n, ceps, e, &m, el, e2, ve, 1ldv, iwl, wl, w2);

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

for( j=0 ; j<m-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g \t%8.3g\n",
eljl, elj+1]1 );
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}

for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector

}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g

")

\t%8.3g , %8.3g\n",

creal (ve[i+ldv*jl), cimag(ve[i+ldv*jl), creal(vel[i+ldv*(j+1)]), cimag(vel[i+ldv*(j+1)]) );

}
if( mod !'= 0 )
{

printf( "\n" );

printf( "\tEigenvalue\n" );
printf( "\t%8.3g\n", elm-1] );
printf( "\tEigenvector\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g\n",

creal(ve[i+ldv*(m-1)]1), cimag(ve[i+ldv*(m-1)]1)

}

free( a );
free( e )
free( ve );
free( iwl );

5

2

free( wl )
free( w2 )

return O;

(d) Output results

*%% ASL_zcheee **¥*

*k Input *%

n = 4
m = 3
el= 15
e2= 5

Input Matrix a ( Real , Imaginary )

( 7, 0) ( 3,
( 3, 0) ( 7,
( 1, -2) ( 1,
( -1, -2) ( -1,
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue
8
Eigenvector Eigenvector
.5, 0 0.707 ,
0.5, 1.02e-16 -6.66e-16 ,
0.5 , -6.11e-16 -0.354 ,
-0.5 , -5.55e-16 0.354 ,
Eigenvalue
8
Eigenvector
0, 0
-0.0999 , 0.7
-0.3 , -0.4
-0.4 , 0.3

NNOO
ST
~AAA
WNH =

0
-0.354
-0.354
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4.8.6 ASL_zcheen, ASL_ccheen

Eigenvalues in an Interval of a Hermitian Matrix (Interval Specified)

(1) Function

ASL _zcheen or ASL_ccheen uses the Householder method and the Bisection method to obtain the m largest

or m smallest eigenvalues of the Hermitian matrix A (two-dimensional array type) (upper triangular type)

(complex argument type).

(2) Usage
Double precision:
ierr = ASL_zcheen (a, Ina, n, eps, e, &m, el, €2, wl, w2);
Single precision:

ierr = ASL_ccheen (a, Ina, n, eps, e, &m, el, €2, wl, w2);
(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 7% Inaxn Input | Hermitian matrix A (two-dimensional array
{C*} type) (upper triangular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
5 e D+ m Output | Eigenvalues
1
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
7 el D 1 Input | el<e2: Obtain m eigenvalues in the interval
{ R} [el, e2] from the smallest one. (e2 is upper
bound.)
8 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
9 wl Dx 2xmn Work | Work area
Rx
10 w2 Tk n Work | Work area
Cx
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n<lna
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < creal(a[0])
is performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a) Only the upper triangular portion of the Hermitian matrix should be stored in array a. (See Appendix
B)

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el>e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el=e2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different e2.
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4.9 REAL SYMMETRIC BAND MATRIX (SYMMETRIC BAND
TYPE)

4.9.1 ASL_dcsbaa, ASL _rcsbaa
All Eigenvalues and All Eigenvectors of a Real Symmetric Band Matrix
(1) Function

ASL_dcsbaa or ASL_rcsbaa uses the Householder method and QR method to obtain all eigenvalues of the
real symmetric band matrix A (symmetric band type) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_desbaa (a, Ima, n, mb, e, ve, Inv, wl);
Single precision:

ierr = ASL_rcsbaa (a, lma, n, mb, e, ve, lnv, wl);
(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
1 a D+ Imaxn Input | Real symmetric band matrix A (symmetric
R band type) (See Note (a)).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 e Dx n Output | Eigenvalues.
Rx
6 ve D+ Invxn Output | Eigenvectors (column vector) corresponding
R to each eigenvalue.
7 Inv I 1 Input | Adjustable dimension of array ve.
8 wl D+ n Work | Work area
Rx
9 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n <lnv
(b) 0<mb<n

(¢) mb < Ima
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] and
vel0] « 1.0
are performed.
1100 mb was equal to 0. efi—1] + a[lmax (i—1)] (1 <i<n)
and
ve <— I (I is unit matrix)
are performed.
3000 Restriction (a), (b) or (c) was not Processing is aborted.
satisfied.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] and eigenvectors
(1<i<n) corresponding to them are entered in a
(However, the order is irregular).
(6) Notes

(a) The real symmetric band matrix is compressed into symmetric band type having (mb+1) rows and n

columns and stored in array a (See Appendix B).

(b) Eigenvalues are stored in ascending order.

(¢) The eigenvectors are an orthonormal set.

(d) If eigenvectors are not required, use 4.9.2 {

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

4 1 0 0
1 310
A =
01 3 1
0 01 4
and their corresponding eigenvectors.
(b) Input data

Matrix A, Ima=11, n=4, mb=1 and Inv=11.

(¢) Main program

/* c

#include <
#include <
#include <

int main()

double
int 1d
int n;
int mb
double

interface example for ASL_dcsbaa */
stdio.h>

stdlib.h>
asl.h>

*a;
a=11;

H
*e;
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double *ve;
int 1ldv=11;
double *wl;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsbaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_dcsbaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &mb );

mod = n % 4;
a = ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
) return -1;
e = ( double * )malloc((size_t) ( sizeof(double) * n ));
%f( e == NULL )

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

ve = ( double * )malloc((size_t) ( sizeof(double) * (ldv*n) ));
if( ve == NULL )
printf( "no enough memory for array ve\n" );
return -1;
wl = ( double * )malloc((size_t) ( sizeof(double) * n ));
if( wl == NULL )
printf( "no enough memory for array wiln" );
return -1;
printf( "\tn = %6d\n", n );
printf( "\tBand Width = %6d\n\n", mb );

printf( "\tInput Matrix a\n\n" );
for( j=0 ; j<mb+1l ; j++ )
{

for( i=mb-j ; i<n ; i++ )

fscanf( fp, "Jlf", &al[j+lda*i] );

}
for( j=0 ; j<mb+1l ; j++ )
{

printf( "\t" );
for( i=0 ; i<mb-j ; i++ )

printf( " "),
for( i=mb-j ; i<n ; i++ )
printf( "%8.3g ", alj+ldaxi] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcsbaa(a, lda, n, mb, e, ve, 1ldv, wl);

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

for( k=0 ; k<n-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );
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}

printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

printf( "\n" );
for( j=0 ; j<m ; j++ )

for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", ve[j+ldvxi] );

}

printf( "\n" );
}
if( mod != 0 )
{

printf( "\n" );
for( i= n-mod ; i<n ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= n-mod ; i<n ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i= n-mod ; i<m ; i++ )
printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= n-mod ; i<m ; i++ )
printf( "\t%8.3g

}
printf( "\n" );

free( ve 5;
free( wl );

return O;

(d) Output results

*%*% ASL_dcsbaa **¥*
** Input *x*

n = 4

Band Width = 1

Input Matrix a

1 1 1
4 3 3 4
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue Eigenvalue
1.59 3 4.41
Eigenvector Eigenvector Eigenvector
-0.271 -0.5 -0.653
0.653 0.5 -0.271
-0.653 0.5 0.271
0.271 -0.5 0.653
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4.9.2 ASL_dcsban, ASL_rcsban
All Eigenvalues of a Real Symmetric Band Matrix

(1) Function
ASL_dcsban or ASL_resban uses the Givens method and root-free QR method to obtain all eigenvalues of
the real symmetric band matrix A (symmetric band type).

(2) Usage
Double precision:
ierr = ASL_dcsban (a, lma, n, mb, e, wl);
Single precision:

ierr = ASL_rcsban (a, Ima, n, mb, e, wl);
(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 fput/ Contents
Return Value Output
1 a Dx Imaxn Input | Real symmetric band matrix A (symmetric
{R*} band type) (See Note (a)).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 e D n Output | Eigenvalues.
()
6 wl Dx n Work | Work area
()
7 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0<mb<n

(b) mb < Ima
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « al0]

is performed.
1100 mb was equal to 0. ei—1]+a[lmax (i—1)] (1<i<n)

is performed.

3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).
(6) Notes

(a) The Real symmetric band matrix is compressed into symmetric band type having (mb+1) rows and n
columns and stored in array a (See Appendix B).

(b) Eigenvalues are stored in ascending order.

269



ASL_dcsbss, ASL_rcsbss
Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix

4.9.3 ASL_dcsbss, ASL_rcsbss
Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix

(1) Function
ASL_dcsbss or ASL_rcsbss uses the Givens method and root-free QR method to obtain the m largest or m
smallest eigenvalues of the real symmetric band matrix A (symmetric band type) and the inverse iteration

method to obtain the corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_desbss (a, Ima, n, mb, eps, e, m, ve, Inv, isw, iwl, wl);
Single precision:

ierr = ASL_rcsbss (a, lma, n, mb, eps, e, m, ve, lnv, isw, iwl, wl);
(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+ Imaxn Input | Real symmetric band matrix A (symmetric
{R*} band type) (See Note (a)).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (d)).
6 e Dx m Output | Eigenvalues.
()
7 m I 1 Input | The number m of eigenvalues to be obtained.
8 ve D+ Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue.
9 Inv I 1 Input | Adjustable dimension of array ve.
10 isw I 1 Input | Processing switch.
isw > 0: Obtain m eigenvalues from the
largest one.
isw < 0: Obtain m eigenvalues from the
smallest one.
11 iwl I* m Output | Eigenvector flag (See Note (e)).
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A t and Input
No. retument an Type Size nput/ Contents
Return Value Output
12 wl Dx See Work | Work area
R Contents Size: n x 3 x mb + 6
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n <lnv
(b) 0<m<n
(¢) 0<mb<n
(d) mb < lma
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] and

vel0] « 1.0
are performed.

1100 mb was equal to 0. ei—1]+a[lmax (i—1)] (1<i<n)
is performed.

1.0 is entered in appropriate components
of each column vector of ve, and 0.0 is

entered in remaining components.

2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a), (b), (c) or (d) was not Processing is aborted.
satisfied.
(6) Notes

()

The real symmetric band matrix is compressed into symmetric band type having (mb+1) rows and n
columns and stored in array a (See Appendix B).

If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.
If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
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the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].
If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
(f) The eigenvectors are an orthonormal set.

ASL _decsbsn

If eigenvectors are not required, use 4.9.4
(&) 1B . 4 e ASL_rcsbsn
(7) Example

(a) Problem

Obtain the three smallest eigenvalues of the matrix:

o O =

O = W =
w

= = O

and their corresponding eigenvectors.

(b) Input data
Matrix A, lIna =11, n =4, mb =1, eps = —1.0, m = 3, Inv = 10 and isw = —1.

(¢) Main program

/* C interface example for ASL_dcsbss */

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

int main()
{

double *a;
int lda=11;
int n;

int mb;
double ceps= -1.0;
double x*e;
int m;
double *ve;
int 1ldv=11;
int isw= -1;
int *iwl;
double *wl;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsbss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;

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

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &mb );
fscanf( fp, "%d", &m );

mod = m % 4;

a = ( double * )malloc((size_t)( sizeof(double) * (1lda*n) ));
%f( a == NULL )

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

e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e == NULL )

printf( "no enough memory for array e\n" );
return -1;
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ve = ( double * )malloc((size_t) ( sizeof (double) * (ldv*m) ));
if( ve == NULL )

printf( "no enough memory for array ve\n" );
return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if ( iwl == NULL
printf( "no enough memory for array iwl\n" );
return -1;
wl = ( double * )malloc((size_t)( sizeof(double) * (n*(3*mb+6)) ));
if ( wl == NULL )
printf( "no enough memory for array wi\n" );

return -1;

printf( "\tn = %6d\n", n );
printf( "\tBand Width = %6d\n", mb );
printf( "\tm = %6d\n\n", m );

printf( "\tInput Matrix a\n\n" );
for( j=0 ; j<mb+1l ; j++ )

for( i=mb-j ; i<n ; i++ )

fscanf( fp, "%lf", &al[j+ldaxi] );

}
}
for( j=0 ; j<mb+1l ; j++ )
{
printf( "\t" );
for( i=0 ; i<mb-j ; i++ )
printf( " ")
for( i=mb-j ; i<n ; i++ )
printf( "%8.3g ", al[jt+lda*i] );
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcsbss(a, lda, n, mb, ceps, e, m, ve, ldv, isw, iwl, wl);

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

{or( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", ve[j+ldvxi] );
%rintf( "\n" );
}
if( mod !'= 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );
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}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", vel[j+ldv*il );
}
printf( "\n" );
}
}
free( a );
free( e );

free( ve 5;
free( iwl );
free( wl );

return O;

}
(d) Output results

*%% ASL_dcsbss *¥*
* % Input * %

n = 4

Band Width = 1

m = 3

Input Matrix a

1 1 1
4 3 3 4
** Qutput **
ierr = 0
Eigenvalue Eigenvalue Eigenvalue
. 3 4.41
Eigenvector Eigenvector Eigenvector
0.271 0.5 -0.653
-0.653 -0.5 -0.271
0.653 -0.5 0.271
-0.271 0.5 0.653
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4.9.4 ASL_dcsbsn, ASL_rcsbsn
Eigenvalues of a Real Symmetric Band Matrix

(1) Function
ASL_dcsbsn or ASL _resbsn uses the Givens method and root-free QR method to obtain the m largest or m

smallest eigenvalues of the real symmetric band matrix A (symmetric band type).

(2) Usage
Double precision:
ierr = ASL_dcsbsn (a, lma, n, mb, eps, e, m, isw, wl);
Single precision:

ierr = ASL_rcsbsn (a, lma, n, mb, eps, e, m, isw, 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 '

No. Argument and Type Size fnput/ Contents
Return Value Output
1 a Dx Imaxn Input | Real symmetric band matrix A (symmetric
{R*} band type) (See Note (a)).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (d)).
6 e Dx m Output | Eigenvalues.
()
7 m I 1 Input | The number of m of eigenvalues to be
obtained.
8 isw I 1 Input | Processing switch.
isw > 0: Obtain m eigenvalues from the
largest one.
isw < 0: Obtain m eigenvalues from the
smallest one.
9 wl D+ 5Xn Work | Work area
()
10 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions

(a) 0<m<n
(b) 0<mb<n

(¢) mb < lma

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 n was equal to 1. e[0] « al0]
is performed.

1100 mb was equal to 0. ei—1]+a[lmax (i—1)] (1<i<n)
is performed.

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

satisfied.
(6) Notes

(a) The real symmetric band matrix is compressed into symmetric band type having (mb+1) rows and n

columns and stored in in array a (See Appendix B).

(b) If isw > 0, the eigenvalues are stored in descending order. If isw < 0, they are stored in ascending

order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection

method.
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4.9.5 ASL_dcsbff, ASL_rcsbff
Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix

(1) Function
ASL_dcsbff and ASL _rcsbff uses the subspace method to obtain the eigenvalues having the m largest or m
smallest absolute values of the real symmetric band matrix A (symmetric band type) and to obtain the

corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_desbff (a, lma, n, mb, m, itol, nite, e, ve, Inv, &mst, is1, is2, wl, iwl);
Single precision:
ierr = ASL_resbff (a, lma, n, mb, m, itol, nite, e, ve, Inv, &mst, isl, is2, wl, iwl);

(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+ Imaxn Input | Real symmetric band matrix A (symmetric
{R*} band type) (See Appendix B).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrix A.
4 mb I 1 Input | Band width of matrix A.
5 m I 1 Input | The number of m of eigenvalues to be
obtained.
6 itol I 1 Input | Tolerance used for convergence test (See Note
(b)).
nite I 1 Input | Maximum iteration count (See Note (d)).
e Dx See Output | Eigenvalues.
{R*} Contents Size: min(2 x m,n, m + 8)
9 ve D+ See Output | Eigenvectors (column vector) corresponding
{R*} Contents to each eigenvalue.
Size: (Invx min(2 x m,n, m + 8)
10 Inv I 1 Input | Adjustable dimension of array ve.
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
11 mst I* 1 Output | Number of eigenvalues not calculated (See
Note (e)).
12 isl I 1 Input | Processing switch.
is1 <0:
Obtain eigenvalues having the smallest ab-
solute values.
is1 > 0:
Obtain eigenvalues having the largest ab-
solute values.
13 is2 I 1 Input | Sturm sequence check switch.
is2 < 0: Do not check.
is2 > 0: Check.
14 wl D+ See Work | Work area
{R*} Contents Size: n X g+ g¢XxXqg+2xqg+n
¢ = min(2 X m,n, m + 8)
If is2 > 0, then n x (mb + 1) work areas are
required.
15 iwl I* n Work | Work area
16 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n<lnv
(b) 0 <mb<n
(¢) mb < Ima
(d) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] and
ve[0] + 1.0
are performed.
3000 Restriction (a), (b), (¢) or (d) was not Processing is aborted.
satisfied.
4000 An error occurred during processing.
5000 + ¢ The sequence did not converge within the Processing is aborted after obtaining up
specified number of iterations. to the i-th eigenvalue and eigenvector.
(6) Notes

(a) This function is effective when the number of eigenvalues to be obtained is very small (m<n) relative
ASL_dCSbaa}
and

to the order of the matrix. Otherwise, you should use other functions such 4.9.1
ASL _rcsbhaa

278



ASL_dcsbff, ASL_rcsbff
Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix

4903 ASL _desbss .
ASL _resbss

This function considers that the eigenvalue has converged if the following condition is satisfied. At this

time, the eigenvector has a precision greater than or equal to itol/2.
n n—1

|a177n1| < 10.07'%!  (a}: i-th eigenvalue after the n-th iteration)

a;
If the input value of itol is less than or equal to 0 or greater than — log;, (&), then the optimum value
is automatically set internally. (¢: Unit for determining error)

If isw > 0, the eigenvalues are stored in descending order. If isw < 0, they are stored in ascending
order.

If the input value of nite is less than or equal to 0, then 20 is used as the default value.

This function has a function that checks whether the Sturm sequence property was used for the cal-
culated eigenvalues. Although the number of calculated eigenvalues is computed, the number of cal-
culations increases at this time on the order of n x mb?. For example, assume that three eigenvalues
having the smallest absolute values are to be obtained for the eigenvalue problem having 6, 5, 3, 2 and
1 as eigenvalues. If 5, 2 and 1 are obtained as solution eigenvalues at this time, then 1 is returned to
mst since the value 3 was not obtained as a solution. This function is effective only if all eigenvalues

are positive.

(7) Example

(a)

Problem

Obtain the two eigenvalues having the smallest absolute values of the matrix:

611 196 —-192 407 -8 0 0 0
196 899 113 =192 -71 —43 0 0
—192 113 899 196 61 49 8 0
e 407 —192 196 611 8 44 99 23
-8 =72 61 § 411 -599 208 208
0 —43 49 44 =599 411 208 208
0 0 8 99 208 208 99 911
i 0 0 0 -—-23 208 208 -911 99 |

and their corresponding eigenvectors.

Input data
Matrix A, Ima=11, n=8, mb=4, m=2 and Inv=10.

Main program

/* C interface example for ASL_dcsbff */

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

int main()
{

double *a;
int ma=11;
int nn;

int maw;
int mm;

int itol=0;
int nnite=0;
double x*e;
double *ve;
int nv=11;
int mst;
int is1=0;
int is2=1;
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double *wl;

int *iwl;

int ierr;

int i,j,k;

FILE *fp;

int mod;

int mi;

fp = fopen( "dcsbff.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_dcsbff **x\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &nn );
fscanf( fp, "%d", &maw );
fscanf( fp, "%d", &mm );

mod = mm % 4;
if( 2%mm < nn )

mi = 2%mm;
else

mi = nn;
if( mm+8 < mi )

mi = mm+8;

a = ( double * )malloc((size_t) ( sizeof (double) * (ma*nn) ));
%f( a == NULL )

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

return -1;
e = ( double * )malloc((size_t)( sizeof(double) * mi ));
%f( e == NULL )

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

<
o©
1

( double * )malloc((size_t) ( sizeof(double) * (nv*mi+nn*(maw+1)) ));
if( ve == NULL )

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

return -1;
}
wl = ( double * )malloc((size_t)( sizeof (double) * ((nn+mi+2)*mi+nn+nn*(maw+1)) ));
%f( wl == NULL )
printf( "no enough memory for array wiln" );
) return -1;
iwl = ( int * )malloc((size_t) ( sizeof(int) * nn ));
if ( iwl == NULL
printf( "no enough memory for array iwl\n" );
) return -1;

printf( "\tn = %6d\n", nn );
printf( "\tBand Width = %6d\n", maw );
printf( "\tm = %6d\n\n", mm );

printf( "\tInput Matrix a\n\n" );
for( j=0 ; j<maw+l ; j++ )

for( i=maw-j ; i<nn ; i++ )

fscanf( fp, "%lf", &al[j+maxil );

for( j=0 ; j<maw+l ; j++ )

printf( "\t" );
for( i=0 ; i<maw-j ; i++ )

printf( " ")
for( i=maw-j ; i<nn ; i++ )
printf( "%8.3g ", alj+ma*il );

}
printf( "\n" );
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fclose( fp );
ierr = ASL_dcsbff(a, ma, nn, maw, mm, itol, nnite, e, ve, nv, &mst, isl, is2, wl, iwl);

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

{or( k=0 ; k<mm-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", vel[j+nv*i] );
%rintf( "\n" );
}
if( mod != 0 )
{

printf( "\n" );
for( i= mm-mod ; i<mm ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= mm-mod ; i<mm ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i= mm-mod ; i<mm ; i++ )
printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

for( i= mm-mod ; i<mm ; i++ )

printf( "\t%8.3g ", vel[j+nv*i] );
printf( "\n" );
}
}
printf( "\n\tMissed Eigenvalues = %6d\n", mst );
free( a );
free( e );
free( ve );
free( wi )

free( iwl 5;

return O;
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(d) Output results

*xx ASL_dcsbff

*% Input *%

k% k

n = 8
Band Width = 4
m = 2
Input Matrix a
407
-192 -192
196 113 196
611 899 899 611
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue
-5.93 22.3
Eigenvector Eigenvector
0.425 0.467
-0.267 -0.18
0.267 0.179
-0.399 -0.496
-0.46 0.427
-0.438 0.449
-0.224 0.228
-0.254 0.189
Missed Eigenvalues = 1
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4.10 REAL SYMMETRIC TRIDIAGONAL MATRIX (VECTOR
TYPE)

4.10.1 ASL_dcstaa, ASL rcstaa
All Eigenvalues and All Eigenvectors Real Symmetric Tridiagonal Matrix

(1) Function
ASL_dcstaa and ASL _rcstaa uses the QR method to obtain all eigenvalues of the real symmetric tridiagonal
matrix A (vector type) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcstaa (d, n, sd, e, ve, Inv);
Single precision:

ierr = ASL_rcstaa (d, n, sd, e, ve, lnv);
(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. FEHment ai Type Size nput/ Contents
Return Value Output
n Input | Diagonal components of the real symmetric

tridiagonal matrix A.

1d{

Input | Order of matrix A.

sd n Input | Subdiagonal components of the real symmet-

ric tridiagonal matrix A.

Output | Input-time contents are not retained.

4 e {D*} n Output | Eigenvalues.

R«

5 ve Dx Invxn Output | Eigenvectors (column vector) corresponding
R to each eigenvalue.

6 Inv 1 Input | Adjustable dimension of array ve.

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

(4) Restrictions

(a) 0 <n<lnv

283



ASL_dcstaa, ASL_rcstaa
All Eigenvalues and All Eigenvectors Real Symmetric Tridiagonal Matrix

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < d[0] and
vel0] « 1.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue and eigenvector were tered in e[0], - - -, e[i — 2] and eigenvectors
to be obtained. corresponding to them are entered in a
(1<i<n) (However, the order is irregular).
(6) Notes

(a) The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n—1] is arbitrary (See Appendix B).
(b) Eigenvalues are stored in ascending order.

(c) Eigenvectors are an orthonormal set.

(d) If eigenvectors are not required, use 4.10.2
ASL_rcstan

ASL_dcstan}

(7) Example

(a) Problem

Obtain all eigenvalues of the matrix:

4 1 0 0
1 1
A 3 0
01 3 1
0 0 1 4

and their corresponding eigenvectors.

(b) Input data

Diagonal components d of matrix A, n=4, subdiagonal components sdof matrix A and Inv=10.
(¢) Main program

/* C interface example for ASL_dcstaa */

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

int main()
{

double *d;
int n;
double *sd;
double x*e;
double *ve;
int 1dv=10;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcstaa.dat", "r" );
if( fp == NULL )
{
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printf( "file open error\n" );

return -1;
printf( " *x* ASL_dcstaa ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
mod = n % 4;

d = ( double * )malloc((size_t)( sizeof(double) * n ));
if ( d == NULL )

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

sd = ( double * )malloc((size_t)( sizeof(double) * n ));
if( sd == NULL )

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

return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( e == NULL )

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

ve = ( double * )malloc((size_t)( sizeof(double) * (ldv*n) ));
if ( ve == NULL )

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

return -1;
printf( "\tn = %6d\n", n );

printf( "\n\tInput Matrix a\n" );
printf( "\t Diagonal\n" );
for( i=0 ; i<n ; i++ )

fscanf( fp, "41f", &d[il );
printf( "\t%8.3g", d[il );
}
printf( "\n" );
printf( "\t Subdiagonall\n" );
for( i=0 ; i<n-1 ; i++ )

fscanf( fp, "J%Llf", &sdl[i] );
printf( "\t%8.3g", sdl[il );

}

printf( "\n" );

fclose( fp );

ierr = ASL_dcstaa(d, n, sd, e, ve, 1ldv);

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

for( k=0 ; k<n-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", ve[j+ldvxi] );

}
printf( "\n" );
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}
if( mod != 0 )
{

printf( "\n" );
for( i= n-mod ; i<n ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= n-mod ; i<n ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i= n-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= n-mod ; i<m ; i++ )

printf( "\t%8.3g v, vel[j+ldv*il );
}
printf( "\n" );
}

}
free( d );
free( sd );
free( e );

free( ve );

return O;

}
(d) Output results

**%k ASL_dcstaa *¥*

** Input *x*

n = 4
Input Matrix a
Diagonal
4 3 3 4
Subdiagonal
1 1
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue Eigenvalue Eigenvalue
3 4.41 5
Eigenvector Eigenvector Eigenvector Eigenvector
-0.271 -0.5 -0.653 -0.5
0.653 0.5 -0.271 -0.5
-0.653 0.5 0.271 -0.5
0.271 -0.5 0.653 -0.5
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4.10.2 ASL_dcstan, ASL_rcstan

All Eigenvalues of a Real Symmetric Tridiagonal Matrix

(1) Function

ASL_dcstan and ASL _rcstan uses the QR method to obtain all eigenvalues of the real symmetric tridiagonal

matrix A (vector type).

(2) Usage
Double precision:
ierr = ASL_dcstan (d, n, sd, e);
Single precision:
ierr = ASL_restan (d, n, sd, e);

(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. FEUIMEnt atl Type Size nput/ Contents
Return Value Output
1 d D+ n Input | Diagonal components of the real symmetric
Rx tridiagonal matrix A.
2 n I 1 Input | Order of matrix A.
sd Dx n Input | Subdiagonal components of the real symmet-
Rx ric tridiagonal matrix A.
Output | Input-time contents are not retained.
4 e Dx n Output | Eigenvalues.
R«
5 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) n>0
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + d[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i— 2] (However, the or-
(1<i<n) der is irregular).
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(6) Notes

(a) The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n—1] is arbitrary (See Appendix B).

(b) Eigenvalues are stored in ascending order.
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4.10.3 ASL_dcstss, ASL_rcstss
Eigenvalues and Eigenvectors of a Real Symmetric Tridiagonal Matrix

(1) Function
ASL_dcstss and ASL _restss uses the root-free QR method or Bisection method to obtain the m largest or
m smallest eigenvalues of the real symmetric tridiagonal matrix A (vector type) and the inverse iteration

method to obtain the corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_destss (d, n, sd, eps, e, m, ve, lnv, isw, iwl, wl);
Single precision:

ierr = ASL_restss (d, n, sd, eps, e, m, ve, lnv, isw, iwl, wl);
(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 d D+ n Input | Diagonal components of the real symmetric
{R*} tridiagonal matrix A.
2 n I 1 Input | Order of matrix A.
sd Dx n Input | Subdiagonal components of the real symmet-
{R*} ric tridiagonal matrix A.
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (d)).
5 e D+ m Output | Eigenvalues.
v
6 m I 1 Input | The number of m of eigenvalues to be
obtained.
7 ve D+ Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue.
8 Inv I 1 Input | Adjustable dimension of array ve.
9 isw I 1 Input | Processing switch.
isw > 0: Obtain m eigenvalues from the
largest one.
isw < 0: Obtain m eigenvalues from the
smallest one.
10 iwl I* m Output | Eigenvector flag (See Note (e)).
11 wl D+ 6 X n Work | Work area
)
12 ierr I 1 Output | Error indicator (Return Value)

289



ASL_dcstss, ASL_rcstss
Eigenvalues and Eigenvectors of a Real Symmetric Tridiagonal Matrix

(4) Restrictions

(a)
(b)

0<n<lInv

0<m<n

(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] «+ d[0] and
vel0] « 1.0

are performed.

2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

(a)

()
(2)

The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n—1] is arbitrary (See Appendix B).

If isw > 0, the eigenvalues are stored in descending order. If isw < 0, they are stored in ascending

order.

Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by Bisection method.

If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.

Eigenvectors are an orthonormal set.

ASL_dcsts
If eigenvectors are not required, use 4.10.4 st .
ASL _rcstsn
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(7) Example

(a) Problem

Obtain the two largest eigenvalues of the matrix:

(5 3
3 2 3
3 2 3 0
3 2 3
. 3 2 3
3 2 3
3 2 3
0 3 3
3 3
L 35_

and their corresponding eigenvectors.

(b) Input data
Diagonal component d of matrix A, n=10, subdiagonal components sd of matrix A, eps=—1.0 m=2,

Inv=10 and isw=1.
(¢) Main program

/* C interface example for ASL_dcstss */

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

int main()
{

double *d;
int n;
double *sd;
double ceps= -1.0;
double x*e;
int m;
double *ve;
int 1dv=10;
int isw=1;
int *iwl;
double *wl;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcstss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_dcstss ***\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );

mod = m % 4;

d = ( double * )malloc((size_t)( sizeof(double) * n ));
if( d == NULL )

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

sd = ( double * )malloc((size_t)( sizeof(double) * n ));
if( sd == NULL )

printf( "no enough memory for array sd\n" );
return -1;
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e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e == NULL )

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

return -1;

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

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

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

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

wl = ( double * )malloc((size_t)( sizeof(double) * (6%n) ));
if( wi == NULL )

printf( "no enough memory for array wiln" );
return -1;

%6d\n", n );
%6d\n", m );
printf( "\n\tInput Matrix a\n" );
printf( "\n\tDiagonal\n" );
printf( "\t" );

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

printf( "\tn
printf( "\tm

fscanf( fp, "JLlf", &d[i] );
printf( "%8.3g ", d[il );

}
printf( "\n" );
printf ( "\n\n\tSubdiagonall\n" );

printf( "\t" );
for( i=0 ; i<n-1 ; i++ )

fscanf( fp, "J1lf", &sd[i] );
printf( "%8.3g ", sd[il );

}

printf( "\n" );

fclose( fp );

ierr = ASL_dcstss(d, n, sd, ceps, e, m, ve, 1ldv, isw, iwl, wl);

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

for( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

printf( "\n" );
for( j=0 ; j<n ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", ve[j+ldvxi] );
%rintf( "\n" );
}
if( mod != 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )
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printf( "\tEigenvalue " );

}
printf( "\n" );

for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g

}
printf( "\n" );

", elil );

for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g

}
printf( "\n" );

}

free( d );
free( sd

free( e );
free( ve );
free( iwl );
free( wl );

B

return O;

}
(d) Output results

*%*% ASL_dcstss *¥*
* % Input * %

10
2

n
m

Input Matrix a

Diagonal
5 2
Subdiagonal
3 3
*% Qutput *x*
ierr = 0
Eigenvalue Eigenvalue
8 7.71
Eigenvector Eigenvector
0.316 -0.442
0.316 -0.398
0.316 -0.316
0.316 -0.203
0.316 -0.07
0.316 0.07
0.316 0.203
0.316 0.316
0.316 0.398
0.316 0.442

", vel[j+ldv*i] );
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4.10.4 ASL_dcstsn, ASL_rcstsn

Eigenvalues of a Real Symmetric Tridiagonal Matrix

(1) Function

ASL_dcstsn and ASL_restsn uses the root-free QR method or Bisection method to obtain the m largest or

m smallest eigenvalues of the real symmetric tridiagonal matrix A (vector type).

(2) Usage
Double precision:
ierr = ASL_dcestsn (d, n, sd, eps, e, m, isw, wl);
Single precision:

ierr = ASL_restsn (d, n, sd, eps, e, m, isw, wl);
(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 d D+ n Input | Diagonal components of the real symmetric
{R*} tridiagonal matrix A.
2 n I 1 Input | Order of matrix A.
sd Dx n Input | Subdiagonal components of the real symmet-
{R*} ric tridiagonal matrix A.
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (d)).
5 e Dx m Output | Eigenvalues.
()
6 m I 1 Input | The number of m of eigenvalues to be
obtained.
7 isw I 1 Input | Processing switch.
isw > 0: Obtain m eigenvalues from the
largest one.
isw < 0: Obtain m eigenvalues from the
smallest one.
8 wl D 3Xn Work | Work area
()
9 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 0<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « d[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
(6) Notes

(a) The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n — 1] is arbitrary (See Appendix B).

(b) If isw > 0, the eigenvalues are stored in descending order. If isw < 0, they are stored in ascending

order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set

so that this value will be set automatically. eps is used to obtain eigenvalues by Bisection method.
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4.10.5 ASL_dcstee, ASL _rcstee
Eigenvalues in an Interval and Their Eigenvectors of a Real Symmetric Tridi-
agonal Matrix (Interval Specified)
(1) Function
ASL _dcstee and ASL_rcstee uses the Bisection method to obtain the m largest or m smallest eigenvalues

in a specified interval of the real symmetric tridiagonal matrix A (vector type) and the inverse iteration

method to obtain the corresponding eigenvectors.

(2) Usage

Double precision:

ierr = ASL_destee (d, n, sd, eps, e, &m, el, €2, ve, lnv, iwl, wl);

Single precision:

ierr = ASL_rcstee (d, n, sd, eps, e, &m, el, €2, ve, lnv, iwl, wl);

(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 d D n Input | Diagonal components of the real symmetric
{R*} tridiagonal matrix A.
2 n I Input | Order of matrix A.
3 sd D+ n Input | Subdiagonal components of the real symmet-
{R*} ric tridiagonal matrix A.
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (b)).
5 e Dx m Output | Eigenvalues.
1
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed.
Output | Number of the obtained eigenvalues.
7 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the smallest one (e2 is upper
bound).
8 e2 D 1 Input | el > e2: Obtain m eigenvalues in the inter-
{R} val [el, e2] from the largest one (e2 is lower
bound) (See Notes (c) and (d)).
9 ve D Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue.
10 Inv I 1 Input | Adjustable dimension of array ve.
11 iwl I* m Output | Eigenvector flag (See Note (e)).
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
12 wl Dx 6 xn Work | Work area
Rx
13 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n <lnv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + d[0] and
vel0] « 1.0
are performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
(6) Notes

()

(b)

(f)

The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n — 1] is arbitrary (See Appendix B).

If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el > e2 the eigenvalues and eigenvectors are stored in descending order.

If el = €2, the eigenvalues in the interval [el — eps, el + eps| are obtained. Normally, el should be set
to be different e2.

If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and
the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].

If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.

Eigenvectors are an orthonormal set.
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ASL_dcst
(g) If eigenvectors are not required, use 4.10.6 esterl,
ASL _rcsten

(7) Example

(a) Problem
Obtain the four eigenvalues in the interval [0, 7.9] from the largest one of the following symmetric
tridiagonal matrix A:

S ]
3 2
3 2 3 0
2 3
. 3 2
3 2 3
2 3
0 3 2
3 2 3
L 5_

and their corresponding eigenvectors.

(b) Input data
Diagonal component d of matrix A, n=10, subdiagonal components sd of matrix A, eps=—1.0 m=4,
el=7.9, e2=0 and lnv=10.

(¢) Main program

/* C interface example for ASL_dcstee */

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

int main()
{

double *d;
int n;

double *sd;
double ceps= -1.0;
double x*e;
double el,e2;
int m;

double *ve;
int 1dv=10;
int *iwl;
double *wl;
int ierr;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcstee.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **x* ASL_dcstee ***\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &m );
fscanf( fp, "%Llf", &el );
fscanf( fp, "%K1f", &e2 );

mod = m % 4;

d = ( double * )malloc((size_t)( sizeof(double) * n ));
if( d == NULL )

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

sd = ( double * )malloc((size_t)( sizeof(double) * n ));
if( sd == NULL )

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

o

e = ( double * )malloc((size_t)( sizeof(double) * m ));
%f( e ULL )
printf( "no enough memory for array e\n" );
return -1;
ve = ( double * )malloc((size_t)( sizeof (double) * (1ldv*m) ));
if ( ve == NULL )
printf( "no enough memory for array ve\n" );
return -1;
iwl = ( int * )malloc((size_t)( sizeof(int) * m ));
if( iwl == NULL )
printf( "no enough memory for array iwl\n" );
return -1;
wl = ( double * )malloc((size_t)( sizeof (double) * (6*n) ));
if ( wl == NULL )

printf( "no enough memory for array wiln" );

return -1;
printf( "\tn = %6d\n", n );
printf( "\tm = %6d\n", m );

printf( "\tel= %6.3g\n", el );
printf( "\te2= %6.3g\n", e2 );

printf( "\n\tInput Matrix a\n" );
printf( "\n\tDiagonall\n" );
printf( "\t" );

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

fscanf( fp, "%Llf", &d[i] );
printf( "%8.3g ", dl[il );

}
printf( "\n" );
printf( "\n\n\tSubdiagonall\n" );

printf( "\t" );
for( i=0 ; i<n-1 ; i++ )

fscanf( fp, "%Llf", &sd[i] );
printf( "%8.3g ", sdl[il );

}

printf( "\n" );

fclose( fp );

ierr = ASL_dcstee(d, n, sd, ceps, e, &m, el, e2, ve, ldv, iwl, wl);

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

{or( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

for( i=k ; i<k+4 ; i++ )
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printf( "\t%8.3g v, velj+ldv*i] );
%rintf( "\n" );
}
%f( mod != 0 )

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g v, vel[j+ldv*il );
}
printf( "\n" );
}

}
free( d );
free( sd );
free( e );

free( ve );
free( iwl );
free( wl );

return O;

}
(d) Output results

**%*k ASL_dcstee ***

** Input *x*

n = 10
m = 4
el= 7.9
e2= 0

Input Matrix a

Diagonal
5 2 2 2 2 2 2 2 2 5
Subdiagonal
3 3 3 3 3 3 3 3 3
** Qutput **
ierr = 0
Eigenvalue Eigenvalue Eigenvalue Eigenvalue
7.71 6.85 5.53 3.85
Eigenvector Eigenvector Eigenvector Eigenvector
-0.442 0.425 0.398 -0.362
-0.398 0.263 0.07 0.138
-0.316 1.58e-15 -0.316 0.447
-0.203 -0.263 -0.442 0.138
-0.07 -0.425 -0.203 -0.362
0.07 -0.425 0.203 -0.362
0.203 -0.263 0.442 0.138
0.316 3.11e-15 0.316 0.447
0.398 0.263 -0.07 0.138
0.442 0.425 -0.398 -0.362

300



ASL_dcsten, ASL_rcsten
FEigenvalues in an Interval of a Real Symmetric Tridiagonal Matrix (Interval Specified)

4.10.6 ASL_dcsten, ASL_rcsten
Eigenvalues in an Interval of a Real Symmetric Tridiagonal Matrix (Interval
Specified)

(1) Function
ASL_dcsten and ASL _rcsten uses the Bisection method to obtain the m largest or m smallest eigenvalues in

a specified interval of the real symmetric tridiagonal matrix A (vector type).

(2) Usage
Double precision:
ierr = ASL_desten (d, n, sd, eps, e, &m, el, e2, wl);
Single precision:

ierr = ASL_rcsten (d, n, sd, eps, e, &m, el, e2, wl);

(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 d D+ n Input | Diagonal components of the real symmetric
{R*} tridiagonal matrix A.
2 n I 1 Input | Order of matrix A.
3 sd Dx n Input | Subdiagonal components of the real symmet-
{R*} ric tridiagonal matrix A.
4 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test (See Note (b)).
5 e D+ m Output | Eigenvalues.
tr
6 m I* 1 Input | Maximum number of the eigenvalues to be
computed.
Output | Number of the obtained eigenvalues.
7 el D 1 Input | el < e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the smallest one (e2 is upper
bound).
8 e2 D 1 Input | el > e2: Obtain m eigenvalues in the inter-
{R} val [el, e2] from the largest one (e2 is lower
bound) (See Notes (c) and (d)).
9 wl D+ 3xn Work | Work area
v
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0<m<n
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 n was equal to 1. e[0] « d[0]
is performed.

1500 The number of eigenvalues between el All the eigenvalues and the corresponding

and e2 is less than m. eigenvectors between el and e2 are ob-

tained and the number of the found eigen-
value is output to m.

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

(6) Notes

(a) The diagonal components and subdiagonal components of the real symmetric tridiagonal matrix are

stored in the one-dimensional arrays d and sd respectively. sd[n — 1] is arbitrary (See Appendix B).

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el > e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = €2, the eigenvalues in the interval [el — eps, el 4 eps] are obtained. Normally, el should be set

to be different e2.
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4.11.1 ASL_dcsrss, ASL _rcsrss
Eigenvalues and Eigenvectors of a Real Symmetric Sparse Matrix (Symmet-
ric One-Dimensional Row-Oriented List Type) (Upper Triangular Type)

(1) Function
ASL_desrss or ASL_resrss uses the Jacobi-Davidson (JD) algorithm to obtain the m extreme (largest or
smallest) eigenvalues and -vectors of a real symmetric sparse matrix A (real symmetric one-dimensional

row- oriented list)(upper triangular type).

(2) Usage
Double precision:
ierr = ASL_dcsrss (a, na, ja, ia, n, x, lda, e, m, tr, &ix, is, &itm, &iprec, ndia, &itjd, &itqmr,
iw, wk);
Single precision:
ierr = ASL_resrss (a, na, ja, ia, n, x, lda, e, m, tr, &ix, is, &itm, &iprec, ndia, &itjd, &itqmr,

iw, 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 fput/ Contents
Return Value ’ Output
1 a D+ na Input | Real symmetric matrix A (real symmetric
{ R*} one-dimensional row-oriented list type) (up-
per triangular type) (See Note (a)).
2 na I 1 Input | Dimension size of array a: number of the di-
agonal elements and the nonzero elements in
the upper triangle of matrix A.
3 ja I* na Input | ja[i]: Column number of i-th element of ma-
trix A
4 ia I* n+1 Input | ia[i—1]: Element number in array a of the di-
agonal element of matrix A’s i-th row (ian] =
ialn — 1] +1).
5 n I 1 Input | Order of matrix A.
D« ldaxm Input | Initial iteration vectors (if ix = 1).
{R*} Output | Column vectors of ix are eigenvectors.
Ida I 1 Input | Adjustable dimension of array x.
e Dx m Output | Eigenvalues.
()
9 m I 1 Input | Number of eigenvalues to be obtained m (See
Note (b)).
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
10 tr {D*} m Input | Convergence threshold for the quotient of
R+ current residual norm and the initial resid-
ual norm (See Note (c)).
Output | tr[i — 1] (¢ = 1,---,m): Final residual
norms divided by the initial residual norms.
11 ix I* 1 Input/ | Switch parameter for selection of initial iter-
Output | ation vectors (See Note (d)).
ix=—-1:

No specification of initial iteration vectors;
initial eigenvalues and eigenvectors are inter-
nally derived from the diagonal of the matrix.
ix=0:

No specification of initial iteration vectors;
random vectors are internally generated.

ix =1:

Initial iteration vectors are user-specified.
Else:

Default value 0 is used.

12 is I 1 Input | Processing switch (See Note (b)).
is > 0: Obtain m eigenvalues from the largest
one (in descending order).
is < 0 : Obtain m eigenvalues from the small-
est one (in ascending order).
13 itm I* 1 Input/ | Dimension of subspace (See Note (e)).
Output
14 iprec I* 1 Input/ | Preconditioning method.
Output | iprec = 0:

Diagonal preconditioning
iprec = 1:

Tterative QMR preconditioning with ndia
preceding diagonal preconditioning steps.
Else: iprec is reset to default value 1.

15 ndia I* 1 Input/ | Number of preceding diagonal precondition-
Output | ing steps (See Note (f)).
16 itjd I* 1 Input/ | Maximum number of outer JD iterations (de-
Output | fault: 1000)
(See Note (g)).
17 itgmr I* 1 Input/ | Maximum number of QMR iterations (de-
Output | fault: 1000)
(See Note (h)).
18 iw I* 2 X m Work | Work area
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
19 wk Dx See Work | Work area
{R* } Contents Size:
X (2 xitm+3 X m+9)+itm x (3 x itm +
2)+4xm
20 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
()
(b)
(©) la[ ]
(d)

()

(f) Whenix =1:

(g) Whenm < n: m < itm

(5) Error indicator (Return Value)

(All m user-specified initial iteration vectors) # 0

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] and
x[0] 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.
3040 Restriction (e) was not satisfied.
3070 Restriction (f) was not satisfied.
3100 Restriction (g) was not satisfied.
5000 Error occurred in course of finding eigen-
vectors in subspace.
6000 No convergence to the required accu-
racy in itjd iterations. Namely, ||Ax; —
Aixill2/||Azo — Aoxoll2 is larger than the
user-specified threshold.
(6) Notes

(a) The diagonal elements and nonzero elements in the upper triangular portion of the real symmetric

matrix are stored rowwise in the one-dimensional array a.

(Real symmetric one-dimensional row-

oriented list type (upper triangular type); See Appendix B).

(b) If isw>0, the m eigenvalues are stored in array e in descending order from the largest one. If isw<0,

the m eigenvalues are stored in array e in ascending order from the smallest one.
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()

Convergence test method depends on the input value tr[0] as follows.

When tr[0] > 0: The input value tr is used as convergence threshold. That is, the
convergence condition is as follows.
[Az; — Niwill2/[|Azo — Aozo|l2 < tr[0]

When tr[0] < 0: Convergence threshold is set to the default value 1078 (1075 for
single precision). Namely the condition is as follows.
| Az; — Nixill2/ ]| Azo — Aomoll2 < 1078 (1077)

For ix = 1, the initial iteration vectors are user-specified. Good starting vectors are approximations
of the eigenvectors looked for. The user-specified vectors are orthonormalized within this function. If

this fails, they are replaced by random starting vectors.

The subspace size itm is crucial for JD’s convergence. itm must be < m if itm > m. The maximum
value for itm is the full space size n. For determining a few extreme eigenvalues and -vectors, a subspace
size itm > 2xm is recommended.

Note that the higher the subspace size is chosen, the faster JD’s convergence becomes. A larger
subspace, however, results in higher memory requirements. For large sparse matrices, subspace sizes
of 2xm to 4xm are usually sufficient.

If input value itm is larger than or equal to n, then itm is set equal to n and processing continues.

The value of argument ndia is referred only when iprec = 1. If iprec = 1 and the input value ndia
satisfies ndia < 0, then ndia is modified to 10 and processing continues. If iprec = 0, then ndia is
modified to 0, but it is not referred.

If the input value of argument itjd satisfies itjd < 0, then itjd is modified to 1000 and processing
continues.

If the input value of argument itqmr satisfies itqmr < 0, then itqmr is modified to 1000 and processing
continues.

On output, the eigenvectors are an orthonormal set.

The JD iteration stops when all the residual norms divided by the initial residual norms of all m current
eigenvalue and -vector approximations become smaller than or equal to the user-specified threshold
which is given as the input value tr[0]. The value of the criterion depends on the user’s needs. The

default value of 1078 (105 for single precision) should lead to sufficient accuracy in most cases.

(7) Example

()

Problem
Obtain the three smallest eigenvalues of the matrix:
(52 1000000 0]
26 31000000
136 3100000
0136 310000
e 001 3631000
000136 3100
0000136 310
00000136 31
000 0O0O0OT136 2
|00 000001 2 5]

and their corresponding eigenvectors.
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(b) Input data
Arrays defining the matrix A: a, ja, ia.
na=27, n=10, lda=11, m=3, tr[0]=1.0D—10, ix=0, is=—1,
itm=>5, iprec=1, ndia=1, itjd=1000 and itqmr=1000.
(¢) Main program
/* C interface example for ASL_dcsrss */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>

int main()

int n, na, m, ierr;
double *a;
int *ja, *ia, *iw;

double *x, *e, *tr, *wk;

int }da = 11;

int itmmax = 11;

int itm = 5;

int

int

int

int

int

int

int 1xa = ldaxlda;
int lxia = lda+i;

int sz_x = lxa;

int sz_e = lda;

int sz_tr = 1lda;

int sz_iw = itmmax*2;
int sz_wk = lda*(5*itmmax+9)+itmmax* (3*itmmax+2)+4*itmmax;
int sz_ia = 1lxia;

int sz_ja = lxa;

int sz_a = lxa;

double eps=1.0e-10;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsrss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*x ASL_dcsrss ***\n" );
printf( "\n *#x Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );

mod =m % 4;

x = ( double * )malloc((size_t)( sizeof(double) * sz_x ));
%f( x == NULL )

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

return -1;

(o)

( double *))malloc((size_t)( sizeof (double) * sz_e ));
e ==

e =
if( NULL
{

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

return -1;
tr = ( double * )malloc((size_t) ( sizeof (double) * sz_tr ));
if( tr == NULL )

printf( "no enough memory for array tr\n" );
return -1;
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iw = ( int * )malloc((size_t) ( sizeof(int) * sz_iw ));
if( iw == NULL )

printf( "no enough memory for array iw\n" );
return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * sz_wk ));
if ( wk == NULL )
printf( "no enough memory for array wk\n" );
return -1;
ia = ( int * )malloc((size_t)( sizeof(int) * sz_ia ));
if( ia == NULL )
printf( "no enough memory for array ia\n" );
return -1;
ja = ( int * )malloc((size_t)( sizeof(int) * sz_ja ));

if( ja == NULL )

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

return -1;
}
a = ( double * )malloc((size_t) ( sizeof (double) * sz_a ));
%f( a == NULL )
printf( "no enough memory for array a\n" );
return -1;
tr[0]=eps;

printf( "\tn = %6d\n", n );
printf( "\tna = %6d\n", na );
printf( "\tm = %6d\n\n", m );

for( j=0 ; j<na ; j++ )

fscanf( fp, "%1f", &aljl );

for( j=0 ; j<na ; j++ )

fscanf( fp, "%d", &jaljl );
}

for( j=0 ; j<n+1l ; j++ )

fscanf( fp, "%d", &ialjl );
}

fclose( fp );

ierr = ASL_dcsrss(a, na, ja, ia, n, x, lda, e, m, tr, &ix, is,
&itm, &iprec, &ndia, &itjd, &itgqmr, iw, wk);

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

for( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", x[j+lda*i] );

}
printf( "\n" );
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printf( "\n" );
for( i=0 ; i<4 ; i++ )
printf( "\tResidual " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", trlil );

}
printf( "\n\n" );

if( mod != 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

{
for( i= m-mod ; i<m ; i++ )
printf( "\t%8.3g ", x[j+lda*i] );
}
printf( "\n" );
}

printf( "\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\tResidual " );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\t%8.3g ", tr[i] );

}
printf( "\n" );
}

free( x );
free( e );
free( tr );
free( iw );
free( wk );
free( ia );
free( ja );
free( a );

return O;
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(d) Output results

*%% ASL_dcsrss *¥*
* % Input * %
= 10

n
na = 27
m = 3

*% Output *x*

ierr = 0
Eigenvalue Eigenvalue Eigenvalue
1.88 1.89 2.26
Eigenvector Eigenvector Eigenvector
.0117 0.056 -0.124
0.204 -0.0105 0.414
-0.444 -0.153 -0.487
0.469 0.39 0.161
-0.201 -0.567 0.223
-0.201 0.567 -0.223
0.469 -0.39 -0.161
-0.444 0.153 0.487
0.204 0.0105 -0.414
0.0117 -0.056 0.124
Residual Residual Residual
9.79e-12 3.94e-16 5.43e-13
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4.11.2 ASL_dcsjss, ASL_rcsjss
Eigenvalues and Eigenvectors of a Real Symmetric Sparse Matrix (Jagged
Diagonals Storage Type)

(1) Function
ASL _dcsjss or ASL_rcsjss uses the Jacobi-Davidson (JD) algorithm to obtain the m extreme (largest or small-
est) eigenvalues and -vectors of a real symmetric matrix A (JAGGED DIAGONALS LIST TYPE)(JAD).

(2) Usage
Double precision:
ierr = ASL_dcsjss (mjad, ajad, na, iajad, jajad, jadord, n, x, lda, e, m, tr, &ix, is, &itm,
&ipree, &ndia, &itjd, &itqmr, iw, wk);
Single precision:
ierr = ASL_resjss (mjad, ajad, na, iajad, jajad, jadord, n, x, lda, e, m, tr, &ix, is, &itm,
&iprec, &ndia, &itjd, &itqmr, iw, 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 mjad I 1 Input | Number of jagged diagonals of matrix A
(JAD format) (See Note (a)).
2 ajad D« na Input | Nonzero elements of matrix A (JAD format)
{R*} (See Note (a)).
3 na I 1 Input | Dimension size of array ajad: number of
nonzero elements of matrix A.
4 iajad I* mjad + 1 Input | iajad[i—1]: Starting indices of the i-th jagged
diagonal of matrix A in arrays ajad and jajad
(See Note (a)).
5 jajad I* na Input | jajad[i]: Column number of the i-th nonzero
element of matrix A in ajad (See Note (a)).
6 jadord I* n Input | The mapping of the left vector (y of
y = Az) from the real symmetric one-
dimensional row-oriented list type ordering to
JAD ordering.
I 1 Input | Order of matrix A.
D« ldaxm Input | Initial iteration vectors (if ix = 1).
{R*} Output | Column vectors of ix are eigenvectors.
9 lda I 1 Input | Adjustable dimension of array x.
10 e Dx m Output | Eigenvalues.
e
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
11 m I 1 Input | Number of eigenvalues to be obtained m (See
Note (b)).
12 tr {D*} m Input | Convergence threshold for the quotient of
Rx current residual norm and the initial resid-
ual norm (See Note (c)).
Output | tri —1] (i = 1,2,---,m): Final residual
norms divided by the initial residual norms.
13 ix I* 1 Input/ | Switch parameter for selection of initial iter-
Output | ation vectors (See Note (d)).
ix = —1: No specification of initial iteration
vectors; initial eigenvalues and eigenvectors
are internally derived from the diagonal of
the matrix.
ix = 0: No specification of initial iteration
vectors; random vectors are internally gener-
ated.
ix = 1: Initial iteration vectors are user-
specified.
Else: Default value 0 is used.
14 is I 1 Input | Processing switch (See Note (b)).
is > 0: Obtain m eigenvalues from the largest
one (in descending order).
is < 0: Obtain m eigenvalues from the small-
est one (in ascending order).
15 itm I* 1 Input/ | Dimension of subspace (See Note (e)).
Output
16 iprec I* 1 Input/ Preconditioning method.
Output | iprec = 0: Diagonal preconditioning.
iprec = 1: Iterative QMR preconditioning
with ndia preceding diagonal preconditioning
steps.
Else: iprec is reset to default value 1.
17 ndia I* 1 Input/ | Number of preceding diagonal precondition-
Output | ing steps (See Note (f)).
18 itjd I* 1 Input/ | Maximum number of outer JD iterations (de-
Output | fault: 1000)
(See Note (g)).
19 itqmr I* 1 Input/ | Maximum number of QMR iterations (de-
Output | fault: 1000)
(See Note (h)).
20 iw I* 2 X m Work | Work area
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
21 wk Dx See Work | Work area
{R* } Contents Size:
n x (2 xitm+3 x m+9) +itm x (3 x itm +
2)+4xm
22 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

mjad <n
mjad > 0

n < na

ialn] — 1 < na

n < lda

0<m<n

When m < n: m < itm

(5) Error indicator (Return Value)

When ix = 1 : (All m user-specified initial iteration vectors) # 0

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] and
x[0] 1.0
are performed.

3000 Restriction (a) was not satisfied. Processing is aborted.
3005 Restriction (b) was not satisfied.
3007 Restriction (c) was not satisfied.
3010 Restriction (d) was not satisfied.
3020 Restriction (e) was not satisfied.
3030 Restriction (f) was not satisfied.
3040 Restriction (g) was not satisfied.
3070 Restriction (h) was not satisfied.
3100 Restriction (i) was not satisfied.
5000 Error occurred in course of finding eigen-

vectors in subspace.
6000 No convergence to the required accu-

racy in itjd iterations. Namely, ||Az; —

Aixill2/||Azo — Aoxoll2 is larger than the

user-specified threshold.
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(6) Notes

(a)

(b)

()

The nonzero elements of matrix A are stored as jagged diagonals in the one-dimensional array ajad.
(JAD format; see Section 2005).

If isw>0, the m eigenvalues are stored in array e in descending order from the largest one. If isw<0,

the m eigenvalues are stored in array e in ascending order from the smallest one.

Convergence test method depends on the input value tr[0] as follows.

When tr[0] > 0: The input value tr is used as convergence threshold. That is, the
convergence condition is as follows.
1Az, — Nizmill2/ || Azo — Aozoll2 < trl0

When tr[0] < 0: Convergence threshold is set to the default value 1078 (1075 for
single precision). Namely the condition is as follows.
| Az; — Nizi||2/ || Ao — Aoxoll2 < 1078 (1079)

For ix = 1, the initial iteration vectors are user-specified. Good starting vectors are approximations
of the eigenvectors looked for. The user-specified vectors are orthonormalized within this function. If

this fails, they are replaced by random starting vectors.

The subspace size itm is crucial for JD’s convergence. itm must be > m if m < n. The maximum value
for itm is the full space size n. For determining a few extreme eigenvalues and -vectors, a subspace size
itm > 2xm is recommended.

Note that the higher the subspace size is chosen, the faster JD’s convergence becomes. A larger
subspace, however, results in higher memory requirements. For large sparse matrices, subspace sizes
of 2xm to 4xm are usually sufficient.

If input value itm is larger than or equal to n, then itm is set equal to n and processing continues.
The value of argument ndia is referred only when iprec = 1. If iprec = 1 and the input value ndia

satisfies ndia < 0, then ndia is modified to 10 and processing continues. If iprec = 0, then ndia is

modified to 0, but it is not referred.

If the input value of argument itjd satisfies itjd < 0, then itjd is modified to 1000 and processing

continues.

If the input value of argument itqmr satisfies itqmr < 0, then itqmr is modified to 1000 and processing

continues.
On output, the eigenvectors are an orthonormal set.

The JD iteration stops when all the residual norms divided by the initial residual norms of all m current
eigenvalue and -vector approximations become smaller than or equal to the user-specified threshold
which is given as the input value tr[0]. The value of the criterion depends on the user’s needs. The

default value of 1078 (1075 for single precision) should lead to sufficient accuracy in most cases.
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(7) Example

(a)

Problem

Obtain the three smallest eigenvalues of the matrix:

and their corresponding eigenvectors.

52 100 0
2 6 310 0
136310
0136 31
00136 3
000136
000013
00000 1
00000 0
(00000 0

Input data

Arrays defining the matrix A: a, ja and ia.

Converted to: mjad, ajad, iajad, jajad and jadord (JAD format).

e = B U i el e R e i a)

o

= W oYW O o o O O

o

N OWwWw =R OO o O O

NN B O O O O o o o

na=27, n=10, lda=11, m=3, tr[0]=1.0D—10, ix=0, is=—1,
itm=>5, iprec=1, ndia=1, itjd=1000 and itqmr=1000.

Main program

/% C interface example for ASL_dcsjss */

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

int main()
int

double
int

double
int

int
int
int

int
int
int
int
int
int

int
int

int
int
int
int
int
int

int
int
int

int
int
int
int
int
int

double

n, na, m, kerr, ierr;

*a;
*ja, *ia, *iw;

*ajad, *x, *e, *tr, *wk;

*jajad, *iajad, *jadord,
lda = 11;

itmmax = 11;

itm = 5;

ix = 0;

is = -1;

iprec = 1;

ndia = 1;

itjd = 1000;
itgmr = 1000;

1xa = ldaxlda;
1lxia = lda+1;
sz_x = 1lxa;

sz_e = lda;
sz_tr = 1lda;
sz_iwj = lda*x3+1;
sz_iw = itmmax*2;
sz_wk =

sz_ia = 1lxia;
sz_ja = lxa;

sz_a = lxa;

j = 1lxia;
sz_jajad = lxa;
sz_ajad = lxa;
najad;
eps=1.0e-10;

*iwj;

lda* (5*itmmax+9)+itmmax* (3*itmmax+2)+4*itmmax;
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int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcsjss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*kx ASL_dcsjss *x*\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );

% 4;

mod = m
( double * )malloc((size_t)( sizeof (double) * sz_x ));
x == NULL )

x =
if(
{

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

(o)

e = ( double * )malloc((size_t)( sizeof(double) * sz_e ));
%f( e ULL )

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

return -1;

tr = ( double * )malloc((size_t)( sizeof (double) * sz_tr ));
if ( tr == NULL )
printf( "no enough memory for array tr\n" );

return -1;

iwj = ( int * )malloc((size_t) ( sizeof(int) * sz_iwj ));
if( iwj == NULL )

printf( "no enough memory for array iwj\n" );
return -1;
iw = ( int * )malloc((size_t)( sizeof(int) * sz_iw ));
if ( iw == NULL )
printf( "no enough memory for array iw\n" );
return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * sz_wk ));
if ( wk == NULL )
printf( "no enough memory for array wk\n" );
return -1;
ia = ( int * )malloc((size_t)( sizeof(int) * sz_ia ));
if ( ia == NULL )
printf( "no enough memory for array ia\n" );
return -1;
ja = ( int * )malloc((size_t)( sizeof (int) * sz_ja ));

if( ja == NULL )

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

(o)

a = ( double * )malloc((size_t) ( sizeof (double) * sz_a ));
%f( a == NULL )

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

jadord = ( int * )malloc((size_t)( sizeof(int) * sz_jadord ));
if( jadord == NULL )

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

316



ASL_dcsjss, ASL_rcsjss
Eigenvalues and Eigenvectors of a Real Symmetric Sparse Matrix (Jagged Diagonals Storage Type)

iajad = ( int * )malloc((size_t)( sizeof(int) * sz_iajad ));
if( iajad == NULL )

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

return -1;
jajad = ( int * )malloc((size_t)( sizeof(int) * sz_jajad ));
if( jajad == NULL )

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

return -1;
ajad = ( double * )malloc((size_t)( sizeof(double) * sz_ajad ));
if ( ajad == NULL )

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

return -1;
tr[0]=eps;

printf( "\tn = %6d\n", n );
printf( "\tna = %6d\n", na );
printf( "\tm = %6d\n\n", m );

for( j=0 ; j<na ; j++ )

fscanf( fp, "4lf", &aljl );
}

for( j=0 ; j<na ; j++ )

fscanf( fp, "%d", &jaljl );
}

for( j=0 ; j<n+1l ; j++ )
fscanf( fp, "%d", &ialjl );

fclose( fp );

kerr = ASL_darsjd(n, a, ia, ja, lxa, lxia, &nmjad, ajad, iajad,
jajad, jadord, iwj);

printf( "\n *x Error info for matrix data transform *x\n\n" );
printf ( "\tkerr = %6d\n", kerr );

najad = iajad[mjad] - iajad[0];

ierr = ASL_dcsjss(mjad, ajad, najad, iajad, gajad, jadord,
n, x, lda, e, m, tr, &ix, is, &itm, &iprec,
&ndia, &itjd, &itqmr, iw, wk);

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

for( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n\n" );
for( i=0 ; i<4 ; i++ )
printf( "\tEigenvector " );
printf( "\n" );
for( j=0 ; j<n ; j++ )
{ for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", x[j+lda*i] );
%rintf( "\n" );
printf( "\n" );

for( i=0 ; i<4 ; i++ )
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printf( "\tResidual " );

¥
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, trlil );

}
printf( "\n\n" );
}

if( mod !'= 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

{
for( i= m-mod ; i<m ; i++ )
printf( "\t%8.3g ", x[j+lda*il );
}
printf( "\n" );
}

printf( "\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\tResidual " );
%rintf( "\n" );
for( i= m-mod ; i<m ; i++ )
printf( "\t%8.3g ", trlil );

}
printf( "\n" );
}

free( x
free( e
free( t
free( i
free( i
free( w
free( i
free( ja )
free( a );
free( jadord );
free( iajad );
free( jajad );
free( ajad );

}
(d) Output results

*xx ASL_dcsjss *x*
** Input *x*
n = 10
na = 27
m = 3
** Error info for matrix data transform x*x*
kerr = 0
** Qutput **
ierr = 0

Eigenvalue Eigenvalue Eigenvalue
1.88 1.89 2.26
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Eigenvector Eigenvector Eigenvector
-0.0117 0.056 -0.124
-0.204 -0.0105 0.414
0.444 -0.153 -0.487
-0.469 0.39 0.161
0.201 -0.567 0.223
0.201 0.567 -0.223
-0.469 -0.39 -0.161
0.444 0.163 0.487
-0.204 0.0105 -0.414
-0.0117 -0.056 0.124
Residual Residual Residual
9.79e-12 6.89e-16 5.43e-13
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4.12 COMPLEX HERMITIAN RANDOM SPARSE MATRIX

4.12.1 ASL_zchjss, ASL_cchjss
Eigenvalues and Eigenvectors of a Complex Hermitian Sparse Matrix (JAD;
Jagged Diagonals Storage Type)

(1) Function
ASL _zchjss or ASL_cchjss uses the Jacobi-Davidson (JD) algorithm to obtain the m extreme (largest or
smallest) eigenvalues and eigenvectors of a complex Hermitian matrix A (SPARSE JAGGED DIAGONALS
LIST TYPE)(JAD).

(2) Usage
Double precision:
ierr = ASL_zchjss (mjad, ajad, na, iajad, jajad, jadord, n, x, lda, e, m, tr, &ix, is, &itm,
&iprec, &ndia, &itjd, &itqmr, iw, wk);
Single precision:
ierr = ASL_cchjss (mjad, ajad, na, iajad, jajad, jadord, n, x, lda, e, m, tr, &ix, is, &itm,
&iprec, &ndia, &itjd, &itqmr, iw, 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 fput/ Contents
Return Value ’ Output

1 mjad I 1 Input | Number of jagged diagonals of matrix A
(JAD format) (See Note (a)).

2 ajad 7% na Input | Nonzero elements of matrix A (JAD format)

{C*} (See Note (a)).

3 na I 1 Input | Dimension size of array ajad: number of
nonzero elements of matrix A.

4 iajad I* mjad +1 | Input | iajad[i—1]: Starting indices of the i-th jagged
diagonal of matrix A in arrays ajad and jajad
(See Note (a)).

5 jajad I* na Input | jajad[i]: Column number of the i-th nonzero
element of matrix A in ajad (See Note (a)).

6 jadord I* n Input | The mapping of the left vector (y of
y = Ax from the real symmetric one-
dimensional row-oriented list type ordering to
JAD ordering.

7 n I 1 Input | Order of matrix A.

8 X 7% ldaxm Input | Initial iteration vectors (if ix = 1).

{C*} Output | Column vectors of ix are eigenvectors.
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
9 Ida I 1 Input | Adjustable dimension of array x.
10 e Dx m Output | Eigenvalues.
e
11 m I 1 Input | Number of eigenvalues to be obtained m (See
Note (b)).
12 tr Dx m Input | Convergence threshold for the quotient of
{R*} current residual norm and the initial resid-
ual norm (See Note (c)).
Output | tr[i — 1] (¢ = 1,---,m): Final residual
norms divided by the initial residual norms.
13 ix I* 1 Input/ | Switch parameter for selection of initial iter-
Output | ation vectors (See Note (d)).
ix =—1:

No specification of initial iteration vectors;
initial eigenvalues and eigenvectors are inter-
nally derived from the diagonal of the matrix.
ix=0:

No specification of initial iteration vectors;
random vectors are internally generated.
ix=1:

Initial iteration vectors are user-specified.
Else: Default value 0 is used.

14 is I 1 Input | Processing switch (See Note (b)).

is > 0: Obtain m eigenvalues from the largest

one (in descending order).
is < 0: Obtain m eigenvalues from the small-

est one (in ascending order).

15 itm I* 1 Input/ | Dimension of subspace (See Note (e)).
Output
16 iprec I* 1 Input/ | Preconditioning method.

Output | iprec = 0: Diagonal preconditioning.
iprec = 1:

Iterative QMR preconditioning with ndia
preceding diagonal preconditioning steps.
Else: iprec is reset to default value 1.

17 ndia I* 1 Input/ | Number of preceding diagonal precondition-
Output | ing steps (See Note (f)).

18 itjd I* 1 Input/ | Maximum number of outer JD iterations
Output | (default: 1000) (See Note (g)).

19 itqmr I* 1 Input/ | Maximum number of QMR iterations

Output | (default: 1000) (See Note (h)).
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
20 iw I* 2 xm Work | Work area
21 wk 7k See Work | Work area
{C* } Contents Size:

nx (2xitm+3xm+9)+itm x (3 x itm +
2)+4xm

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

(4) Restrictions

mjad < n
mjad > 0

n < na

)

)

)

)

(e) iajad[mjad] — 1 < na

(f) n<lda

)0<m<n
) When ix =1 : (All m user-specified initial iteration vectors) # 0
) Whenm < n: m < itm

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] and
x[0] < 1.0
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
3005 Restriction (b) was not satisfied.
3007 Restriction (c) was not satisfied.
3010 Restriction (d) was not satisfied.
3020 Restriction (e) was not satisfied.
3030 Restriction (f) was not satisfied.
3040 Restriction (g) was not satisfied.
3070 Restriction (h) was not satisfied.
3100 Restriction (i) was not satisfied.
5000 Error occurred in course of finding eigen-

vectors in subspace.

6000 No convergence to the required accu-
racy in itjd iterations. Namely, ||Az; —

Xizi||l2/||Azg — Aoxoll2 is larger than the

user-specified threshold.
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(6) Notes

(a)

(b)

()

The nonzero elements of matrix A are stored as jagged diagonals in the one-dimensional array ajad.
(JAD format; see Section 2005).

If isw>0, the m eigenvalues are stored in array e in descending order from the largest one. If isw<0,

the m eigenvalues are stored in array e in ascending order from the smallest one.

Convergence test method depends on the input value tr[0] as follows.

When tr[0] > 0: The input value tr is used as convergence threshold. That is, the
convergence condition is as follows.
[Azi — Aiwil|2/ || Azo — Aowol[2 < tr[0]

When tr[0] < 0: Convergence threshold is set to the default value 10~8 (10~ for
single precision). Namely the condition is as follows.
| Az; — Nixil|2/]|Azo — Aomol]2 < 1078 (107°)

For ix = 1, the initial iteration vectors are user-specified. Good starting vectors are approximations
of the eigenvectors looked for. The user-specified vectors are orthonormalized within this function. If

this fails, they are replaced by random starting vectors.

The subspace size itm is crucial for JD’s convergence. itm must be > m if m < n. The maximum value
for itm is the full space size n. For determining a few extreme eigenvalues and -vectors, a subspace size
itm > 2xm is recommended.

Note that the higher the subspace size is chosen, the faster JD’s convergence becomes. A larger
subspace, however, results in higher memory requirements. For large sparse matrices, subspace sizes
of 2xm to 4xm are usually sufficient.

If input value itm is larger than or equal to n, then itm is set equal to n and processing continues.

The value of argument ndia is referred only when iprec = 1. If iprec = 1 and the input value ndia
satisfies ndia < 0, then ndia is modified to 10 and processing continues. If iprec = 0, then ndia is
modified to 0, but it is not referred.

If the input value of argument itjd satisfies itjd < 0, then itjd is modified to 1000 and processing
continues.

If the input value of argument itqmr satisfies itqmr < 0, then itqmr is modified to 1000 and processing
continues.

On output, the eigenvectors are an orthonormal set.

The JD iteration stops when all the residual norms divided by the initial residual norms of all m current
eigenvalue and -vector approximations become smaller than or equal to the user-specified threshold

which is given as the input value tr[0]. The value of the criterion depends on the user’s needs. The

default value of 1078 (1075 for single precision) should lead to sufficient accuracy in most cases.

(7) Example

(a)

Problem

Obtain the two smallest eigenvalues of the matrix:

—2.28 1.78 —2.03: 2.26+0.10: —0.12 4 2.53¢

B 1.78 +2.03:¢ —1.12 0.01+0.43: —1.07+ 0.86¢
B 226 —0.10¢  0.01 —0.43¢ —-0.37  2.31-10.92¢
—0.12-2.537 —1.07—-0.86¢ 2.3140.92¢ —0.7300

and their corresponding eigenvectors.
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(b) Input data
Arrays defining the matrix A: a, ja and ia.

Converted to: mjad, ajad, iajad, jajad and jadord (JAD format).
na=121, n=4, lda=11, m=2, tr[0]=1.0D-10, ix=0, is=—1,
itm=3, iprec=1, ndia=1, itjd=1000 and itqmr=1000.

(¢) Main program

/% C interface example for ASL_zchjss */
#include <stdio.h>
#include <stdlib.h>
#include <complex.h>
#include <asl.h>
int main()
int n, na, m, kerr, ierr;

double _Complex *a;
int *ja, *ia, *iw;

double _Complex *ajad, *x, *wk;
double *e, *tr;

int *jajad, *iajad, *jadord, *iwj;
int 1lda = 11;

int itmmax = 11;

int itm = 5;

int

int 5

int iprec = 1;

int i H

int 000;

int itgmr = 1000;

int 1xa = ldax*1lda;
int 1lxia = lda+i;

int sz_x = lxa;

int sz_e = lda;

int sz_tr = lda;

int z_iwj = ldax*3+1;
int z_iw = itmmax*2;
int sz_wk = lda*(5*itmmax+11)+itmmax*(3*itmmax+6) ;
int sz_ia = lxia;

int sz_ja = lxa;

int sz_a = lxa;

int sz_jadord = lda;
int mjad;

int sz_iajad = lxia;
int sz_jajad = lxa;
int sz_ajad = lxa;
int najad;

double eps = 1.0e-10;

int i,j,k;
FILE *fp;
int mod;

fp = fopen( "zchjss.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " *x*kx ASL_zchjss **x*\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &n );
fscanf( fp, "%d", &na );
fscanf( fp, "%d", &m );

mod = m % 4;
x = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * sz_x ));
%f( x == NULL )

printf( "no enough memory for array x\n" );
return -1;
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( double * )malloc((size_t)( sizeof (double) * sz_e ));
e ULL )

e =
if (
{
printf( "no enough memory for array e\n" );
return -1;
tr = ( double * )malloc((size_t)( sizeof (double) * sz_tr ));
if ( tr == NULL )
printf( "no enough memory for array tr\n" );

return -1;

iwj = ( int * )malloc((size_t) ( sizeof(int) * sz_iwj ));
if( iwj == NULL )

printf( "no enough memory for array iwj\n" );
return -1;
iw = ( int * )malloc((size_t) ( sizeof(int) * sz_iw ));
if ( iw == NULL )
printf( "no enough memory for array iw\n" );

return -1;

wk = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * sz_wk ));
if ( wk == NULL )

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

return -1;
ia = ( int * )malloc((size_t)( sizeof(int) * sz_ia ));
if( ia == L)

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

return -1;
ja = ( int * )malloc((size_t)( sizeof (int) * sz_ja ));
if( ja == NULL )

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

return -1;
a = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * sz_a ));
if ( a == NULL )

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

return -1;
jadord = ( int * )malloc((size_t) ( sizeof(int) * sz_jadord ));
if ( jadord == NULL )

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

return -1;
iajad = ( int * )malloc((size_t)( sizeof(int) * sz_iajad ));
if( iajad == NULL )

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

return -1;
jajad = ( int * )malloc((size_t)( sizeof(int) * sz_jajad ));
if( jajad == NULL )

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

return -1;
ajad = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * sz_ajad ));
if( ajad == NULL )

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

return -1;
tr[0] = eps;

printf( "\tn = %6d\n", n );
printf( "\tna = %6d\n", na );
printf( "\tm = %6d\n", m );

for( j=0 ; j<ma ; j++ )
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¢ double tmp_re, tmp_im;
fscanf( fp, "%1lf", &tmp_re );
fscanf( fp, "Jlf", &tmp_im );
alj] = tmp_re + tmp_im * _Complex_I;
}

for( j=0 ; j<na ; j++ )

fscanf( fp, "%d", &jaljl );

for( j=0 ; j<n+1l ; j++ )

fscanf( fp, "%d", &ialjl );
}

fclose( fp );

kerr = ASL_zarsjd(n, a, ia, ja, lxa, lxia, &nmjad, ajad, iajad,
jajad, jadord, iwj);

printf( "\n *x Error info for matrix data transform **\n\n" );
printf( "\tkerr = %6d\n", kerr );

najad = iajad[mjad] - iajad[0];

ierr = ASL_zchjss(mjad, ajad, najad, iajad, gajad, jadord,
n, x, lda, e, m, tr, &ix, is, &itm, &iprec,
&ndia, &itjd, &itqmr, iw, wk);

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

for( k=0 ; k<m-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<n ; j++ )

{
for( i=k ; i<k+4 ; i++ )
printf( "\t (%8.3g,%8.3g) ", creal(x[j+lda*il), cimag(x[j+lda*xil) );
}
printf( "\n" );
}

printf( "\n" );
for( i=0 ; i<4 ; i++ )
printf( "\tResidual " );

}
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, trlil );

}
printf( "\n\n" );
}

if( mod !'= 0 )
{

printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\tEigenvalue " );

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g v, elil );

}
printf( "\n\n" );
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}

for( i= m-mod ; i<m ; i++ )
printf( "\tEigenvector " );

}

printf( "\n" );

for( j=0 ; j<n ; j++ )
{

for( i= m-mod ; i<m ; i++ )
printf( "\t (%8.3g,%8.3g) ",
printf( "\n" );

printf( "\n" );

~

for( i= m-mod ; i<m ; i++

printf( "\tResidual "

~

}
printf( "\n" );
for( i= m-mod ; i<m ; i++ )

printf( "\t%8.3g ", trlil );

}
printf( "\n" );
}

free( x
free( e
free( t
free( i
free( iw )
free( wk )
free( ia )
free( ja )
free( a );
free( jadord );
free( iajad );
free( jajad );
free( ajad );

return O;

(d) Output results

*xx ASL_zchjss *%*

*k Input *%

**% Error info for matrix data transform **
kerr = 0

*% Qutput *x*

ierr = 0

Eigenvalue Eigenvalue
-6 -3

Eigenvector Eigenvector

-0.691, -0.236)
0.348, 0.269)

( —0.6304, -0.45) 0.508, 0.173)
Residual Residual
1.11e-15 6.11e-16
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creal (x[j+1lda*i]), cimag(x[j+lda*xi]) );



4.13 GENERALIZED EIGENVALUE PROBLEM FOR A REAL MA-
TRIX (TWO-DIMENSIONAL ARRAY TYPE)

4.13.1 ASL_dcggaa, ASL _rcggaa
All Eigenvalues and All Eigenvectors of a Real Matrix (Generalized Eigen-
value Problem)

(1) Function
ASL _dcggaa or ASL_rcggaa uses the Householder method and combination shift QZ method to obtain all
eigenvalues of the real matrix (two-dimensional array type) generalized eigenvalue problem Ax = ABzx
(A, B: Real matrices) and all corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcggaa (a, lna, n, b, lnb, alfr, alfi, beta, ve, lnv);
Single precision:

ierr = ASL_rcggaa (a, Ina, n, b, Inb, alfr, alfi, beta, ve, Inv);
(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+ Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrices A and B.
4 b D+ Inbxn Input | Real matrix B (two-dimensional array type).
R Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b.
alfr D+ n Output | Real parts of the diagonal components of ma-
R trix A after transformation (See Note (a)).
7 alfi Dx n Output | Imaginary parts of the diagonal components
R+ of matrix A after transformation (See Note
(a)).
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
8 beta Dx n Output | Diagonal components of matrix B after
Rx transformation (See Note (a)).
9 ve Dx Invxn Output | Eigenvectors (See Notes (b) and (c)).
Rx
10 Inv I 1 Input | Adjustable dimension of array ve.
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 < n < Ina,lnb,lnv
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. alfr[0] + sign(b[0]) x a[0],
alfi[0] « 0.0,
beta[0] < |b[0]| and
ve[0] + 1.0
are performed.
2000 The array beta contains 0.0. Processing continues.
(See Note (b).)
3000 Restriction (a) was not satisfied. Processing is aborted.
5000 + ¢ The sequence did not converge in the step The (i 4+ 1)-th through n-th elements of
where the eigenvalue is obtained. alfr, alfi and beta are obtained.
(1<i<n) No eigenvectors is obtained.
(6) Notes

(a)

FEigenvalues are obtained in decreasing order of their subscript values and stored in arrays alfr, alfi and
beta. If the j-th element of alfr, alfi and beta are aj,a;», B;, then the eigenvalues are represented by
the following formula:

onJrozjz

(j-th eigenvalues)= (i: imaginary unit)

J
If the j-th eigenvalue is a real number, the 0.0 is stored in 05;-. In addition, if the j-th eigenvalue is a
complex number, its conjugate complex eigenvalue is stored in the (j + 1)-th element.
However, o > 0, a;»_H < 0 and B; always is positive (See Figure 4—2).
ierr = 2000 indicates that the eigenvalue corresponding to §; = 0 is an extremely large value. Note that

a division by zero will occur at this time if the eigenvalue is obtained by using the formula («; +a;i)/ﬂj.

Eigenvectors corresponding to obtained eigenvalues are stored as shown in Figure 4—2 in columns of
array ve. That is, if the j-th eigenvalue is real, then the eigenvector corresponding to it is stored in
the j-th column of array ve. In addition, if the j-th and (j + 1)-th eigenvalues are a pair of complex
conjugate eigenvalues, then the real and imaginary parts of the complex eigenvector corresponding to
the j-th element eigenvalue are stored in the j-th and (j + 1)-th columns respectively of array ve. The
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conjugate vector of this complex eigenvector becomes the eigenvector corresponding to the (5 x 1)-th
eigenvalue.

(d) An eigenvectors is normalized so that the maximum absolute value of each element is 1.0.

ASL_dcggan}

(e) If eigenvectors are not required, use 4.13.2
ASL _rcggan

Figure 4—2 Eigenvalues and Eigenvectors Storage Format

alfr alfi alfi ve
n
k-th ak 0.0 B «  Kth Real eigenvector corresponding to Sk
element J column & &0 By
er ei beta ve
Real part of complex eigenvector
j-th a j-th corresponding to 22-%"
element % % Bi column P & Bi
(j+1)-th o — 3. (j4+1)-th | Imaginary part of complex eigenvector
J j ol
element J column corresponding to aj +f1ﬂ
J
Remarks

a. a;. >0,8; >0
b.  The j-th element (j = 1,---,n) of array alfa demotes alfa[j — 1].

c.  The j-th column (j =1,---,n) of array ve denotes ve[i + Inv x (j — 1)].
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(7) Example

(a)

(b)

()

Problem

Obtain all eigenvalues of Az = ABx and their corresponding eigenvectors, where matrices A and B

are as follows:

[ 50 —60 50 —-27 6 6 |
38 —28 27 —17 5 5
Ao 27 —17 27 —-17 5 5
|27 —28 38 —-17 5 5
27 —28 27 —17 16 5
|27 —28 27 17 5 16 |
(16 5 4 3 -2 1]
5 16 5 4 -6 2
4 1 -
B 5 16 5 —6 3
3 4 5 16 -6 4
2 3 4 5 —6 16
| 1 6 6 6 -5 6 |
Input data

Matrix A, lna=11, n=6, matrix B, Inb=11 and Inv=11.

Main program

/% C interface example for ASL_dcggaa */

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

int main()

double *a;
int na=11;
int nn;
double *bj;
int nb=11;
double *ar;
double *ai;
double *bet;
double *z;
int nv=11;
int ierr;
int i,j;
FILE *fp;

int mod;
double zero=0.0;

fp = fopen( "dcggaa.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );

return -1;
printf( " **kx ASL_dcggaa *x*\n" );
printf( "\n ** Input **\n\n" );

fscanf( fp, "%d", &nn );
mod = nn % 2;

( double * )malloc((size_t) ( sizeof (double)
a == NULL )

~1

£

P

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

o

= (
if( b

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

ar = ( double * )malloc((size_t)( sizeof (double) * nn ));
if( ar == NULL )

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

return -1;
ai = ( double * )malloc((size_t)( sizeof (double) * nn ));
if ( ai == NULL )

printf( "no enough memory for array ailn" );

return -1;
bet = ( double * )malloc((size_t) ( sizeof(double) * nn ));
if ( bet == NULL )

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

return -1;
}
z = ( double * )malloc((size_t)( sizeof (double) * (nv*nn) ));
%f( z == NULL )

printf( "no enough memory for array z\n" );
return -1;
printf( "\tn = %6d\n\n", nn );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<nn ; i++ )

printf( "\t" );

for( j=0 ; j<nn ; j++ )
fscanf( fp, "%1lf", &ali+naxjl );
printf( "%8.3g", ali+na*xj] );

}
printf( "\n" );
}

printf( "\n\tInput Matrix b\n\n" );
for( i=0 ; i<on ; i++ )

printf( "\t" );
for( j=0 ; j<nn ; j++ )

fscanf ( fp, "%1f", &bl[i+nbxj] );
printf( "%8.3g", bli+nb*jl );

}
printf( "\n" );
}
fclose( fp );
ierr = ASL_dcggaa(a, na, nn, b, nb, ar, ai, bet, z, nv);

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

for( j=0 ; j<mn-1 ; j = j+2 )
{

printf( "\n\t" );
for( i=0 ; i<2 ; i++ )

printf( "Eigenvalue ")

%rintf( "\n" );

printf( "\t alfr = %8.3g alfr = %8.3g\n",
ar[jl, ar[j+1] );

printf( "\t alfi = %8.3g alfi = %8.3g\n",
ailjl, ailj+1] );

printf( "\t beta = %8.3g beta = 78.3g\n",

bet[jl, bet[j+1] );

printf( "\t" );
for( i=0 ; i<2 ; i++ )

printf( "Eigenvector ")

}
printf( "\n" );
if( ai[j] == zero )

if( ai[j+1] == zero )
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for( i=0 ; i<nn ; i++ )

{
printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
z[i+nv*j], zero, z[i+nv*(j+1)], zero );

}

else
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
z[i+nv*j]l, zero, z[i+nvx(j+1)]1, z[i+nv*(j+2)] );

}
}
else
if( ai[j+1] == zero )
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
z[i+nv*(j-1)], -z[i+nv*j]l, z[i+nv*(j+1)], zero );

}

else
if( ai[j] < zero )
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
z[i+tnvx(j-1)1, -zlitnv*jl, z[i+nvx(j+1)]1, z[i+nv*(j+2)] );
}
}

else
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g %8.3g , %8.3g\n",
z[i+nvxj], z[i+nvx(j+1)], z[i+nv*j]l, -z[i+nvx(j+1)] );

B e

}
}

if( mod !'= 0 )
{

printf( "\n" );

printf( "\tEigenvalue\n" );

printf( "\t alfr = %8.3g\n", ar[nn-1] );
printf( "\t alfi %8.3g\n", ail[nn-1] );
printf( "\t beta = %8.3g\n", bet[nn-1] );
printf( "\tEigenvector\n" );

%f( ai[nn-1] == zero )

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

printf( "\t%8.3g , %8.3g\n", z[i+nv*(nn-1)], zero );
}

else
for( i=0 ; i<nn ; i++ )

printf( "\t%8.3g , %8.3g\n",
} z[i+nv*(nn-2)], -z[i+nv*(an-1)] );

¥
}
free( b

free( z );

return O;
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(d) Output results

***x ASL_dcggaa ***
*% Input *%
n = 6

Input Matrix a

50 -60 50 -27 6 6
38 -28 27 -17 5 5
27 -17 27 -17 5 5
27 -28 38 -17 5 5
27 -28 27 -17 16 5
27 -28 27 -17 5 16
Input Matrix b
16 5 4 3 -2 1
5 16 5 4 -6 2
4 5 16 5 -6 3
3 4 5 16 -6 4
2 3 4 5 -6 16
1 6 6 6 -5 6
** Qutput **
ierr = 0
Eigenvalue Eigenvalue
alfr = -11.6 alfr = 11.8
alfi = 0 alfi = 0
beta = 0.936 beta = 3.9
Ei%envector Eigenvector
-0.0249 , 0 2, 0
0.253 0 -0.192 , 0
0.194 , 0 -0.242 , 0
0.205 , 0 -0.218 , 0
1, 0 -1, 0
0.164 , 0 -0.448 , 0
Eigenvalue Eigenvalue
alfr = 6.61 alfr = 9.35
alfi = 15.7 alfi = -22.1
beta = 14.2 beta = 20.1
Eigenvector Eigenvector
-0.903 , -0.169 -0.903 , 0.169
-0.617 , 0.787 -0.617 , -0.787
0.127 , 0.787 0.127 , -0.787
0.25 , 0.214 0.25 , -0.214
-0.411 , 0.541 -0.411 , -0.541
-0.22 , 0.619 -0.22 , -0.619
Eigenvalue Eigenvalue
alfr = 4.83 alfr = 5.75
alfi = 7.81 alfi = -9.29
beta = 10.8 beta = 12.8
Eigenvector Eigenvector
0.464 , -0.292 0.464 , 0.292
0.0684 , -0.863 0.0684 , 0.863
-0.605 , -0.796 -0.605 , 0.796
-0.887 , -0.148 -0.887 , 0.148
-0.219 , -0.38 -0.219 , 0.38
-0.218 , -0.416 -0.218 , 0.416
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4.13.2 ASL_dcggan, ASL _rcggan
All Eigenvalues of a Real Matrix (Generalized Eigenvalue Problem)

(1) Function
ASL_dcggan or ASL_rcggan uses the Householder method and combination shift QZ method to obtain all
eigenvalues of the real matrix (two-dimensional array type) generalized eigenvalue problem Ax = ABz
(A, B: Real matrices).

(2) Usage
Double precision:
ierr = ASL_dcggan (a, Ina, n, b, Inb, alfr, alfi, beta);
Single precision:

ierr = ASL_rcggan (a, Ina, n, b, Inb, alfr, alfi, beta);
(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 aly Type Size nput/ Contents
Return Value Output
1 a D« Inaxn Input | Real matrix A (two-dimensional array type).
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a.
n I 1 Input | Order of matrices A and B.
4 b Dx Inbxn Input | Real matrix B (two-dimensional array type).

Output | Input-time contents are not retained.

5 Inb
6 alfr

Input | Adjustable dimension of array b.

n Output | Real parts of the diagonal components of ma-

trix A after transformation (See Note (a)).

of matrix A after transformation (See Note

(a))-

n Output | Diagonal components of matrix B after

8 beta

transformation (See Note (a)).

7 alfi {D*} n Output | Imaginary parts of the diagonal components

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

(4) Restrictions

(a) 0 <n <lna,lnb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. alfr[0] < sign(b[0]) x a[0],
alfi[0] <— 0.0 and
beta[0] + |b[0]|

are performed.

. 1 (z>0)
(Where sign(z) = { 1 (z<0) )
2000 The array beta contains 0.0. Processing continues.
(See Note (b).)
3000 Restriction (a) was not satisfied. Processing is aborted.

5000 + ¢ The sequence did not converge in the step The (i + 1)-th through n-th elements of

where the eigenvalue is obtained. alfr, alfi and beta are obtained.
(1<i<n)

(6) Notes

(a)

Eigenvalues are obtained in decreasing order of their subscript values and stored in arrays alfr, alfi and
beta. If the j-th element of alfr, alfi and beta are ay, oz;-, B;, then the eigenvalues are represented by
the following formula:

. . aj +ajio .
(j-th eigenvalues) = 5 (i: imaginary unit)

J

If the j-th eigenvalue is a real number, the 0.0 is stored in oz;-. In addition, if the j-th eigenvalue is a
complex number, its conjugate complex eigenvalue is stored in the (j + 1)-th element.

However, o > 0, oz;-_H < 0 and B; always is positive. (See Figure 4—2).

ierr = 2000 indicates that the eigenvalue corresponding to 5; = 0 is an extremely large value. Note that

a division by zero will occur at this time if the eigenvalue is obtained by using the formula (; +a;)/5;.
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A REAL SYMMETRIC MATRIX (TWO-DIMENSIONAL AR-
RAY TYPE) (UPPER TRIANGULAR TYPE)

4.14.1 ASL_dcgsaa, ASL _rcgsaa
All Eigenvalues and All Eigenvectors of a Real Symmetric Matrix
(Generalized Eigenvalue Problem Az = ABx, B: Positive)

(1) Function
ASL_dcgsaa or ASL_rcgsaa uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABz (A: Real symmetric matrix,
B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and QR
method to obtain all eigenvalues and corresponding all eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcgsaa (a, Ina, n, b, Inb, e, wl);
Single precision:

ierr = ASL_rcgsaa (a, Ina, n, b, Inb, e, wl);
(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+ Inaxn Input | Real symmetric matrix A
{ R*} (two-dimensional array type) (upper trian-
gular type)
Output | Eigenvectors (column vector) corresponding
to each eigenvalue
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A and B
4 b D+ Inbxn Input | Politics symmetric matrix B
{R*} (two-dimensional array type) (upper triangu-
lar type)
Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues
)
7 wl Dx 2xn Work | Work area
)
8 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 0 <n < Ina,Inb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « a[0]/b[0] and

a[0] < 1.0/+/B[0]

are performed.

2100 B has a diagonal element very close to Some eigenvectors may be obtained with
ZE€ro. low precision, and processing continues.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).

No eigenvector is obtained at this time.

(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.
(b) Eigenvalues are stored in ascending order.
(c¢) Eigenvectors v; are an orthonormal set so that 'ujTB'u;C =0k

ASL_dcgsan}

(d) If eigenvectors are not required, use 4.14.2
ASL _rcgsan

(7) Example

(a) Problem
Obtain all eigenvalues of Az = ABx and their corresponding eigenvectors, where matrices A and B

are as follows:

2 11 2

11 11
A:

11 2 2

2 1 2 4

153 31 58 —58
31 153 —-53 58
58 —H8 163 31

—-58 58 31 153

(b) Input data
Matrix A, Ina=11, n=4, matrix B and Inb=11.
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(¢) Main program

/*

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

C interface example for ASL_dcgsaa */

int main()

double *a;
int na=11;
int nn;
double *bj;
int nb=11;
double x*e;
double *wk;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcgsaa.dat", "r" );

if( fp == NULL )
printf( "file open error\n" );
return -1;
printf( "
printf( "\n
fscanf( fp, "%d", &nn );

#*% ASL_dcgsaa ***\n" );
*x Input **\n\n" );

mod = nn % 4;

ouble) * (na*nn) ));

ouble) * (nb*nn) ));

\n" );

ouble) * nn ));

a = ( double * )malloc((size_t)( sizeof (d
%f( a == NULL )
printf( "no enough memory for array a\n" );
) return -1;
b = ( double * )malloc((size_t)( sizeof (d
%f( b == NULL )
printf( "no enough memory for array b
) return -1;
e = ( double * )malloc((size_t) ( sizeof (d.
%f( e == NULL )

printf( "no enough memory for array e

return -1;

\n" );

wk = ( double * )malloc((size_t) ( sizeof (double) * (2*nn) ));

if ( wk == NULL )

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

return -1;

B

printf( "\tn = %6d\n\n", nn );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<nn ; i++ )

for( j=i ; j<nn ; j++ )
fscanf ( fp, "%1lf", &ali+naxjl );
}
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++)

printf( "%8.3g", alj+naxi] );
for( j=i ; j<mm ; j++ )
printf( "%8.3g", ali+na*xj] );

}
printf( "\n" );
}

printf( "\n\tInput Matrix b\n\n" );
for( i=0 ; i<nn ; i++ )
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for( j=i ; j<nn ; j++ )
fscanf( fp, "%Llf", &bl[i+nb*j] );
}
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g", b[j+nb*i] );
for( j=i ; j<nn ; j++ )
printf( "%8.3g", bli+nb*j] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcgsaa(a, na, nn, b, nb, e, wk);

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

{or( k=0 ; k<nn-3 ; k = k+4 )

printf( "\n\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvalue " );

}
printf( "\n\t" );
for( i=k ; i<k+4 ; i++ )

printf( " %8.3g ", elil );
}
printf( "\n" );

printf( "\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<nn ; j++ )

{
printf( "\t" );
for( i=k ; i<k+4 ; i++ )
printf( " %8.3g ", alj+naxi] );
}
printf( "\n" );
}

}
if( mod !'= 0 )
{

printf( "\n\t" );
for( i= nn-mod ; i<nn ; i++ )

printf( "Eigenvalue " );

}
printf( "\n\t" );
for( i= nn-mod ; i<nn ; i++ )

printf( " %8.3g ", elil );
}
printf( "\n" );

printf( "\t" );
for( i= nn-mod ; i<nn ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

{
printf( "\t" );
for( i= nn-mod ; i<nn ; i++ )
printf( " %8.3g ", alj+naxi] );
}
printf( "\n" );
}
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return O;

}
(d) Output results

***x ASL_dcgsaa ***
*k Input *%
n = 4

Input Matrix a

2 1 1 2
1 1 1 1
1 1 2 2
2 1 2 4
Input Matrix b
153 31 58 -58
31 153 -58 58
58 -58 153 31
-58 58 31 153

** Qutput *x*
ierr = 0

Eigenvalue Eigenvalue Eigenvalue Eigenvalue

0.000648 .00537 0.0274 0.217
Eigenvector Eigenvector Eigenvector Eigenvector
0.0294 0.0498 -0.0161 0.205
-0.0469 0.0377 0.0686 -0.193
0.0311 -0.0194 0.086 -0.192
-0.0196 -0.0332 0.00145 0.21
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4.14.2 ASL_dcgsan, ASL_rcgsan
All Eigenvalues of a Real Symmetric Matrix
(Generalized Eigenvalue Problem Az = ABx, B: Positive)

(1) Function
ASL_dcgsan or ASL _rcgsan uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABx (A: Real symmetric matrix,
B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and QR
method to obtain all eigenvalues.

(2) Usage
Double precision:
ierr = ASL_dcgsan (a, lna, n, b, Inb, e, wl);
Single precision:

ierr = ASL_rcgsan (a, lna, n, b, Inb, e, wl);
(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 Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper triangu-
lar type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A and B
4 b Dx Inbxn Input | Positive symmetric matrix B
{R*} (two-dimensional array type) (upper triangu-
lar type)
Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues
()
7 wl D+ n Work | Work area
()
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n < Ina,Inb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0]/b]0]
is performed.

2100 B has a diagonal element very close to Processing continues.
Zero.

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

4000 B was not positive definite.

5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue is obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).
(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.

(b) Eigenvalues are stored in ascending order.
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4.14.3 ASL_dcgsss, ASL_rcgsss

(1) Function

ASL_dcgsss or ASL _rcgsss uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABx (A: Real symmetric matrix,
B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and the

root-free QR method or Bisection method to obtain the m largest eigenvalues or m smallest eigenvalues,

Eigenvalues and Eigenvectors of a Real Symmetric Matrix
(Generalized Eigenvalue Problem Az = ABx, B: Positive)

and uses the reverse iterative method to obtain the eigenvectors.

(2) Usage

Double precision:

ierr = ASL_dcgsss (a, lna, n, b, Inb, eps, e, m, ve, lnv, isw, iwl, wl);

Single precision:

ierr = ASL_rcgsss (a, Ina, n, b, Inb, eps, e, m, ve, lnv, isw, iwl, wl);

(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 fput/ Contents
Return Value Output
1 a D+ Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrix A and B
4 b D+ Inbxn Input | Positive symmetric matrix B
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | The strict upper triangular portion is not
retained.
5 Inb I 1 Input | Adjustable dimension of array b
6 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
7 e D+ m Output | Eigenvalues
1
8 m I 1 Input | The number of m of eigenvalues to be
obtained.
9 ve D+ Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
10 Inv I 1 Input | Adjustable dimension of array ve
11 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
12 iwl I* m Output | Eigenvector flag (See Note (a))
13 wl Dx 9xn Work | Work area
Rx
14 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n <lIna,lnb,Inv
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0]/b[0] and
ve[0] «+ 1.0/+/b][0]
are performed.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues. (See
taining eigenvectors. Note (e).)
2100 B has a diagonal element very close to Some eigenvectors may be obtained with
Z€ero. low precision, and processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
4000 B was not positive definite.
(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.
(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000

is output), the following processing is performed.

If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.
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If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and

the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].
If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
(f) Eigenvectors v; are an orthonormal set so that v;‘-FB'vk =0k

ASL_dcgssn}

(g) If eigenvectors are not required, use 4.14.4
ASL _rcgssn

(7) Example

(a) ProblemObtain all eigenvalues of Ax = ABx and their corresponding eigenvectors, where matrices A

and B are as follows:

611 196 —192 407 —8 —52 —49 29
196 899 113 —192 —71 —43 -8 —44
~192 113 899 196 61 49 8 52
A_ | 407 192 196 611 8 44 59 —23
-8 -7l 61 8 411 —599 208 208
—52 —43 49 44 —599 411 208 208
—49 -8 8 59 208 208 99 -—911
29 -4 52 —23 208 208 -—911 99 |
[ 170 18 33 —21 —-17 13 25 —36 |
18 171 —-21 22 13 —-17 -36 25
33 —21 171 18 25 —36 —17 13
p_| "2 2 18 171 =36 25 13 17
—17 13 25 -36 171 18 33 -21
13 —-17 -36 25 18 171 -21 -3
25 —36 —17 13 33 —21 171 18
| 36 25 13 -17 -21 -3 18 171 |

(b) Input data
Matrix A, lna=11, n=8, matrix B, Inb=11, eps=—1.0, m=2, Inv=10 and isw=—1.

(¢) Main program

/* C interface example for ASL_dcgsss */

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

int main()
{

double *a;
int na=11;
int nn;
double *bj;
int nb=11;
double ceps= -1.0;
double x*e;
int mm;
double *ve;
int nv=10;
int ksw= -1;
int *kwl;
double *wk;
int ierr;
int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcgsss.dat", "r" );
if( fp == NULL )
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printf( "file open error\n" );

return -1;
printf( " #%% ASL_dcgsss **x\n" );
printf( "\n *x Input **\n\n" );

fscanf( fp, "%d", &nn );
fscanf( fp, "%d", &mm );

mod = mm % 4;

a = ( double * )malloc((size_t) ( sizeof (double) * (na*nn) ));
%f( a == NULL )

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

b = ( double * )malloc((size_t)( sizeof(double) * (nb*nn) ));
if( b == NULL )

{
printf( "no enough memory for array b\n" );
return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * mm ));
%f( e == NULL )

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

ve = ( double * )malloc((size_t)( sizeof(double) * (nv*mm) ));
if( ve == NULL )

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

return -1;
kwl = ( int * )malloc((size_t)( sizeof(int) * mm ));
if ( kwl == NULL )

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

return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * (9%nn) ));
if ( wk == NULL )

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

return -1;

printf( "\tn
printf( "\tm

%6d\n", nn );
%6d\n\n", mm );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<nn ; i++ )

for( j=i ; j<nn ; j++ )
fscanf( fp, "%lf", &ali+na*xjl );
}
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g", alj+na*i] );
for( j=i ; j<nn ; j++ )
printf( "%8.3g", ali+na*j] );

}
printf( "\n" );
}

printf( "\n\tInput Matrix b\n\n" );
for( i=0 ; i<nn ; i++ )

for( j=i ; j<mmn ; j++ )
fscanf ( fp, "%1f", &bl[i+nb*xjl );
}

for( i=0 ; i<nn ; i++ )
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printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g", bl[j+nb*i] );
for( j=i ; j<mn ; j++ )
printf( "%8.3g", bli+nb*j] );
%rintf( "\n" );
}
fclose( fp );
ierr = ASL_dcgsss(a, na, nn, b, nb, ceps, e, mm, ve, nv, ksw, kwl, wk);

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

%or( k=0 ; k<mm-3 ; k = k+4 )

printf( "\n" );
printf( "\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvalue " );
}
printf( "\n" );
printf( "\t" );
for( i=k ; i<k+4 ; i++ )
printf( " %8.3g ", eli] );
}
printf( "\n" );

printf( "\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<nn ; j++ )

printf( "\t" );
for( i=k ; i<k+4 ; i++ )

printf( " %8.3g ", velj+nv*il );
%rintf( "\n" );
}
%f( mod != 0 )

printf( "\n" );
printf( "\t" );
for( i= mm-mod ; i<mm ; i++ )

printf( "Eigenvalue " );

printf( "\n" );
printf( "\t" );
for( i= mm-mod ; i<mm ; i++ )

printf( " %8.3g ", e[i] );
}
printf( "\n" );

printf( "\t" );
for( i= nn-mod ; i<nn ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

{
printf( "\t" );
for( i= mm-mod ; i<mm ; i++ )
printf( " %8.3g ", velj+nvxil );
}
printf( "\n" );
¥
}
free( a );
free( b );
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free( e );

free( ve );
free( kwl );
free( wk );

return O;

}
(d) Output results

***x ASL_dcgsss ***
** Input *x*

8
2

n
m

Input Matrix a

611 196 -
196 899

-192 113

407 -192
-8 =71

-52 -43

-49 -8
29 -44

Input Matrix b

170 18
18 171
33 -21

-21 22

-17 13
13 =17
25 -36

-36 25

*% Qutput *x*

ierr = 0

Eigenvalue Eigenvalue
-5.3

-1.04e-1

192
113
899
196

49

52

5

Eigenvector Eigenvector

0.000789 -0.00329
0.00146 -0.00658
0.000624 0.00658
-0.00168 0.00329
-0.0247 -0.0461
-0.019 -0.0461
0.0479 -0.023
0.0445 -0.023

407
-192
196
611

44
-23

-8
=71

411
-599
208
208

-52
-43

44

-599
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4.14.4 ASL_dcgssn, ASL_rcgssn

Eigenvalues of a Real Symmetric Matrix
(Generalized Eigenvalue Problem Az = ABx, B: Positive)

(1) Function
ASL_dcgssn or ASL _rcgssn uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABx (A: Real symmetric matrix,
B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and the

root-free QR method or Bisection method to obtain the m largest eigenvalues or m smallest eigenvalues.

(2) Usage
Double precision:
ierr = ASL_dcgssn (a, lna, n, b, lnb, eps, e, m, isw, wl);
Single precision:

ierr = ASL_rcgssn (a, Ina, n, b, Inb, eps, e, m, isw, wl);
(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 Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A and B
4 b Dx Inbxn Input | Positive symmetric matrix B
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (d))
7 e Dx m Output | Eigenvalues
()
8 m I 1 Input | The number of m of eigenvalues to be
obtained.
9 isw I 1 Input | Processing switch
isw>0: Obtain m eigenvalues from the largest
one.
isw<0: Obtain m eigenvalues from the small-
est one.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
10 wl Dx 5Xn Work | Work area
Rx
11 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,Inb
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0]/b][0]
is performed.
2100 B has a diagonal element very close to Processing continues.
Zero.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
4000 B was not positive definite.
(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.
(b) If isw>0, the eigenvalues are stored in descending order. If isw<0, they are stored in ascending order.

(c) Eigenvalue calculations are appropriately divided up between the root-free QR method and Bisection

method internally.

(d) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.
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4.14.5 ASL_dcgsee, ASL _rcgsee
Eigenvalues in an Interval and Their Eigenvectors of a Real Symmetric Ma-
trix (Interval Specified) (Generalized Eigenvalue Problem Az = ABz, B:
Positive)

(1) Function
ASL_dcgsee or ASL _rcgsee uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABx (A: Real symmetric matrix,
B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and the
Bisection method to obtain the m largest eigenvalues or m smallest eigenvalues in a specified interval and
uses the reverse iterative method to obtain the eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcgsee (a, lna, n, b, Inb, eps, e, &m, el, €2, ve, lnv, iwl, wl);
Single precision:

ierr = ASL_rcgsee (a, Ina, n, b, Inb, eps, e, &m, el, €2, ve, lnv, iwl, wl);
(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 fput/ Contents
Return Value Output
1 a D+ Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A and B
4 b D Inbxn Input | Positive symmetric matrix B
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | The strict upper triangular portion is not
retained.
5 Inb I 1 Input | Adjustable dimension of array b
6 eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
7 e Dx m Output | Eigenvalues
)
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No. Argument and Type Size fnput/ Contents
Return Value ’ Output
8 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
9 el D 1 Input | el<e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the smallest one. (e2 is upper
bound.)
10 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
{R} [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
11 ve D+ Invxm Output | Eigenvectors (column vector) corresponding
{R*} to each eigenvalue
12 Inv I 1 Input | Adjustable dimension of array ve
13 iwl I* m Output | Eigenvector flag (See Note (a))
14 wl Dx 9xn Work | Work area
()
15 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 < n < lna,lnb,Inv

(b) 0<m<n

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0]/b[0] and
ve[0] < 1.0/+/b[0]
are performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2000 The maximum number of iterations was Some eigenvectors are obtained with low
exceeded by the inverse iterations for ob- precision, and processing continues.
taining eigenvectors. (See Note (e).)
2100 B has a diagonal element very close to Some eigenvectors may be obtained with
Z€ero. low precision, and processing continues.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
4000 B was not positive definite.

353



ASL_dcgsee, ASL_rcgsee
Eigenvalues in an Interval and Their Eigenvectors of a Real Symmetric Matrix (Interval Specified) (Generalized
Eigenvalue Problem Ax = ABx, B: Positive)

(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el>e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = €2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different e2.

(e) If the maximum number of iterations is exceeded when using the inverse iteration method (ierr = 2000
is output), the following processing is performed.
If iwl[i — 1] = 0: The i-th eigenvector calculation is normally terminated.

If iwl[i — 1] # 0: The convergence condition is not satisfied for the i-th eigenvector calculation, and

the eigenvector precision is low. In this case, the iteration count is set for iwl[i — 1].
If processing is normally terminated (ierr = 0 is output), iwl[i — 1] = 0 is set.
(f) Eigenvectors v; are an orthonormal set so that 'UJTB'Uk =0k

ASL_dcgsen}

(g) If eigenvectors are not required, use 4.14.6
ASL _rcgsen

(7) Example

(a) ProblemObtain the two eigenvalues in the interval [0.001, 0.1] from the smallest one of Az = A\Bex,

where matrices A and B are as follows:

611 196 —192 407 -8 —52 —49 29
196 899 113 —192 —-71 —43 -8 —44
~192 113 899 196 61 49 8 52
A_ | 407 -192 196 611 8 44 59 —23
-8 -7 61 8 411 —599 208 208
—52  —43 49 44 —599 411 208 208
—49 -8 8 59 208 208 99 -—911
29 —u4 52 —23 208 208 -—911 99 |
[ 170 18 33 —21 —-17 13 25 —36 |
18 171 —21 22 13 —17 —-36 25
33 —21 171 18 25 —-36 —17 13
p_| "2 2 18 171 -36 25 13 17
~17 13 25 —-36 171 18 33 -21
13 —17 -36 25 18 171 —-21 -3
25 —36 —17 13 33 —21 171 18
| -36 25 13 -17 -21 -3 18 171 |

and their corresponding eigenvectors.
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(b) Input data
Matrix A, lna=11, n=8, matrix B, Inb=11, eps=—1.0, m=2, e1=0.001, ¢2=0.1 and Inv=10.

(¢) Main program

/% C interface example for ASL_dcgsee */

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

int main()
{

double *a;
int na=11;
int nn;
double *bj;
int nb=11;
double ceps= -1.0;
double x*e;
double el,e2;
int mm;
double *ve;
int nv=10;
int *kwl;
double *wk;
int ierr;

int i,j,k;
FILE *fp;

int mod;

fp = fopen( "dcgsee.dat", "r" );
if( fp == NULL )

printf( "file open error\n" );
return -1;

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

fscanf( fp, "%d", &nn );
fscanf( fp, "%d", &mm );
fscanf( fp, "%lf", &el );
fscanf( fp, "%lf", &e2 );

mod = mm % 4;

a = ( double * )malloc((size_t) ( sizeof (double) * (na*nn) ));
%f( a == NULL )

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

b = ( double * )malloc((size_t)( sizeof(double) * (nb*nn) ));
if( b == NULL )

{
printf( "no enough memory for array b\n" );
return -1;
}
e = ( double * )malloc((size_t)( sizeof(double) * mm ));
%f( e == NULL )

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

ve = ( double * )malloc((size_t)( sizeof(double) * (nv*mm) ));
if ( ve == NULL )

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

return -1;
kwl = ( int * )malloc((size_t)( sizeof(int) * mm ));
if ( kwl == NULL )

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

return -1;
wk = ( double * )malloc((size_t)( sizeof (double) * (9%nn) ));
if ( wk == NULL )

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

return -1;

printf( "\tn = %6d\n", nn );
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printf( "\tm = %6d\n\n", mm );
printf( "\tel= %6.3g\n", el );
printf( "\te2= %6.3g\n", e2 );

printf( "\tInput Matrix a\n\n" );
for( i=0 ; i<nn ; i++ )

for( j=i ; j<mmn ; j++ )
fscanf ( fp, "%1lf", &ali+naxj] );
}
for( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g", alj+naxi] );
for( j=i ; j<nn ; j++ )
printf( "%8.3g", ali+na*j] );

}
printf( "\n" );
}

printf( "\n\tInput Matrix b\n\n" );
for( i=0 ; i<nn ; i++ )

for( j=i ; j<mnn ; j++ )
fscanf ( fp, "%1f", &bl[i+nbxj] );
}
{or( i=0 ; i<nn ; i++ )

printf( "\t" );
for( j=0 ; j<i ; j++ )

printf( "%8.3g", b[j+nb*i] );
for( j=i ; j<nn ; j++ )
printf( "%8.3g", bli+nb*j]l );
%rintf( "\n" );
}
fclose( fp );
ierr = ASL_dcgsee(a, na, nn, b, nb, ceps, e, &mm, el, e2, ve, nv, kwl, wk);

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

for( k=0 ; k<mm-3 ; k = k+4 )

printf( "\n" );
printf( "\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvalue " );
}
printf( "\n" );
printf( "\t" );
for( i=k ; i<k+4 ; i++ )
printf( " %8.3g ", eli] );
}
printf( "\n" );

printf( "\t" );
for( i=0 ; i<4 ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

{
printf( "\t" );
for( i=k ; i<k+4 ; i++ )
printf( " %8.3g ", velj+nvxil );
}
printf( "\n" );
}
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}
if( mod != 0 )
{

printf( "\n" );
printf( "\t" );
for( i= mm-mod ; i<mm ; i++ )

printf( "Eigenvalue " );

}

printf( "\n" );

printf( "\t" );

for( i= mm-mod ; i<mm ; i++ )
printf( " %8.3g ", e[i] );

}

printf( "\n" );

printf( "\t" );
for( i= nn-mod ; i<nn ; i++ )

printf( "Eigenvector " );

}
printf( "\n" );
for( j=0 ; j<mmn ; j++ )

printf( "\t" );
for( i= mm-mod ; i<mm ; i++ )

printf( " %8.3g ", velj+nvxil );

}
printf( "\n" );

}

free( a )
free( b )
free( e )
free( ve );
free( kwl );
free( wk );

return O;

}
(d) Output results

***x ASL_dcgsee ***

*k Input *k

n = 4
m = 2
el= 0.001
e2= 0.1
Input Matrix a
2 1 1 2
1 1 1 1
1 1 2 2
2 1 2 4
Input Matrix b
153 31 58 -58
31 153 -58 58
58 -58 153 31
-58 58 31 153

*% Qutput *x*
ierr = 0
Ei%envalue Ei%envalue
.00537 .0274
Eigenvector Ei%envector
0498 .0161

-0.0377 -0.0686
0.0194 -0.086
0.0332 -0.00145
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4.14.6 ASL_dcgsen, ASL _rcgsen
Eigenvalues in an Interval of a Real Symmetric Matrix
(Interval Specified) (Generalized Eigenvalue Problem Az = A\Bx, B: Positive)
(1) Function
ASL_dcgsen or ASL rcgsen uses the Cholesky method to transform the real symmetric matrix (two-dimensional
array type) (upper triangular type) generalized eigenvalue problem Az = ABx (A: Real symmetric matrix,

B: Positive symmetric matrix) to a standard eigenvalue problem and uses the Householder method and the

Bisection method to obtain the m largest eigenvalues or m smallest eigenvalues in a specified interval.

(2) Usage
Double precision:
ierr = ASL_dcgsen (a, lna, n, b, Inb, eps, e, &m, el, €2, wl);
Single precision:

ierr = ASL_rcgsen (a, Ina, n, b, lnb, eps, e, &m, el, €2, wl);
(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 Inaxn Input | Real symmetric matrix A
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrix A and B
4 b Dx Inbxn Input | Positive symmetric matrix B
{R*} (two-dimensional array type) (upper trian-
gular type)
Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
eps D 1 Input | Parameter that assigns an upper limit to the
{R} absolute error for use in the eigenvalue con-
vergence test. (See Note (b))
7 e Dx m Output | Eigenvalues
()
8 m I* 1 Input | Maximum number of the eigenvalues to be
computed
Output | Number of the obtained eigenvalues
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
9 el D 1 Input | el<e2: Obtain m eigenvalues in the interval
R [el, e2] from the smallest one. (e2 is upper
bound.)
10 e2 D 1 Input | el>e2: Obtain m eigenvalues in the interval
R [el, e2] from the largest one. (e2 is lower
bound.) (See Notes (c) and (d))
11 wl D+ 5Xn Work | Work area
Rx
12 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 0 <n < Ina,Inb
(b) 0<m<n
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0]/b]0]
is performed.
1500 The number of eigenvalues between el All the eigenvalues and the corresponding
and e2 is less than m. eigenvectors between el and e2 are ob-
tained and the number of the found eigen-
value is output to m.
2100 B has a diagonal element very close to Processing continues.
Z€ero.
3000 Restriction (a) or (b) was not satisfied. Processing is aborted.
4000 B was not positive definite.
(6) Notes

(a) Data should be stored only in the upper triangular portions of arrays a and b.

(b) If eps < 0, the optimum value is automatically set internally. Normally, a negative value should be set
so that this value will be set automatically. eps is used to obtain eigenvalues by using the Bisection
method.

(c) If el < e2 the obtained eigenvalues and eigenvectors are stored in ascending order. On the other hand,

if el > e2 the eigenvalues and eigenvectors are stored in descending order.

(d) If el = e2, the eigenvalues in the interval [el — eps, el + eps] are obtained. Normally, el should be set
to be different e2.
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4.15.1 ASL_dcgjaa, ASL_rcgjaa
All Eigenvalues and All Eigenvectors of Real Symmetric Matrices
(Generalized Eigenvalue Problem ABx = \z, B: Positive)

(1) Function
Generalized eigenvalue problem

ABx = \x

(A: Real symmetric, B: Positive real symmetric) is solved by using the Cholesky method, the Householder
method and QR method to obtain all eigenvalues A and corresponding all eigenvectors .

(2) Usage
Double precision:
ierr = ASL_dcgjaa (a, lna, n, b, lnb, e, work);
Single precision:
ierr = ASL_rcgjaa (a, lna, n, b, Inb, e, work);

(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. FEUHent at Type Size nput/ Contents
Return Value Output
1 a Dx Inaxn Input | Real symmetric matrix A
R Output | Eigenvectors x
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrices A and B
4 b D+ Inbxn Input | Real symmetric matrix B
R Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e D+ n Output | Eigenvalues A
R«
7 work D 2xn Work | Work area
R«
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1 <n <lna,lnb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] x b[0] and

a[0] < 1.0/+/b[0]

are performed.

2100 B has a diagonal element very close to Some results may be obtained with low
Z€ero. precision.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue was obtained. tered in e[0], - - -, e[i— 2] (However, the or-
(1<i<n) der is irregular).

No eigenvector is obtained at this time.

(6) Notes

(a) Arrays a and b should be stored only in the upper triangular portions.
(b) Eigenvalues are stored in ascending order.
(c) Eigenvectors v; are an orthonormal set so that 'vaka =0k

ASL_dcgjan

(d) 4.15.2 :
ASL _rcgjan

} should be used if the eigenvectors are not needed.

ASL_dcgkaa

(e) 4.16.1
ASL _rcgkaa

} should be used if matrix A is only positive.

(7) Example

(a) Problem

Obtain all eigenvalues and their corresponding eigenvectors non-symmetric matrix AB when A and B
are positive symmetric matrices.

[ 1.07692 0.28571 0.09733 0.04887 ]
A 0.28571 1.02041 0.26316 0.08610
0.09733 0.26316 1.00917 0.25676

| 0.04887 0.08610 0.25676 1.00518 |

[ 1.04762 0.18841 0.05996 0.02968 |
B 0.18841 1.01235 0.17460 0.05314
0.05996 0.17460 1.00552 0.17073

| 0.02968 0.056314 0.17073 1.00312 |

Note Where matrix elements of A and B are defined as
A= P(3.0,4), B=P(5.0,4)
where -
P(aQ,n)i’j = 2/0 cos (ait) cos (ajt)e 'dt(1 <i<mn;1 < j <n).

All eigenvalues of the each matrix exist within a finite interval which is independent of n.
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(b) Input data

()

n=4,Ina=Inb=4 and Symmetric matrices A and B.

Main program

C interface example for ASL_dcgjaa */

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

int main()

double *a, *b, *e, *work;
double one,tre,fiv;

int i,j,n,ierr;

int lna, 1lnb;

n=4;

1na=4;1nb=4;

one=1.0;tre=3.0;fiv=5.0;

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

a = ( double * )malloc((size_t) (sizeof(double)*n*n));
%f( a == NULL )

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

b = ( double * )malloc((size_t) (sizeof(double)*n*n));
%f( b == LL )

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

=(( double * gmalloc((size_t)(sizeof(double)*n));
if e == L

P

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

work = ( double * )malloc((size_t) (sizeof (double)*(2*n)));
if ( work == NULL )

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

printf( "\tn = %6d\n" , n );
printf( "\tlna = %6d\n",lna );
printf( "\tlnb = %6d\n",1lnb );
for(i=0; i<m; i++)

for(j=0; j<m; j++)

ali+n*j]l=one/(one+trex (i+j+2)*(i+j+2))
+one/ (one+tre*(i-j)*(i-j));

bli+n*jl=one/(one+fiv* (i+j+2)*(i+j+2))
+one/ (one+fiv*(i-j)*(i-j));

}

printf( "\n\tInput Matrix a\n\n" );
for(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<n; j++)

printf( "%8.3g",ali+n*jl);
}
printf( "\n" );

}
printf( "\n\tInput Matrix b\n\n" );
for(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<n; j++)

printf( "%8.3g",bli+n*jl);
}
printf( "\n" );

ierr = ASL_dcgjaa(a, lna, n, b, 1lnb, e, work);

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

printf( "\n\t" );
for(j=0; j<n; j++)

printf( "%8.3g",e[j1);
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printf( "\n\t Eigenvector ")
for(i=0; i<n; i++)

printf( "\n\t" );

for(j=0; j<n; j++)

printf( "%8.3g",ali+n*jl);

}

printf( "\n" );
free (a);

free (b);

free (work);
free (e);
return O;

}
(d) Output results

***x ASL_dcgjaa ***

*k Input *%

n = 4
lna = 4
1nb = 4

Input Matrix a

1.08 0.286 0.0973 0.0489
0.286 1.02 0.263 0.0861
0.0973  0.263 1.01 0.257
0.0489 0.0861 0.257 1.01

Input Matrix b
1.056 0.188 0.06 0.0297
0.188 1.01 0.175 0.0531
0.06 0.175 1.01  0.171
0.0297 0.0531 0.171 1

** Qutput **

ierr = 0
Eigenvalue
0.503 0.706 1.15 2.13
Eigenvector
-0.36 -0.573 0.6 0.414

0.702 0.497 0.257 0.494
-0.718 0.42 -0.389 0.46
0.406 -0.626 -0.604 0.324
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4.15.2 ASL_dcgjan, ASL_rcgjan
All Eigenvalues of Real Symmetric Matrices
(Generalized Eigenvalue Problem ABxz = \z, B: Positive)
(1) Function

Generalized eigenvalue problem

ABx = \x
(A: Real symmetric, B: Positive real symmetric) is solved by using the Cholesky method, the Householder
method and QR method to obtain all eigenvalues \ .

(2) Usage
Double precision:
ierr = ASL_dcgjan (a, lna, n, b, Inb, e, work);
Single precision:

ierr = ASL_rcgjan (a, Ina, n, b, Inb, e, work);
(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+ Inaxn Input | Real symmetric matrix A
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrices A and B
4 b D Inbxn Input | Real symmetric matrix B
R Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues A
R«
7 work Dx 2xn Work | Work area
Rx
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1 <n<lna,lnb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 n was equal to 1. e[0] < a[0] x b[0] is performed.

2100 B has a diagonal element very close to Some results may be obtained with low
Z€ero. precision.

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

4000 B was not positive definite.

5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue was obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).
(6) Notes

(a) Arrays a and b should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 4.15.1 {

(d) 4.16.2 {

ASL_dcgjaa
ASL _rcgjaa

ASL_dcgkan
ASL _rcgkan
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4.16 GENERALIZED EIGENVALUE PROBLEM (BAx = A\xr) FOR
REAL SYMMETRIC MATRICES (TWO-DIMENSIONAL AR-
RAY TYPE) (UPPER TRIANGULAR TYPE)

4.16.1 ASL_dcgkaa, ASL _rcgkaa
All Eigenvalues and All Eigenvectors of Real Symmetric Matrices
(Generalized Eigenvalue Problem BAx = \z, B: Positive)

(1) Function
Generalized eigenvalue problem

BAx = \x

(A: Real symmetric, B: Positive real symmetric) is solved by using the Cholesky method, the Householder
method and QR method to obtain all eigenvalues A and corresponding all eigenvectors .

(2) Usage
Double precision:
ierr = ASL_dcgkaa (a, Ina, n, b, Inb, e, work);
Single precision:
ierr = ASL_rcgkaa (a, Ina, n, b, lnb, e, work);
(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. FEUHent at Type Size nput/ Contents
Return Value Output
1 a Dx Inaxn Input | Real symmetric matrix A
R Output | Eigenvectors x
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrices A and B
4 b D+ Inbxn Input | Real symmetric matrix B
R Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e D+ n Output | Eigenvalues A
R«
7 work D 2xn Work | Work area
R«
8 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 1 <n <lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. [0] < a[0] x b[0] and

e
a[0] < +/b]0]
are performed.

2100 B has a diagonal element very close to Some results may be obtained with low
Z€ero. precision.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue was obtained. tered in e[0], - - -, e[i— 2] (However, the or-
(1<i<n) der is irregular).

No eigenvector is obtained at this time.

(6) Notes

a) Arrays a and b should be stored only in the upper triangular portions.
y y g

(b) Eigenvalues are stored in ascending order.

(c) Eigenvectors v; are an orthonormal set so that 'vaB_l'vk =0k

ASL_dcgkan

(d) 4.16.2
ASL _rcgkan

} should be used if the eigenvectors are not needed.

ASL_dcgjaa

(e) 4.15.1 :
ASL _rcgjaa

} should be used if matrix A is only positive.

(7) Example

(a) Problem

Obtain all eigenvalues and their corresponding eigenvectors non-symmetric matrix AB when A and B
are positive symmetric matrices.

[ 1.07692 0.28571 0.09733 0.04887 ]|
A 0.28571 1.02041 0.26316 0.08610
0.09733 0.26316 1.00917 0.25676

| 0.04887 0.08610 0.25676 1.00518 |

[ 1.04762 0.18841 0.05996 0.02968 |
B 0.18841 1.01235 0.17460 0.05314
0.05996 0.17460 1.00552 0.17073

| 0.02968 0.05314 0.17073 1.00312 |

Note Where matrix elements of A and B are defined as

A=P(3.0,4), B=P(5.0,4)
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where -
P(a2,n)i’j = 2/ cos (ait) cos (ajt)e 'dt(1 <i<mn;1<j<n).
0
All eigenvalues of the each matrix exist within a finite interval which is independent of n.

(b) Input data

n=4,Ina=Inb=4 and Symmetric matrices A and B.
(¢) Main program

/% C interface example for ASL_dcgkaa */

#include <stdio.h>

#include <stdlib.h>

#include <asl.h>

int main()

double *a, *b, *e, *work;
double one,tre,fiv;

int i,j,n,ierr;

int lna, 1nb;

n=4;

1na=4;1lnb=4;

one=1.0;tre=3.0;fiv=5

printf( " *kx ASL dcgkaa *xx\n" ) ;
printf( "\n ** Input **\n\n" );

a = ( double * )malloc((size_t)(sizeof(double)*n*n));
if ( a == NULL

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

( ( double *))malloc((s1ze _t) (sizeof (double)*n*n));
if == NULL

AT

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

- D

= ( double * )malloc((size_t) (sizeof(double)*n));
if ( e == NULL )

-~

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

work = ( double * Jmalloc((size_t) (sizeof (double)*(2%n)));
if ( work == NULL )

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

}];rintf( "\tn %6d\n" , n );
printf( "\tlna = %6d\n",lna );
printf( "\tlnb = %6d\n",lnb );
for(i=0; i<n; i++)

for(j=0; j<m; j++)

ali+n*j]l=one/(one+trex (i+j+2)*(i+j+2))
+one/ (one+tre*(i-j)*(i-j));

bli+n*jl=one/(one+fiv* (i+j+2)*(i+j+2))
+one/ (one+fiv*(i-j)*(i-j));

}

}
printf( "\n\tInput Matrix a\n\n" );
for(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<m; j++)

printf( "%8.3g",ali+n*jl);
}
printf( "\n" );

}
printf( "\n\tInput Matrix b\n\n" );
{or(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<m; j++)

printf( "%8.3g",bli+n*jl);
}
printf( "\n" );

}
ierr = ASL_dcgkaa(a, lna, n, b, lnb, e, work);
printf( "\n ** Output **\n\n" );
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printf( "\tierr = %6d\n", ierr );
printf( "\n\t Eigenvalue " );
printf( "\n\t" );

for(j=0; j<n; j++)

printf( "%8.3g",e[j1);

}
printf( "\n\t Eigenvector ")
%or(i=0; i<n; i++)

printf( "\n\t" );

for(j=0; j<n; j++)

printf( "%8.3g",ali+n*jl);

}

printf( "\n" );
free(a);
free(b);
free(e);

free (work) ;
return O;

}
(d) Output results

***x ASL_dcgkaa ***

*k Input *%

n = 4
lna = 4
1nb = 4

Input Matrix a

1.08 0.286 0.0973 0.0489
0.286 1.02 0.263 0.0861
0.0973  0.263 1.01 0.257
0.0489 0.0861 0.257 1.01

Input Matrix b
1.056 0.188 0.06 0.0297
0.188 1.01 0.175 0.0531
0.06 0.175 1.01  0.171
0.0297 0.0531 0.171 1

** Qutput **

ierr = 0
Eigenvalue
0.503 0.706 1.15 2.13
Eigenvector
-0.276 -0.5 0.635 0.564

0.54 0.436 0.273 0.676
-0.551 0.368 -0.414 0.629
0.311 -0.547 -0.641 0.442

369



ASL_dcgkan, ASL_rcgkan
All Eigenvalues of Real Symmetric Matrices
(Generalized Eigenvalue Problem BAx = Az, B: Positive)

4.16.2 ASL_dcgkan, ASL _rcgkan
All Eigenvalues of Real Symmetric Matrices
(Generalized Eigenvalue Problem BAx = \x, B: Positive)
(1) Function

Generalized eigenvalue problem

BAx = \x
(A: Real symmetric, B: Positive real symmetric) is solved by using the Cholesky method, the Householder
method and QR method to obtain all eigenvalues \ .

(2) Usage
Double precision:
ierr = ASL_dcgkan (a, lna, n, b, lnb, e, work);
Single precision:

ierr = ASL_rcgkan (a, lna, n, b, Inb, e, work);
(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+ Inaxn Input | Real symmetric matrix A
R Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrices A and B
4 b D Inbxn Input | Real symmetric matrix B
R Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues A
R«
7 work Dx 2xn Work | Work area
Rx
8 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1 <n<lna,lnb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] x b[0]
is performed.

2100 B has a diagonal element very close to Some results may be obtained with low
Z€ero. precision.

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

4000 B was not positive definite.

5000 + ¢ The sequence did not converge in the step Eigenvalues obtained by this time are en-
where the eigenvalue was obtained. tered in e[0], - - -, e[i — 2] (However, the or-
(1<i<n) der is irregular).
(6) Notes

(a) Arrays a and b should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 4.16.1 {

(d) 4.15.2 {

ASL_dcgkaa
ASL _rcgkaa

ASL_dcgjan
ASL_rcgjan
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4.17

4.17.1

GENERALIZED EIGENVALUE PROBLEM (Az = ABz) FOR
HERMITIAN MATRICES (TWO-DIMENSIONAL ARRAY
TYPE) (UPPER TRIANGULAR TYPE) (REAL ARGU-
MENT TYPE)

ASL_zcgraa, ASL_ccgraa

All Eigenvalues and All Eigenvectors of Hermitian Matrices
(Generalized Eigenvalue Problem Az = ABz, B: Positive)

(1) Function

Generalized eigenvalue problem

Az = )\Bz

(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method
and QR method to obtain all eigenvalues A and corresponding all eigenvectors z.

(2) Usage
Double precision:

ierr = ASL_zcgraa ( ar, ai, Ina, n, br, bi, Inb, e, work);

Single precision:

ierr = ASL_ccgraa ( ar, ai, Ina, n, br, bi, lnb, e, work);

(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Real part of eigenvector z
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Imaginary part of eigenvector z
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
5 br Dx Inbxn Input | Real part of Hermitian matrix B
R Output | Input-time contents are not retained.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
6 bi Dx Inbxn Input | Imaginary part of Hermitian matrix B
R Output | Input-time contents are not retained.
Inb I 1 Input | Adjustable dimension of arrays br and bi
e Dx n Output | Eigenvalues A
Rx
9 work Dx 4xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) 1 <n<lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.

1000 n was equal to 1. e[0] « ar[0]/br[0],
ar[0] < 1.0/+/br[0] and
ai[0] «+ 0.0
are performed.

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

4000 B was not positive definite.

5000 The sequence did not converge in the step

where the eigenvalue was obtained.

(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.
(b) Eigenvalues are stored in ascending order.
(¢) Eigenvectors v; are an orthonormal set so that viBug =5k

ASL_zcgran

(d) 4.17.2
ASL _ccgran

} should be used if the eigenvectors are not needed.
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(7) Example

(a) Problem

For Hermitian matrix of the degree 4

8 3 1—-2¢ —1-2¢

e 3 9 142 —1+42¢
1+ 2 1—-2¢ 10 -3

| —1+2¢ —1-2¢ -3 11

and its conjugate Hermitian matrix

8 3 142 —1+2i
B 3 9 1-2 ~1-2
1-2i 142 10 -3

| —1-2i —1+2 -3 11

obtain eigenvector of generalized eigenvalue problem.

(b) Input data
n=4, lna=4, matrix A, Inb=4 and matrix B.
(¢) Main program

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

int main()

double _Complex *a;

double _Complex *keep;
double *ar,*ai,*br,*xbi;
double *e, *xwork;

double _Complex *b;

int n,ln;

int ierr;

int i,j;

n=4;1n=4;

work=(double * )malloc((size_t) ( sizeof(double)* (4*n) ));
%f( work == NULL )

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

e = ( double * )malloc((size_t)( sizeof(double) * n ));
%f( e == NULL )

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

}
ar=(double * )malloc((size_t)( sizeof(double)* (ln*n) ));
if( ar == NULL )

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

}
br=(double * )malloc((size_t)( sizeof(double)* (ln*n) ));
if( br == NULL )

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

}
ai=(double * )malloc((size_t) ( sizeof(double)* (1ln*n) ));
if( ai == NULL )

printf( "no enough memory for array ailn" );
return -1;

}
bi=(double * )malloc((size_t)( sizeof(double)* (ln*n) ));
if( bi == NULL )

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

[OR

= ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (1ln*n)
if ( a == NULL )

A

printf( "no enough memory for array a\n" );
return -1;
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3
b = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (1ln*n) ));
%f( b == NULL )

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

return -1;

keep = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (Iln*n) ));
if ( keep == NULL )
{

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

return -1;

keep%1—1+1n*(1—1)]=8.0;
keep[2-1+1n*(2-1)1=9.0;
keep[3-1+1n*(3-1)]1=10.0;
keep[4-1+1n*(4-1)]=11.0;
keep[1-1+1n*(2-1)]1=3.0;
keep[1-1+1n*(3-1)]=1.0+2.0%_Complex_I;
keep[1-1+1n*(4-1)]1=-1.0+2.0%_Complex_I;
keep[2-1+1n*(3-1)]= 1.0-2.0%_Complex_I;
keep[2-1+1n*(4-1)]=-1.0-2.0*_Complex_I;
keep[3-1+1n*(4-1)]1=-3.0;
printf( "\n\t *** ASL_zcgraa \n\n" );
printf( "\n\t *** INPUT ***\n\n" );
for ( i=0 ; i<n ; i++ )
for ( j=i ; j<m ; j++ )
br[i+ln*jl=creal (keep[i+1ln*j]);
bil[i+ln*jl=cimag(keep[i+ln*j]);
keep[j+ln*il=conj(keep[i+1ln*j]);
ar [i+1n*jl=br[i+1n*j];
ai[i+1n*j]l=-bi [i+1n*j];
ali+ln*jl=ar[i+ln*j]l+ai[i+1n*j]*_Complex_I;
bli+ln*j]l=keep[i+ln*j];
a[j+ln*i]=ar[i+ln*j]-ai[i+ln*j]*_Complex_I;
b[j+1n*il=br [i+1ln*j]-bi[i+ln*jl*_Complex_I;
}

}

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

printf( "\tInput Matrix a ( Real,Imaginary )\n\n");
for ( i=0 ; i<n ; i++ )

for ( j=0 ; j<m ; j++ )

printf( "\t(%8.3g,%8.3g)" ,creal(ali+ln*j]),cimag(ali+lnxjl));
}
printf( "\n" );

}
printf( "\tInput Matrix b ( Real,Imaginary )\n\n");
%or ( i=0 ; i<n ; i++ )

for ( j=0 ; j<m ; j++ )

printf( "\t(%8.3g,%8.3g)" ,creal(b[i+ln*j]),cimag(b[i+ln*j]));
}
printf( "\n" );

ierr=ASL_zcgraa(ar,ai,ln,n,br,bi,1ln,e,work);
printf( "\n\t **x QUTPUT ***\n\n" );
printf( "\tierr = %6d\n", ierr );

for( j=0 ; j<mn-1 ; j = j+2 )
{

printf( "\n" );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvalue ")
}
printf( "\n" );
printf( "\t%8.3g \t%8.3g\n",
eljl, elj+11 );
for( i=0 ; i<2 ; i++ )

printf( "\tEigenvector "),

}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
ar[i+ln*j], aili+lnx*j], ar[i+ln*(j+1)], aili+ln*(j+1)] );
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}

free(a);
free(keep);
free(e);
free(work) ;
free(ar);
free(ai);
free(br);
free(bi);
free(b);
return O;

(d) Output results

*x% ASL_zcgraa

skx INPUT s**x

n = 4

Input Matrix a ( Real,Imaginary )

( 8, 0)
( 3, 0)
( 1, 2)
( -1, 2) (

Input Matrix b ( Real,Imaginary )

( 8, 0)
( 3, 0)
( 1, -2)
( -1, -2)
*kx* QUTPUT ***
ierr = 0
Eigenvalue

0.231
Eigenvector

0.175 , 0.00104

-0.16 , 0.000865
-0.00111 , -0.149
0.00111 , -0.138
Eigenvalue

1

Eigenvector

0.00315 , -0.0353
0.00315 , -0.0353
-0.0173 , 0.194
0.0173 , -0.194

3, 0) ( 1,
9, 0) ( 1,
1, -2) ( 10,
-1, -2) ( -3,
3, 0) ( 1,
9, 0) ( 1,
1, 2) ( 10,
-1, 2) ( -3,
Eigenvalue
1
Eigenvector
0.208 , 5.93e-19

0.208 , 1.49e-18
0.00144 , -5.09e-17
-0.00144 , -4.15e-17

Eigenvalue
4.33
Eigenvector
0.364 , -0.00216
-0.333 , -0.0018
-0.00231 , 0.31

0.00231 . 0.287
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4.17.2 ASL_zcgran, ASL_ccgran
All Eigenvalues of Hermitian Matrices
(Generalized Eigenvalue Problem Az = A\Bz, B: Positive)
(1) Function

Generalized eigenvalue problem

Az = \Bz
(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method
and QR method to obtain all eigenvalues A .

(2) Usage
Double precision:
ierr = ASL_zcgran ( ar, ai, Ina, n, br, bi, lnb, e, work);
Single precision:

ierr = ASL_ccgran ( ar, ai, lna, n, br, bi, Inb, e, work);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
br Dx Inbxn Input | Real part of Hermitian matrix B
R Output | Input-time contents are not retained.
6 bi Dx Inbxn Input | Imaginary part of Hermitian matrix B
R Output | Input-time contents are not retained.
7 Inb I 1 Input | Adjustable dimension of arrays br and bi
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
8 e Dx n Output | Eigenvalues A
R«
9 work Dx 4xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1 <n<lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning

Processing

Normal termination.

1000 n was equal to 1. e[0] « ar[0]/br|[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.

4000 B was not positive definite.
5000 The sequence did not converge in the step
where the eigenvalue was obtained.
(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 4.17.1 {

ASL _zcgraa
ASL _ccgraa
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4.18 GENERALIZED EIGENVALUE PROBLEM (A4 = ABz) FOR
HERMITIAN MATRICES (TWO-DIMENSIONAL ARRAY
TYPE) (UPPER TRIANGULAR TYPE) (COMPLEX ARGU-
MENT TYPE)

4.18.1 ASL_zcghaa, ASL_ccghaa
All Eigenvalues and All Eigenvectors of Hermitian Matrices
(Generalized Eigenvalue Problem Az = BAz, B: Positive)
(1) Function

Generalized eigenvalue problem
Az = A\Bz

(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method

and QR method to obtain all eigenvalues A and corresponding all eigenvectors z.

(2) Usage
Double precision:
ierr = ASL_zcghaa ( a, lna, n, b, Inb, e, work, zzw);
Single precision:

ierr = ASL_ccghaa ( a, lna, n, b, Inb, e, work, zzw);
(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 7% Inaxn Input | Hermitian matrix A
Cx Output | Eigenvector z
2 Ina I 1 Input | Adjustable dimension of array a
n I 1 Input | Order of matrices A and B
4 b 7% Inbxn Input | Hermitian matrix B
Cx Output | Input-time contents are not retained.
5 Inb I 1 Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues A
Rx
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
7 work D 2xn Work | Work area
Rx
8 2ZW Tk n Work | Work area
Cx
9 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 1 <n<lna,lnb
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « a[0]/b[0] and
a[0] « 1.0/4/b]0]
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 The sequence did not converge in the step
where the eigenvalue was obtained.
(6) Notes

(a) Arrays a and b should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) Eigenvectors v; are an orthonormal set so that v} Bvg = 0,k

(d) 4.18.2 {

(7) Example

(a) Problem

ASL _zcghan
ASL_ccghan

For Hermitian matrix of the degree 4

8 3 1-2i —-1—-2¢

A 3 9 1+2i —1+2¢

Sl 142 1-2i 10 -3
| —14+2¢ —1-—2¢ -3 11 |

and its conjugate Hermitian matrix

[ 8 3 142 —1+2i ]

B 3 9 1—-2i —-1-—-24

1—2i 14 2¢ 10 -3
| —1—-2¢ —1+4+2¢ -3 11 |

} should be used if the eigenvectors are not needed.

obtain eigenvector of generalized eigenvalue problem.
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(b) Input data
n=4, lna=4, matrix A, Inb=4 and matrix B.
(¢) Main program

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

%nt main()

double _Complex *a;

double _Complex *keep;
double _Complex *zzw;
double *ar,*ai,*br,*xbi;
double *e, *work;

double _Complex *b;

int n,ln;

int ierr;

int i,j;

n=4;1ln=4;

work—(double * )malloc((51ze t) ( sizeof (double)* (2*n) ));
if ( work == NULL

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

zzw=(double _Complex *)malloc((size_t)( sizeof (double _Complex)* n ));
if( zzw == NULL )

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

(o)

e = ( double * )malloc((size_t)( sizeof(double) * n ));
if( e == NULL )

~

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

ar=(double * )malloc((size_t)( sizeof(double)* (ln*n) ));
if( ar == NULL )

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

}
br=(double * )malloc((51ze t) ( sizeof(double)* (ln*n) ));
if( br == L)

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

}
ai=(double * )malloc((size_t)( sizeof(double)* (ln*n) ));
if( ai == NULL )

printf( "no enough memory for array ailn" );
return -1;

}
bi=(double * )malloc((51ze t) ( sizeof(double)* (ln*n) ));
if ( bi == NULL )

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

= ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (ln*n) ));
f( a == NULL )

i g

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

b = ( double _Complex * )malloc((size_t)( sizeof(double _Complex) * (ln*n) ));
if( b == NULL )

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

keep = ( double _Complex * )malloc((size_t)( sizeof (double _Complex) * (Iln*n) ));
if ( keep == NULL )
{

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

) return -1;
keep[1-1+1n*(1-1)] 8.0;
keep[2-1+1n*(2-1)] 9.0;
keep[3-1+1n*(3-1)] 10.0;
keep[4-1+1n*(4-1)] 11.0;
keep[1-1+1n*(2-1)] 3.0;

keep[1-1+1n*(3-1)]
keep[1-1+1n*(4-1)]
keep[2-1+1n*(3-1)]
keep[2-1+1n*(4-1)]

1.0+2.0%_Complex_I;

-1.0+2.0*_Complex_I;
1.0-2.0*_Complex_I;

-1.0-2.0*_Complex_I;
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keep[3-1+1n*(4-1)] = -3.0;

printf( "\n\t *#** ASL_zcghaa \n\n" );
printf( "\n\t *** INPUT ***\n\n" );

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

for ( j=i ; j<n ; j++ )

brli+ln*j] = creal(keepl[i+ln*jl);

bil[i+ln*j] = cimag(keep[i+lnx*j]);
keep[j+1ln*i] = conj(keep[i+ln*jl);

ar[i+ln*j] = brl[i+ln*j];

aili+ln*j] = -bil[i+ln*j];

ali+ln*j] = ar[i+ln*jl+aili+1ln*j]l*_Complex_I;
bli+ln*j] = keep[i+ln*j];

alj+ln*i] = ar[i+ln*j]l-aili+ln*j]l*_Complex_I;
b[j+1n*i] = br[i+ln*j]l-bil[i+ln*jl*_Complex_I;

}

}

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

printf( "\tInput Matrix a ( Real,Imaginary )\n\n");
for ( i=0 ; i<n ; i++ )

for ( j=0 ; j<n ; j++ )
printf( "\t(%8.3g,%8.3g)" ,creal(ali+ln*jl),cimag(ali+ln*jl));
%rintf( "\n" );
%rintf( "\tInput Matrix b ( Real,Imaginary )\n\n");
for ( i=0 ; i<m ; i++ )
for ( j=0 ; j<m ; j++ )
printf( "\t(%8.3g,%8.3g)" ,creal(bl[i+ln*j]),cimag(b[i+ln*j]));
%rintf( "\n" );
ierr=ASL_zcghaa(a,ln,n,b,1ln,e,work,zzw) ;

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

for( j=0 ; j<n-1 ; j = j+2 )
printf( "\n" );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvalue "),
}
printf( "\n" );
printf( "\t}8.3g \t%8.3g\n",
eljl, elj+11 );
for( i=0 ; i<2 ; i++ )
printf( "\tEigenvector "),
}
printf( "\n" );
for( i=0 ; i<n ; i++ )

printf( "\t%8.3g , %8.3g \t%8.3g , %8.3g\n",
creal(a[i+ln*j]), cimag(ali+ln*j]), creal(ali+ln*(j+1)]), cimag(ali+ln*(j+1)]1) );

free(a);
free(keep) ;
free(e);
free (work) ;
free(zzw);
free(ar);
free(ai);
free(br);
free(bi);
free(b);
return O;

}
(d) Output results

*x% ASL_zcghaa

sxx INPUT **%*
n = 4

Input Matrix a ( Real,Imaginary )
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( 8, 0) ( 3, 0) ( 1, -2) ( -1, -2)
( 3, 0) ( 9, 0) ( 1, 2) ( -1, 2)
( 1, 2) ( 1, -2) ( 10, 0) ( -3, 0)
( -1, 2) ( -1, -2) ( -3, 0) ( 11, 0)
Input Matrix b ( Real,Imaginary )
( 8, 0) ( 3, 0) ( 1, 2) ( -1, 2)
( 3, 0) ( 9, 0) ( 1, -2) ( -1, -2)
( 1, -2) ( 1, 2) ( 10, 0) ( -3, 0)
( -1, -2) ( -1, 2) ( -3, 0) ( 11, 0)
*kx* QUTPUT **x
ierr = 0
Eigenvalue Eigenvalue

0.231 1
Eigenvector Eigenvector

0.175 , 0.00104 0.208 , 5.99e-19

-0.16 , 0.000865 0.208 , 1.47e-18
-0.00111 , -0.149 0.00144 , -5.09e-17
0.00111 , -0.138 -0.00144 , -4.15e-17
Eigenvalue Eigenvalue

1 4.33

Eigenvector Eigenvector
0.00315 , -0.0353 0.364 , -0.00216
0.00315 , -0.0353 -0.333 , -0.0018
-0.0173 , 0.194 -0.00231 , 0.31

0.0173 , -0.194 0.00231 , 0.287
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4.18.2 ASL_zcghan, ASL_ccghan
All Eigenvalues of Hermitian Matrices
(Generalized Eigenvalue Problem Az = BAz, B: Positive)
(1) Function

Generalized eigenvalue problem
Az = ABz

(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method
and QR method to obtain all eigenvalues A .

(2) Usage
Double precision:
ierr = ASL_zcghan ( a, Ina, n, b, lnb, e, work, zzw);
Single precision:

ierr = ASL_ccghan ( a, Ina, n, b, lnb, e, work, zzw);
(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 7% Inaxn Input | Hermitian matrix A
Cx Output | Input-time contents are not retained.
2 Ina I 1 Input | Adjustable dimension of array a
3 n I 1 Input | Order of matrices A and B
4 b 7% Inbxn Input | Hermitian matrix B
Cx Output | Input-time contents are not retained.
5 Inb I Input | Adjustable dimension of array b
e Dx n Output | Eigenvalues A
R«
7 work Dx 2xn Work | Work area
Rx
8 2ZW 7k n Work | Work area
Cx
9 ierr I 1 Output | Error indicator (Return Value)
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(4) Restrictions
(a) 1 <n <lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0]/b]0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 The sequence did not converge in the step

where the eigenvalue was obtained.

(6) Notes

(a) Arrays a and b should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 418.1 {ASL_zcghaa

should be used if the eigenvectors are needed.
ASL_ccghaa
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4.19.1

GENERALIZED EIGENVALUE PROBLEM (4B: = \z) FOR
HERMITIAN MATRICES (TWO-DIMENSIONAL ARRAY
TYPE) (UPPER TRIANGULAR TYPE) (REAL ARGU-
MENT TYPE)

ASL_zcgjaa, ASL_ccgjaa
All Eigenvalues and All Eigenvectors of Hermitian Matrices
(Generalized Eigenvalue Problem ABz = Az, B: Positive)

(1) Function

Generalized eigenvalue problem

ABz = Az

(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method

and QR method to obtain all eigenvalues A and corresponding all eigenvectors z.

(2) Usage
Double precision:

ierr = ASL_zcgjaa ( ar, ai, Ina, n, br, bi, lnb, e, work);

Single precision:

ierr = ASL_ccgjaa ( ar, ai, Ina, n, br, bi, Inb, e, work);

(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Real part of eigenvector z
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Imaginary part of eigenvector z
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
5 br Dx Inbxn Input | Real part of Hermitian matrix B
R Output | Input-time contents are not retained.
6 bi D Inbxn Input | Imaginary part of Hermitian matrix B
R Output | Input-time contents are not retained.
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A t and Input
No. FEtment aiy Type Size nput/ Contents
Return Value Output
Inb I 1 Input | Adjustable dimension of arrays br and bi
e Dx n Output | Eigenvalues A
Rx
9 work D+ 4xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)
(4) Restrictions
(a) 1 <n <lna,lnb
(5) Error indicator (Return Value)
ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] x b[0] and
a[0] < 1.0/+/b[0]
are performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 The sequence did not converge in the step
where the eigenvalue was obtained.
(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.
(b) Eigenvalues are stored in ascending order.
(c) Eigenvectors v; are an orthonormal set so that v} Bvy = 0k

ASL _zcgjan

(d) 4.19.2 i
ASL_ccgjan

} should be used if the eigenvectors are not needed.

ASL _zcgkaa

(e) 4.20.1
ASL _ccgkaa

} should be used if matrix A is only positive.

(7) Example

(a) Problem

For Hermitian matrix of the degree 4

8 3 1-2 —-1-—2
B 3 9 142 —-1+2
B 142 1-—2i 10 -3

142 —-1-—2 -3 11
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and its conjugate Hermitian matrix

8 3 1420 —1424

B_ 3 9 1-2¢ —1-2¢
1—-2¢ 1424 10 -3

—1-27 —-1+42 -3 11

obtain eigenvector of generalized eigenvalue problem ABz = \z.

(b) Input data
n=4, lna=4, matrix A, Inb=4 and matrix B.

(¢) Main program
/* C interface example for ASL_zcgjaa */
#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
int main()
{

double *ar, *br, *ai, *bi, *e, *work;

int i,j,n,ierr;

int lna, 1nb;

n=4;

1na=4;1nb=4;

printf( " *+x ASL_zcgjaa ***\n" );
printf( "\n ** Input **\n\n" );

ar = ( double * )malloc(sizeof (double)*nx*n);
if ( ar == NULL )

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

br = ( double * )malloc(sizeof (double)*n*n);
if ( br == NULL )

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

ai = ( double * )malloc(sizeof (double)*nx*n);
if( ai == NULL )

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

bi = ( double * )malloc(sizeof (double)x*n*n);
if( bi == NULL )

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

= ( double * )malloc(sizeof (double)*n);
f (e== L)

D

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

work = ( double * )malloc(sizeof (double)*4%*n);
if ( work == NULL )

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

return -1;
printf( "\tn = %6d\n" , n );
printf( "\tlna = %6d\n",lna );
printf( "\tlnb = %6d\n",1lnb );

br [0+n*0]=8.0;bi [0+n*0]=0.0;
br[1+n*1]=9.0;bi[1+n*1]=0.0;
br[2+n*2]=10.0;bi [2+n%2]=0.0;
br[3+n*3]=11.0,bi [3+n*3]=0.0;
br[0+n*1]=3.0;bi[0+n*1]=0.0;
br[0+n*2]=1.0:bi [0+n*2]=2.0"
br [0+n*3]=-1.0;bi[0+n*3]=2.0;
br[1+n*2]=1.0;bi [1+n*2]=-2.0:
br[1+n*3]=-1.0;bi [1+n*3]=-2.0;
br[2+n*3]=-3.0;bi[2+n*3]=0.0;
for(i=1;i<n;i++)

for(j=0;j<i;j++)
brli+n*jl= br[j+n*il;

bi[i+n*j]=-bi [j+n*il;

}

for(i=0;i<n;i++)
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for(j=0;j<n;j++)
{
ar[i+n*j]= brli+n*j];
aili+n*jl=-bi[i+n*j];
}

}
printf( "\n\tInput Matrix a\n\n" );
%or(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<n; j++)
{

printf( "(%8.3g,",ar[i+n*j]);
printf( "%8.3g) ",aili+n*jl);

}
printf( "\n" );

}
printf( "\n\tInput Matrix b\n\n" );
%or(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<n; j++)

printf( "(%8.3g,",br[i+nxjl);
printf( "%8.3g) ",bili+n*jl);

}
printf( "\n" );

ierr = ASL_zcgjaa(ar,ai, lna, n, br,bi, lnb, e, work);

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

printf( "\n\t" );
for(j=0; j<n; j++)

printf( " %8.3g ",eljl);

}
printf( "\n\t Eigenvector ")
for(i=0; i<n; i++)

printf( "\n\t" );
for(j=0; j<n; j++)

printf( "(%8.3g,",ar[i+nxj1);
printf( "%8.3g) ",aili+n*jl);

}

printf( "\n" );
free(ar);
free(br);
free(ai);
free(bi);
free(e);

free (work) ;
return O;

}
(d) Output results
*xx ASL_zcgjaa ***

** Input *x*

n = 4
lna = 4
Inb = 4

Input Matrix a

( 8, 0) ¢ 3, 0) ( 1, -2) ( -1, -2
( 3, 0) 9, 0) ( 1, 2) -1, 2)
( 1, 2) ( 1, -2) ( 10, 0) ¢ -3, 0)
( -1, 2) «( -1, -2) ( -3, 0 ( 11, 0)
Input Matrix b
( 8, 0) ¢ 3, 0) ( 1, 2) ¢ -1, 2
( 3, 0) ¢ 9, 0) ( 1, -2) -1, -2)
( 1, -2) 1, 2) ( 10, 0) -3, 0)
( -1, -2) ( -1, 2) ( -3, 0 ( 11, 0)
*% Output *x*
ierr = 0

Eigenvalue

1%.7 37 106 218
Eigenvector
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( -0.399,-0.000364) ( 0.108, -0.0117) ( 0.17,-0.00775) ( 0.0916, 0.00391)
( 0.345, 0.00125) ( -0.103,-0.00492) ( 0.203,-0.000905) (  0.101,0.000282)
( 0.00738, -0.132) ( 0.0167, 0.327) ( -0.0999,-0.00147) ( 0.147, 0.00224)
(-0.00409, -0.125) ( 0.0149, 0.281) ( 0.13,-0.00655) ( -0.166,-0.00439)
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4.19.2 ASL_zcgjan, ASL_ccgjan
All Eigenvalues of Hermitian Matrices
(Generalized Eigenvalue Problem ABz = \z, B: Positive)
(1) Function

Generalized eigenvalue problem

ABz = \z
(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method
and QR method to obtain all eigenvalues A .

(2) Usage
Double precision:
ierr = ASL_zcgjan ( ar, ai, Ina, n, br, bi, Inb, e, work);
Single precision:

ierr = ASL_ccgjan ( ar, ai, Ina, n, br, bi, Inb, e, work);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
br Dx Inbxn Input | Real part of Hermitian matrix B
R Output | Input-time contents are not retained.
6 bi Dx Inbxn Input | Imaginary part of Hermitian matrix B
R Output | Input-time contents are not retained.
7 Inb I 1 Input | Adjustable dimension of arrays br and bi
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
8 e Dx n Output | Eigenvalues A
R«
9 work Dx 4xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 1 <n<lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning

Processing

Normal termination.

1000 n was equal to 1. e[0] « a[0] x b[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.

4000 B was not positive definite.
5000 The sequence did not converge in the step
where the eigenvalue was obtained.
(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 4.19.1 {

(d) 4.20.2 {

ASL _zcgjaa
ASL _ccgjaa

ASL _zcgkan
ASL _ccgkan
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4.20

4.20.1

GENERALIZED EIGENVALUE PROBLEM (BAz = A\z) FOR
HERMITIAN MATRICES (TWO-DIMENSIONAL ARRAY
TYPE) (UPPER TRIANGULAR TYPE) (REAL ARGU-
MENT TYPE)

ASL_zcgkaa, ASL_ccgkaa
All Eigenvalues and All Eigenvectors of Hermitian Matrices
(Generalized Eigenvalue Problem BAz = Az, B: Positive)

(1) Function

Generalized eigenvalue problem

BAz = \z

(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method

and QR method to obtain all eigenvalues A and corresponding all eigenvectors z.

(2) Usage
Double precision:

ierr = ASL_zcgkaa ( ar, ai, lna, n, br, bi, Inb, e, work);

Single precision:

ierr = ASL_ccgkaa ( ar, ai, Ina, n, br, bi, Inb, e, work);

(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Real part of eigenvector z
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Imaginary part of eigenvector z
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
5 br Dx Inbxn Input | Real part of Hermitian matrix B
R Output | Input-time contents are not retained.
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A t and Input
No. FEUIMCIE an Type Size nput/ Contents
Return Value Output
6 bi D Inbxn Input | Imaginary part of Hermitian matrix B
R Output | Input-time contents are not retained.
7 Inb I 1 Input | Adjustable dimension of arrays br and bi
8 e Dx n Output | Eigenvalues A
R«
9 work D 4xn Work | Work area
Rx
10 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions
(a) 1 <n<lna,lnb

(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] + a[0] x b[0] and

a[0] + /b[0]

are performed.

3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 The sequence did not converge in the step

where the eigenvalue was obtained.

(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.
(b) Eigenvalues are stored in ascending order.
(¢) Eigenvectors v; are an orthonormal set so that 'U;*-B*lvk =0jk

ASL _zcgkan

(d) 4.20.2
ASL _ccgkan

} should be used if the eigenvectors are not needed.

(¢) 419.1 {ASL_zcgjaa

) should be used if matrix A is only positive.
ASL _ccgjaa

(7) Example

(a) Problem

For Hermitian matrix of the degree 4

8 3 1-2¢ —-1-2¢

e 3 9 142¢ —1+42¢
1424 1—-2¢ 10 -3

—1+2t —-1-2 -3 11
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and its conjugate Hermitian matrix

8 3 142

B 3 9 1—-2¢
1—2¢ 1424 10

—1-2t —-1+4+2 -3

—1+2¢
—1-2
-3

11

obtain eigenvector of generalized eigenvalue problem BAz = \z.

Input data

n=4, lna=4, matrix A, Inb=4 and matrix B.

Main program

/* C interface example for ASL_zcgkaa */

#include <stdio.h>
#include <stdlib.h>
#include <asl.h>
%nt main()

double *ar, *br, *ai, *bi, *e, *work;

int i,j,n,ierr;

int 1na, 1nb;

n=4;

1na=4;1nb=4;

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

ar = ( double *))malloc(sizeof(double)*n*n);
ULL

if( ar == N

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

return -1;

br = ( double *))malloc(sizeof(double)*n*n);

if ( br == NULL

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

return -1;

ai = ( double * )malloc(sizeof (double)*nx*n);

if ( ai == NULL )

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

return -1;

bi = ( double * )malloc(sizeof (double)*n*n);

if( bi == NULL )

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

return -1;

£ (e ==

D

= ( double * gmalloc(sizeof(double)*n);
L

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

return -1;

work = ( double * %malloc(sizeof(double)*4*n);
LL

if ( work ==

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

return -1;
printf( "\tn = %6d\n" , n );
printf( "\tlna = %6d\n",lna );
printf( "\tlnb = %6d\n",1lnb );

br [0+n*0]=8.0;bi [0+n*0]=0.0;
br[1+n*1]=9.0;bi[1+n*1]=0.0;
br[2+n*2]=10.0;bi [2+n*2]=0.0;
br [3+n*3]=11.0,bi [3+n*3]=0.0
br[0+n*1]=3.0;bi[0+n*1]=0.0;
br[0+n*2]=1.0:bi [0+n*2]=2.0"
br [0+n*3]=-1.0;bi [0+n*3]=2.0;
br[1+n*2]=1.0;bi [1+n*2]=-2.0:
br[1+n*3]=-1.0;bi [1+n*3]=-2.0;
br[2+n*3]=-3.0;bi[2+n*3]=0.0;
for(i=1;i<n;i++)

for(j=0;j<i;j++)
brli+n*jl= br[j+n*i];

bi[i+n*j]=-bi [j+n*i];

}

for(i=0;i<n;i++)
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}

for(j=0;j<n;j++)
{
ar[i+n*j]= br[i+n*j];
aili+n*jl=-bi[i+n*j];
}

}
printf( "\n\tInput Matrix a\n\n" );
%or(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<m; j++)
{

printf( "(%8.3g,",ar[i+n*j]l);
printf( "%8.3g) ",aili+n*j]l);

}
printf( "\n" );

}
printf( "\n\tInput Matrix b\n\n" );
%or(i=0; i<n; i++)

printf( "\t" );
for(j=0; j<n; j++)

printf( "(%8.3g,",br[i+n*jl);
printf( "%8.3g) ",bili+n*j]l);

}
printf( "\n" );

ierr = ASL_zcgkaa(ar,ai, lna, n, br,bi, lmb,

printf( "\n ** Qutput **\n\n" );
printf( "\tierr = %6d\n", ierr );
printf( "\n\t Eigenvalue " );
printf( "\n\t" );
for(j=0; j<n; j++)
printf( " %8.3g ",elil);
}
printf( "\n\t Eigenvector ")

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

printf( "\n\t" );
for(j=0; j<n; j++)

printf( "(%8.3g,",ar[i+n*jl);
printf( "%8.3g) ",aili+n*jl);

}

printf( "\n" );
free(ar);
free(br);
free(ai);
free(bi);
free(e);

free (work) ;
return O;

(d) Output results

*xx ASL_zcgkaa ***

** Input *x*

n = 4
lna = 4
Inb = 4

Input Matrix a

( 8, 0) ( 3, 0)
( 3, 0) 9, 0)
( 1, 2) ( 1, -2)
( -1, 2) «( -1, -2)
Input Matrix b
( 8, 0) ( 3, 0)
( 3, 0) 9, 0)
( 1, -2) 1, 2)
( -1, -2) ( -1, 2)
*% Qutput *x*
ierr = 0

Eigenvalue

1%.7 37
Eigenvector

~AAA

~AAA
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106

A
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-1.63

-0.66,
0.618,
0.114,

0.0949,

0 ( 1.76, 0 ¢ 1.35, 0)
-0.0972) (  2.09, -0.086) ( 1.5, 0.0596)
1.99) ( -1.03, 0.062) (  2.16, 0.0592)
1.71)  ( 1.34, 0.00665) ( -2.45, -0.0397)
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4.20.2 ASL_zcgkan, ASL_ccgkan
All Eigenvalues of Hermitian Matrices
(Generalized Eigenvalue Problem BAz = Az, B: Positive)
(1) Function

Generalized eigenvalue problem

BAz = Az
(A: Hermitian, B: Positive Hermitian) is solved by using the Cholesky method, the Householder method
and QR method to obtain all eigenvalues A .

(2) Usage
Double precision:
ierr = ASL_zcgkan ( ar, ai, Ina, n, br, bi, lnb, e, work);
Single precision:

ierr = ASL_ccgkan ( ar, ai, Ina, n, br, bi, Inb, e, work);
(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 ar Dx Inaxn Input | Real part of Hermitian matrix A
R Output | Input-time contents are not retained.
2 ai Dx Inaxn Input | Imaginary part of Hermitian matrix A
R Output | Input-time contents are not retained.
3 Ina I 1 Input | Adjustable dimension of arrays ar and ai
4 n I 1 Input | Order of matrices A and B
5 br Dx Inbxn Input | Real part of Hermitian matrix B
Rx

Output | Input-time contents are not retained.

Output | Input-time contents are not retained.

7 Inb Input | Adjustable dimension of arrays br and bi

n Output | Eigenvalues A

9 work 4 xn Work | Work area

6 bi {D*} Inbxn Input | Imaginary part of Hermitian matrix B

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

(4) Restrictions

(a) 1 <n<lna,lnb
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] < a[0] x b[0]
is performed.
3000 Restriction (a) was not satisfied. Processing is aborted.
4000 B was not positive definite.
5000 The sequence did not converge in the step

where the eigenvalue was obtained.

(6) Notes

(a) Arrays ar, ai, br and bi should be stored only in the upper triangular portions.

(b) Eigenvalues are stored in ascending order.

(c) 4201 {ASL_zcgkaa

should be used if the eigenvectors are needed.
ASL_ccgkaa

(d) 419.2 {ASL_zcgjan

i should be used if matrix A is only positive.
ASL_ccgjan
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4.21 GENERALIZED EIGENVALUE PROBLEM FOR A REAL
SYMMETRIC BAND MATRIX (SYMMETRIC BAND
TYPE)

4.21.1 ASL_dcgbff, ASL _rcgbff
Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix
(Generalized Eigenvalue Problem)

(1) Function
ASL _dcgbff or ASL_rcgbff uses the subspace method to obtain the eigenvalues having the m largest or m
smallest absolute values of the real symmetric band matrix (symmetric band type) generalized eigenvalue
problem Ax = ABx (A: Real symmetric band matrix, B: Positive symmetric band matrix) and to obtain

the corresponding eigenvectors.

(2) Usage
Double precision:
ierr = ASL_dcgbff (a, lma, n, mab, b, Imb, mbb, m, itol, nite, e, ve, Inv, &mst, isl, is2, wl,
iwl);
Single precision:
ierr = ASL_rcgbff (a, lma, n, mab, b, Imb, mbb, m, itol, nite, e, ve, lnv, &mst, isl, is2, wl,

iwl);
(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+ Imaxn Input | Real symmetric band matrix A (symmetric
{R*} band type) (See Appendix B).
Output | Input-time contents are not retained.
2 Ima I 1 Input | Adjustable dimension of array a.
3 n I 1 Input | Order of matrices A and B.
4 mab I 1 Input | Band width of matrix A.
5 b Dx Imbxn Input | Positive symmetric band matrix B (symmet-
{R*} ric band type).
6 Imb I 1 Input | Adjustable dimension of array b.
7 mbb I 1 Input | Band width of matrix B.
8 m I 1 Input | The number of m of eigenvalues to be
obtained.
9 itol I 1 Input | Tolerance used for convergence test (See Note
(b))
10 nite I 1 Input | Maximum iteration count (See Note (d)).
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Eigenvalues and Eigenvectors of a Real Symmetric Band Matrix
(Generalized Eigenvalue Problem)

No. Argument and Type Size fnput/ Contents
Return Value ’ Output
11 e Dx See Output | Eigenvalues
{R*} Contents Size: min(2 X m,n, m + 8)
12 ve Dx See Output | Eigenvectors (column vector) corresponding
{R*} Contents to each eigenvalue.
Size: (Invx min(2 X m,n, m + 8))
13 Inv I 1 Input | Adjustable dimension of array ve.
14 mst I* 1 Output | Number of eigenvalues not calculated (See
Note (e)).
15 isl I 1 Input | Processing switch.
is1 <0:
Obtain eigenvalues having the smallest ab-
solute values.
is1 > 0:
Obtain eigenvalues having the largest ab-
solute values.
16 is2 I 1 Input | Sturm sequence check switch.
is2 < 0: Do not check.
is2 > 0: Check.
17 wl Dx See Work | Work area
{R*} Contents Size:
[fis2<0:2xnXxqg+g¢xqg+2xXqg+n
Ifis2 >0: 2xnxqg+gxqg+2xg+n+¢xn
Here,
¢ = min(2 X m,n, m + 8).
¢=mab+1 (is1 <0)
{=mbb+1 (isl >0)
18 iwl I* n Work | Work area
19 ierr I 1 Output | Error indicator (Return Value)

(4) Restrictions

(a) 0 <n<lnv

(b) 0 <mab<n
0<mbb<n

(¢) mab < lma
(d) mbb < lmb

() 0<m<n
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(5) Error indicator (Return Value)

ierr value Meaning Processing
0 Normal termination.
1000 n was equal to 1. e[0] « a[0]/b[0] and
vel0] « 1.0

are performed.

3000 Restriction (a), (b), (c), (d) or () was not Processing is aborted.
satisfied.
4000 An error occurred during processing.
5000 42 The sequence did not converge within the Processing is aborted after obtaining up
specified number of iteration. to the i-th eigenvalue and eigenvector.
(6) Notes

(a)

This function is effective when the number of eigenvalues to be obtained is very small (m<n) relative
ASL_dcgsaa}

to the order of the matrix. Otherwise, you should use other functions such 4.14.1
ASL _rcgsaa

A
4131 { ASL-desgaal
ASL_rcggaa

This function considers that the eigenvalue has converged if the following condition is satisfied. At this

time, the eigenvector has a precision greater than or equal to itol/2.

a — aﬁ_l .
|-———] <10.07°"  (al: i-th eigenvalue after the n-th iteration)
a;
If the input value of itol is less than or equal to 0 or greater than — log;, (£), then the optimum value

is automatically set internally. (¢: Unit for determining error).
Eigenvalues are stored in array e in ascending (or descending) order of their absolute values.
If the input value of nite is less than or equal to 0, then 20 is used as the default values.

This function has a function that checks whether the Sturm sequence property was used for the cal-
culated eigenvalues. Although the number of calculated eigenvalues is computed, the number of cal-
culations increases at this time on the order of n x mb?. For example, assume that three eigenvalues
having the smallest absolute values are to be obtained for the eigenvalue problem having 6, 5, 3, 2 and
1 as eigenvalues. If 5, 2 and 1 are obtained as solution eigenvalues at this time, then 1 is returned to
mst since the value 3 was not obtained as a solution. This function is effective only if all eigenvalues

are positive.
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(7) Example

(a) Problem

Obtain all eigenvalues of Az = ABx and their corresponding eigenvectors, where matrices A and B

are as follows:

611
196
—192
407

(b) Input data
Matrix A, lIma=11, n=8, mab=4, matrix B, Imb=11, mbb=4, m=3 and Inv=11.

Main program

()

/%

196
899
113
—192
—71
—43

18
171
—21
33
13
—-17

0

—192
113
899
196

61
49
8
0

33 21
—21 33
171 18

18 171

25 —36
—36 25
—-17 13

0 -17

407

—192

196
611
8
44
59
—23

—-17
13
25

—36

171
18
33

—21

-8
—71
61

8

411
—599
208
208

0
—-17
—36

25
18
171
—21
33

C interface example for ASL_dcgbff x*/

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

int main()

double *a;
int ma=11;
int nn;

int maw;
double *b;
int mb=11;
int mbw;
int mm;

int itol=0;
int nnite=0;
double x*e;
double *ve;
int nv=10;
int mst;
int is1=0;
int is2=1;
double *wl;
int *iwl;
int ierr;
int i,j,k;
FILE *fp;
int mod;
int mi;

int 1;

fp = fopen( "dcgbff.dat",

if( fp == NULL )

printf( "file open error\n" );

return -1;

printf( "

nypn );

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

fscanf( fp, "%d", &nn );
fscanf( fp, "%d", &maw );
fscanf( fp, "%d", &mbw );
fscanf( fp, "%d", &mm );

mod = mm % 4;
if( 2%*mm < nn )
mi = 2*mm;

else
mi = nn;
if( mm+8 <mi)
= mm+8;

1= maw + 1;

a= ( double * )malloc((size_t) ( sizeof(double) * (ma*nn) ));
% f( a == NULL )

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

return -1;
}
b ? ( double * )malloc((size_t) ( sizeof(double) * (mb*nn) ));
if LL
{

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

return -1;
}
e =( double * Jmalloc((size_t) ( sizeof(double) * mi ));
‘1[(e= ULL )

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

ve = ( double * )malloc((size_t)( sizeof(double) * (nv*mi) ));
if( ve == NULL )

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

wl = ( double * )malloc((size_t)( sizeof (double) * ((2%nn+mi+2)*mi+nn+1%nn)
if( wi == NULL )

printf( "no enough memory for array wiln" );
return -1;

iwl = ( int * )malloc((size_t) ( sizeof(int) * nn ));
if ( iwl == NULL )

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

printf( "\tn
printf( "\tmab
printf( "\tmbb
printf( "\tm

%6d\n", nn );
%6d\n", maw );
%6d\n", mbw );
%6d\n", mm );

printf( "\n\tInput Matrix a\n\n" );
for( j=0 ; j<maw+l ; j++ )

for( i=maw-j ; i<nn ; i++ )

fscanf( fp, "%1lf", &al[j+maxil );
¥

for( j=0 ; j<maw+l ; j++ )

printf( "\t" );
for( i=0 ; i<maw-j ; i++ )

printf( " ")
for( i=maw-j ; i<nn ; i++ )
printf( "%8.3g ", alj+ma*xi] );

}
printf( "\n" );
}

printf( "\n\tInput Matrix b\n\n" );
for( j=0 ; j<mbw+l ; j++ )
{

for( i=mbw-j ; i<nn ; i++ )
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fscanf ( fp, "%1f", &b[j+mbxi]l );
}

}
for( j=0 ; j<mbw+l ; j++ )

printf( "\t" );
for( i=0 ; i<mbw-j ; i++ )

printf( " ")
for( i=mbw-j ; i<nn ; i++ )
printf( "%8.3g ", b[j+mb*i] );

}
printf( "\n" );
}

fclose( fp );
ierr = ASL_dcgbff(a, ma, nn, maw, b, mb, mbw, mm, itol, nnite, e, ve, nv, &mst, isl, is2, wl, iwl);

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

%or( k=0 ; k<mm-3 ; k = k+4 )

printf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvalue " );

¥
printf( "\n" );
for( i=k ; i<k+4 ; i++ )

printf( "\t%8.3g v, elil );
%rintf( "\n" );
for( i=0 ; i<4 ; i++ )

printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<nn ; j++ )

for( i=k ; i<k+4 ; i++ )
printf( "\t%8.3g ", vel[j+nv*i] );
%rintf( "\n" );
}
if( mod != 0 )
{

printf( "\n" );
for( i= mm-mod ; i<mm ; i++ )

printf( "\tEigenvalue " );

printf( "\n" );
for( i= mm-mod ; i<mm ; i++ )

printf( "\t%8.3g ", elil );
%rintf( "\n" );
for( i= nn-mod ; i<nn ; i++ )
printf( "\tEigenvector " );

}
printf( "\n" );
for( j=0 ; j<nn ; j++ )

for( i= mm-mod ; i<mm ; i++ )

printf( "\t%8.3g ", vel[j+nv*i] );
}
printf( "\n" );
}

}
printf( "\n\tMissed Eigenvalues = %6d\n", mst );
free( a );
free( b );
free( e );
free( ve );
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free( wl );
free( iwl );

return O;

(d) Output results

***x ASL_dcgbff *xx*
*% Input *%

n
mab
mbb
m

o
PN

Input Matrix a

-192
196 113
611 899 899
Input Matrix b
33
18 -21
171 171 171
** Qutput **
ierr = 0
Eigenvalue Eigenvalue
-0.0287 0.114
Eigenvector Eigenvector
-0.0295 -0.0333
0.0185 0.0129
-0.0185 -0.0127
0.0277 0.0354
0.032 -0.0308
0.0305 -0.0321
0.0156 -0.0163
0.0177 -0.0136

Missed Eigenvalues =

407
-192
196
611

Eigenvalue

4.61

Eigenvector

0.00134
-0.0238
-0.0149
0.000529
-0.035
0.0347
-0.0267
0.0259
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Appendix A

GLOSSARY

(1)

Matrix
An m x n matrix A is rectangular array of m x n elements a; ; (i =1,2,---,m; j =1,2,---,n) as shown
below.

ai,i @12 - Qln

a1 azz -+ Q2

m,1 aAm,2 ' (mmn

The element a; ; is called the (7,7)-th element of matrix A. The elements of a matrix are considered to
be complex or real numbers. In particular, a matrix having complex numbers as its elements is called a
complex matrix, and a matrix having real numbers as its elements is called a real matrix. Also, if m = n,
the matrix A is called square matrix.

The matrix A is sometimes denotes as (a;;). In this manual, (a; ;) is used for distinguishing between the

row subscript ¢ and column subscript j as necessary.

(Number) vector
1 x n matrix is called a row vector of size n, and an m x 1 matrix is called a column vector of size m.
Unless it is specifically necessary to distinguish between them, both of these are simply called vectors.

4

Mathematically, a vector is defined as a more abstract concept. The “vector” described here is called a

number vector. For the definition of an abstract vector, see the explanation of “vector space.”

Matrix product
The matrix product AB = (¢;;) of the two matrices A = (a; ;) and B = (bi,;) is defined as follows

Cig =Y aij-bj
j

only when the number of columns in matrix A is equal to the number of rows in matrix B.

Matrix-vector product
If the matrix B in the matrix product AB is a column vector x, then the product Ax is called the matrix-

vector product.

Transpose of matrix
The matrix A’ = (a;,) formed by interchanging the rows and columns in m x n matrix A = (a; ;) (i =
1,2,---,m; j = 1,2,---,n) is called the transpose of matrix A and is represented by A”. The transpose

may be also represented as ' A.

(Main) diagonal of a matrix
The list of elements a;; (i =1,2,---,n) in an n x n square matrix A = (a; ;) (¢,j = 1,2,---,n) is called the
(main) diagonal, and the elements are called the (main) diagonal elements. Also, a matrix having nonzero

elements only on the diagonal is called a diagonal matrix.
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(7)

(10)

(15)

(16)

Unit matrix

An n x n matrix A = (a;5) (¢, =1,2,---,n) in which all the diagonal elements a,,; (i =1,2,---,n) are 1
and all the non-diagonal elements are 0 is called a unit matrix and is represented using the symbol E or I.
This satisfies AE = EFA = A for any matrix A.

Inverse matrix
For a square matrix A, if a square matrix B exist that satisfies AB = BA = E (where E is the unit matrix),

then the matrix B is called the inverse matrix of matrix A and is represented by the symbol A1,

General inverse matrix
For an m x n matrix A, an n X m matrix X that satisfies the following relationships exists uniquely. This

matrix X, which is called the (Moore-Penrose) general inverse matrix of matrix A, is represented by the
symbol AT,

o« AXA = A
o XAX = X
o (AX)T = AX
o (XA)T = XA

Lower triangle and upper triangle of a matrix

The collection of elements a; ; (i > j) in an n X n square matrix A = (a; ;) (i,7 =1,2,---,n) is called the
lower triangle and the collection of elements a; ; (i < j) is called the upper triangle. The diagonal may also
be included in the definition of the upper and lower triangles. A matrix having nonzero elements only in the
lower triangle that includes the diagonal is called a lower triangular matrix, and a matrix having nonzero

elements only in the upper triangle that includes the diagonal is called an upper triangular matrix.

Conjugate transpose matrix

The transpose of a matrix having the complex conjugates of the elements of a complex matrix A as elements
is called conjugate transpose matrix and is represented by the symbol A*. If the elements of a matrix are
real numbers, then A* = AT.

Symmetric matrix

A square matrix for which A = AT holds is called a symmetric matrix. In a symmetric matrix, a; ; = a; .

Hermitian matrix
A square matrix for which A = A* holds is called a Hermitian matrix. In a Hermitian matrix, a; ; and a;
are complex conjugates.

Unitary matrix

The square matrix U for which UU* = I (I is the unit matrix) holds is called the unitary matrix.

Orthogonal matrix

The real square matrix A for which AAT = I (I is the unit matrix) holds is called the orthogonal matrix.

Subdiagonal of a matrix

The list of elements a; 1, (1 = 1,2,---,n — p) in an n X n square matrix A = (a;;) (4,7 = 1,2,---,n)
is called the p-th upper subdiagonal, and the list of elements a;iq,; (¢ = 1,2,---,n — q) is called the g-th
lower subdiagonal. The elements are called the p-th upper subdiagonal elements and g-th lower subdiagonal

elements, respectively. Also, both of these collectively may be referred to simply as subdiagonal elements.
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(17)

(20)

(21)

(23)

Band matrix

A matrix having nonzero elements only on the main diagonal and in several upper and lower subdiagonals
near the main diagonal in an n X n square matrix A = (a;;) (4,5 = 1,2,---,n) is called a band matrix.
If the subdiagonals containing nonzero elements that are furthest from the diagonal are the u-th upper
subdiagonal and [-th lower subdiagonal, the values u and ! are called the upper bandwidth and lower

bandwidth, respectively. if w = [, this is simply called the bandwidth.

Tridiagonal matrix
A matrix in which the upper and lower bandwidths are both 1 is called a tridiagonal matrix.

Hessenberg matrix
A matrix in which all lower triangle elements except the first lower subdiagonal are zero in an n X n square
matrix A = (a; ;) (¢, =1,2,---,n) is called a Hessenberg matrix. To obtain the eigenvalues of a matrix, a

general matrix is converted to this kind of matrix.

Quasi-upper triangular matrix

An n x n square matrix A = (a;;) (4,5 = 1,2,---,n) for which at least one of every two consecutive
subdiagonal elements of the first lower subdiagonal is 0 and all lower triangular elements excluding the first
lower subdiagonal are 0 is called a quasi-upper triangular matrix. This is a special case of a Hessenberg

matrix.

Sparse matrix

In general, a matrix in which the number of nonzero elements is relatively small compared to the total
number of elements is called a sparse matrix. If the arrangement of the elements within a sparse matrix has
some kind of regularity and an effective method of solving a problem is created by making practical use of
this regularity, this matrix is called a regular sparse matrix. A sparse matrix that is not a regular sparse
matrix is called an irregular sparse matrix. For example, a band matrix having a small bandwidth is a type

of regular sparse matrix.

Regular and singular matrices

If a square matrix A has an inverse matrix, the matrix A is said to be regular. A matrix that is not
regular is said to be singular. The solutions of system of simultaneous linear equations having a regular
matrix as coefficients are uniquely determined. However, since calculations are actually performed using
a finite number of digits, the effects of rounding errors cannot be avoided, and the distinction between
a regular and singular matrix becomes ambiguous. For example, solutions may apparently be obtained
even when a system of simultaneous linear equations is solved numerically using a mathematically singular
matrix. Therefore, when solving a system of simultaneous linear equations having a nearly singular matrix
as coeflicients, sufficient testing is required concerning the appropriateness of solutions that are apparently

obtained.

LU decomposition

To use a direct method to solve the system of simultaneous linear equations Ax = b, first decompose the
coefficient matrix A into the product A = LU of the lower triangular matrix L and upper triangular matrix
U. This decomposition is called an LU decomposition, If this kind of decomposition is performed, the

solution x of the system of simultaneous linear equations is obtained by sequentially solving the following

equations:
Ly = b
Ux = 1y

409



(26)

(27)

Since the coefficient matrix of these two simultaneous linear equations is a triangular matrix, they can
be easily solved by using forward-substitution and backward-substitution. If the matrix A is regular, for
example, if the diagonal elements of matrix L are fixed at 1, the LU decomposition of the matrix A is uniquely
determined. Also, when solving a system of simultaneous linear equations, since LU decomposition generally
is performed while performing partial pivoting, if P is a row exchange matrix due to pivoting, triangular

matrices L and U for which PA = LU is satisfied are obtained, respectively.

UTDU decomposition

If the coefficient matrix of a system of simultaneous linear equations is a symmetric matrix, the relationship
L = UT D holds between the lower triangular matrix L and upper triangular matrix U obtained by perform-
ing an LU decomposition without performing pivoting. Here, D is a diagonal matrix. Therefore, the system
of simultaneous linear equations can be solved by explicitly obtaining only D and one of L and U. The

decomposition that explicitly obtains U and D from coefficient matrix is called the UTDU decomposition.

U*DU decomposition

If the coefficient matrix of a system of simultaneous linear equations is a Hermitian matrix, the relationship
L = U*D holds between the lower triangular matrix L and upper triangular matrix U obtained by performing
an LU decomposition without performing pivoting. Here, D is a diagonal matrix. Therefore, the system
of simultaneous linear equations can be solved by explicitly obtaining only D and one of L and U. The

decomposition that explicitly obtains U and D from coefficient matrix is called the U*DU decomposition.

Positive definite
If a real symmetric matrix or Hermitian matrix A satisfies * Az > 0 for an arbitrary vector = (x # 0), it
is said to be positive (definite). If it satisfies &* Az < 0, it is said to be negative. The fact that the matrix

A is a positive definite matrix is equivalent to the following two condition.
(a) All of the eigenvalues of matrix A are positive.
(b) All principal minors of matrix A are positive.
Although, mathematically, an LU decomposition can be performed for a positive definite matrix without

performing pivoting, if pivoting is not actually performed, an LU decomposition may not be able to be

performed numerically with stability.

Real eigenvalue
The eigenvalue of a real square matrix are all real if and only if the matrix is a product of two real
symmetric matrices. Also, the eigenvalue of a complex square matrix are all real if and only if the matrix

is a product of two Hermitian matrices.

Diagonally dominant

If the following holds for an n x n square matrix A = (a;;) (¢4, =1,2,---,n)

n
laiil > D laijl (i=1,2,---,n)
j=1
J#i
matrix A is called a diagonally dominant matrix. Although, mathematically, an LU decomposition can

be performed for a diagonally dominant matrix without performing pivoting, if pivoting is not actually

performed, an LU decomposition may not be able to be performed numerically with stability.

Vector space

If the set V satisfies conditions (a) and (b) V is called a vector space and its elements are called vectors.
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(30)

(31)

(a) The sum a + b of two elements @ and b of V' is uniquely determined as an element of V' and satisfies

the following properties.
i. (a+b)+c=a+ (b+c) (associative law)
Where, a, b and c are arbitrary elements of V.

iil. @+ b=>b+ a (commutative law)
Where, a and b are arbitrary elements of V.

iii. An element 0 of V', which is called the zero vector, exists and satisfies a + 0 = a for an arbitrary
element a of V.
iv. For an arbitrary element a of V, exactly one element b of V exists for which @ +b = 0. This

element b is represented as —a.

(b) For an arbitrary element a of V' and complex number ¢, ca (the ¢ multiple of a) is uniquely determined

as an element of V' and satisfies the following properties (scalar multiple).
i. ¢(a+ b) = ca + cb (vector distributive law)
ii. (¢c+ d)a = ca + da (scalar distributive law)

iii. (ed)a = c(da)

iv. la=a

Linear combination, linearly independent and linearly dependent

The vector

cia; + -+ cpar

created from the k vectors a1, ---, aj of vector space V and complex numbers ¢y, ---, ¢ is called the linear
combination of @y, ---, ag, and ¢y, ---, ¢ are called its coefficients. For certain coefficients ¢y, ---, ci
that are not all zero, the set of vectors {a1, ---, a} is said to be linearly dependent if

ca1+---+crap =0

and is said to be linearly independent otherwise.

Basis

Let S be an arbitrary subset of vector space V', and let a collection of linearly independent vectors contained
in Sbe {a1, ‘-, ax}. For an arbitrary vector b of S, if {a1, ---, ak, b} islinearly dependent, {a1, ---, ax}
is said to be the maximum set in S. When the vector space V itself is taken as S, this collection of linearly
independent vectors is called the basis of vector space V. The number of vectors constituting the basis
of V is called the dimension of V. Also, if we let an arbitrary basis of an n-dimensional vector space V,

be {u1, ‘-, wu,}, then an arbitrary vector a of V,, is represented uniquely as a linear combination of

{ula Y un}

(Vector) subspace
A subset L of vector space V is called a (vector) subspace of V' if the following conditions (a) and (b) are
satisfied.

(a) fa,be L, thena+be L

(b) If @ € L and ¢ is a complex number, ca € L
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(33)

(34)

(35)

Linear transformation
Let V,, and V,,, be n-dimensional and m-dimensional vector spaces, respectively. If the mapping A : V,, — V,,,
that associates each element x of V,, with an element A(x) of V,,, satisfies the following two conditions, A

is said to be a linear transformation from V,, to V,,.

(a) A(.’Bl + .’132) = A(CL’l) + A(CL’l) x, 3 €V,
(b) A(cx) =cA(x) x €V, and c: a complex number

If we let a single basis of V,, and V,,, respectively, be {u1, ---, u,} and {vy, - -, vy}, then A(x) is
determined for an arbitrary « € V,, according to the coefficient matrix A = (a;, ;) of

Afuy) =Y aizvi (j=1,--,n)
=1

The matrix A is called the representation matrix of the linear transformation A related to this basis. Also,
if A(x) = x for & € V,, it defines the linear transformation E : V,, — V,,, which is called the identity
transformation. The representation matrix of the identity transformation always is the unit matrix E

regardless of how the basis is taken.

Eigenvalue and eigenvector
For a linear transformation A within an n-dimensional vector space V,,, if there exists a number A and a
vector & (x # 0) such that

A(x) = Mx, that is, (A - AE)(xz) =0

is satisfied, then A is called an eigenvalue of A and x is called the eigenvector belonging to the eigenvalue
A. Here, F is the identity transformation. If we fix a single basis within V,,, let the representation matrix
of the linear transformation A be A, and let the number vector corresponding to the eigenvector & be &,

then the eigenvalue A and & satisfy the following equation.

Az =\
Here, & is represented using the components z1, ---, x, of x as
T
i: =
Ln

Normally, A and & are called the eigenvalue and eigenvector of matrix A, respectively. These terms are
also used in this manual. Also, no distinction is made between the number vector and vector, which are
represented as . Since the collection of all the vectors belonging to eigenvalue A of the linear transformation
A : V,, — V, together with the zero vector 0 form a single vector space, this is called the eigenvector space

belonging to the eigenvalue A of A.

Invariant subspace

For the linear transformation A within the vector space V,,, if the subspace U of V,, has the property
AU)CU

that is, if Az € U for an arbitrary vector , then U is said to be invariant relative to A. In particular,
the eigenvector space of A is invariant relative to A. An invariant subvector space is called an invariant

subspace.
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(36) Plane rotation

The orthogonal transformation specified by the following kind of matrix Sk.;() is called a plane rotation.

El:k—l Ol:k—l,k:l Ol:k—l,l:n
Sk() = | Oriie—1  Tra(0) Ok:t,iin
Ol:n,l:kfl Ol:n,k:l El:n

Here, Tk.;(0) is defined as follows:

cos 6 Ok:k,k+1:l71 —sinf
Tra(0) = | Okgra—1,k6  Err1a-1 Okt1a-1,1
sin @ Ot k+1:1-1 cosf

E,., is the ¢ — p + 1-dimensional unit matrix shown below:

1 0 (p
1 (p+1
Epq = .
0 1] (g

and Op.r q:s is the 7 —p 4+ 1 X s — ¢ + 1-dimensional zero matrix shown below:

q q+1 s

00 --- 0 (p

00 - 0 (p+1
Op:r,q:s: .

00 -+ 0 (r

Now, if the submatrix Ay 45 of A= (a;;) (i=1,2,---,n;5=1,2,---,n) is defined as follows:

Gp,q Ap,g+1 "' Ops
Gp+l,qg Optlg+l " Aptls
Ap:r,q:s =
Ay q Qr g+1 e Ay s

the matrix A is represented as follows:

Avg—1,1:—1 Avk—1k1  ALk—1,0410n
A= Ak 1:k—1 Ak kit Ak i+1:n
Al+1:n,1:k71 Al+1:n,k:l Al+1:n,l+1:n

At this time, since Sk.(0)A and Ty.;(0)Ag.,q:s are as follows:

Al:kfl,lzkfl Al:kfl,k:l Al:kfl,ljtl:n
Ska(A = | Tea(0)Araao—1 Tra(0)Arika  Tra(0)Ari+1:m
Al-i—l:n,l:k—l Al—i—l:n,k:l Al+1:n,l+1:n
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cosbay g —sinfa;y --- cosbay, —sinfa; s

Ak+41,q e Ak+41,r
Tk:l(e)Ak:l,q:s = : :
aj—1,q Ql—1,r
sinfay,q + cosba;q --- sinfay, + cosfa; s
if 0 is determined so that tanf = Z}’c—’ or tanf = —;l]’c—’(z =gq,---,s) is satisfied, then an arbitrary element

among the elements of column k aﬂd column ! of Sj.;(6)A can be set to zero. Now, since the following

relationship holds:

Avi—1:k-1 Avk—1,0:0Tk:0(—=0)  Avk—1441:n
ASku(—0) = Apa1:k-1 Akt 1 Ti (—0) Ak:41:m
Al-‘rl:n,l:k—l Al+1:n,k:lTk:l(_0) Al+1:n,l+1:n

cosba,  —sinfa,; aprt1 -+ api—1 sinfap i + cosbay;
Ap:r,k:lTk:l(*e) =
cosba, ), —sinfa,; arg41 -+ arg—1  sinfa, + cosfa,
if # is determined so that tanf = Z’L or tanf = —Z’—L(z =p,---,r) is satisfied, then an arbitrary element
% T,

among the elements of column & and column [ of ASy.1(—0) can be set to zero. Now, since the following

relationship holds:
Sk (—0) = Sa(6)”

and since A = Sj.;(0) ASk.(—0) is as follows:

i Atik—1,1:0—1 At g T (—6) Alik—1,1+1:n
A=S51(0)ASka(—0) = | Tea(0)Ara1—1 Tra(0)Ag k1 Tra(—0)  Tha(0)Agtis1in
Al+1:n,1:k71 Al+1:n,k:lTk:l(*0) Al+1:n,l+1:n

if matrix A is a symmetric matrix, then by adjusting 6, either:
ak,; = G, =0

or
aj; =a;, =0

can be set for some j(j # k,j # 1), where the elements of A = S.;(0) ASk.;(—0) are represented by (a; ;).
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Appendix B
METHODS OF HANDLING ARRAY DATA

B.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] ai,n | a[(n—1)xIna

az,;1 | a[l] | az2 | a[lna+1] az,, | a[(n—1)xIna+1]

as,1 | a2] | as2 | a[lna+2] as,, | a[(n—1)xIna+2] 0

An,1 an,2 An,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 B—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
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 1lma, 1lmb, Ilmc;
int m, n, ierr;
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'_I
8
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I
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) * lmbx*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, 1lmb, 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 | a[0] | a2 | a[f] a[10] a[15]
az,;1 | a[l] | az,2 | al6] a[l1] a[16] 3
5 as,1 | a[2] | asz2 | a[7] a[12] a[17]
a[3] a[8] a[13] a[18]
a[4] a[9] a[14] a[19]
——=2—-—=
- == 4———=——— —

Figure B—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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B.2 Data storage modes

Matrix data storage modes differ according to the matrix type. Storage modes for each type of matrix are shown

below.

B.2.1

Real matrix (two-dimensional array type)

Ina

Remarks

a. Ina > n and k > n must hold.

Figure B—3 Real Matrix (Two-Dimensional Array Type) Storage Mode

Matrix to be stored

a1 G2 Q13 G4 A15

a1 G2 G23 Q24 Q25

as,1 @32 33 A34 G35

(4,1 Q4,2 Q4,3 Qa4 Q45

as,1 Q52 (53 Q54 G55

I
Storage status within array a[lnaxX]

a1 | a[0] | ai,2 | a[lnal a1,5 | a[4xIna]
az,;1 | a[l] | az,2 | a[lna+1] az,5 | a[dxIna+1]
as,1 | a[2] | as,2 | a[lna+2] as,5 | a[dxIlna+2]
as,1 | a[3] | as,2 | a[lna+3] as,5 | a[dxIna+3]
as,1 | a[4] | as2 | a[lna+4] as,5 | aldxIna+4]
—————— n——————— —
———————————— k---—--—---"—-———- —
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Complex matrix

B.2.2 Complex matrix

(1) Two-dimensional array type, real argument type

Real and imaginary parts are stored in separate arrays.

Matrix to be stored
a11+b119 a2 +bi2i a1z +bisi
a2,1 +b219 a2+ b22i az3+ ba3i

a3,1 +b31%9 asz2+b320 az3+ b33t

I
Storage status within array ar[lnaxXk]
ar,1 | ar[0] | a1,2 | ar[lna] ay,3 | ar[2xIna]
a1 | ar[l] | az,2 | ar[lna+1] | az,3 | ar[2xIna+1] n
Ina as,1 | ar[2] | as,2 | ar[lna+2] | a3,z | ar[2xIna+2]
e n———— —— -
- ——— = k-———————- —
Storage status within array ai[lnaxk]
bi,1 | ai[0] | bi,2 | ai[lna] b1,3 | ai[2xIna]
b2,1 | ai[l] | b2,2 | ai[lna+1] | b2 3 | ai[2xIna+1] n

Ina

bs,1 | ai[2] | bs,2 | ai[lna+2] | b3 3 | ai[2xIna+2]

Remarks
a. Ina > n and k > n must hold.

Figure B—4 Complex Matrix (Two-dimensional Array Type) (Real Argument Type) Storage Mode
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Complex matrix

(2) Two-dimensional array type, complex argument type

Matrix to be stored

ai1 ai2 ai13 @14 Q15

I
Storage status within array a[lnaxXk]

a1 | a[0] | a1,2 | a[lna] a1,5 | a[dxlIna]

az,;1 | a[l] | az,2 | a[lna+1] az,5 | a[dxlna+1]

as,1 | a[2] | as2 | a[lna+2] as,5 | al4xIna+2] n
Ina as,;1 | a[3] | as,2 | a[lna+3] as,5 | a[dxIna+3]

as,1 | a[4] | as,2 | a[lna+4] as,5 | a[dxIlna-+4]

———————= n-—————— —

————————————— = k-—-———-—-—---—— —

Remarks

a. Ilna > n and k > n must hold.

Figure B—5 Complex Matrix (Two-dimensional Array Type)(Complex Argument Type) Storage Mode
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Real symmetric matrix and positive symmetric matrix

B.2.3 Real symmetric matrix and positive symmetric matrix

(1) Two-dimensional array type, upper triangular type

Matrix to be stored

ai1 ai2 a3 G14 Qi
ai2 a22 Qa23 G24 Q25
ai,3 a23 a33 asz4 ass
ai1,4 0G24 A34 Q44 Q45

ais Q25 G35 G455 G55

I

Storage status within array a[lnaxXk]

[0] | a1,2 | a[lna] a5 | a[4xInal
[1] [ ] az;5 | a[4xIlna+1

x a2 | x |af ] as,s | a[4xIlna+2

Ina x | a[3]| * |a[lna+3] ---| ass | a[dxIna+3
[4] [ ] as,5 | a[dxIna+4

az,2 | a[lna+1

Remarks
a. The asterisk (%) indicates an arbitrary value.

b. Ilna > n and k > n must hold.

Figure B—6 Real Symmetric Matrix (Two-dimensional Array Type) (Upper Triangular Type) Storage mode
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Real symmetric matrix and positive symmetric matrix

(2) Two-dimensional array type, lower triangular type

Matrix to be stored

ai1 ai2 ai13 @14 Q15
ai2 Q22 G23 G24 Q25
ai3 a23 G33 G34 G35
ai4 Q24 G34 G444 Q45

ais G25 A35 G455 455

I
Storage status within array a[lnaxXk]

ai,1 | a[0] | * | a[lna] * | a[dxIna]

a2 | a[l] | az,2 | a[lna+1] * | a[dxIna+1]

a1,3 | a[2] | az,3 | a[lna+2] x| a[dxIna+2] n
Ina aia | a[3] | az,4 | a[lna+3] * | a[dxIna+3]

ars | a[d] | az;5 | a[lna+4] as,5 | a[dxIlna-+4]

———————= n-—————— —

————————————— = k-—-———-—-—---—— —

Remarks
a.  The asterisk (*) indicates an arbitrary value.

b. Ina > n and k > n must hold.

Figure B—7 Real Symmetric Matrix (Two-dimensional Array Type, Lower Triangular Type) Storage mode
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Hermitian matrix

B.2.4 Hermitian matrix

(1) Two-dimensional array type, real argument type, upper triangular type

Upper triangular portions of the real and imaginary parts are stored in separate arrays.

Matrix to be stored

a1 a12 + b2t a1z + b3zt
az,1 — ba11 az,2 az,3 + b2 31
a3,1 — b3 19 as2 — b3l as,3
4
Storage status within array ar[lnaxX]
a1 | ar[0] | a1,2 | ar[lna] ay,3 | ar[2xIna]
x | ar[l] | az,2 | ar[lna+1] | a2,3 | ar[2xIna+1] n
Ina x | ar[2] | * | ar[lna+2] | as,3 | ar[2XxIna+2]
e n———— —— -
——————————— = k—-——————————- —
Storage status within array ai[lnaxXk]
0.0 | ai[0] | b1,2 | ai[lna] b1,3 | ai[2XxIna]
% | ai[l] | 0.0 | ai[lna+1] | b2,3 | ai[2xIna+1] n
Ina x | ail2] | * | ai[lna+2] | 0.0 | ai[2xIna+2]
—————— n—-————— —
- ——— = k-———————- —

Remarks
a. The asterisk (%) indicates an arbitrary value.

b. Ina > n and k > n must hold.

Figure B—8 Hermitian Matrix (Two-dimensional Array Type) (Real Argument Type) (Upper Triangular Type)
Storage Mode
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Hermitian matrix

(2) Two-dimensional array type, complex argument type, upper triangular type

Matrix to be stored

a1l Gi2 61,3 Q14 Q15
12 G272 Q23 G24 G25
ars G233 a33 G34 Q35
ai4 Q24 G34 Q44 Q45

ais G25 A35 G455 455

I
Storage status within array a[lnaxXk]

a1 | a[0] | a1,2 | a[lna] a1,5 | a[dxlIna]

x| a[l] | az,2 | a[lna+1] az,5 | a[dxlna+1]

x | a[2] | * | al[lna+2] as,s | a[dxIna+2] n

Ina x | a[3] | * | allna+3] as,5 | a[dxIna+3]

x | a[d] | = | a[lna+4] as,5 | a[dxIlna+4]
———————= n-—————— —
————————————— = k-—-———-—-—---—— —

Remarks

a. The T indicates the complex conjugate of x.
b.  The asterisk % indicates an arbitrary value.

c. Ina > n and k > n must hold.

Figure B—9 Hermitian Matrix (Two-dimensional Array Type) (Complex Argument Type) (Upper Triangular
Type) Storage Mode
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Real band matrix

B.2.5 Real band matrix

Matrix to be stored

ai1  ai2 ai3 0
az1 Q22 G23 (24

asy2 Q33 as4 G35

0 (4,3 (4,4 Q4,5
as4 05,5
I
Storage status within array a[lnaxX]

x| a[0] | az,1 | a[lna] as,a | a[4xIna]
a1 | a[l] | az,2 | a[lna+1] as,5 | a[4xIna+1]
ai,2 | a[2] | az,3 | a[lna+2] x| a[4xIna+2] 2xml4+mu+1

Ina ay,s | a[3] | az,4 | a[lna+3] x| a[dxIna+3]

- |a[4 | — | a[lnat4] x| a[dxIna+4]
———————= n-—————— —
————————————— = k--—-—-—---—-—— —

Remarks

a The asterisk * indicates an arbitrary value.
b. The area indicated by dashes (-) is required for an LU decomposition of the matrix.

mu is the upper band width and ml is the lower band width.

0

e

Ina > 2 X ml+mu+1 and k > n must hold. (However, if no LU decomposition is to be performed, lna >
ml + mu+ 1 and k > n is sufficient.)

Figure B—10 Real Band Matrix (Band Type) Storage Mode
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Real symmetric band matrix and positive symmetric matrix (symmetric band type)

B.2.6 Real symmetric band matrix and positive symmetric matrix (symmetric band

type)
Matrix to be stored
a1 G2 Q1,3
0
ai2 G232 G23 Q24
ai,3 @23 G33 Q34 G35
0 az4 3,4 G444 Q45
ass Q4,5 Aas5,5
U
Storage status within array a[lnaxX]
x | al0] | * | a[lna] as,s | a[4xlIna]
x| a[l] | a1,2 | a[lna+1] as5 | a[dxIna+1]
Ina a1 | af2] | az,2 | a[lna+2] as,5 | a[dxIna+2]
———————— n——————— —
- — —— k-——————— —
Remarks
a. The asterisk * indicates an arbitrary value.
b. mb is the band width.
c. Ina > mb + 1 and k > n must hold.

mb+1

Figure B—11 Real Symmetric Band Matrix (Symmetric Band Type) Storage Mode
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Real symmetric tridiagonal matrix and positive symmetric tridiagonal matrix (vector type)

B.2.7 Real symmetric tridiagonal matrix and positive symmetric tridiagonal matrix
(vector type)

Matrix to be stored

ai1  ai2 0
ai2 a22 G23
az3 @33 @34

0 as4 Q44 Q45

4,5 a5,5

4

Storage status within arrays d[na
(diagonal component) and sd[na]

(subdiagonal component)

a1 | d[0] | a1,2 | sdu[0]
a2 d[l] a3 sdu[l]
na as;3 d[2] as 4 sdu[2] n
as,a | d[3] | as5 | sdu[3]
as,s | d[4] * sdu[4]
d sd
Remarks
a. The asterisk * indicates an arbitrary value.

b. na > n must hold.

Figure B—12 Real Symmetric Tridiagonal Matrix (Vector Type) Storage Mode

B.2.8 Triangular matrix

(1) Two-dimensional array type
The storage mode is the same as for a real symmetric matrix (two-dimensional array type) (upper triangular

type) or a real symmetric matrix (two-dimensional array type) (lower triangular type).
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Random sparse matrix (For symmetric matrix only)

B.2.9 Random sparse matrix (For symmetric matrix only)

(1) One-dimensional row-oriented list format (Symmetric case)

Matrix A to be stored

ai,i ai,2 0.0 a4 0.0 aie 0.0

ai,2 az,2 az,3 a4 0.0 0.0 az,7
00 a23 a3z 00 00 waze 0.0
aia a4 0.0 as4 ass ase 0.0
00 00 00 ass ass 00 0.0
ai,e 0.0 as.e a4.6 0.0 ae,6 0.0
0.0 az,7 0.0 0.0 0.0 0.0 ar,7

¢

Storage status of arrays a[nal,

ja[na] and ia[n+1]

a ja ia
ai,i T
ai,2 2 5
ai,4 4 9
ai,e L 11 n+1
az,2 2 14
az,3 3 15
na a4 4 16
az,7 7 17
as,3 T
as.e 6
ar,7 T
Remarks
a. nis the order of matrix A.
b.  na is the number of nonzero upper triangular elements.
c.  a contains the nonzero upper triangular elements of matrix A, stored sequentially beginning with the first row.

d. ja contains the column numbers in the original matrix A of the elements stored in a.
e. ia contains values equal to one added to the positions in array a of the diagonal elements. The n-th element

contains the value na+1.

Figure B—13 Storage of Symmetric Random Sparse Matrix (One-dimensional Row-oriented List Format)
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Random sparse matrix (For symmetric matrix only)

(2) One-dimensional column-oriented list format (Symmetric case)

Matrix A to be stored

a1 ai,2 0.0 ai,4 0.0 ai,6 0.0

a2 a2 a23 a4 00 0.0 a7

0.0 a23 ass 0.0 0.0 aze 0.0

a174 az,4 0.0 aq,4 a475 a476 0.0

0.0 00 00 ass5 ass 00 0.0

aie 00 a3z ase 00 ase 0.0

0.0 azr 00 00 00 00 ars
4

Storage status of arrays values[nnz], irwind[nnz] and ipontr[n+1]

values irwind ipontr

ai,i 1 1

ai,2

az,2

az,3

1
as,s n+

ai,4

nnz

IS
&~
w
N DO R W RO RN FW NN

itype =

Remarks
n is the order of Matrix A.

nnz is the number of nonzero upper triangular elements.

c.  values contains the nonzero upper triangular elements of Matrix A, stored sequentially beginning with the first
column.

d. irwind contains the row indices in the original matrix A of the elements stored in values.

e. ipontr contains values equal to one added to the positions in array values of the diagonal elements. Here, ipontr[0]

contains the value 1 and ipontr[n] contains the value nnz+1.

Figure B—14 Storage of Symmetric Random Sparse Matrix (One-dimensional Column-oriented List Format) for

Upper Triangular Part
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Random sparse matrix (For symmetric matrix only)

Matrix A to be stored

ai,i az;1 0.0 a4,1 0.0 ae,1 0.0

a1 az,2 as,2 4,2 0.0 0.0 ar.2

00 as2 ass 00 00 ags 0.0

as;1 as2 0.0 as4 asa asa 0.0

0.0 0.0 0.0 as 4 as.s 0.0 0.0

ae,1 0.0 ae,3 ae,4 0.0 ae,6 0.0

0.0 ar.2 0.0 0.0 0.0 0.0 ar,7
I

Storage status of arrays values[nnz|, irwind[nnz| and ipontr[n+1]

values irwind ipontr

a1 1 1

az;1 2 5

a1 4 9

ae,1 6 11

2.2 2 14 n+1

as,2 3 15

Q4,2 4 16

ar.2 7 17
nnz a5 5 3

ae,3 6

Q4,4 4

as,4 5

ae,4 6

as,s 5

ae,6 6

ar,7 7

itype =

Remarks
a. n is the order of Matrix A.

b. nnz is the number of nonzero lower triangular elements.

c.  values contains the nonzero lower triangular elements of Matrix A, stored sequentially beginning with the first

column.
d. irwind contains the row indices in the original matrix A of the elements stored in values.

e. ipontr contains values equal to one added to the positions in array values of the diagonal elements. ipontr[0]
contains the value 1 and ipontr[n] contains the value nnz+1.

Figure B—15 Storage of Symmetric Random Sparse Matrix (One-dimensional Column-oriented List Format) for

Lower Triangular Part
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Random sparse matrix

B.2.10 Random sparse matrix

(1) ELLPACK format

Ina

Ina

Matrix A to be stored

contained in Array a.

430

az,7

ae,7

a[4 X Ina]
a[4 x lna + 1]
a[4 x lna + 2]

ja[4 x Ina)
ja[4 x Ina + 1]
ja[4 x Ina + 2]

ai,n ai,2 0.0 ai,4 0.0 ai,6 0.0
a21 a22 a23 a24 0.0 0.0 az7
00 az2 a3z 00 00 waze 0.0
aq,1 a4,2 0.0 a474 a475 a476 0.0
0.0 0.0 0.0 as,4 as,s 0.0 0.0
ae,1 0.0 ae,3 ae6,4 0.0 a6,6 ae,7
0.0 ar.2 0.0 0.0 0.0 0.0 ar,7
\
Storage status of array a[lnaxm]
a1 | af0] a2 | a[lna) a1, | a[2 x Ina] a1,4 | a[3 x Ina] *
azz | a[l] az;1 | a[lna+1] | azs | a2 xna+1] | aza | a[3 x Ina+ 1]
as,;3z | a[2] as2 | a[lna+2] | ase | a[2 X Ina + 2] * | a[3 x lIna+ 2] *
a6,6 a6,1 a6,3 ae,4
ar,7 ar,2 * *
<————=- m === ==
Storage status of array ja[lnaxm]
1 | ja[0] 2 | ja[lnal 6 | ja[2 x Ina 4 | ja[3 x Ina]
ja[l] ja[lna 4 1] 3 |ja[2xIna+1] 4 | ja[3 x Ina+ 1]
3 | jal2] 2 | ja[lna + 2] 6 | ja[2 x Ina+ 2] 0 | ja[3 xIna+ 2]
6 3 4
7 2 0 *
_____ m o
Remarks
a. nis order of Matrix A.
b. Ilna > n must hold.
c. m is the column number of Array a, which contains the nonzero elements of Matrix A.
d. Array a should contain nonzero elements of Matrix A so that:
e Diagonal elements are stored in the first column.
e Nonzero elements in the lower triangular part and the upper triangular part are stored in the second
though m-th columns, with the first one in the second column, one adjacent to the next in each row.
Here, it is unnecessary that nonzero elements in each row are stored sequentially.
e Arbitrary values can be stored in the remaining positions that are marked with ‘x’.
e.  Array ja should contain the column indices in Matrix A of those elements that correspond to the elements




Random sparse matrix

For those rows in which m — 1 becomes greater than the number of nonzero elements in the lower and
upper triangular part, value 0 should be stored in the right neighbor of the rightmost position of the region
in ja in which the column indices of nonzero elements in Matrix A are stored. Arbitrary values can be

stored in the remaining positions that are marked with ‘x’.

Figure B—16 Storage format for Asymmetric Random Sparse Matrix (ELLPACK Format)
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(2) One-dimensional column-oriented list format

Matrix A to be stored

a1 ai,2 0.0 ai,4 0.0 ai,6 0.0

a1 a2 a23 a4 00 0.0 a7

0.0 as2 ass 0.0 0.0 aze 0.0

a471 a4,2 0.0 aq,4 a475 a476 0.0

00 00 00 00 a5 0.0 0.0

as,1 0.0 as3 asa 00 ase as7

00 ars 00 00 00 00 ars
4

Storage status of arrays values[nnz], irwind[nnz] and ipontr[n+1]

values irwind ipontr

ai,i 1 1
5
10
13
17 n+1
19
23
26

az;1
a4,1

ae,1

a2
az,2

as,2

a4,2

ar,2

az,3
as,3

a6,3

nnz a1

a4

4,4

4,6

a6,6

az,7

ae,7

N O O R W RO RO RN H[O W NN REWN EO RN

ar,7

itype =

Remarks
n is the order of Matrix A.

a
b. nnz is the number of nonzero elements.

c.  values contains the nonzero elements of Matrix A, stored sequentially beginning with the first column.
d. irwind contains the row indices in the original matrix A of the elements stored in values.
e. ipontr contains values equal to one added to the positions in array values of the diagonal elements. Here, ipontr|[0]

contains the value 1 and ipontr[n]contains the value nnz+1.

Figure B—17 Storage of Asymmetric Random Sparse Matrix (One-dimensional Column-oriented List Format)
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(3) JAD format (Jagged diagonals storage format)

Matrix A to be stored

ai,n ai,2 0. ai,4 0. ai,6 0.

a1 a2 a3 a24 O 0. aa7
0. as2 ass O 0. ase

as,1 a42 0. ass ass ase 0.
0. 0. 0. as,4 as,s 0.

ae,1 0. ae,3 Q6,4 0. a6,6 0.
0. ar,2 0. 0. 0. 0. ar.7

¢

Storage status within array jadord

n mjad

(]

[]
[o[=[o[e] o] ~]

=}

Storage status within array ajad  Storage status within array jajad

<~ ————mjad—— — — — < — —mjad— —
a1 | a22 | a2,;3 | a4 | a7 1121347
Storage status within array iajad a4 | @a2 | @aa | aas | ase 112141516

———(mjad+1) — — — a1l | a2 | a1,4 | a16 1121416
|1]8]15|20]24] 26 | a1 | ass | asa | ase 113416

as,2 | as;3 | ase 213|6

as.4 | as;5 4|5

arz2 | a7 2|7

Remarks

a.

The data types of matrix elements may be either real or complex.

n is the order of matrix A.

To obtain JAD storage of matrix A, consider a data arrangement as follows:

Push rowwise the whole nonzero elements of matrix A to the left side, then sort the rows with respect to the
number of nonzero elements in descending order;

The columns in this arrangement are called jagged diagonals. The number of jagged diagonals is stored in the
parameter mjad. The elements are stored in array ajad “jagged diagonal”wise, successively from the leftmost
jagged diagonal to the rightmost one.

The row indices of the elements stored in array ajad are stored in array jajad.

The indices added by 1 of the starting element of each jagged diagonal in array ajad are stored in iajad. The
number of elements stored in ajad added by 1, is stored in the (mjad)-th element of iajad.

The value 1 is set to iajad[0].

(The number of elements stored in arrays ajad, jajad) = iajad[mjad]—1.

In the figure above illustrates a JAD storage for a structurally symmetric matrix A. But naturally, this storage

is even available for a general asymmetric matrix A.

Figure B—18 JAD format
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(4) One-dimensional row-oriented block list format

Matrix A to be stored
C 0

oo bW
N o q o
o Q@

0
H
0

bg b4 C3 C4 d3 d4

hi1 h ki k 1 1
I L N . 0 0
hs hy

Storage status within array a[lxaxmxm], ja[lxa], ia[nb+1]
a ja ia

b1
ba
bs
by

C1

nb+1

Nol B f N NCUN

C2

C3

= N[ W s N W

Cq

Ixaxmxm

k1
k2
k3
ka
Iy
l2
I3

ly

Remarks

a. The data types of matrix elements may be either real or complex.

b.  nb is the number of block rows (or columns) for dividing matrix A into mXxm block matrix.

c. Ixa is the number of nonzero mxm block matrices.

d. a contains the nonzero block matrices of matrix A, stored sequentially beginning with the first block row.

e. ja contains the column block numbers in the original matrix A of the block matrices stored in a.

f. ia contains values equal to one added to the positions in array a of the diagonal block matrices. The nb-th

element contains the value Ixa+1.

Figure B—19 One-dimensional Row-oriented Block List Format (for m = 2)
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(5) MJAD format (Multiple jagged diagonals storage format)

Matrix A to be stored

B 0 C 0
D F 0 G
0 0 H 0
0 K 0 L
— —m— —
by b c1 ¢ di d
B:12,C:12,D:12,F=f1f2,G29192,m:2
by by c3 c4 ds dy J3 Jfa g3 ga
hi h ki k lh 1 0 0
- 1 N2 7 _ 1 A2 L= 1 2 0=
hs  ha k3 ky ls Iy 00
\
Storage status within arrayjadord
nb mjad b
n
(*)Storage status within arrayajad
—-—mXxm-———
di | dy | ds | da Storage status within arrayjajad
Storage status within arrayiajad ki | k2 | ks | ka < mjad =
mjad-+1 by | ba | bs | ba 112

- hi | ha | hs | ha 4

2
ﬂﬂ xa ol fe| fs)| fa 113
3

Lol |ls]| U
1 C2 | C3 Cq

gi | g2 | g3 | 94

Remarks

The data types of matrix elements may be either real or complex.
nb is number of block rows (or columns) for dividing matrix A into mxm block matrix.

c.  Push rowwise the whole nonzero block matrices of matrix A to the left side, then sort the rows with respect to
the number of nonzero block matrix in descending order;
The block columns in this arrangement are called jagged diagonals. The number of jagged diagonals is stored
in the parameter mjad. The storage method for array ajad is described as follows. The first row, first column
elements among from each block matrix (D, K, B, H, F,C,G) are taken. Here, these elements are arranged in
the same order as block matrices appear along the jagged diagonal above (d1, k1, b1, k1, f1,c1,91). This method
perform repeatedly until M-th row, M-th column elements are taken and stored in array ajad.

d.  The block column indices of the block array stored in array ajad are stored in array jajad

e.  The indices of the starting element of each jagged diagonal in array ajad stored in array iajad. The number of
block array stored in ajad added by 1, is stored in the mjad+1-th element of ajad.

f. Each elements in the same block will be arranged with equal intervals of lxa in memory (x). For example,
elements in the block D (d1, dz2, d3, d4) will be arranged with equal intervals of Ixa in memory.

g. The value 1 is set to iajad[0].

h.  (The number of elements stored in MJAD) = (iajad[mjad]—1)XmXm

Figure B—20 MJAD format(for m = 2)

435



Hermitian sparse matrix (Hermitian one-dimensional row-oriented list type) (upper triangular type)

B.2.11 Hermitian sparse matrix (Hermitian one-dimensional row-oriented list type)

(upper triangular type)

Matrix A to be stored

a1 ai,2 0. ai,4 0. ai,6 0.

Q12 G222 Q23 G24 0. 0. az,7
0. EZE as,s 0. 0. as,.6

a4 Q24 a44 ass ase O

0 0 0 as5 as,5 0 0

EIE 0 as.e Q4.6 0. a6,6 0

0 az,7 0. 0 ar,7

I
n na

Storage status within arrays a[na], ja[na], ia[n + 1]

a ja ia
ai, 1 1
ai,2 2 5
ai,4 4 9
a6 6 11
2.2 2 14| |+l
az,3 3 15
az,4 4 16
na az,7 7 17
as,s 3
as.e 6
Q4,4 4
aq,5 5
Q4.6 6
as,s 5
ae,6 6
ar,7 7
Remarks
a The T indicates the complex conjugate of .
b. n is order of the matrix A.
c. na is the number of the diagonal elements and the nonzero elements in the upper triangle of the matrix A.
d. Array a contains the diagonal elements and the nonzero elements in the upper triangle of the matrix A, stored
sequentially beginning with the first row.
e. Array ja contains the column numbers in the original matrix A of the elements stored in a.
f. Array ia contains values equal to one added to the positions in array a of the diagonal element in each row. The
n-th element contains the value na+1.
g. 1 < n < na must be satisfied.

Figure B—21 Storage format for Hermitian Sparse Matrix (Hermitian One-dimensional Row-oriented List Type)
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Appendix C

MACHINE CONSTANTS USED IN ASL C
INTERFACE

C.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 C—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 €, 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.

C.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 C—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

ceAnve 927126 (~ _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 103°8)
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