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Preface

This manual describes the Sun™ Scalable Scientific Subroutine Library (Sun S3L). It
is directed to anyone developing message-passing C, C++, F77, or F90 programs.

Acknowledgments

The Sun S3L dense linear algebra routines make use of the ScaLAPACK library
described in “ScaLAPACK: Linear Algebra Software for Distributed Memory
Architectures,” J. Demmel, J. Dongarra, R. van de Geijn, and D. Walker in Parallel
Computers: Theory and Practice, Ed. by T. Casavant, P. Tvrdik, and F. Plasil. (IEEE
Press, 1995, pp. 267-282.)

ScaLAPACK routines access the Sun MPI library through calls to the BLACS library
described in “Two-dimensional Basic Linear Algebra Communications
Subprograms,” J. Dongarra and R. van de Geijn, in Environments and Tools for Parallel
Scientific Computing, Ed. by J. Dongarra and B. Tourancheau (Elsevier Science
Publisher B.V., 1993, pp. 31-40), in “Basic Linear Algebra Communication
Subprograms: Analysis and Implementation Across Multiple Parallel Architectures,”
R.C. Whaley.

How This Book Is Organized

Chapter 1 contains a list of the routines in Sun S3L, organized into general classes,
such as Dense Matrix Operations, Sparse Matrix Operations, and so forth.



Chapter 2 contains individual descriptions of the Sun S3L routines, presented in
alphabetical order.

Appendix A describes the error codes that are returned when an array handle error

is encountered.

Using UNIX Commands

This document may not contain information on basic UNIX® commands and

procedures.

See one or both of the following for such information:
= AnswerBook™ online documentation for the Solaris™ software environment
= Other software documentation that you received with your system

Typographic Conventions

Typefacel Meaning Examples

AaBbCc123 The names of commands, files, Edit your. | ogi n file.
and directories; on-screen Use | s - a to list all files.
computer output % You have il .

AaBbCc123 What you type, when contrasted % su
with on-screen computer output  passwor d:

AaBbCc123 Book titles, new words or terms, Read Chapter 6 in the User’s Guide.

words to be emphasized.
Replace command-line variables
with real names or values.

These are called class options.
You must be superuser to do this.
To delete a file, type r mfilename.

1 The settings on your browser might differ from these settings.

Table with descriptions and examples of the typographic conventions that are used in this book.
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Shell Prompts

Shell

Prompt

C shell
C shell superuser

Bourne shell and Korn shell

machine-name%

machine-name#

$

Bourne shell and Korn shell superuser #

Table with examples of the types of shell prompts that are used in this book.

Related Documentation

Application

Title

Part Number

Sun HPC ClusterTools
software documentation

Sun HPC ClusterTools
software

Sun MPI software
programming

Sun S3L software

Prism™ graphical
programming
environment

Read Me First: Guide to Sun HPC
ClusterTools Software Documentation

Sun HPC ClusterTools 5 Software Release
Notes

Sun HPC ClusterTools 5 Software
Installation Guide

Sun HPC ClusterTools 5 Software
Performance Guide

Sun HPC ClusterTools 5 Software
Administrator’s Guide

Sun HPC ClusterTools 5 Software User’s
Guide

Sun MPI 6.0 Software Programming and
Reference Guide

Sun S3L 4.0 Software Programming Guide

Prism 7.0 Software User’s Guide
Prism 7.0 Software Reference Manual

817-0096-10

817-0081-10

817-0082-10

817-0090-10

817-0083-10

817-0084-10

817-0085-10

817-0086-10

817-0088-10
817-0089-10

Table listing other documents that are related to this book or product.
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Accessing Sun Documentation

You can view, print, or purchase a broad selection of Sun documentation, including
localized versions, at:

http://ww. sun. com docunent ati on

Sun Welcomes Your Comments

Sun is interested in improving its documentation and welcomes your comments and
suggestions. You can email your comments to Sun at:

docf eedback@un. com

Please include the part number (817-0087-10) of your document in the subject line of
your email.
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CHAPTER 1

Introduction

This chapter contains a quick-reference index to the routines in the Sun Scalable
Scientific Subroutine Library (Sun S3L). The routines are organized into two tables:

= TABLE 1-1 lists the parallel functions in Sun S3L that perform mathematical
operations. These are referred to as the Sun S3L core routines.

= TABLE 1-2 lists the supplemental functions in Sun S3L that simplify many tasks
involved in distributed memory computing. These are referred to as the Sun S3L
toolkit routines.

Note — Many Sun S3L computational routines support the ScaLAPACK version 1.6
and PBLAS version 1.0 application programming interfaces (APIs). TABLE 1-3 lists the
ScaLAPACK and PBLAS APIs that are supported.




Sun S3L Overview

TABLE 1-1  Sun S3L Core Mathematical Routines

Function

Description

Dense Matrix Operations

S3L_2_norm)

S3L_i nner _prod()
S3L_mat _mul t ()
S3L_mat _vec_mnul t ()
S3L_out er _prod()

Compute 2-norm of a vector.

Compute inner product of two vectors.
Compute product of two matrices.
Compute product of a matrix and vector.
Compute outer product of two vectors.

Sparse Matrix Operations

S3L_decl are_sparse()
S3L_free_sparse()
S3L_convert _sparse()

S3L_rand_sparse()
S3L_mat vec_sparse()
S3L_read_sparse()

S3L_write_sparse()
S3L_print_sparse()

Create an S3L handle for an S3L sparse array.

Free memory allocated to S3L sparse array.

Convert an S3L array from one sparse format
to another.

Create an S3L array with random values and
sparsity.

Compute the product of a sparse matrix and
dense vector.

Read a sparse matrix from an ASCII file.

Write a sparse matrix to a file.

Print all nonzero values from a sparse matrix.

Gaussian Elimination for Dense Systems

S3L_lu_factor()
S3L_lu_invert()

S3L_I u_sol ve()

S3L_l u_deal | ocat e()

Perform LU factorization of a matrix.
Compute inverse of square matrix instances of
S3L array using S3I _| u_fact or () results.
Solve system of linear equations (AX=B) for
square matrix instances of S3L array.
Deallocate S3L_| u_f act or () resources.

Walsh Transform
S3L_wal sh()

S3L_wal sh_set up()

S3L_wal sh_free_setup()

Compute discrete Walsh/Hadamard
transform of 1D and 2D S3L arrays.

Prepare internal data structure for discrete
Walsh/Hadamard transform.

Free memory allocated to Walsh/Hadamard
transform.

Iterative Eigenpairs Computation

S3L_eigen_iter()

Compute selected eigenpairs of dense or
sparse matrices.
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TABLE 1-1  Sun S3L Core Mathematical Routines (Continued)

Function

Description

Finite-Difference Stock Option Pricing

S3L_fin_fd_10D()

S3L_fin_fd 2DX)

Solve 1D Black-Scholes PDE to compute prices
of vanilla and several exotic stock options.
Solve 2D Black-Scholes PDE to compute prices
of vanilla and several exotic stock options.

Discrete Cosine Transform
S3L_dct _iv()
S3L_dct _i v_setup()

S3L_dct _iv_free_setup()

Compute DCT Type IV of 1D, 2D, and 3D S3L
arrays.

Prepare internal data structures for DCT Type
IV operation.

Free memory allocated to DCT setup.

Discrete Sine Transform

S3L_dst ()
S3L_dst _set up()
S3L_dst _free_setup()

Compute DST of 1D, 2D, and 3D S3L arrays.
Prepare internal data structures for DST.
Free memory allocated to DST setup.

QR Array Factoring/Solving
S3L_qgr_factor()
S3L_get _qr ()
S3L_qgr _sol ve()

S3L_qgr_free()

Compute QR decomposition of a real or
complex S3L array.

Extract Q and R arrays from a QR-
decomposed S3L array.

Compute the least-squares solution to an
over-determined system of the form a*x=b.

Free memory allocated to QR decomposition.

Quadratic Programming Optimization
S3L_qgp_attr_init()

S3L_qgp_attr_destroy()
S3L_gp_attr_set()

S3L_ap()

Initialize a set of QP attributes with default
values.

Destroy a specified set of QP attributes.

Specify the type of solver to be used and
amount of error output.

Solve linear/quadratic optimization problem.

Cholesky Solver

S3L_chol esky_factor()

S3L_chol esky_sol ve()

S3L_chol esky_i nvert ()

Perform Cholesky factorization for each
square matrix in an S3L array.

Solve a system of distributed linear equations
of the form AX = B for each square matrix
in an S3L array.

Compute the inverse of each square matrix in
an S3L array.
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TABLE 1-1

Sun S3L Core Mathematical Routines (Continued)

Function

Description

Sparse Linear System Solver

Direct Method
S3L_sparse_sol ve()

S3L_sparse_sol ve_free()

Iterative Method
S3L_gen_iter_sol ve()

A direct solver for solving sparse linear
systems of equations of the form A*x = y.
Free memory allocated to the direct solver.

An iterative solver for solving sparse linear
systems of equations of the form A*x =b.

Sparse Linear Problem Solver

S3L_I p_sparse()

Solve a linear/quadric optimization problem
of the formm n ¢’ *x.

Fast Fourier Transforms

S3L_fft()
S3L_fft_detailed()

S3L_ifft()
S3L_rc_fft()
S3L_cr_fft()
S3L_fft_setup()

S3L_rc_fft_setup()

S3L_fft _free_setup()
S3L_rc_fft_free_setup()

Perform simple FFT on an S3L array.

Perform in-place forward or inverse FFT along
a specified axis of an S3L array.

Perform the inverse FFT on an S3L axis.

Perform forward FFT of a real S3L array.

Perform inverse FFT of a complex S3L array.

Prepare internal data structure for FFT
operation.

Prepare internal data structure for real-to-
complex and complex-to-real FFTs.

Free memory allocated to FFT setup.

Free memory allocated to real-to-complex or
complex-to-real FFT setup.

Structured Solvers
S3L_gen_band_factor ()

S3L_gen_band_sol ve()
S3L_gen_band_free_factors()

S3L_gen_trid_factor()
S3L_gen_trid_sol ve()
S3L_gen_trid free_factors()

Perform LU factorization of an n x n general
banded S3L array.

Solve a banded system.

Free resources allocated to factorization of
a general banded S3L array.

Compute factorization of a tridiagonal matrix.

Solve a tridiagonal system.

Free memory allocated to factorization of a
tridiagonal matrix.

Dense Symmetric Eigenvalue Solver

S3L_sym ei gen()

Find eigenvalues and, optionally, eigenvectors
in Hermitian matrices.
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TABLE 1-1

Sun S3L Core Mathematical Routines (Continued)

Function

Description

Condition Numbers

S3L_condi ti on_nunber ()

Compute the condition numbers of one or
more instances of a square S3L array.

Parallel Random Number Generators
S3L_setup_rand_fib()

S3L_rand_fib()
S3L_rand_l cg()

S3L_free_rand_fib()

Initialize state table for the Lagged-Fibonacci
random number generator (LFG).
Initialize an S3L array with an LFG.

Initialize an S3L array with a linear
congruential random number generator.
Free memory allocated to the random number

generator state table.

Least-Squares Solver

S3L_gen_Isq()

Find the least-squares solution of an
overdetermined system or the minimum
norm solution of an underdetermined
system.

Dense Singular Value Decomposition

S3L_gen_svd()

Compute the singular value of an S3L array
and, optionally, the right singular vector or
left singular vector.

Autocorrelation

S3L_acorr_setup()

S3L_acorr ()
S3L_acorr_free_setup()

Set up initial conditions for computing the
autocorrelation of a signal.

Compute 1D or 2D autocorrelation of a signal.

Free memory allocated to a particular
autocorrelation setup.

Convolution

S3L_conv_setup()

S3L_conv()
S3L_conv_free_setup()

Set up conditions for computing the
convolution of a signal.

Compute 1D or 2D convolution of a signal.

Free memory allocated to a particular
convolution setup.

Chapter 1  Introduction

5



TABLE 1-1  Sun S3L Core Mathematical Routines (Continued)

Function

Description

Deconvolution
S3L_deconv_set up()
S3L_deconv()

S3L_deconv_free_setup()

Set up initial conditions for computing the
deconvolution of an S3L array.

Compute 1D or 2D deconvolution of an S3L
array.

Free memory allocated to a particular
deconvolution setup.

Grade Elements of an Array
S3L_grade_up()
S3L_grade_down()
S3L_grade_det ai |l ed_up()

S3L_grade_det ai | ed_down()

Grade all elements of an S3L array in
ascending order.

Grade all elements of an S3L array in
descending order.

Grade elements along one axis of an S3L array
in ascending order.

Grade elements along one axis of an S3L array
in descending order.

Sort Elements of an Array
S3L_sort ()
S3L_sort _up()

S3L_sort _down()

S3L_sort _detail ed()

S3L_sort _detail ed_up()

S3L_sort _detail ed_down()

Sort all elements of a one-dimensional array

in ascending order.

Sort all elements of a one-dimensional or

multidimensional array in ascending order.

Sort all elements of a one-dimensional or

multidimensional array in descending
order.

Sort elements along one axis of an S3L array
in either ascending or descending order
using quicksort or radixsort algorithm.

Sort elements along one axis of an S3L array

in ascending order.

Sort elements along one axis of an S3L array

in descending order.

Parallel Transpose

S3L_trans()

Perform generalized transposition of an S3L
array.
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TABLE 1-2  Sun S3L Toolkit Routines

Function

Description

Create/Exit Sun S3L Environment

S3L_init()
S3L_exit()

Set up Sun S3L environment.
Leave Sun S3L environment.

Create Sun S3L Array Handles

S3L_decl are()
S3L_decl are_det ai | ed()

Declare an S3L array (basic method).
Declare S3L array (control more parameters).

Release Sun S3L Array Handles

S3L_free()

Release an S3L array.

Control Sun S3L Process Grids

S3L_set _process_grid()
S3L_free_process_grid()

Define an S3L process grid.
Release resources allocated to a process grid.

Perform Operations on Sun S3L Arrays
S3L_array_opl()
S3L_array_op2()
S3L_array_scal ar_op2()

S3L_cshift()
S3L_forall ()

S3L_reduce()
S3L_reduce_axi s()

S3L_set _array_el ement ()
S3L_set _array_el ement _on_proc()
S3L_get _array_el enment ()
S3L_get _array_el enent _on_proc()

S3L_zero_el enent s()

Perform operation on one array.

Perform operation on two arrays.

Perform operation on array and scalar value.

Perform circular shift along a specified axis.

Apply a user-defined function to some or
all elements in an array.

Perform a reduction function across an array.

Perform a reduction function along one axis
of an array.

Set the value of an element of an S3L array.

Set the value of an element of an S3L array,
using the value supplied on a specific
process.

Retrieve the value of an element of an S3L
array.

Retrieve the value of an element of an S3L
array, as supplied by a specified process.

Set all elements in an S3L array to zero.

Chapter 1  Introduction
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TABLE 1-2

Sun S3L Toolkit Routines (Continued)

Function

Description

Get Information About Sun S3L Arrays

S3L_descri be()

S3L_get _attribute()
S3L_read_array()
S3L_read_sub_array()
S3L_print_array()
S3L_print_sub_array()

S3L_wite_array()
S3L_write_sub_array()

Get information about an S3L array or
process grid.

Get the value of an S3L array attribute.

Read an S3L array from a file.

Read part of an S3L array from a file.

Print an S3L array to standard output.

Print part of an S3L array to standard
output.

Write an S3L array to a specified file.

Write part of an S3L array to a specified file.

Miscellaneous Tools

S3L_copy_array()
S3L_copy_array_detail ed()

S3L_from ScaLAPACK desc()
S3L_t o_ScalLAPACK desc()
S3L_t hread_comm set up()

S3L_set _safety()
S3L_get _safety()

Copy an S3L array into another S3L array.

Copy a section of an S3L array into another
S3L array.

Convert ScaLAPACK descriptor to S3L
handle.

Convert S3L handle to ScaLAPACK
descriptor.

Prepare S3L environment for thread-safe
operation.

Set error-checking level for S3L operations.

Get S3L error-checking level.

LU factor, solve,
inverse

Tridiagonal solvers
Banded solvers

Symmetric
eigensolver

TABLE 1-3  Supported ScaLAPACK 1.6 and PBLAS 1.0 APIs
Category Routines
PBLAS 1,2,3 p{s, d}dot, p{c, z}dot u, p{s, d} nrn2, p{sc, dz} nrng,

p{s, d}ger, p{c, z}geru, p{s, d, c, z} gem, p{s, d, c, z} genm

p{s,d, c, z}dttrf,
p{s, d, c, z} gbsv,
p{s, d} syevx,

p{s,d,c,z}getrf,p{s,d, c, z}getrs, p{s,d, c,z}getri

p{s,d, c, z}dttrs
p{s,d,c,z}gbtrf, p{s,d,c,z}gbtrs

p{c, z} heevx
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TABLE 1-3  Supported ScaLAPACK 1.6 and PBLAS 1.0 APIs

Category Routines

Singular value p{s,d, c, z}geqrf
decomposition

Least-squares solver  p{s, d, c, z}gel s

Condition number p{s.d, c, z} gecon

Chapter 1

Introduction

9
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CHAPTER 2

Sun S3L Functions

This chapter describes the full set of functions in Sun S3L 4.0. The functions are
listed in alphabetical order, with core and toolkit routines intermixed.

S3L_ 2 normand S3L_gbl 2 norm

Description

Multiple-Instance 2-norm — The multiple-instance 2-norm routine, S3L_2_norm
computes one or more instances of the 2-norm of a vector. The single-instance
2-norm routine, S3L_gbl _2_ nor m computes the global 2-norm of a parallel array.

For each instance z of z, the multiple-instance routine S3L_2_nor mperforms the
operation shown in TABLE 2-1.

TABLE 2-1  Sun S3L Multiple-Instance 2-norm Operations

Operation Data Type
z=(xX™)Y2=11x]11©2 real
z = (x")Y2 = | Ix11©2) complex

Upon successful completion, S3L_2_nor moverwrites each element of z with the
2-norm of the corresponding vector in x.
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Single-Instance 2-norm — The single-instance routine S3L_gbl _2_nor mroutine
performs the operations shown in TABLE 2-2.

TABLE2-2  Sun S3L Single-Instance 2-norm Operations

Operation Data Type
a= X2 =11x11©2 real
a= "2 =|1x11©2 complex

Upon successful completion, a is overwritten with the global 2-norm of x.

Syntax

The C and Fortran syntax for S3L_2_nor mand S3L_gbl _2_nor mis as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_2 norn(z, X, X_vector_axis)

S3L_gbl _2 norn(a, x)
S3L_array_t a
S3L_array_t z
S3L_array_t X

X

i nt _vector_axis

F77/F90 Syntax

include ‘s3I /s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne

S3L_2 norm(z, X, ier)

S3L_gbl _2 norn{a, x, x_vector_axis, ier)

i nteger*8 a

i nteger*8 z

i nteger*8 X

i nteger*4 X_vector_axis
i nteger*4 ier
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Input

S3L_2_nor maccepts the following arguments as input:

= X — Array handle for a Sun S3L parallel array. For calls to S3L_2_nor m(multiple-
instance routine), x must represent a parallel array of rank >= 2, with at least one
nonlocal instance axis. The variable x contains one or more instances of the vector
x whose 2-norm will be computed.

For calls to S3L_gbl _2_nor m(single-instance routine), x must represent a
parallel array of rank >= 1, with any instance axes declared to have length 1.

= X_vector_axi s —Scalar variable. Identifies the axis of x along which the vectors
lie.

Output

S3L_2_nor muses the following arguments as output:

=z — Array handle for the Sun S3L parallel array that will contain the results of the
multiple-instance 2-norm routine. The rank of z must be one less than that of x.
The axes of z must match the instance axes of x in length and order of
declaration. Thus, each vector x in x corresponds to a single destination value z
inz.

= a— Pointer to a scalar variable. Destination for the single-instance 2-norm routine.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, S3L_2_nor mand S3L_gbl _2_nor mreturn S3L_SUCCESS.

S3L_2_normand S3L_gbl _2_nor mperform generic checking of the validity of the
arrays they accept as arguments. If an array argument contains an invalid or
corrupted value, the function terminates and an error code is returned that indicates
which value of the array handle was invalid. See Appendix A of this manual for a
detailed list of these error codes.

In addition, the following conditions will cause the functions to terminate and return
the associated error code.
= S3L_ERR ARG RANK - x has invalid rank.

= S3L_ERR ARG _AXI SNUM- (S3L_2_nor monly) x_vect or _axi s is a bad axis
number. For C program calls, this parameter must be >= 0 and less than the rank
of x. For Fortran program calls, it must be >= 1 and not exceed the rank of x.
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» S3L_ERR MATCH RANK - z does not have a rank of one less than that of x.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / dense_matri x_ops/ norne. ¢
/ opt / SUNWhpc/ exanpl es/ s3I / dense_matri x_ops-f/ norne. f

Related Functions

S3L_i nner _prod(3)
S3L_out er _prod(3)
S3L_mat _vec_mul t(3)
S3L_nat _mul t (3)
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S3L_acorr

Description

S3L_acorr computes the 1D or 2D autocorrelation of a signal represented by the
parallel array described by Sun S3L array handle A. The result is stored in the
parallel array described by the Sun S3L array handle C.

A and Care Sun S3L array handles of the same real or complex type.

For the 1D case, if Ais of length ma, the result of the autocorrelation will be of length
2*ma-1. In the 2D case, if A is of size [ma,na], the result of the autocorrelation is of
size [2*ma-1,2*na-1].

The size of C has to be at least equal to the size of the autocorrelation for each case,
as described above. If it is larger, the excess elements of C will contain zero or non-
significant entries.

The result of the autocorrelation of A is stored in wraparound order along each
dimension. If the extent of Calong a given axis is Ic, the autocorrelation at zero lag is
stored in C( 0) , the autocorrelation at lag 1 in C( 1), and so forth. The
autocorrelation at lag -1 is stored in C(| c- 1), the autocorrelation at lag -2 is stored
in C(| c-2), and so forth.
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Side Effect

Following calculation of the autocorrelation of A, A may be destroyed, since it is used
internally as auxiliary storage. If its contents will be reused after autocorrelation is
performed, first copy it to a temporary array.

Note — S3L_acorr is most efficient when all arrays have the same length and when
this length is one that can be computed efficiently by means of S3L_fft or
S3L_rc_fft.See“S3L_fft” on page 107 and “S3L_rc_fft and S3L_cr _fft” on
page 266 for more information about execution efficiency.

Restriction

The dimensions of array C must be such that a 1D or 2D complex-to-complex FFT or
real-to-complex FFT can be computed.

Syntax

The C and Fortran syntax for S3L_acorr is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l_errno-c. h>

i nt

S3L_acorr (A, C, setup_id)
S3L_array_t A
S3L_array_t C
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine

S3L_acorr (A, C, setup_id, ier)

i nteger*8 A

i nteger*8 C

i nteger*4 setup_id
i nteger*4 ier
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Input

S3L_acorr accepts the following arguments as input:

= A-Sun S3L internal array handle for the parallel array upon which the
autocorrelation will be performed. A is of size ma (1D case) or ma x na (2D case).

= setup_id - Integer value returned by a previous call to S3L_acorr _set up.

Output

S3L_acorr uses the following arguments as output:

= C-Sun S3L internal array handle for the parallel array that contains the results of
the autocorrelation. Its length must be at least 2*ma-1 (1D case) or 2*ma-1 x 2*na-
1 (2D case).

= i er (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_acorr returns S3L_SUCCESS.

S3L_acorr performs generic checking of the arrays it accepts as arguments. If an
array argument contains an invalid or corrupted value, the function terminates and
an error code is returned that indicates which value of the array handle was invalid.
See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions cause the function to terminate and return one
of the following codes:

= S3L_ERR ARG DTYPE - The data type of one of the array arguments is invalid. It
must be S3L_f | oat, S3L_doubl e, S3L_conpl ex, or S3L_doubl e_conpl ex.

= S3L_ERR ARG _EXTENTS - The extents of C are smaller than 2*ma-1 (1D case) or
2*ma-1 x 2*na-1 (2D case).

= S3L_ERR ARG RANK - The rank of one of the array arguments is not 1 or 2 as
required.

= S3L_ERR MATCH DTYPE - a and C are not the same data type.

= S3L_ERR MATCH RANK - a and C do not have the same rank.

In addition, since S3L_fft or S3L_rc_fft is used internally to compute the
autocorrelation, if the dimensions of Care not suitable for S3L_fft or S3L_rc_fft,
an error code indicating this unsuitability is returned. For more details, refer to the
man pages for S3L_fft and S3L_rc_fft.
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Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I/ acorr/ex_acorr.c
[ opt / SUN\Whpc/ exanpl es/ s3I /acorr-f/ex_acorr. f

Related Functions

S3L_acorr_setup(3)
S3L_acorr_free_setup(3)

S3L_acorr_free_setup

Description

S3L_acorr_free_set up invalidates the ID specified by the set up_i d argument.
This deallocates the internal memory that was reserved for the autocorrelation
computation associated with that ID.

Syntax

The C and Fortran syntax for S3L_acorr _free_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_acorr_free_setup(setup_id)
i nt setup_id

F77/F90 Syntax

include ‘s3I /s3l-f.h

include ‘s3l/s3l_errno-f.h
subroutine
S3L_acorr_free_setup(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_acorr _free_set up accepts the following arguments as input:

= setup_id - Valid autocorrelation setup ID as returned from a previous call to
S3L_acorr _set up.

Output

S3L_acorr _free_set up uses the following arguments as output:

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_acorr _free_set up returns S3L_SUCCESS.

In addition, the following condition causes the function to terminate and return the
associated code:

» S3L_ERR ARG SETUP - Invalid set up_i d value.
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Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I/ acorr/ex_acorr.c
[ opt / SUN\Whpc/ exanpl es/ s3I /acorr-f/ex_acorr. f

Related Functions

S3L_acorr(3)
S3L_acorr_setup(3)

S3L_acorr _setup

Description

S3L_acorr _set up sets up the initial conditions necessary for computation of the
autocorrelation C = acorr(A). It returns an integer setup value that can be used by
subsequent calls to S3L_acorr and S3L_acorr_free_set up.

Syntax

The C and Fortran syntax for S3L_acor r _set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_acorr_setup(A, C, setup_id)
S3L_array_t A
S3L_array_t C
i nt *setup_id

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_acorr_setup(A, C, setup_id, ier)

i nteger*8 A

i nteger*8 C

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_acorr _set up accepts the following arguments as input:

= A-Sun S3L internal array handle for the parallel 1D or 2D array of real or
complex type whose autocorrelation is to be computed.

= C-Sun S3L internal array handle for the parallel 1D or 2D array of the same type
as A, used to store the result of the autocorrelation. Its extents along each axis
must be at least equal to two times the corresponding extent of A minus 1.

Output

S3L_acorr _set up uses the following arguments as output:

= set up - Integer value returned by this function. Use this value for the setup_i d
argument in subsequent calls to S3_acorr and S3L_acorr_free_set up.

= ier (Fortran only) - When called from a Fortran program, this function returns
error status ini er.
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Error Handling

On success, S3L_acorr _set up returns S3L_SUCCESS.

S3L_acorr _set up performs generic checking of the arrays it accepts as arguments.
If an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions cause the function to terminate and return one
of the following codes:

S3L_ERR_ARG DTYPE - The data type of one of the array arguments is invalid. It
must be S3L_f 1 oat, S3L_doubl e, S3L_conpl ex, or S3L_doubl e_conpl ex.

S3L_ERR_MATCH DTYPE - The array arguments are not all of the same data type.
S3L_ERR_MATCH_RANK — The array arguments are not all of the same rank.

S3L_ERR_ARG RANK - The rank of one of the array arguments is not 1 or 2 as
required.

S3L_ERR_ARG_EXTENTS - The extents of C are less than the extents of A

Examples
/ opt/ SUNWhpc/ exanpl es/ s3l / acorr/ex_acorr.c

[ opt / SUNWhpc/ exanpl es/ s3l /acorr-f/ex_acorr. f

Related Functions

S3L_acorr(3)
S3L_acorr_free_setup(3)
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S3L_array_opl

Description

S3L_array_opl applies a predefined unary (single operand) operation to each
element of a Sun S3L parallel array. The Sun S3L array handle argument, a, identifies
the parallel array to be operated on and the op argument specifies the operation to
be performed. The value of op must be:

= S3L_OP_ABS - Replaces each element in a with its absolute value.
= S3L_OP_M NUS - Replaces each element in a with its negative value.

= S3L_OP_EXP - Replaces each element in the real or complex array a with its
exponential.

Syntax

The C and Fortran syntax for S3L_array_op1l is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_array_opl(a, op)
S3L_array_t a
S3L_op_type op
F77/F90

include ‘s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h
subrouti ne

S3L_array_opl(a, op, ier)

i nteger*8 a
i nteger*4 op
i nteger*4 ier
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Input

S3L_array_opl accepts the following arguments as input:

= a-—Sun S3L array handle for the parallel array on which the operation will be
performed.

= op - Predefined constant specifying the operation to be applied. See the
Description section for details.

Output

S3L_array_opl uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_array_opl
returns error status in i er.

Error Handling

On success, S3L_array_op1 returns S3L_SUCCESS.

S3L_array_opl performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following condition will cause the function to terminate and return
the associated error code.

= S3L_ERR ARG DTYPE - op is equal to S3L_OP_EXP, but a is of i nt eger type.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3I /fft/ex_fftl.c
[ opt / SUNWhpc/ exanpl es/ s3l / deconv-f/ ex_deconv. f

Related Functions

S3L_array_op2(3)
S3L_array_scal ar_op2(3)
S3L_reduce(3)
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S3L_array_op2

Description

S3L_array_op2 applies the operation specified by op to elements of parallel arrays
a and b, which must be of the same type and have the same distribution. The
parameter op can be one of the following:

» S3L_OP_MIJL - aequalsa.*b

» S3L_OP_CMJ - aequalsa.* conjg(b)
» S3L_OP._ DIV — aequalsa./ b

« S3L_OP_MNUS — aequalsa-b

» S3L_OP_PLUS — aequalsa+b

Note — The operators ". *" and ". / " denote pointwise multiplication and division of
the elements in arrays a and b.

S3L_OP_MJUL replaces each element in a with the elementwise product of
multiplying a and b.

S3L_OP_CMUL performs the same operation as S3L_OP_MJL, except it multiplies
each element in a by the conjugate of the corresponding element in b.

S3L_OP_Dl V performs elementwise division of a by b, overwriting a with the
integer (truncated quotient) results.

S3L_OP_M NUS performs elementwise subtraction of b from a, overwriting a with
the difference.

S3L_OP_PLUS performs elementwise addition of a with b, overwriting a with the
sum.

Syntax

The C and Fortran syntax for S3L_array_op2 is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_array_op2(a, b, op)
S3L_array_t a
S3L_array_t b
S3L_op_type op

F77/F90 Syntax

include ‘s3I/s3l-f.h
include ‘s3l/s3l _errno-f.h
subroutine

S3L_array_op2(a, b, op, ier)

i nteger*8 a

i nteger*8 b

i nteger*4 op

i nteger*4 ier
Input

S3L_array_op2 accepts the following arguments as input:

= a-—Sun S3L array handle for one of two parallel arrays to which the operation
will be applied.

= b - Sun S3L array handle for the second of two parallel arrays to which the
operation will be applied.

= 0p - Predefined constant specifying the operation to be applied. See the
Description section for details.

Output

S3L_array_op2 uses the following argument for output:

= ier (Fortran only) - When called from a Fortran program, S3L_array_op2
returns error status in i er.
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Error Handling

On success, S3L_array_op2 returns S3L_SUCCESS.

S3L_array_op2 performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR MATCH HOME - Both arrays are local but not on the same process.
= S3L_ERR MATCH_ALI GN- The arrays do not have the same subgrid sizes.
= S3L_ERR ARG OP - An illegal operation was requested.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/ex_fftl. c
/ opt / SUNWhpc/ exanpl es/ s3I /fft-f/lex_fftl.f

Related Functions

S3L_array_opl(3)
S3L_array_scal ar_op2(3)
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S3L_array_scal ar_op2

Description

S3L_array_scal ar _op2 applies a binary operation to each element of a Sun S3L
array that involves the element and a scalar.

op determines which operation will be performed. It can be one of:

= S3L_OP_MJL - pointwise multiplication
=« S3L_OP_DI V - pointwise division
= S3L_OP_PLUS - pointwise addition
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= S3L_OP_M NUS - pointwise subtraction
= S3L_OP_ASSI GN - assignment

Syntax

The C and Fortran syntax for S3L_array_scal ar _op2 is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_array_scal ar_op2(a, scalar, op)
S3L_array_t a
voi d *scal ar
S3L_op_type op

F77/F90 Syntax

include *s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_array_scal ar_op2(a, scalar, op, ier)

i nteger*8 a
<type> scal ar
i nteger*4 op

i nteger*4 ier

where <t ype>is one of: i nt eger *4, i nt eger *8, real *4,real *8, conpl ex*8, or
conpl ex* 16.

Input

S3L_array_scal ar _op2 accepts the following arguments as input:

= a - Sun S3L array handle for the parallel array to which the operation will be
applied.

= scal ar — Scalar value used as an operand in the operation applied to each
element of a.
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= 0p - Predefined constant specifying the operation to be applied. See the
Description section for details.

Output

S3L_array_scal ar _op2 uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program,
S3L_array_scal ar _op2 returns error status in i er.

Error Handling

On success, S3L_array_scal ar_op2 returns S3L_SUCCESS.

S3L_array_scal ar _op2 performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following condition will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG OP-op isnotoneof: S3L_OP_MJL, S3L_OP_DI V, S3L_OP_PLUS,
S3L_OP_M NUS, or S3L_OP_ASSI GN

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /fft/ex_fftl.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /fft-f/ex fftl. f

Related Functions

S3L_array_opl(3)
S3L_array_op2(3)
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S3L_chol esky fact or

Description

For each square Ain a, S3L_chol esky_f act or computes the Cholesky
factorization. The factorization has the form A = U' x U, where U is an upper
triangular matrix.

Syntax

The C and Fortran syntax for S3L_chol esky_f act or is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_chol esky_factor(a, row axis, col_axis)
S3L_array_t a
i nt row axis
i nt col _axis

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_chol esky_factor(a, row axis, col_axis, ier)

i nteger*8 a

i nteger*4 row_axis

i nteger*4 col _axis

i nteger*4 ier
Input

S3L_chol esky_f act or accepts the following arguments as input:

a — Sun S3L array of rank 2 or greater. This array contains one or more instances
of a square matrix, A, which is to be factored. Each Ais assumed to be dense, with
rows counted by axis r ow_axi s and columns counted by axis col _axi s.

Upon successful completion, each matrix instance A is overwritten with the upper
triangular matrix U.

row_axi s — Scalar integer variable. Identifies the axis of a that counts the rows of
each matrix A.

For C program calls, r ow_axi s must be >= 0 and less than the rank of a. For
Fortran program calls, r ow_axi s must be >= 1 and not exceed the rank of a. In
addition, r ow_axi s must be less than col _axi s.

col _axi s — Scalar integer variable. Identifies the axis of a that counts the
columns of each matrix A.

For C program calls, col _axi s must be >= 0 and less than the rank of a. For
Fortran program calls, col _axi s must be >= 1 and not exceed the rank of a. In
addition, col _axi s must be greater than r ow_axi s.
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Output

S3L_chol esky_f act or uses the following arguments for output:

= a - On exit, each matrix instance A is overwritten with the upper triangular
matrix U.

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_chol esky_fact or returns S3L_SUCCESS.

S3L_chol esky_f act or performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of

these error codes.

In addition, the following conditions will cause S3L_chol esky_f act or to
terminate and return the associated error code:
= S3L_ERR ARG RANK - Invalid rank. The rank of a must be >= 2.

= S3L_ERR ARG DTYPE - Invalid data type. The data type of a must be real or
complex (single- or double-precision).

» S3L_ERR ARG _AXI SNUM-r ow_axi s or col _axi s is invalid. This condition can
be caused by either an out-of-range axis value or r ow_axi s = col _axi s. See the
row_axi s or col _axi s argument description for allowed axis index ranges.

= S3L_ERR ARRNOTSQ- Arrays Ain a are not square.
= S3L_ERR FACTOR _FAI L - Factorization could not be completed.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I / chol esky/ chol esky. ¢
[ opt / SUNWhpc/ exanpl es/ s3l / chol esky-f/chol esky. f

Related Functions

S3L_chol esky_sol ve(3)
S3L_chol esky_i nvert (3)
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S3L_chol esky i nvert

Description
For each square matrix Ain a, S3L_chol esky_i nvert uses the result from
S3L_chol esky_f act or to compute the inverse of each square matrix instance A of

the Sun S3L array a. It does this by inverting the Cholesky factor U and then
computing inverse(U) * inverse(U)’.

Syntax

The C and Fortran syntax for S3L_chol esky_i nvert is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_chol esky_i nvert(a, row_axis, col_axis)
S3L_array_t a
i nt row axis
i nt col _axis

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_chol esky_invert(a, row axis, col_axis, ier)

i nteger*8 a

i nteger*4 row_axis

i nteger*4 col _axis

i nteger*4 ier
Input

S3L_chol esky_i nvert accepts the following arguments as input:

a — Sun S3L array that was factored by S3L_chol esky_f act or, where each
matrix instance A is a dense square matrix. Supply the same value a that was
used in S3L_chol esky_fact or.

row_axi s — Scalar integer variable. Identifies the axis of a that counts the rows of
each matrix A.

For C program calls, r ow_axi s must be >= 0 and less than the rank of a. For
Fortran program calls, r ow_axi s must be >= 1 and not exceed the rank of a. In
addition, r ow_axi s must be less than col _axi s.

col _axi s — Scalar integer variable. Identifies the axis of a that counts the
columns of each matrix A.

For C program calls, col _axi s must be >= 0 and less than the rank of a. For
Fortran program calls, col _axi s must be >= 1 and not exceed the rank of a. In
addition, col _axi s must be greater than r ow_axi s.
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Output

S3L_chol esky_i nvert uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_chol esky_i nvert returns S3L_SUCCESS.

S3L_chol esky_i nvert performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of

these error codes.

In addition, the following conditions will cause S3L_chol esky_sol ve to terminate
and return the associated error code:
= S3L_ERR ARG RANK - Invalid rank. The rank of a must be >= 2.

= S3L_ERR ARG DTYPE - Invalid data type. The data type of a must be real or
complex (single- or double-precision).

= S3L_ERR ARG AXI SNUM-r ow_axi s or col _axi s is invalid. This condition can
be caused by either an out-of-range axis value or r ow_axi s = col _axi s. See the
row_axi s or col _axi s argument description for allowed axis index ranges.

= S3L_ERR ARRNOTSQ- The arrays A in a are not square.

= S3L_ERR FACTOR FAI L — A diagonal element in U (the array containing
factorization of a from a previous call to S3L_chol esky_f act or) is zero;
therefore, inversion could not be performed.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3Il / chol esky/ chol esky. ¢
[ opt/ SUNWhpc/ exanpl es/ s3l / chol esky-f/chol esky. f

Related Functions

S3L_chol esky_factor (3)
S3L_chol esky_sol ve(3)
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S3L_chol esky_sol ve

Description

For each square matrix Ain a, S3L_chol esky_sol ve solves a system of distributed
linear equations of the form AX = B, using Cholesky factors computed by
S3L_chol esky_f act or.

A and B are corresponding instances within a and b, respectively. To solve AX = B,
S3L_chol esky_sol ve performs the following by means of back substitution:

1. Solve U’ * X = B, overwriting B with X

2. Solve U * X = B, overwriting B with X

Syntax

The C and Fortran syntax for S3L_chol esky_sol ve is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_chol esky_sol ve(a, row_ axis, col _axis, b)
S3L_array_t a
i nt row axis
i nt col _axis
S3L_array_t b

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_chol esky_sol ve(a, row axis, col _axis, b, ier)

i nteger*8 a

i nteger*4 row_axis

i nteger*4 col _axis

i nteger*8 b

i nteger*4 ier
Input

S3L_chol esky_sol ve accepts the following arguments as input:

a — Sun S3L array that was factored by S3L_chol esky_f act or, where each
matrix instance A is a dense square matrix. Supply the same value a that was
used in S3L_chol esky_fact or.

r ow_axi s — Scalar integer variable. Identifies the axis of a that counts the rows of
each matrix A.

For C program calls, r ow_axi s must be >= 0 and less than the rank of a. For
Fortran program calls, r ow_axi s must be >= 1 and not exceed the rank of a. In
addition, r ow_axi s must be less than col _axi s.

col _axi s — Scalar integer variable. Identifies the axis of a that counts the
columns of each matrix A.

For C program calls, col _axi s must be >= 0 and less than the rank of a. For
Fortran program calls, col _axi s must be >= 1 and not exceed the rank of a. In
addition, col _axi s must be greater than r ow_axi s.

b — Sun S3L array of the same type (real or complex) and precision as a. Array b
must be distinct from a.
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The instance axes of b must match those of a in order of declaration and extents.
The rows and columns of b must be counted by axes r ow_axi s and col _axi s,
respectively (from the S3L_chol esky_fact or call). If b consists of only one
right-hand side vector, it must be represented as an array of rank 2 with the
number of columns set to 1 and the elements counted by axis r ow_axi s.

Output

S3L_chol esky_sol ve uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_chol esky_sol ve returns S3L_SUCCESS.

S3L_chol esky_sol ve performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following conditions will cause S3L_chol esky_sol ve to terminate
and return the associated error code:

= S3L_ERR MATCH_RANK - Invalid rank. For cases where rank >= 3, rank(b) must
equal rank(a). For the two-dimensional case, rank(b) must be either 1 or 2.

= S3L_ERR ARG DTYPE - Invalid data type. The data type of a must be real or
complex (single- or double-precision).

= S3L_ERR MATCH_EXTENTS - The extents of a and b are mismatched along the
row or instance axis.

= S3L_ERR MATCH DTYPE - The data types of a and b do not match.

= S3L_ERR ARRNOTSQ- Invalid matrix size. Each coefficient matrix A must be
square.

= S3L_ERR ARG AXI SNUM-r ow_axi s or col _axi s is invalid. This condition can
be caused by either an out-of-range axis value or r ow_axi s = col _axi s. See the
row_axi s or col _axi s argument description for allowed axis index ranges.

Examples
[ opt / SUN\Whpc/ exanpl es/ s3Il / chol esky/ chol esky. ¢
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[ opt/ SUNWhpc/ exanpl es/ s3l / chol esky-f/chol esky. f

Related Functions

S3L_chol esky_factor (3)
S3L_chol esky_i nvert (3)

38

S3L_condi ti on_nunber,
S3L_gbl condi tion_nunber

Description

S3L_condi ti on_nurber and S3L_gbl _condi ti on_nunber compute the
condition numbers of square arrays. LU factorization is used internally in
combination with a norm as specified by the argument nor m_t ype.

Note — Array variables must not overlap.

Performance Note

The condition number functions perform LU factorization and compute the norm
internally. If these operations are already performed elsewhere in the calling
program, you can achieve better performance by calling one of the following
ScaLAPACK functions directly: psgecon, pdgecon, pcgecon, or pzgecon. To use
any of these ScaLAPACK functions, you will need a ScaLAPACK descriptor, which
you can obtain from the corresponding Sun S3L array descriptor with the routine
S3L_t o_ScalLAPACK desc(3).

Syntax

The C and Fortran syntax for S3L_condi ti on_nunber and
S3L_gbl _condi ti on_nunber is as follows:

Sun S3L 4.0 Software Reference Manual ¢ February 2003



C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_condi ti on_nunber(rcn_array, a, row axis, col_axis,

norm type)

S3L_gbl _conditi on_nunber(rcn_array, a, row axis, col_axis,

nor m t ype)
voi d *rcn
S3L_array_t rcn_array
S3L_array_t a
i nt row_axis
i nt col _axis
i nt norm type

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne

S3L_condi ti on_nunber(rcn_array, a, row_ axis, col_axis,

normtype, ier)

S3L_gbl _conditi on_nunber(rcn_array, a, row axis, col_axis,

normtype, ier)

<type> rcn

i nteger*8 rcn_array

i nteger*8 a

i nteger*4 row_axis

i nteger*4 col _axis

i nteger*4 normtype

i nteger*4 ier
Input

S3L_condi ti on_numnber accepts the following arguments as input:

= a-—Sun S3L array of rank 2 or greater. a contains one or more instances of a
square matrix A whose condition number is to be computed.

= row_axi s — Scalar integer variable. Identifies the axis of a that counts the rows of

each matrix A.

For C program calls, r ow_axi s must be >= 0 and less than the rank of a. For
Fortran program calls, r ow_axi s must be >= 1 and not exceed the rank of a. In
addition, r ow_axi s must be less than col _axi s.
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= col _axi s — Scalar integer variable. Identifies the axis of a that counts the
columns of each matrix A.

For C program calls, col _axi s must be >= 0 and less than the rank of a. For
Fortran program calls, col _axi s must be >= 1 and not exceed the rank of a. In
addition, col _axi s must be greater than r ow_axi s .

= normt ype — Specifies the type of norm to be used in calculating the condition
number. Allowed values are:

S3L_ONENORM_CONDI TI ON_NO Use the 1-norm
S3L_I NFNORM_CONDI TI ON_NO Use the infinity norm

Output

S3L_condi ti on_nunber uses the following arguments for output:

= rcn_array — Sun S3L array whose rank is two less than the rank a. It should be
of data type real with the same precision as a. On exit, each element in
rcn_array will hold the reciprocal condition number of the corresponding array
A

= rcn - Pointer to a scalar variable of data type real with the same precision as a.
Upon exit, r cn will hold the reciprocal condition number of a.

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, both S3L_condi ti on_nunber and S3L_gbl _conditi on_numnber
return S3L_SUCCESS.

S3L_condi ti on_nunmber and S3L_gbl _condition_nunber perform generic
checking of the arrays they accept as arguments. If an array argument contains an
invalid or corrupted value, these functions will terminate and an error code
indicating which value of the array handle was invalid will be returned. See
Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause these functions to terminate and
return the associated error code:
» S3L_ERR ARG RANK - The rank of a is 1.

» S3L_ERR MATCH_RANK - The rank of rcn_ar r ay is not valid. It must be equal to
two less than the rank of a.
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= S3L_ERR ARG AXI SNUM-r ow_axi s or col _axi s is invalid. This condition can
be caused by either an out-of-range axis value or r ow_axi s = col _axi s. See the
row_axi s or col _axi s argument description for allowed axis index ranges.

» S3L_ERR ARRNOTSQ- The arrays A in a are not square.

= S3L_ERR MATCH EXTENTS - The instance axes of r cn_arr ay and a do not have
the same extents.

= S3L_ERR ARG DTYPE - Invalid data type. The data type of a must be real
(single- or double-precision).

= S3L_ERR ARG OP - The value supplied for nor m_t ype is not either
S3L_ONENORM _CONDI TI ON_NOor S3L_I NFNORM_CONDI TI ON_NO.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / condi ti on_nunber/ gbl _conditi on_nunber. c

[ opt/ SUNWhpc/ exanpl es/ s3l / condi ti on_nunber/ conditi on_numnber. c

/ opt / SUNWhpc/ exanpl es/ s3l / condi ti on_nunber-f/gbl _condi ti on_nunber. f
/ opt/ SUNWhpc/ exanpl es/ s3l / condi ti on_nunber-f/conditi on_nunber. f

Related Function
S3L_lu_factor(3)

S3L_conv

Description

S3L_conv computes the 1D or 2D convolution of a signal represented by a parallel
array using a filter contained in a second parallel array. The result is stored in a third
parallel array. These parallel arrays are described by the Sun S3L array handles: a
(signal), b (filter), and c (result). All three arrays are of the same real or complex
type.

For the 1D case, if the signal a is of length ma and the filter b of length mb, the result
of the convolution, c, will be of length ma + mb - 1. In the 2D case, if the signal is of
size [ma,na] and the filter is of size [mb,nb], the result of the convolution is of size
[ma+mb-1,na+nb-1].
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Side Effect

Because a and b are used internally for auxiliary storage, they may be destroyed
after the convolution calculation is complete. If the contents of a and b must be used
after the convolution, they should first be copied to temporary arrays.

Note — S3L_conv is most efficient when all arrays have the same length and when
this length can be computed efficiently by means of S3L_fft or S3L_rc_fft. See
“S3L_fft” on page 107 and “S3L_rc_fft and S3L_cr _fft” on page 266 for
additional information.

Restriction

The dimensions of the array ¢ must be such that the 1D or 2D complex-to-complex
FFT or real-to-complex FFT can be computed.

Syntax

The C and Fortran syntax for S3L_conv is as follows:

Sun S3L 4.0 Software Reference Manual ¢ February 2003



C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>
i nt

S3L_conv(a, b, c, setup_id)

S3L_array_t a
S3L_array_t b
S3L_array_t c
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_conv(a, b, c, setup_id, ier)

i nteger*8 a

i nteger*8 b

i nteger*8 c

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_conv accepts the following arguments as input:

= a - Sun S3L array handle describing a parallel array of size ma (1D case) or ma x
na (2D) case. a is the input signal that will be convolved.

= b —Sun S3L array handle describing the parallel array that contains the filter.

= setup_id - Valid convolution setup ID as returned from a previous call to

S3L_conv_set up.

Output

S3L_conv uses the following arguments for output:
= C — Sun S3L array handle describing a parallel array containing the convolved

signal. Its length must be at least ma+mb-1 (1D case) or ma+mb-1 x na+nb-1 (2D

case).

= i er (Fortran only) — When called from a Fortran program, this function returns

error status ini er.
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Error Handling

On success, S3L_conv returns S3L_ SUCCESS.

S3L_conv performs generic checking of the arrays it accepts as arguments. If an
array argument contains an invalid or corrupted value, the function terminates and
an error code is returned that indicates which value of the array handle was invalid.
See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions cause the function to terminate and return one
of the following error codes:

S3L_ERR_MATCH DTYPE - a, b, and ¢ do not have the same data type.
S3L_ERR_MATCH RANK - a, b, and ¢ do not have the same rank.
S3L_ERR_ARG_RANK - The rank of an array argument is larger than 2.

S3L_ERR_ARG DTYPE - The data type of one of the array arguments is invalid.
It must be one of:

« S3L_fl oat

« S3L_doubl e

« S3L_conpl ex

« S3L_doubl e_conpl ex

S3L_ERR_ARG _EXTENTS - The extents of ¢ are smaller than two times the sum of
the corresponding extents of a and b minus 1.

Examples
[ opt / SUN\Whpc/ exanpl es/ s3l / conv/ ex_conv. ¢

/ opt/ SUNWhpc/ exanpl es/ s3l / conv-f/ex_conv. f

Related Functions
S3L_conv_set up(3)

S3L_conv_free_setup(3)
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S3L_conv_free _setup

Description

S3L_conv_free_set up invalidates the ID specified by the set up_i d argument.

This deallocates the internal memory that was reserved for the convolution
computation represented by that ID.

Syntax

The C and Fortran syntax for S3L_conv_free_set up is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>
i nt
S3L_conv_free_setup(setup_id)
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s31/s3l_errno-f.h
subrouti ne
S3L_conv_free_setup(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_conv_free_set up accepts the following arguments as input:
= setup_id - Integer value returned by a previous call to S3L_conv_set up
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Output

S3L_conv_free_set up uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_conv_free_set up returns S3L_SUCCESS.

In addition, the following condition causes the function to terminate and return the
associated code:

= S3L_ERR ARG SETUP - Invalid set up_i d value

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / conv/ ex_conv. ¢
/ opt / SUNWhpc/ exanpl es/ s3I/ conv-f/ex_conv. f

Related Functions

S3L_conv(3)
S3L_conv_set up( 3)

S3L_conv_set up

Description

S3L_conv_set up sets up the initial conditions necessary for computation of the
convolution C= Aconv B. It returns an integer setup value that can be used by a
subsequent call to S3L_conv.
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Sun S3L array handles A, B, and C each describe a parallel array that can be either
one- or two-dimensional. The extents of C along each axis i must be such that they
are greater than or equal to two times the sum of the corresponding extents of A and
B minus 1.

Syntax

The C and Fortran syntax for S3L_conv_set up is as follows:

C/C++ Syntax

#incl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_conv_setup(A, B, C, setup_id)
S3L_array_t A
S3L_array_t B
S3L_array_t C
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_conv_setup(A, B, C, setup_id, ier)

i nteger*8 A

i nteger*8 B

i nteger*8 C

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_conv_set up accepts the following arguments as input:

= A-Sun S3L array handle describing a parallel array of size ma (1D case) or ma x
na (2D) case. A contains the input signal that will be convolved.

= B-Sun S3L array handle describing a parallel array that contains the convolution
filter.
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= C-Sun S3L array handle describing a parallel array in which the convolved
signal is stored. Its length must be at least ma+mb-1 (1D case) or ma+mb-1 x
na+nb-1
(2D case).

Output

S3L_conv_set up uses the following arguments for output:

= setup_id - Integer value returned by this function. Use this value for the
set up_i d argument in subsequent calls to S3_conv and
S3L_conv_free_set up.

= ier (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_conv_set up returns S3L_ SUCCESS.

S3L_conv_set up performs generic checking of the arrays it accepts as arguments.
If an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions cause the function to terminate and return one
of the following error codes:

= S3L_ERR ARG RANK - The rank of one of the array arguments is not 1 or 2.

= S3L_ERR MATCH_RANK - The array arguments are not all of the same rank.

= S3L_ERR MATCH DTYPE - The array arguments are not all of the same data type.

= S3L_ERR ARG _EXTENTS - The extents of ¢ are less two times the sum of the
corresponding extents of A and B minus 1.

Examples

/ opt / SUNWhpc/ exanpl es/ s3l / conv/ ex_conv. ¢
/ opt / SUNWhpc/ exanpl es/ s3I/ conv-f/ex_conv. f
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Related Functions

S3L_conv(3)
S3L_conv_free_setup(3)

S3L_convert _sparse

Description

S3L_convert _spar se converts a Sun S3L sparse matrix that is represented in one

sparse format to a different sparse format. It supports the following sparse matrix

storage formats:

S3L_SPARSE_COO
S3L_SPARSE_CSR
S3L_SPARSE_CSC
S3L_SPARSE_VBR

Coordinate format
Compressed Sparse Row format
Compressed Sparse Column format

Variable Block Row format

Detailed descriptions of the first three sparse formats are provided in
“S3L_decl are_spar se” on page 77. They are also described in the
S3L_decl ar e_spar se man page.

The Variable Block Row (VBR) format can be viewed as a generalization of the
Compressed Sparse Row format, where

= The block entries of a matrix are stored block row by block row.
= Each block entry is stored as a dense matrix in standard column-major form.
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More specifically, the data structure of S3L_SPARSE_VBR consists of the following

Six arrays:

rptr Integer array. It contains the block row partitionings—that is, the first row
number of each block row.

cptr Integer array. It contains the block column partitionings—that is, the first
column number of each block column.

val Scalar array. It contains the block entries of the matrix.

i ndx Integer array. It contains the pointers to the beginning of each block entry
stored in val.

bi ndx Integer array. It contains the block column indices of block entries of the
matrix.

bptr Integer array. It contains pointers to the beginning of each block row in
bindx and val.

To illustrate the VBR data structure, consider the following 5x8 matrix with a
variable block partitioning.

0] 1 3 5] 00| 9] 0 O

112 4 6] 0 0] 10| 0 0O
o e e Fomm e +

210 0 0] 7 8| 11| 0 O
R N T +

310 0 0] 0 0] 12| 14 16
0 0] 0 O 13| 15 17

0 1 2 3 4
R R R R +
ol x| o | x | o |
R R R R +
1] o | x | x | o |
Foem o - Foem o - Foem o - Foem o - +
2| o | o | x | x |
R R R R +
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where x and o , respectively, the nonzero and zero block entries of the matrix.

The matrix could be stored in VBR format as follows (using zero-based indexing):

rptr =
cptr =

bptr
bi ndx

i ndx

val =

(
(
(
(
(
(

Syntax

0,
0,
0,
0,
0
1
8

2
2
2
2
6

.0, 2
.0, 1

3, 6),

5 6, 8),

4, 6 ),

1, 2, 2, 3),

8, 10, 11, 13, 17 ),

.0, 3.0, 4.0, 6.0, 9.0, 10.0. 7.0,
1.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0)

The C and Fortran syntax for S3L_convert _spar se is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_convert_sparse(A, B, spfnt, ...)
S3L_array_t A
S3L_array_t *B
S3L_spar se_storage_t spf nt

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_convert_sparse(A, B, spfnmt, ..., ier)
i nteger*8 A
i nteger*8 B
i nteger*4 spfm
i nteger*4 ier
Input

S3L_convert _spar se accepts the following arguments as input:

= A-Sun S3L internal array handle an m x n Sun S3L sparse matrix to be
converted. This handle is produced by a prior call to one of the following sparse
routines:

« S3L_decl are_sparse
« S3L_read_sparse
« S3L_rand_sparse
« S3L_convert_sparse

= spfnt — Specifies the sparse format into which A is to be converted.

If the value of spf nt is S3L_SPARSE VBR, the following four arguments should
also be supplied:

« bm- Scalar integer. Indicates the total number of block rows in the block sparse
matrix.

« bn - Scalar integer. Indicates the total number of block columns in the block
sparse matrix.

« rptr —Integer array of length bm+1 such thatrptr[i] isthe row index of the
first point row in the i-th block row.
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« cptr — Integer array of length bn+1 such that cpt r[j] is the column index of
the first point column in the j-th block row.

If used, bm bn, rptr, and cptr follow the spf nt argument, as indicated by the
"..."in the Syntax section.

Note — The four VBR-specific arguments give the user explicit control over the block
partitioning structure. To use the Sun S3L internal blocking algorithm instead,
specify these arguments as NULL pointers (for C/C++) or set to -1 (for F77/F90).

Output

S3L_convert _spar se uses the following arguments for output:

= A - On output, this is the Sun S3L internal array handle for the global general
sparse matrix that resulted from the format conversion.

= B - Contains the converted Sun S3L sparse matrix.

= ier (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, the status of S3L_convert _sparse is S3L_SUCCESS.

S3L_convert _sparse performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
will terminate and an error code indicating which value of the array handle was
invalid will be returned. See Appendix A of this manual for a detailed list of these
error codes.

In addition, the following conditions will cause this function to terminate and return

the associated error code:

= S3L_ERR ARG NULL - Value specified for A is invalid. A must be a predefined
sparse matrix. Otherwise, a NULL array is encountered for r ptr or cptr. When
specifying spf nt = S3L_SPARSE_VBR, bmand bn should be nonzero and r pt r
and cpt r should be predefined.

= S3L_ERR SPARSE FORMNAT - Invalid sparse format. It must be one of:
S3L_SPARSE COO, S3L_SPARSE CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3Il / spar se/ ex_sparsel.c
[ opt / SUN\Whpc/ exanpl es/ s3l / sparse-f/ ex_sparsel. f

Related Function
S3L_decl are_sparse(3)

S3L_copy_array

Description

S3L_copy_arr ay copies the contents of array A into array B, which must have the
same rank, extents, and data type as A.

Syntax

The C and Fortran syntax for S3L_copy_array is as follows.
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_copy_array(A, B)
S3L_array_t A
S3L_array_t B

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subrouti ne
S3L_copy_array(A, B, ier)

i nteger*8 A

i nteger*8 B

i nteger*4 ier
Input

S3L_copy_arr ay accepts the following arguments as input:
= A-Sun S3L array handle for the parallel array to be copied.

Output

S3L_copy_ar r ay uses the following arguments for output:

= B-Sun S3L array handle for a parallel array of the same rank, extents, and data
type as A. On successful completion, B contains a copy of the contents of A

= ier (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_copy_array returns S3L_ SUCCESS.
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S3L_copy_array checks the arrays it accepts as arguments. If an array argument
contains an invalid or corrupted value, the function terminates and an error code is
returned that indicates which value of the array handle was invalid. See Appendix A
of this manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated code:

= S3L_ERR MATCH_RANK - The ranks of A and B do not match.

= S3L_ERR MATCH_EXTENTS - The extents of A and B do not match.
= S3L_ERR MATCH _DTYPE - The data types of A and B do not match.
= S3L_ERR ARG DTYPE - The data type of Aand/or B is invalid.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l/util s/ copy_array.c
/ opt / SUNWhpc/ exanpl es/ s3I/ utils-f/copy_array.f
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S3L _copy_array _detail ed

Description

S3L_copy_array_det ai | ed copies an array section of array a to an array section
of array b. The array section of a is defined along each axis by indices:

Iba(i) <=j <= uba(i), with strides sta(i), i=0, rank -1

The array section of array b is defined along each axis by indices:

Ibb(i) <= j <= ubb(i), with strides stb(i), i=0, rank -1

If per mis NULL (C/C++) or its first element is negative (F77/F90), it is ignored.
Otherwise, the axes of b are permuted similarly to the permutation performed by
S3L_trans.

Syntax

The C and Fortran syntax for S3L_copy_array_det ai | ed is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_copy_array_detail ed(a, b, |ba, uba, sta, |bb, ubb, stb,
per m
S3L_array_t a
S3L_array_t b
i nt *| ba
i nt *uba
i nt *sta
i nt *| bb
i nt *ubb
i nt *stb
i nt *perm

F77/F90 Syntax

include ‘s3Il /s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_copy_array_detail ed(a, b, |ba, uba, sta, |bb, ubb, stb,
perm ier)

i nteger*8 a

i nteger*8 b

i nteger*4 | ba(*)
i nteger*4 uba(*)
i nteger*4 sta(*)
i nteger*4 I bb(*)
i nteger*4 ubb(*)
i nteger*4 stb(*)
i nteger*4 perm(*)
i nteger*4 ier

Input

S3L_copy_array_det ai | ed accepts the following arguments as input:

= a - Sun S3L array whose elements will be copied into array b.

= | ba - Lower bound of the array section of a to be copied.

= uba - Upper bound of the array section of a to be copied.

= St a - Stride used to define the elements of the array section of a to be copied.
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= | bb - Lower bound of the array section of b into which the array section of a is to
be copied.

= ubb - Upper bound of the array section of b into which the array section of a is to
be copied.

= st b - Stride used to define the elements of the array section of b into which the
array section of a is to be copied.

= per m- Axes permutation vector.

Output

S3L_copy_array_det ai | ed uses the following argument for output:
= b —Sun S3L array which, on exit, will contain elements copied from array a.

= ier (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_copy_array_det ai | ed returns S3L_SUCCESS.

S3L_copy_array_det ai | ed performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause S3L_copy_array_det ai | ed to
terminate and return the associated error code:

= S3L_ERR MATCH RANK - a and b do not have the same number of dimensions
(rank).

=« S3L_ERR MATCH DTYPE - a and b do not have the same data type.

= S3L_ERR | NDX_I NVALI D - One or more of the lower bound, upper bound,
stride, or permutation axis parameters is invalid.

= S3L_ERR TRANS_ PERMAX - The permutation axis argument contains invalid
entries.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l /util s/ copy_array_det.c
/ opt / SUNWhpc/ exanpl es/ s3I/ utils-f/copy_array_det.f
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Related Functions

S3L_copy_array(3)
S3L_trans(3)

S3L_cshift

Description

S3L_cshi ft performs a circular shift of a specified amount along a specified axis of
the parallel array associated with array handle A. The argument axi s indicates the
dimension to be shifted, and i ndex prescribes the shift distance.

Shift direction is upward for positive index values and downward for negative index
values.

For example, if A denotes a one-dimensional array of length n before the cshift, B
denotes the same array after the cshift, and i ndex is equal to 1, the array A will be
circularly shifted upward, as follows :

For C Programs:
B[ 1:n-1]=A[ 0: n-2], B[0] =A[ n-1]

For Fortran Programs:

B(2:n)=A(1:n-1), B(1)=A(n)

Syntax

The C and Fortran syntax for S3L_cshi f t is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_cshift (A, axis, index)
S3L_array_t A
voi d axi s
i nt i ndex

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_cshift (A, axis, index, ier)

i nteger*8 A

i nteger*4 axi s

i nteger*4 i ndex

i nteger*4 ier
Input

S3L_cshi ft accepts the following arguments as input:
= A- Array handle for the parallel array to be shifted.

= axi s — Specifies the axis along which the shift is to take place. This value must
assume zero-based axis indexing when S3L_cshi ft is called from a C or C++
application and one-based indexing when called from an F77 or F90 application.

= i ndex — Specifies the shift distance. If the extent of the axis being shifted is N,
legal values for i ndex are -N < i ndex < N.

Output

S3L_cshi ft uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_cshi ft returns
error status ini er.
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Error Handling

On success, S3L_cshi ft returns S3L_SUCCESS.

S3L_cshi ft performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error codes:

= S3L_ERR ARG _AXI SNUM- Invalid axi s value.
= S3L_ERR | NDX_I NVALI D-i ndex value is out of range.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/cshift_reduce.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/cshift_reduce.f

Related Functions

S3L_reduce(3)
S3L_reduce_axi s(3)

S3L _dct _i1v

Description

S3L_dct _i v computes the Discrete Cosine Transform Type IV (DCT) of 1D, 2D, and

3D Sun S3L arrays. The arrays have to be real (S3L_f | oat or S3L_doubl e).

Depending on the rank of the input array a, the following array size constraints

apply:

= 1D - The array size must be divisible by 4 x p2?, where p is the number of
processors.
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= 2D - Each of the array lengths must be divisible by 2 x p, where p is the number
of processors.

= 3D - The first dimension must be even and must have a length of at least 4. The
second and third dimensions must be divisible by 2 x p, where p is the number of
processors.

Note — When the input array a is 1D, the number of processes must be either an
even number or 1.

Syntax

The C and Fortran syntax for S3L_dct _i v is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_dct _iv(a, setup, direction)
S3L_array_t a
i nt setup
i nt direction

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_dct _iv(a, setup, direction, ier)

i nteger*8 a

i nteger*4 setup

i nteger*4 direction

i nteger*4 ier
Input

S3L_dct _i v accepts the following arguments as input:
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= a - Input array whose DCT is to be computed. Also used for output, as described
in the Output section.

= set up - Integer corresponding to a DCT setup value that was returned by a
previous call to S3L_dct _i v_set up.

= direction - Integer, which must be one of:

S3L_DCT_FORWARD conpute the forward DCT
S3L_DCT_I NVERSE conpute the inverse DCT
Output

S3L_dct _i v uses the following arguments for output:
= a - On exit, a contains the values of the DCT.

= i er (Fortran only) - When called from a Fortran program, S3L_dct _i v returns
error status ini er.

Error Handling

On success, S3L_dct _i v returns S3L_ SUCCESS.

S3L_dct _i v performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause this function to terminate and return
the associated error code:
» S3L_ERR ARG SETUP - Invallid set up value.

= S3L_ERR PARAM | NVALI D- The first element of the options vector is not one of:
S3L_DCT_FORWARD or S3L_DCT_| NVERSE.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /dct/ex_dctl.c
[ opt/ SUNWhpc/ exanpl es/ s3l /dct/ex_dct2. ¢
/ opt / SUNWhpc/ exanpl es/ s3I /dct-f/ex_dct1.f
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/ opt/ SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct 2. f
[ opt / SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct3.f

Related Functions
S3L_dct _iv_setup(3)
S3L_dct _iv_free_setup(3)
S3L_rc_fft(3)

64

S3L _dct _1v free setup

Description

S3L_dct _i v_free_set up frees all internal data structures that are used for the
computation of a parallel Discrete Cosine Transform, Type IV (DCT).

Syntax

The C and Fortran syntax for S3L_dct _i v_free_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_dct _iv_free_setup(setup)
i nt *set up

F77/F90 Syntax

include *s31/s3l-f.h

include ‘s3l/s3l_errno-f.h
subroutine

S3L_dct _iv_free_setup(setup, ier)

i nteger*4 setup
i nteger*4 ier
Input

S3L_dct _i v_free_set up accepts the following argument as input:
= set up - Integer corresponding to a DCT setup.

Output

S3L_dct _i v_free_set up uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program,
S3L_dct _iv_free_set up returns error status ini er.

Error Handling

On success, S3L_dct _i v_free_set up returns S3L_SUCCESS.

On error, S3L_dct _i v_free_set up returns the following error code:
= S3L_ERR ARG SETUP - Invalid set up value.
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /dct/ex_dctl.c
[ opt / SUN\Whpc/ exanpl es/ s3I /dct/ex_dct2. ¢
/ opt/ SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct1.f
[ opt/ SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct 2. f
/ opt/ SUNWhpc/ exanpl es/ s3Il /dct-f/ex_dct 3. f

Related Functions
S3L_dct _iv(3)

S3L_dct _iv_setup(3)
S3L_rc_fft(3)

S3L_dct _i1v_setup

Description

S3L_dct _i v_set up initializes internal data structures required for the computation
of a parallel Discrete Cosine Transform, Type IV (DCT).

Note

If DCT transforms will be performed on multiple arrays that all have the same data
type and extents, only one call to S3L_dct _i v_set up would be needed to support
those multiple DCT transformations. In other words, the setup performed by a
single call to S3L_dct _i v_set up could be referenced by any number of subsequent
calls to S3L_dct _i v, so long as their arrays all matched the data type and extents of
the array prescribed for the setup.

Syntax

The C and Fortran syntax for S3L_dct _i v_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_dct _iv_setup(a, setup)
S3L_array_t a
i nt *setup

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subrouti ne

S3L_dct _iv_setup(a, setup, ier)

i nteger*8 a

i nteger*4 setup

i nteger*4 ier
Input

S3L_dct _i v_set up accepts the following argument as input:

= a-Input array whose DCT is to be computed. The data contained in the array are
not modified.

Output

S3L_dct _i v_set up uses the following arguments for output:

= set up - Integer corresponding to a DCT setup. This parameter can be used in
any subsequent call(s) to S3L_dct _i v to perform the DCT of an array whose
data type and extents are the same as those of array a.

= i er (Fortran only) - When called from a Fortran program, S3L_dct _i v_set up
returns error status in i er.

Error Handling

On success, S3L_dct _i v_set up returns S3L_SUCCESS.
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S3L_dct _i v_set up performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following conditions will cause this function to terminate and return
the associated error code:

» S3L_ERR ARG RANK - The rank of a is not 1, 2, or 3.

= S3L_ERR NREAL - The data type of a is not real.

= S3L_ERR _NEVEN - Some of the extents of a are not even or 1.

= S3L_ERR ARG EXTENTS - The extents of a are not valid for the rank of a and the
number of processes over which a is distributed. The following summarizes the
rules for extents when a is 1D, 2D, or 3D:

1D Its length must be divisible by 4*sqr(np), where np is the number of processes
over which a is distributed.

2D Its extents must both be divisible by 2*np.

3D Its first extent must be even and its last two extents must both be divisible by
2*np.

= S3L_ERR NP_NEVEN- The rank of a is 1 but the total number of processes is not
even or equal to 1.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /dct/ex_dctl. c
[ opt / SUN\Whpc/ exanpl es/ s3I /dct/ex_dct2. ¢
/ opt/ SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct1.f
[ opt/ SUN\Whpc/ exanpl es/ s3l /dct-f/ex_dct 2. f
/ opt/ SUNWhpc/ exanpl es/ s3Il /dct-f/ex_dct 3. f

Related Functions

S3L_dct _iv(3)
S3L_dct _iv_free_setup(3)
S3L_rc_fft(3)
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S3L_decl are

Description

S3L_decl ar e creates a Sun S3L array handle that describes a Sun S3L parallel array.
It supports calling arguments that enable the user to specify:

= The array’s rank (number of dimensions)

= The extent of each axis

= The array’s data type

= Which axes, if any, will be distributed locally
= How memory will be allocated for the array

Based on the argument-supplied specifications, a process grid size is internally
determined to distribute the array as evenly as possible.

Note — An array subgrid is the set of array elements that is allocated to a particular
process.

The axi s_i s_| ocal argument specifies which array axes (if any) will be local to
the process. It consists of an integer vector whose length is at least equal to the rank
(number of dimensions) of the array. Each element of the vector indicates whether
the corresponding axis is local or not: 1 = local, 0 = not local.

When axi s_i s_I| ocal is ignored, all array axes except the last will be local. The
last axis will be block-distributed.

For greater control over array distribution, use S3L_decl are_det ai | ed().

Upon successful completion, S3L_decl ar e returns a Sun S3L array handle, which
subsequent Sun S3L calls can use as an argument to gain access to that array.

Syntax

The C and Fortran syntax for S3L_decl ar e is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_decl are(A, rank, extents, type, axis_is_local, atype)
S3L_array_t *A
i nt r ank
i nt *extents
S3L_data_type type
S3L_bool ean_t *axis_is_| ocal
S3L_al l oc_type atype

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l _errno-f.h

subroutine

S3L_decl are(A, rank, extents, type, axis_is_local, atype, ier)

i nteger*8 A
i nteger*4 rank
i nteger*4 extents(*)
i nteger*4 type
i nteger*4 axis_is_local (*)
i nteger*4 atype
i nteger*4 ier
Input

S3L_decl ar e accepts the following argument as input:

= rank — Specifies the number of dimensions the array will have. The range of legal
values for rank is 1 <=rank <= 31.

= extents — An integer vector whose length is equal to the number of dimensions
in the array. Each element in ext ent s specifies the extent of the corresponding
array axis. Note that axis indexing is zero-based for the C interface and one-based
for the Fortran interface, as follows:

« When called from a C or C++ application, the first element of ext ent s
corresponds to axis 0, the second element to axis 1, and so forth.

=« When called from an F77 or F90 application, the first element corresponds to
axis 1, the second to axis 2, and so forth.
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= type — Specifies the array’s data type; this must be a type supported by Sun S3L.
See the Sun S3L Software Programming Guide for a complete list of supported data

types.

= axi s_is_local - An integer vector whose length equals the array’s rank. Each
element of axi s_i s_| ocal controls the distribution of the corresponding array
axis as follows:

« Ifaxis_is_local[i]=0,axis[i] of the array will be block-distributed along
axis [i ] of the process grid.

« Ifaxis_is_local[i]=1,axis[i ] will not be distributed.
If axi s_i s_l ocal is NULL (C/C++) or if its first integer value is negative
(F77/F90), this argument will be ignored.

= at ype — Use one of the following predefined values to specify how the array will
be allocated:

« S3L_USE MALLOC- Uses mal | oc() to allocate the array subgrids.

« S3L_USE MEMALI GN64 - Uses nenal i gn() to allocate the array subgrids and
to align them on 64-byte boundaries.

« S3L_USE_MVAP — Uses mmap() to allocate the array subgrids. Array subgrids
on the same node will be in shared memory.

« S3L_USE SHMCET - Uses shnget () to allocate the array subgrids. Array
subgrids on the same node will be in intimate shared memory.

Output

S3L_decl ar e uses the following arguments for output:
= A-S3L_decl ar e returns the array handle in A.

= i er (Fortran only) — When called from a Fortran program, S3L_decl ar e returns
error status ini er.

Error Handling

On successful completion, S3L_decl ar e returns S3L_SUCCESS.

S3L_declare applies various checks to the arrays it accepts as arguments. If an array
argument fails any of these checks, the function returns an error code indicating the
kind of error that was detected and terminates. See Appendix A of this manual for a
list of these error codes.

In addition, the following conditions will cause S3L_decl ar e to terminate and
return the associated error code:
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= S3L_ERR ARG RANK - The rank specified is invalid. The range of legal values for
rank is 1 <=rank <= 31.

» S3L_ERR ARG _EXTENTS - One or more of the array extents is less than 1.
» S3L_ERR ARG BLKSI ZE - One or more block sizes is less than 1.

= S3L_ERR ARG DI STTYPE-axi s_i s_I| ocal has one or more invalid values. See
the description of axi s_i s_| ocal in the Input section for details.

Notes

When S3L_USE_MVAP or S3L_USE_SHMGET is used on a 32-bit platform, the part of
a Sun S3L array owned by a single SMP cannot exceed 2 gigabytes.

When S3L_USE_MALLCC or S3L_USE_MEMALI GN64 is used, the part of the array
owned by any single process cannot exceed 2 gigabytes.

If these size restrictions are violated, an S3L_ERR_MEMALLCOC will be returned. On
64-bit platforms, the upper bound is equal to the system’s maximum available
memory.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3l /transpose/ ex_transl. c
/ opt / SUNWhpc/ exanpl es/ s3I / grade-f/ ex_grade. f

Related Functions

S3L_decl are_det ai |l ed(3)
S3L_free(3)
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S3L_decl are _detail ed

Description

S3L_decl ar e_det ai | ed offers the same functionality as S3L_decl ar e, but
supports the additional input argument, addr _a, which gives the user additional
control over array distribution.

If you do not need the level of control provided by S3L_decl are_det ai | ed,

S3L_decl ar e offers essentially the same functionality, but has a simpler interface.

Syntax

The C and Fortran syntax for S3L_decl are_det ai | ed is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_decl are_detai | ed(A, addr_a, rank, extents, type, bl ocksizes,
proc_src, axis_is_local, pgrid, atype)

S3L_array_t *A

voi d *addr _a

i nt rank

i nt *extents
S3L_data_type type

i nt *bl ocksi zes

i nt *proc_src
S3L_bool ean_t *axis_is_loca
S3L_pgrid_t porid

S3L_al l oc_type atype

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h

subroutine

S3L_decl are_detail ed(A, addr_a, rank, extents, type, bl ocksizes,
proc_src, axis_is_local, pgrid, atype, ier)

i nteger*8 A

<type> array(1)

poi nt er (addr _a, array)
i nteger*4 r ank

i nteger*4 extents(*)

i nteger*4 bl ocksi zes(*)
i nteger*4 proc_src(*)

i nteger*4 axis_is_local (*)
i nteger*8 porid

i nteger*4 atype

i nteger*4 ier

where <t ype>is one of: i nt eger *4, i nt eger *8, real *4,real *8, conpl ex*8, or
conpl ex* 16

Input

S3L_decl ar e_det ai | ed accepts the following arguments as input:
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addr _a - If the at ype argument is set to S3L_DONOT_ALLCCATE, addr _a is
taken as the starting address of the local (per process) portion of the parallel array
A. If at ype is not equal to S3L_DONOT_ALLOCATE, addr _a will be ignored.

r ank — Specifies the number of dimensions the array will have. The range of legal
values for rank is 1 <=rank <= 31.

ext ent s — An integer vector whose length is at least equal to the array rank.

Each element in ext ent s specifies the extent of the corresponding array axis.
Note that axis indexing is zero-based for the C interface and one-based for the
Fortran interface, as follows:

« When called from a C or C++ application, the first element of ext ent s
corresponds to axis 0, the second element to axis 1, and so forth.

=« When called from an F77 or F90 application, the first vector element
corresponds to axis 1, the second to axis 2, and so forth.

t ype — Specifies the array’s data type; this must be a type supported by Sun S3L.

bl ocksi zes — Specifies the blocksize to be used in block-cyclic distribution along
each axis. If bl ocksi zes is a NULL pointer (C/C++) or if its first element is
negative (F77/F90), default blocksizes will be chosen by the system.

proc_src — Vector of length at least equal to the rank. The indices of the
processes contain the start of the array—that is, the first element along the
particular axis. If this argument is a NULL pointer (C/C++) or if its first element is
negative (F77/F90), default values will be used. Along each axis, the process
whose process grid coordinate along that axis is equal to zero contains the first
array element. If proc_sr c is present, the pgri d (process grid) argument should
also be present. Otherwise an error code will be returned.

axi s_i s_l ocal — An integer vector whose length is at least equal to the array

rank. Each element of axi s_i s_I| ocal controls the distribution of the
corresponding array axis as follows:

« Ifaxis_is_local[i]=0and bl ocksi zes is not specified, axis[i ] of the
array will be block-distributed along axis [i ] of the process grid.

« Ifaxis_is_local[i]=1,the corresponding array axis will not be
distributed.

The axi s_i s_| ocal argument is used only if a pgri d is not specified. If it is
NULL (C/C++) or if its first integer value is negative (F77/F90), axi s_i s_| ocal
will be ignored.

pgri d — A Sun S3L process grid handle that was obtained by calling either
S3L_set _process_gridor S3L_get _attri bute. If this argument is NULL
(C/C++) or is equal to zero (F77/F90), Sun S3L will choose an appropriate pgri d
for the array.

at ype — This argument specifies how the array will be allocated, as follows:
« S3L_USE _MALLOC- Uses mal | oc() to allocate the array subgrids.
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« S3L_USE MEMALI GN64 - Uses nmenal i gn() to allocate the array subgrids and
to align them on 64-byte boundaries.

« S3L_USE_MVAP - Uses mmap() to allocate the array subgrids. Array subgrids
on the same SMP will be in shared memory.

« S3L_USE_SHMCET - Uses shnget () to allocate the array subgrids. Array
subgrids on the same SMP will be in shared memory.

« S3L_DONOT_ALLOCATE - No memory is allocated for the parallel array, and
addr _a is taken to be the starting address of the per-process portion of the
parallel array.

Note — A process grid is the array of processes onto which the data is distributed.

Output

S3L_decl ar e_det ai | ed uses the following arguments for output:

= A-On return, A points to a Sun S3L array handle for the declared array. This
handle can be used later when calling other Sun S3L functions that will use this
array.

= ier (Fortran only) — When called from a Fortran program,
S3L_decl are_det ai | ed returns error status in i er.

Error Handling

On successful completion, S3L_decl are_det ai | ed returns S3L_SUCCESS.

S3L_decl ar e_det ai | ed applies various checks to the arrays it accepts as
arguments. If an array argument fails any of these checks, the function returns an
error code indicating the kind of error that was detected and terminates. See
Appendix A of this manual for a list of these error codes.

In addition, the following conditions will cause S3L_decl are_det ai | ed to
terminate and return the associated error codes:

= S3L_ERR ARG RANK - The rank specified is invalid. The range of legal values for
rank is 1 <=rank <= 31.

» S3L_ERR ARG _EXTENTS - One or more of the array extents are less than 1.
= S3L_ERR ARG BLKSI ZE - One or more blocksizes are less than 1.

= S3L_ERR ARG DI STTYPE - axi s_i s_| ocal has one or more invalid values.
= S3L_ERR ARG ALLOCTYPE - at ype has an invalid value.
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Notes

When S3L_USE_MVAP or S3L_USE_SHMGET is used on a 32-bit platform, the part of
a Sun S3L array owned by a single SMP cannot exceed 2 gigabytes.

When S3L_USE_MALLCC or S3L_USE_MEMALI GN64 is used, the part of the array
owned by any single process cannot exceed 2 gigabytes.

An S3L_ERR_MEMALLOC will be returned if these size restrictions are violated. On
64-bit platforms, the upper bound is equal to the system’s maximum available
memory.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l/util s/ copy_array.c

[ opt/ SUNWhpc/ exanpl es/ s3l /utils-f/copy_array.f

[ opt/ SUN\Whpc/ exanpl es/ s3l /utils/get_attribute.c

/ opt/ SUN\Whpc/ exanpl es/s3l /utils-f/get_attribute.f
[ opt/ SUN\Whpc/ exanpl es/ s3l / util s/ scal apack_conv. c

/ opt/ SUNWhpc/ exanpl es/ s3I /util s-f/scal apack_conv. f

Related Functions

S3L_decl are(3)
S3L_free(3)

S3L_set _process_grid(3)
S3L_get _attribute(3)

S3L_decl are_sparse

Description

S3L_decl ar e_spar se creates an internal Sun S3L array handle that describes a
sparse matrix. The sparse matrix A may be represented in one of three sparse
formats: the Coordinate format, the Compressed Sparse Row format, or the
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Compressed Sparse Column format. Upon successful completion,
S3L_decl ar e_spar se returns a Sun S3L array handle in A that describes the
distributed sparse matrix.

The Coordinate format consists of the following three arrays:

= i ndx — Integer array that contains the row indices of the matrix A. i ndx receives
its contents from the argument r ow

= | ndx — Integer array that contains the column indices of the matrix A. j ndx
receives its contents from the argument col .

= val - Floating-point array that stores the nonzero elements of sparse matrix Ain
any order. val receives its contents from the argument val .

The Compressed Sparse Row format stores the sparse matrix A in the following three
arrays:

= ptr — Integer array that contains pointers to the beginning of each row in i ndx
and val . ptr receives its contents from the argument r ow

= i ndx — Integer array that contains the column indices of the nonzero elements in
val . i ndx receives its contents from the argument col .

= val - Floating-point array that stores the nonzero elements of the sparse matrix
A. val receives its contents from the argument val .

The Compressed Sparse Column format also stores the sparse matrix A in three
arrays, but the pointer and index references swap axes. In other words, the
Compressed Sparse Column format can be viewed as the Compressed Sparse Row
format for the transpose of matrix A. In the Compressed Sparse Column format, the
three internal arrays are:

= ptr — Integer array that contains pointers to the beginning of each column in
i ndx and val . ptr receives its contents from the argument r ow

= i ndx — Integer array that contains the row indices of the nonzero elements in
val . i ndx receives its contents from the argument col .

= val - Floating-point array that stores the nonzero elements of sparse matrix A.
val receives its contents from the argument val .

Note — S3L_decl ar e_spar se follows different indexing conventions, depending
on which language the calling program is written in, Fortran or C. Its Fortran
interface uses a one-based convention to index elements of the matrix, while the C
interface assumes that the elements are indexed with zero-based values. The zero-
based convention is employed in the examples that follow.
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To illustrate these three sparse formats, consider the following 4x6 sparse matrix:

3.14 0 0 20.04 0 0

0 27 0 0 -0.6 0

0 0 -0.01 0 0 0
-0.031 0 0 0. 08 0 314.0

Representations of this sample 4x6 matrix are as follows in each of the supported

formats.

In S3L_SPARSE_COO

i ndx
j ndx

val

= ( 3, 1, 0, 3, 2, 0, 1, 3),
= ( 5, 1, 3, 3, 2, 0, 4, 0),
= ( 314.0, 27.0, 20.04, 0.08, -0.01, 3.14, -0.6, -0.031 )

In S3L_SPARSE_CSR:

ptr
i ndx

val

=(0, 2, 4,5 8),
=( o0, 3, 1, 4, 2, 0, 3, 5),
= ( 3.14, 20.04, 27.0, -0.6, -0.01, -0.031, 0.08, 314.0)

In S3L_SPARSE_CSC.

ptr =( 0, 2, 3, 4, 6, 7, 8),

indx = (0O, 3, 1, 2, 0, 3, 1, 3),

val = ( 3.14, -0.031, 27.0, -0.01, 20.04, 0.08, -0.6, 314.0)
Syntax

The C and Fortran syntax for S3L_decl ar e_spar se is as follows.
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_decl are_sparse(A, spfnmt, m n, row, col, val)
S3L_array_t *A
S3L_sparse_storage_t spfmt
i nt m
i nt n
S3L_array_t row
S3L_array_t col
S3L_array_t val

F77/F90 Syntax

include ‘s3l/s3l-f.h’
include ‘s3l/s3l_errno-f.h
subrouti ne

S3L_decl are_sparse(A, spfnt, m n, row, col, val, ier)

i nteger*8 A
i nteger*8 spfm
i nteger*4 m
i nteger*4 n
i nteger*8 r ow
i nteger*8 col
i nteger*8 val
i nteger*4 ier

Input

S3L_decl ar e_spar se accepts the following arguments as input:

= spfnt - Indicates the sparse format used for representing the sparse matrix. Use
S3L_SPARSE_COOto specify the Coordinate format, S3L_SPARSE_CSR for the
Compressed Sparse Row format, and S3L_SPARSE_CSC for the Compressed
Sparse Column format.

= m- Indicates the total number of rows in the sparse matrix.
= n - Indicates the total number of columns in the sparse matrix.

= row- Integer parallel array of rank 1. Its length and content can vary, depending
on which sparse format is used.

« S3L_SPARSE_COO-r owis of the same size as arrays col and val and
contains row indices of the nonzero elements in array val .
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« S3L_SPARSE_CSR-row s of size m+1 and contains pointers to the beginning
of each row in arrays col and val .

« S3L_SPARSE_CSC-rowis of size n+1 and contains pointers to the beginning
of each column in arrays col and val .

= col —Integer parallel array of rank 1 with the same length as array val . For both
S3L_SPARSE_COOand S3L_SPARSE_CSR, col contains column indices of the
corresponding elements stored in array val . For S3L_SPARSE_CSC, it contains
row indices of the corresponding elements in Sun S3L array val .

= val - Parallel array of rank 1, containing the nonzero elements of the sparse
matrix. For S3L_SPARSE_COO, nonzero elements can be stored in any order. For
S3L_SPARSE_CSR, nonzero elements should be stored row by row, from row 1 to
m. For S3L_SPARSE_CSC, nonzero elements should be stored column by column,
from column 1 to n.

The length of val is nnz for all three formats, which is the total number of
nonzero elements in the sparse matrix. The data type of array elements can be real
or complex (single- or double-precision).

Note — Because r ow col , and val are copied to working arrays, they can be
deallocated immediately following the S3L_decl ar e_spar se call.

Output

S3L_decl ar e_spar se uses the following arguments for output:

= A-Upon return, A contains a Sun S3L internal array handle for the global general
sparse matrix. This handle can be used in subsequent calls to other Sun S3L
sparse array functions.

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_decl ar e_spar se returns S3L_SUCCESS.

The S3L_decl ar e_spar se routine performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.
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In addition, the following conditions will cause these functions to terminate and
return the associated error code:

S3L_ERR_SPARSE_FORMAT - Invalid storage format. It must be one of:
S3L_SPARSE_CQO, S3L_SPARSE _CSR, or S3L_SPARSE_CSR

S3L_ERR_ARG _EXTENTS - Invalid mor n. Each must be > 0.

S3L_ERR_ARG _NULL - One or more of the arguments r ow, col , or val are
invalid. All must be preallocated Sun S3L arrays.

S3L_ERR_MATCH_RANK - Ranks of arrays r ow col , and val are mismatched.
They all must be rank 1 arrays.

S3L_ERR_MATCH_DTYPE - Arrays r ow and col data types do not match. They
must be of type S3L_i nt eger.

S3L_ERR_MATCH_EXTENTS - The lengths of arrays r ow col , and val are
mismatched. Array extents must match as follows:

« For S3L_SPARSE_COQOO, they must all be the same size.

« For both S3L_SPARSE _CSR and S3L_SPARSE_CSC, the length of array col
must equal that of array val .

« For S3L_SPARSE_CSR, array r ow must be of size m+1.
» For S3L_SPARSE_CSC, array r ow must be of size n+1.

Example
[ opt/ SUNWhpc/ exanpl es/ s3Il / spar se/ ex_sparse2.c

[ opt / SUN\Whpc/ exanpl es/ s3l / sparse-f/ ex_sparse2. f

Related Functions

S3L_convert _sparse(3)

S3L_nmt vec_sparse(3)

S3L_rand_sparse( 3)

S3L_read_sparse(3)
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S3L_deconv

Description

If a can be expressed as the convolution of an unknown vector ¢ with b,
S3L_deconv deconvolves the vector b out of a. The result, which is returned in c, is
such that conv(c,b)=a.

In the general case, ¢ will only represent the quotient of the polynomial division of
a by b.

The remainder of that division can be obtained by explicitly convolving with b and
subtracting the result from a.

If ma, mb, and mc are the lengths of a, b, and c, respectively, ma must be at least
equal to mb. The length of mc will be such that mc +mb-1=ma or, equivalently, mc=
ma —mb+1.

Note — S3L_deconv is most efficient when all arrays have the same length and
when this length is such that it can be computed efficiently by S3L_fft or
S3L_rc_fft.See“S3L_fft” on page 107 and “S3L_rc_fft and S3L_cr _fft” on
page 266 for additional information.

Restriction

The dimensions of the array ¢ must be such that the 1D or 2D complex-to-complex
FFT or real-to-complex FFT can be computed.

Scaling

The results of the deconvolution are scaled according to the underlying FFT that is
used. In particular, for multiple processes, if a and b are real 1D, the result is scaled
by n/2, where n is the length of c. For single processes, it is scaled by n. In all other
cases, the result is scaled by the product of the extents of c.
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Side Effect

Because a and b are used internally for auxiliary storage, they may be destroyed
after the deconvolution calculation is complete. If a and b must be used after the
deconvolution, they should first be copied to temporary arrays.

Syntax

The C and Fortran syntax for S3L_deconv is as follows:

C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_deconv(a, b, c, setup_id)
S3L_array_t a
S3L_array_t b
S3L_array_t c
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_deconv(a, b, c, setup_id, ier)

i nteger*8 a

i nteger*8 b

i nteger*8 c

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_deconv accepts the following arguments as input:

= a-Sun S3L array handle describing a parallel array that contains the convolution
of an unknown vector ¢ with b. Its length must be at least ma+mb-1 (1D case) or
ma+mb-1 x na+nb-1 (2D case).

= b —Sun S3L array handle describing the parallel array that contains the vector.
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= setup_id - Valid convolution setup ID as returned from a previous call to
S3L_deconv_set up.

Output

S3L_deconv uses the following arguments for output:

= C —Sun S3L array handle describing a parallel array. Its length must be at least
ma+mb-1 (1D case) or ma+mb-1 x na+nb-1 (2D case). Upon successful
completion, the results of deconvolving a will be stored in c.

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_deconv returns S3L_SUCCESS.

S3L_deconv performs generic checking of the arrays it accepts as arguments. If an
array argument contains an invalid or corrupted value, the function terminates and
an error code is returned that indicates which value of the array handle was invalid.
See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions cause the function to terminate and return one
of the following error codes:

= S3L_ERR MATCH DTYPE - a, b, and ¢ do not have the same data type.
= S3L_ERR MATCH RANK - a, b, and ¢ do not have the same rank.
= S3L_ERR ARG RANK - The rank of an array argument is larger than 2.

= S3L_ERR ARG DTYPE - The data type of one of the array arguments is invalid.
It must be one of;

« S3L_fl oat

« S3L_doubl e

« S3L_conpl ex

« S3L_doubl e_conpl ex

= S3L_ERR ARG _EXTENTS - The extents of ¢ are smaller than two times the sum of
the corresponding extents of a and b minus 1.

In addition, since S3L_fft or S3L_rc_fft is used internally to compute the
deconvolution, if the dimensions of ¢ are not appropriate for using S3L_fft or
S3L_rc_fft, an error code indicating the unsuitability is returned. See “S3L_fft”
on page 107 and “S3L_rc_fft and S3L_cr _fft” on page 266 for more details.
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / deconv/ ex_deconv. ¢
[ opt / SUN\Whpc/ exanpl es/ s3l / deconv-f/ ex_deconv. f

Related Functions

S3L_deconv_set up(3)
S3L_deconv_free_setup(3)
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S3L_deconv_free_setup

Description

S3L_deconv_free_set up invalidates the ID specified by the set up_i d argument.
This deallocates internal memory that was reserved for the deconvolution
computation represented by that ID.

Syntax

The C and Fortran syntax for S3L_deconv_free_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_deconv_free_setup(setup_id)
i nt setup_id

F77/F90 Syntax

include ‘s3I /s3l-f.h

include ‘s3l/s3l_errno-f.h
subroutine
S3L_deconv_free_setup(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_deconv_free_set up accepts the following arguments as input:
= setup_id - Integer value returned by a previous call to S3L_deconv_set up.

Output

S3L_deconv_free_set up uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program, this function returns
error status ini er.

Error Handling

On success, S3L_deconv_free_set up returns S3L_SUCCESS.

In addition, the following condition causes the function to terminate and return the
associated code:

= S3L_ERR ARG SETUP - Invalid set up_i d value.
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / deconv/ ex_deconv. ¢
[ opt / SUN\Whpc/ exanpl es/ s3l / deconv-f/ ex_deconv. f

Related Functions

S3L_deconv(3)
S3L_deconv_set up(3)
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S3L_deconv_set up

Description

S3L_deconv_set up sets up the initial conditions required for computing the
deconvolution of A with B. It returns an integer setup value that can be used by
subsequent calls to S3L_deconv or S3L_deconv_free_set up.

Syntax

The C and Fortran syntax for S3L_deconv_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_deconv_setup(A, B, C, setup_id)
S3L_array_t A
S3L_array_t B
S3L_array_t C
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_deconv_setup(A, B, C setup_id, ier)

i nteger*8 A

i nteger*8 B

i nteger*8 C

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_deconv_set up accepts the following arguments as input:

= A-Sun S3L internal array handle for the parallel array that contains the input
signal to be deconvolved.

= B-Sun S3L internal array handle for the parallel array that contains the vector.

= C-Sun S3L internal array handle for the parallel array that will store the
deconvolved signal.

Output

S3L_deconv_set up uses the following arguments for output:

= setup_id - Integer value returned by this function. Use this value for the
set up_i d argument in subsequent calls to S3L_deconv and
S3L_deconv_free_set up.

= i er (Fortran only) — When called from a Fortran program, this function returns
error status ini er.
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Error Handling

On success, S3L_deconv_set up returns S3L_SUCCESS.

S3L_deconv_set up performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions cause the function to terminate and return one
of the following error codes:

= S3L_ERR ARG RANK - The rank of one of the array arguments is not 1 or 2.

= S3L_ERR MATCH RANK - The array arguments are not all of the same rank.

= S3L_ERR MATCH _DTYPE - The array arguments are not all of the same data type.

= S3L_ERR ARG EXTENTS - The extents of C are less than the corresponding
extents ext(A) - ext(B) + 1, or the extents of A are less than the corresponding
extents of B.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3l / deconv/ ex_deconv. ¢
[ opt/ SUNWhpc/ exanpl es/ s3l / deconv-f/ ex_deconv. f

Related Functions

S3L_deconv(3)
S3L_deconv_free_setup(3)
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S3L_descri be

Description

S3L_descri be prints information about a parallel array or a process grid to
standard output. If an array handle is supplied in argument A, the parallel array is
described. If a process grid is supplied in A, the associated process grid is described.
The i nf o_node argument specifies the MPI rank of the process on which the
subgrid of interest is located.

If Alis a Sun S3L array handle, the following are provided:

= Information on the rank extents and the data type of the array, as well as the
starting address in memory of its subgrid.

= A description of the underlying grid of processes to which data is mapped.

If the entire array fits on the process specified by i nf o_node, all parts of the
S3L_descri be output apply to the full array. Otherwise, some parts of the output,
such as subgrid size, will apply only to the portion of the array that is on process

i nfo_node.

If Alis a process grid handle, S3L_descri be provides only a description of the
underlying grid of processes to which data is mapped.

To determine what value to enter for i nf o_node, run MPI _Conm r ank on the
process of interest.

Syntax

The C and Fortran syntax for S3L_descr i be is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_descri be(A, info_node)
S3L_array_t A
i nt i nfo_node

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h
subrouti ne

S3L_descri be(A, info_node, ier)

i nteger*8 A

i nteger*4 i nf o_node

i nteger*4 ier
Input

S3L_descri be accepts the following arguments as input:
= A - May be a parallel array handle or a process grid handle.

= i nfo_node - Scalar integer variable that specifies the index or rank of the
process from which the information will be gathered. Note that certain array
parameters, such as the subgrid size and addresses, will vary from process to
process.

Output

S3L_descri be uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program, S3L_descri be
returns error status ini er.

Error Handling

On success, S3L_descri be returns S3L_ SUCCESS.
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S3L_descri be performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following condition will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG _ARRAY - A is not a valid parallel array or process grid handle.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /util s/ scal apack_conv. c
[ opt / SUN\Whpc/ exanpl es/ s3I /util s-f/scal apack_conv. f

Related Functions

MPI _Conmm _r ank( 3)
S3L_decl are(3)

S3L_decl are_det ai | ed(3)
S3L_set _process_grid(3)

S3L_dst

Description

S3L_dst computes the Discrete Sine Transform (DST) of 1D, 2D, and 3D Sun S3L

arrays. The data type of the arrays must be real (S3L_f | oat or S3L_doubl e).

Depending on the rank of the input array a, the following array size constraints

apply:

= 1D - The array size must be divisible by 4 x p2, where p is the number of
processors.

= 2D - Each of the array lengths must be divisible by 2 x p, where p is the number
of processors.
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= 3D - The first dimension must be even and must have a length of at least 4. The
second and third dimensions must be divisible by 2 x p, where p is the number of
processors.

Note — When the input array a is 1D, the number of processes must be either an
even number or 1.

Notes

Efficient distribution: The S3L_dst function is more efficient when the arrays are
block-distributed along their last dimension. In all other cases, Sun S3L performs an
internal redistribution of the arrays, which may result in additional overhead.

Forward/Inverse DST: The inverse DST is the same as the forward one.

First element: The DST does not take into account the first element of an input array
(the element with index 0 in C or index 1 in F77). This means that, when performing
a forward DST followed by an inverse DST, the first element must be zero to ensure
perfect reconstruction. Otherwise, only the elements with nonzero index (C) or non-
one index (F77) will be reconstructed. This extends to multidimensional DST
transforms—elements whose index contains 0 (C) or 1 (F77) along any dimension do
not contribute to the DST and are therefore ignored in the reconstruction.

Scaling: When the forward DST of an array is followed by the inverse DST of the
array, the original array is scaled by a factor that is determined in the following
manner:

1D reconstructed array is scaled by n/2, where n is the length of the original array
2D reconstructed array is scaled by (m*n)/4, where m and n are the array extents

3D reconstructed array is scaled by (m*n*k)/4, where m, n, and k are the array extents
Syntax

The C and Fortran syntax for S3L_dst is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_dst (a, setup)
S3L_array_t a
i nt setup

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subrouti ne

S3L_dst (a, setup, ier)

i nteger*8 a

i nteger*4 setup

i nteger*4 ier
Input

S3L_dst accepts the following arguments as input:
= a - Input array whose DST is to be computed.
= set up - Integer corresponding to DST setup as returned by S3L_dst _set up.

Output

S3L_dst uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_dst returns error
statusini er.

Error Handling

On success, S3L_dst returns S3L_ SUCCESS.
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S3L_dst performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following condition will cause S3L_dst to terminate and return the
associated error code:
= S3L_ERR ARG SETUP - Invalid set up value.

Examples

[ opt/ SUNWhpc/ exanpl es/ s3l /dst/ex_dst1l.c
[ opt / SUN\Whpc/ exanpl es/ s3l / dst/ex_dst 2. c
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst1.f
[ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst2.f
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst 3. f

Related Functions

S3L_dst _set up(3)
S3L_dst _free_setup(3)
S3L_rc_fft(3)
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S3L _dst _free_setup

Description

S3L_dst _free_set up frees all internal data structures required for the
computation of a parallel Discrete Sine Transform (DST).

Syntax

The C and Fortran syntax for S3L_dst _free_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_dst _free_setup(setup)
i nt *set up

F77/F90 Syntax

include ‘s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine

S3L_dst _free_setup(setup, ier)

i nteger*4 setup
i nteger*4 ier
Input

S3L_dst _free_set up accepts the following argument as input:
= set up - Integer corresponding to a DST setup.

Output

S3L_dst _free_set up uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program,
S3L_dst _free_set up returns error status ini er.

Error Handling

On success, S3L_dst _free_set up returns S3L_SUCCESS.

On error, S3L_dst _free_set up returns the following error code:
= S3L_ERR ARG SETUP - Invalid set up value.

Chapter 2 Sun S3L Functions

97



Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /dst/ex_dst1l.c
[ opt / SUN\Whpc/ exanpl es/ s3I / dst/ex_dst2.c
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst1.f
[ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst 2. f
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst3.f

Related Functions

S3L_dst (3)
S3L_dst _set up(3)
S3L_rc_fft(3)

S3L_dst _setup

Description

S3L_dst _set up initializes internal data structures required for the computation of
a parallel Discrete Sine Transform (DST).

Note

If DST transforms will be performed on multiple arrays that all have the same data
type and extents, only one call to S3| _dst _set up is needed to support those
multiple DST transformations. In other words, the setup performed by a single call
to S3I _dst _set up could be referenced by any number of subsequent calls to
S3L_dst so long as their arrays all match the data type and extents of the array
prescribed for the setup.

Syntax

The C and Fortran syntax for S3L_dst _set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_dst _setup(a, setup)
S3L_array_t a
i nt *setup

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subrouti ne

S3L_dst _setup(a, setup, ier)

i nteger*8 a

i nteger*4 setup

i nteger*4 ier
Input

S3L_dst _set up accepts the following argument as input:

= a - Input array whose DST is to be computed. The data contained in the array are
not modified.

Output

S3L_dst _set up uses the following arguments for output:

= set up — Integer corresponding to a DST setup. This parameter can be used in any
subsequent calls to S3L_dst to perform the DST of an array whose data type and
extents are the same as those of array a.

= i er (Fortran only) - When called from a Fortran program, S3L_dst _set up
returns error status ini er.

Error Handling

On success, S3L_dst _set up returns S3L_ SUCCESS.
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S3L_dst _set up performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause S3L_dst _set up to terminate and
return the associated error code:

» S3L_ERR ARG RANK - The rank of a is not 1, 2, or 3.

= S3L_ERR ARG NREAL - The data type of a is not real.

= S3L_ERR ARG _NEVEN - Some of the extents of array a are not even.

= S3L_ERR ARG EXTENTS - The extents of a are not valid for the rank of a and the
number of processes over which a is distributed. The following summarizes the
rules for extents when a is 1D, 2D, or 3D:

1D Its length must be divisible by 4*sqr(np), where np is the number of processes
over which a is distributed.

2D Its extents must both be divisible by 2*np.

3D Its first extent must be even and its last two extents must both be divisible by
2*np.

= S3L_ERR NP_NEVEN- The rank of a is 1 but the total number of processes is not
even or equal to 1.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /dst/ex_dstl.c
[ opt / SUN\Whpc/ exanpl es/ s3I / dst/ex_dst2.c
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst1.f
[ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst 2. f
/ opt/ SUN\Whpc/ exanpl es/ s3l /dst-f/ex_dst3.f

Related Functions

S3L_dst (3)
S3L_dst _free_setup(3)
S3L_rc_fft(3)
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S3L _eigen_iter

Description
S3L_ei gen_i t er is an iterative eigensolver that computes selected eigenpairs of
dense or sparse matrices. Users may specify eigenpairs with certain properties, such

as largest magnitude. For dense arrays, users can process multiple instances of
matrices.

Syntax

The C and Fortran syntax for S3L_ei gen_i t er is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_eigen_iter(a, nev, ncv, matcode, which, vec, eig, maxitr,
tol, row axis, col_axis, vec_axis, nev_axis, eig_axis)

S3L_array_t a

i nt nev

i nt ncv
S3L_eigen_iter_type mat code
char *whi ch
S3L_array_t vec
S3L_array_t eig

i nt maxitr
voi d *t ol

i nt row_axis
i nt col _axis
i nt vec_axi s
i nt nev_axis
i nt eig axis

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne

S3L_eigen_iter(a, nev, ncv, matcode, which, vec, eig, maxitr,
tol, row axis, col_axis, vec_axis, nev_axis, eig_axis, ier)

i nteger*8 a

i nteger*4 nev

i nteger*4 ncv

i nteger*4 mat code
character*2 whi ch

i nteger*8 vec

i nteger*8 eig

i nteger*4 maxitr
<type_tol > t ol

i nteger*4 row_axis
i nteger*4 col _axis
i nteger*4 vec_axi s
i nteger*4 nev_axis
i nteger*4 eig_axis
i nteger*4 ier
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Input

S3L_ei gen_i t er accepts the following arguments as input:

a — A square Sun S3L array; it may be sparse or dense.

nev — Specifies the number of eigenpairs requested.

ncv — Specifies the number of columns in the array vec. This indicates the
number of Lanczos vectors generated at each update iteration. Increasing ncv
increases the amount of work done in each iteration and decreases the number of
iterations.

mat code — Specifies which solver algorithm to use, as follows:

When array a is symmetric, mat code must be set to S3L_ElI GEN_SYM

If the data type of a is S3L_f | oat or S3L_doubl e, the Lanczos solver will be
used. If a is either S3L_conpl ex or S3L_doubl e_conpl ex, the Arnoldi
(general) solver will be used. In such cases, the type of ei g returned will be
correspondingly S3L_conpl ex or S3L_doubl e_conpl ex.

Note: When a complex Hermitian problem is being solved, the imaginary part
of the returned eigenvalues may contain small, nonzero round-off errors. These
errors should be ignored unless they are significant when compared with
eigenvalues of the largest magnitude computed.

When array a is asymmetric, mat code must be set to S3L_EI GEN_CGEN, which
will force use of the Arnoldi solver.

To compute singular value decomposition, set mat code to S3L_ElI GEN_SVD.

whi ch — An array of two characters denoting the Ritz values to be computed. The
allowed values of whi ch and their uses are described below:

When nat code is set to S3L_EI GEN_SYMor to S3L_ElI GEN_SVD and the data
type of array a is either S3L_f | oat or S3L_doubl e, the following values can
be used:

LA - computes the nev largest (algebraic) eigenvalues.

SA - computes the nev smallest (algebraic) eigenvalues.
LM- computes the nev largest (in magnitude) eigenvalues.
SM- computes the nev smallest (in magnitude) eigenvalues.

BE - computes nev eigenvalues, half from each end of the spectrum. When
nev is odd, computes one more from the high end than from the low end.

When mat code is set to S3L_ElI GEN_GEN or to S3L_EI GEN_SVD and the data
type of array a is either S3L_conpl ex or S3L_doubl e_conpl ex, the
following values can be used:

LR - computes the nev eigenvalues with the largest real part.

SR - computes the nev eigenvalues with the smallest real part.
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LI — computes the nev eigenvalues with the largest imaginary part.
SI - computes the nev eigenvalues with the smallest imaginary part.
LM- computes the nev largest (in magnitude) eigenvalues.
SM- computes the nev smallest (in magnitude) eigenvalues.
= maxitr — Specifies the maximum number of iterations.
= tol — Specifies the tolerance value to be used in determining when convergence
has been reached. Convergence is reached when

|| Ax — abs( Ritz(i) x ) || <=tol * abs( Ritz(i) )

where Ri t z(i) is the approximation of the i-th eigenvalue. If t ol <= 0.0, the
machine precision is used.

= row_axi s — Specifies the axis of a that counts the rows of the embedded matrix
or matrices (in the multiple-instance case). This argument is ignored for sparse
matrices.

= col _axi s - Specifies the axis of a that counts the columns of the embedded
matrix or matrices (in the multiple-instance case). This argument is ignored for
sparse matrices.

= vec_axi s — Specifies the axis of vec along which the elements of the embedded
eigenvectors lie. This argument is ignored for sparse matrices.

= nev_axi s — Specifies the axis of vec along which the embedded requested
eigenvectors lie. This argument is ignored for sparse matrices.

= ei g_axi s — Specifies the axis of ei g along which the elements of the embedded
eigenvalues lie. This argument is ignored for sparse matrices.

Output

S3L_ei gen_i t er uses the following arguments for output:

= vec — Sun S3L array. On exit, vec contains nev eigenvectors. vec must have the
same number of rows as a and at least nev columns.

= ei g - Sun S3L array. When matcode is set to S3L_EI GEN_SYMor
S3L_EI GEN_SVD, ei g contains, on exit, nev eigenvalues. When mat code is set to
S3L_EI GEN_SVD, ei g contains singular values on exit.

= i er (Fortran only) - When called from a Fortran program, S3L_ei gen_i ter
returns error status in i er.
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Error Handling

On success, S3L_ei gen_i t er returns S3L_SUCCESS.

S3L_ei gen_i t er performs generic checking of the arrays it accepts as arguments.
If an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR MAXI TER - The maximum number of iterations was exceeded.

= S3L_ERR ElI G TER_MATCODE - The mat code argument has an invalid value.

= S3L_ERR EI G TER_WH CH- The whi ch argument has an invalid value.

= S3L_ERR PARAM | NVALI D - This error indicates one or more of the following:

- nev and/or ncv have invalid val ues
- matcode = S3L_EICGEN_SVD and mx n
- matrix a has m< n.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /eigen_iter/ex_gen_sparse_z.c
/ opt/ SUN\Whpc/ exanpl es/ s3l /ei gen_iter/ex_svd_dense_z.c
/ opt/ SUNWhpc/ exanpl es/ s3l /eigen_iter/ex_symsparse_f.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /eigen_iter-f/ex_conpl ex. f

[ opt/ SUNWhpc/ exanpl es/ s3l /eigen_iter-f/ex_gen.f

[ opt/ SUN\Whpc/ exanpl es/ s3I /eigen_iter-f/ex_svd_sparse. f
[ opt/ SUNWhpc/ exanpl es/ s3I /eigen_iter-f/ex_symf

S3L_exit

Description

When an application is finished using Sun S3L functions, it must call S3L_exi t to
perform various cleanup tasks associated with the current Sun S3L environment.
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S3L_exi t checks to see if the Sun S3L environment is in the initialized state, that is,
to see if S3L_i ni t has been called more recently than S3L_exi t . If not, S3L_exi t
returns the error message S3L_ERR _NOT_| NI T and exits.

Syntax

The C and Fortran syntax for S3L_exi t is as follows.

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>
i nt

S3L_exit()

F77/F90 Syntax

include ‘s3I /s3l-f.h
include ‘s3l/s3l_errno-f.h
subrouti ne
S3L_exit(ier)

i nteger*4 ier

Input

S3L_exit takes no input arguments.

Output

When called from a Fortran program, S3L_exi t returns error status ini er.

Error Handling

On successful completion, S3L_exi t returns S3L_SUCCESS.
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The following condition will cause S3L_exi t to terminate and return the associated
error code:

= S3L_ERR NOT_I NI T — Sun S3L has not been initialized.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ dense_mat ri x_ops/i nner_prod. c
[ opt/ SUN\Whpc/ exanpl es/ s3l / dense_matri x_ops-f/inner_prod.f
/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ copy_array. f

Related Function
S3L_init(3)

S3L fft

Description

S3L_fft performs a simple Fast Forier Transform (FFT) on the complex parallel
array a. The same FFT operation is performed along all axes of the array.

Both power-of-two and arbitrary radix FFTs are supported. The 1D parallel FFT can
be used for sizes that are a multiple of the square of the number of processes. The 2D
and 3D FFTs can be used for arbitrary sizes and distributions.

The S3L_f ft routine computes a multidimensional transform by performing a one-
dimensional transform along each axis in turn.

The sign of the twiddle factor exponents determines the direction of an FFT. Twiddle
factors with a negative exponent imply a forward transform, and twiddle factors
with positive exponents are used for an inverse transform.

For the 2D FFT, a more efficient transpose algorithm will be used if the block sizes
along each dimension are equal to the extents divided by the number of processes,
resulting in significant performance improvements.
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S3L_fft (and S3L_i f ft) can only be used for complex and double-complex data
types. To compute a real-data forward FFT, use S3L_rc_f ft. This performs a
forward FFT on the real data, yielding packed representation of the complex results.
To compute the corresponding inverse FFT, use S3L_cr _f ft, which will perform an
inverse FFT on the complex data, overwriting the original real array with real-
valued results of the inverse FFT.

The floating-point precision of the result always matches that of the input.

Note — S3L_fft_detailed, S3L_fft_detail ed, and S3L_i fft do not perform
any scaling. Consequently, when a forward FFT is followed by an inverse FFT, the
original data will be scaled by the product of the extents of the array.

Syntax

The C and Fortran syntax for S3L_f ft is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_fft(a, setup_id)
S3L_array_t a
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_fft(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_f ft accepts the following arguments as input:
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= a - Parallel array that is to be transformed. Its rank, extents, and type must be the
same as the parallel array a supplied in the S3L_fft _set up call.

= setup_id - Scalar integer variable. Use the value returned by the
S3L_fft_set up call for this argument.

Output

S3L_fft uses the following arguments for output:
= a - The input array a is overwritten with the result of the FFT.

= i er (Fortran only) - When called from a Fortran program, S3L_f f t returns error
status ini er.

Error Handling

On success, S3L_f ft returns S3L_SUCCESS.

S3L_f ft performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

The following conditions will cause the function to terminate and return the
associated error code:
» S3L_ERR FFT_RANKGT3 - The rank of the array a is larger than 3.

= S3L_ERR ARG NCOWPLEX - Array a is not of type S3L_conpl ex or
S3L_doubl e_conpl ex.

= S3L_ERR FFT_EXTSQPROCS - Array a is 1D, but its extent is not divisible by the
square of the number of processes.

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3l /fft/fft.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/ex_fftl.c
/ opt/ SUNWhpc/ exanpl es/ s3I /fft/ex_fft2.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /fft-f/fft.f
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Related Functions

S3L_fft_setup(3)
S3L_fft_free_setup(3)
S3L_ifft(3)
S3L_fft_detail ed(3)
S3L_cr_fft(3)
S3L_rc_fft(3)
S3L_rc_fft_setup(3)
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S3L fft detail ed

Description

S3L_fft_detail ed computes the in-place forward or inverse FFT along a specified
axis of a complex or double-complex parallel array, a. FFT direction and axis are
specified by the arguments i f| ag and axi s, respectively. Both power-of-two and
arbitrary radix FFTs are supported. Upon completion, a is overwritten with the FFT
result.

A 1D parallel FFT can be used for array sizes that are a multiple of the square of the
number of processes. Higher-dimensionality FFTs can be used for arbitrary sizes and
distributions.

For the 2D FFT, a more efficient transpose algorithm is employed when the
blocksizes along each dimension are equal to the extents divided by the number of
processes. This yields significant performance benefits.

S3L_fft_detail ed can only be used for complex and double-complex data types.
To compute a real-data forward FFT, use S3L_r c_f ft. This performs a forward FFT
on the real data, yielding packed representation of the complex results. To compute
the corresponding inverse FFT, use S3L_cr _f ft, which will perform an inverse FFT
on the complex data, overwriting the original real array with real-valued results of
the inverse FFT.

The floating-point precision of the result always matches that of the input.
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Note — S3L_fft_detailed, S3L_fft_detail ed, and S3L_i fft do not perform
any scaling. Consequently, when a forward FFT is followed by an inverse FFT, the
original data will be scaled by the product of the extents of the array.

Syntax

The C and Fortran syntax for S3L_fft _det ai | ed is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_fft_detailed(a, setup_id, iflag, axis)
S3L_array_t a
i nt setup_id
i nt iflag
i nt axi s

F77/F90 Syntax

include *s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_fft_detailed(a, setup_id, iflag, axis, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 iflag

i nteger*4 axi s

i nteger*4 ier
Input

S3L_fft_detail ed accepts the following arguments as input:

= a— Parallel array that is to be transformed. Its rank, extents, and type must be the
same as the parallel array a supplied in the S3L_fft _set up call.

= setup_id - Scalar integer variable. Use the value returned by the
S3L_fft_set up call for this argument.
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= ifl ag - Determines the transform direction. Set i f | ag to 1 for forward FFT; set
to -1 for inverse FFT.

= axi s — Determines the axis along which the FFT is to be computed.

Output

S3L_fft_detail ed uses the following arguments for output:
= a - The input array a is overwritten with the result of the FFT.

= ier (Fortran only) - When called from a Fortran program, S3L_fft _det ai |l ed
returns error status ini er.

Error Handling

On success, S3L_fft _detail ed returns S3L_ SUCCESS.

S3L_fft_detail ed performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and returns an error code indicating which value was
invalid. See Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:
= S3L_ERR ARG NCOWPLEX - Array a is not complex.

» S3L_ERR FFT_EXTSQPROCS - Array a is 1D, but its extent is not divisible by the
square of the number of processes.

= S3L_ERR ARG SETUP - Invalid set up_i d value.
» S3L_ERR FFT_I NVI FLAG- The i f| ag argument is invalid.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /fft/fft.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/ex_fftl. c
/ opt / SUNWhpc/ exanpl es/ s3I /fft/ex_fft2.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /fft-f/fft.f
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Related Functions

S3L_fft_setup(3)
S3L_fft_free_setup(3)
S3L_ifft(3)
S3L_fft(3)
S3L_cr_fft(3)
S3L_rc_fft(3)
S3L_rc_fft_setup(3)

S3L fft free setup

Description

S3L_fft_free_set up deallocates internal memory associated with set up_i d by a
previous call to S3L_fft _set up.

Syntax

The C and Fortran syntax for S3L_fft _free_setup is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_fft_free_setup(setup_id)
i nt setup_id

F77/F90 Syntax

include *s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine
S3L_fft_free_setup(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_fft_free_setup accepts the following argument as input:

= setup_id - Scalar integer variable. Use the value returned by the
S3L_fft_set up call for this argument.

Output

S3L_fft_free_setup uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program,
S3L_fft_free_setup returns error status ini er.

Error Handling

On success, S3L_fft_free_setup returns S3L_SUCCESS.

The following condition will cause S3L_fft_free_set up to terminate and return
the associated error code:

= S3L_ERR ARG SETUP - Invalid set up_i d value
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Examples

[ opt/ SUN\Whpc/ exanmpl es/ s3l /fft/fft.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/ex_fftl.c

/ opt/ SUNWhpc/ exanpl es/ s3I /fft/ex_fft2.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft-f/fft.f

[ opt/ SUN\Whpc/ exanmpl es/ s3l /fft-f/lex_fftl.f

Related Functions

S3L_fft_setup(3)
S3L_fft(3)
S3L_ifft(3)
S3L_fft_detail ed(3)

S3L _fft_setup

Description

A call to S3L_fft _setup is the first step in executing Sun S3L Fast Fourier
Transforms. It taskes as an argument the Sun S3L handle of the parallel array a that
is to be transformed. It returns a setup value in set up_i d, which is used in
subsequent calls to other Sun S3L FFT routines.

When S3L_f ft_set up is called, the contents of array a can be arbitrary. The setup
routine neither examines nor modifies the contents of this parallel array. It simply
uses its size and type to create the setup object.

The setup ID computed by the S3L_fft _set up call can be used for any parallel
arrays that have the same rank, extents, and type as the a argument supplied in the
S3L_f ft_set up call—but only for such parallel arrays. If a transform is to be
performed on two parallel arrays, a and b, identical in rank, extents, and type, then
one call to the setup routine suffices, even if transforms are performed on different
axes of the two parallel arrays. But if a and b differ in rank, extents, or type, a
separate setup call is required for each.
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More than one setup ID can be active at a time; that is, the setup routine can be
called more than once before deallocating any setup IDs. Consequently, special care
must be taken to specify the correct setup ID for calls to S3L_fft, S3L_ifft,
S3L_fft_detail ed,and S3L_fft_free_setup.

The time required to compute the contents of an FFT set up_i d structure is
substantially longer than the time required to actually perform an FFT. For this
reason, and because it is common to perform FFTs on many parallel variables with
the same rank, extents, and type, Sun S3L keeps the setup and transform phases
distinct.

When a is no longer needed, S3L_fft_free_set up should be called to deallocate
the FFT setup_i d.

Syntax

The C and Fortran syntax for S3L_fft _set up is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_fft_setup(a, setup_id)
S3L_array_t a
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f. N

include ‘s31/s3l_errno-f.h
subroutine

S3L_fft_setup(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_fft_set up accepts the following argument as input:
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= a-Sun S3L array handle for a parallel array that will be the subject of subsequent
transform operations.

Output

S3L_fft_set up uses the following arguments for output:

= setup_id- On output, it contains an integer value that can be used in
subsequent calls to S3L_fft,S3L_ifft,S3L_fft_detail ed, and
S3L_fft_free_setup.

= i er (Fortran only) — When called from a Fortran program, S3L_fft _set up
returns error status in i er.

Error Handling

On success, S3L_fft_set up returns S3L_SUCCESS.

S3L_f ft_set up performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

The following conditions will cause S3L_f ft _set up to terminate and return the
associated error code:
= S3L_ERR FFT_RANKGT3 - The rank of array a is larger than 3.

= S3L_ERR ARG NCOVPLEX - Array a is not of type S3L_conpl ex or
S3L_doubl e_conpl ex.

= S3L_ERR FFT_EXTSQPROCS - Array a is a 1D array, but its extent is not a
multiple of the square of the number of processes over which it was defined.

Examples

/opt/ SUN\Whpc/ exanpl es/ s3l /fft/fft.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/ex_fftl.c

/ opt/ SUNWhpc/ exanpl es/ s3I /fft/ex_fft2.c

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft-f/fft.f
/opt/ SUN\Whpc/ exanpl es/ s3l /fft-flex fftl. f
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Related Functions

S3L_fft(3)
S3L_fft_free_setup(3)
S3L_ifft(3)
S3L_fft_detail ed(3)

S3L fin fd 1D

Description

S3L_fi n_f d_1D uses the fourth-order, unconditionally stable, oscillation-free finite-
difference (FD) method to solve a one-dimensional (1D) Black-Scholes partial
differential equation (PDE) in the user-specified region. It computes prices of vanilla
and several exotic stock options. It also provides optional support for hedge
statistics (“Greeks”). The types of supported exotic options are described in the list
of arguments.

Syntax

The C and Fortran syntax for S3L_fi n_fd_1Dis as follows:
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C/C++ Syntax

#1 ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_fin_fd_1D(strike_price, interest_rate, dvdnd_yield

vol atility, exercise_schedule, n_ex, dividend_schedule, n_ds,

di vi dends, option_charm option_type, exercise_type, hedge_stat,
s_mn, s_max, n_s, n_tine, error_tol, num.iterations
option_price, stock_price, delta, gamm, theta, vega, rho)

<type> strike_price

<t ype> interest _rate
<t ype> dvdnd_yi el d
<type> volatility

<t ype> *exerci se_schedul e
i nt n_ex

<type> *di vi dend_schedul e
i nt n_ds

<t ype> *di vi dends

i nt option_charm

i nt option_type

i nt exerci se_type

i nt hedge_st at

<t ype> s_mn

<type> S_max

i nt n_s

i nt n_tinme

<type> *error_tol

i nt *num.iterations
S3L_array_t *option_price
S3L_array_t *stock_price
S3L_array_t *delta
S3L_array_t *ganma
S3L_array_t *t heta
S3L_array_t *vega
S3L_array_t *rho

where <t ype> is either f | oat or doubl e.
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F77/F90 Syntax

include "s31/s3l-f.h
include *s3l/s3l _errno-f.h
subroutine
S3L_fin_fd_1D(strike_price, interest_rate, dvdnd_yield
vol atility, exercise_schedule, n_ex, dividend_schedule, n_ds,
di vi dends, option_charm option_type, exercise_type, hedge_stat,
s_mn, s_max, n_s, n_tine, error_tol, num.iterations
option_price, stock_price, delta, gamm, theta, vega, rho, ier)

<type> strike_price

<t ype> interest _rate

<t ype> dvdnd_yi el d

<type> volatility

<t ype> exer ci se_schedul e

i nteger*4 n_ex

<type> di vi dend_schedul e

i nteger*4 n_ds

<type> di vi dends

i nteger*4 option_charm

i nteger*4 option_type

i nteger*4 exerci se_type

i nteger*4 hedge_st at

<t ype> s_mn

<type> S_max

i nteger*4 n_s

i nteger*4 n_time

<type> error_to

i nteger*4 num.iterations

i nteger*8 option_price

i nteger*8 stock_price

i nteger*8 del ta

i nteger*8 ganma

i nteger*8 theta

i nteger*8 vega

i nteger*8 rho

i nteger*4 ier

where <t ype> is eitherreal *4 orreal *8

Input

S3L_fi n_f d_1D accepts the following arguments as input:

= strike_price - Input parameter specifying strike pric
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i nt erest_rat e — Input parameter specifying interest rate. Must be greater than
0.

dvdnd_yi el d — Input parameter specifying continuous dividend yield. Must be
greater than or equal to 0.

vol atility — Input parameter specifying stock volatility. Must be greater than
0.

exer ci se_schedul e — Input parameter specifying expiration dates. All entries
in exer ci se_schedul e must be greater than 0. The largest entry in the array is
used to set the time to maturity of the contract. If European or American options
are specified, the other entries are not used. If Bermudan options are specified, all
entries in exer ci se_schedul e are used. Entries in exer ci se_schedul e do
not have to be sorted.

n_ex — Input parameter specifying the size of exer ci se_schedul e. Must be
greater than 0.

di vi dend_schedul e - Input parameter specifying dividend dates. All entries in
di vi dend_schedul e must be greater than 0 and less than the maximum value
in exer ci se_schedul e. For discrete dividends, di vi dend_schedul e should
be an array of type <t ype_dat a>. Entries in di vi dend_schedul e do not need
to be sorted. However, the i-th element in di vi dend_schedul e is always
associated with the i-th element in di vi dends.

n_ds — Input parameter specifying size of di vi dend_schedul e. Must be greater
than 0.

di vi dends — Input parameter specifying dividends. All entries must be greater
than or equal to 0. For discrete dividends, di vi dends should be an array of type
<t ype_dat a>.

opt i on_char m- Input parameter specifying option version. The allowed values
for opti on_char mare:

S3L_VANI LLA For standard (vanilla) option
S3L_BI NARY_CON For binary cash-or-nothing option
S3L_BI NARY_AON For binary asset-or-nothing option

opti on_t ype — Input parameter specifying option type. The allowed values for
opti on_type are:

S3L_CALL For call option
S3L_PUT For put option
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= exerci se_type — Input parameter specifying option exercise type. The allowed
values for exer ci se_t ype are:

S3L_EUROPEAN For European option
S3L_BERMUDAN For Bermudan option
S3L_AMERI CAN For American option

hedge_st at - Input parameter specifying computation of hedge statistics
(Greeks). The allowed values for hedge_st at are:

0 Do not compute Greeks
nonzero Compute Greeks

= S_m n - Input parameter specifying the minimum stock price for the range in
which the option price is computed. Must be greater than 0 and less than s_nax.

= S_max — Input parameter specifying the maximum stock price for the range in
which the option price is computed. Must be greater than 0.

= n_s - Input parameter specifying stock price discretization. This is the number of
grid points between s_m n and s_max. n_s must be even and greater than 0.

= n_time - Input parameter specifying time discretization. This is the number of
grid points between 0 and the expiration date. Must be greater than 0.

= error_tol - Input parameter specifying error tolerance. If a negative value is
given for error _t ol , 1.0e-08 will be used in its place.

= num.terations - Input parameter specifying the maximum number of
iterations. If a negative value is given for num_i t er at i ons, 10000 will be used in
its place.

Output

S3L_fi n_f d_1D uses the following arguments for output:

= option_price - Sun S3L array. On exit, opt i on_pri ce holds option prices for
the corresponding stock prices in st ock_pri ce. opti on_pri ce should have a
length of at least n_s.

= stock_price-Sun S3L array. On exit, st ock_pri ce holds stock prices that fall
between s_m n and s_max with nonuniform discretization. st ock_pri ce
should have a length of at least n_s.

= del ta - Sun S3L array. On exit, del t a holds values of delta (the first derivative
of option price with respect to stock price) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not 0, del t a should have a length of at least
n_s. del t a is not used if hedge_st at is 0.
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= gamma - Sun S3L array. On exit, gamma holds values of gamma (the second
derivative of option price with respect to stock price) for the corresponding stock
prices in st ock_pri ce. If hedge_st at is not zero, gamma should have a length
of at least n_s. If hedge_st at is zero, gamma is not used.

= theta-Sun S3L array. On exit, t het a holds values of theta (the first derivative
of option price with respect to time) for the corresponding stock prices in
stock_pri ce. t het a should have a length of at least n_s.

= vega - Sun S3L array. On exit, vega holds values of vega (the first derivative of
option price with respect to volatility) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not zero, vega should have a length of at least
n_s. If hedge_st at is zero, vega is not used.

= rho - Sun S3L array. On exit, r ho holds values of rho (the first derivative of
option price with respect to interest rate) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not zero, r ho should have a length of at least
n_s. If hedge_st at is zero, r ho is not used.

= ier (Fortran only) — When called from a Fortran program, S3L_fin_fd_1D
returns error status in i er.

Error Handling

On success, S3L_fi n_fd_1Dreturns S3L_SUCCESS.

S3L_fi n_fd_1D performs generic checking of the arrays it accepts as arguments. If
an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /financial/ex_fin_fd_1D.c
/ opt / SUNWhpc/ exanpl es/ s3I /financial -f/ex_fin_fd_1D.f

Related Function
S3L_fin_fd 2D(3)

Chapter 2 Sun S3L Functions 123



S3L fin fd 2D

Description

S3L_fi n_f d_2D uses the fourth-order, unconditionally stable, oscillation-free finite-
difference (FD) method to solve a two-dimensional (2D) Black-Scholes partial
differential equation (PDE) in the user-specified region. It computes prices of certain
exotic stock options. It also provides optional support for hedge statistics (“Greeks”).
The types of supported exotic options are described in the list of arguments.

Syntax

The C and Fortran syntax for S3L_fi n_f d_2Dis as follows:
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C/C++ Syntax

#1 ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_fin_fd _2D(strike_price, interest_rate, dvdnd_yield,

vol atility, exercise_schedule, n_ex, dividend_schedule, n_ds,
di vi dends, observation_schedul e, n_os, option_charm
option_type, exercise_type, hedge_stat, x_mn, x_nax,
n_discretization, n_time, error_tol, numiterations,
option_price, stock_price, delta, gamm, theta, vega, rho)

<t ype> strike_price

<t ype> interest_rate
<type> dvdnd_yi el d

<t ype> volatility

<type> *exerci se_schedul e
i nt n_ex

<t ype> *di vi dend_schedul e
i nt n_ds

<type> *di vi dends

<type> *observati on_schedul e
i nt n_os

i nt opti on_charm

i nt option_type

i nt exerci se_type

i nt hedge_st at

<t ype> x_m n[ 2]

<type> x_max[ 2]

i nt n_di scretization[ 2]
i nt n_tine

<t ype> *error_tol

i nt *num.iterations
S3L_array_t *option_price
S3L_array_t *stock_price
S3L_array_t *del ta

S3L_array_t *ganmma

S3L_array_t *theta

S3L_array_t *vega

S3L_array_t *rho

where <t ype> is either f| oat or doubl e.
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F77/F90 Syntax

include ‘s3I /s3l-f.h
include *s3l/s3l _errno-f.h
subrouti ne

S3L_fin_fd _2D(strike_price, interest_rate, dvdnd_yield
vol atility, exercise_schedule, n_ex, dividend_schedule, n_ds,

di vi dends, observation_schedul e, n_os, option_charm

option_type, exercise_type, hedge_stat, x_mn, x_nax,

n_discretization, n_time, error_tol, numiterations,

option_price, stock_price, delta, ganma, theta, vega

<t ype> strike_price

<t ype> interest_rate
<type> dvdnd_yi el d

<t ype> volatility

<type> exer ci se_schedul e
i nteger*4 n_ex

<t ype> di vi dend_schedul e
i nteger*4 n_ds

<t ype> di vi dends

<type> observati on_schedul e
i nteger*4 n_os

i nteger*4 option_charm

i nteger*4 option_type

i nteger*4 exerci se_type

i nteger*4 hedge_st at

<t ype> x_m n(2)

<type> x_max( 2)

i nteger*4 n_discretization
i nteger*4 n_tinme

<t ype> error_tol

i nteger*4 num.iterations

i nteger*8 option_price

i nteger*8 stock_price

i nteger*8 delta

i nteger*8 ganma

i nteger*8 theta

i nteger*8 vega

i nteger*8 rho

i nteger*4 ier

rho, ier)

where <t ype> is either real *4 orreal *8
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Input

S3L_fi n_f d_2D accepts the following arguments as input:

stri ke_price - Input parameter specifying strike price. Must be greater than 0.

i nt erest _rat e — Input parameter specifying interest rate. Must be greater than
0.

dvdnd_yi el d — Input parameter specifying continuous dividend yield. Must be
greater than or equal to 0.

vol atility — Input parameter specifying stock volatility. Must be greater than
0.

exer ci se_schedul e — Input parameter specifying expiration dates. All entries
in exer ci se_schedul e must be greater than 0. The largest entry in the array is
used to set the time to maturity of the contract. If European or American options
are specified, the other entries are not used. If Bermudan options are specified, all
entries in exer ci se_schedul e are used. Entries in exer ci se_schedul e do
not have to be sorted.

n_ex — Input parameter specifying the size of exer ci se_schedul e. Must be
greater than 0.

di vi dend_schedul e - Input parameter specifying dividend dates. All entries in
di vi dend_schedul e must be greater than 0 and less than the maximum value
in exer ci se_schedul e. For discrete dividends, di vi dend_schedul e should
be an array of type <t ype_dat a>. Entries in di vi dend_schedul e do not need
to be sorted. However, the i-th element in di vi dend_schedul e is always
associated with the i-th element in di vi dends.

n_ds - Input parameter specifying size of di vi dend_schedul e. Must be greater
than 0.

di vi dends — Input parameter specifying dividends. All entries must be greater
than or equal to 0. For discrete dividends, di vi dends should be an array of type
<t ype_dat a>.

observati on_schedul e — Input parameter specifying dates for exotic
options—that is, dates when the average or minimum/maximum value of a stock
price is sampled. All entries in obser vat i on_schedul e must be greater than 0
and less than the largest value in exer ci se_schedul e.

observati on_schedul e should be an array of type <t ype_dat a>. Entries in
observati on_schedul e do not have to be sorted.

n_os — Input parameter specifying the size of observati on_schedul e. n_os
must be greater than 0.
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= option_char m- Input parameter specifying option version. The allowed value
for opti on_char mis:

S3L_ASI AN_A RT For arithmetic average rate option (also known as
fixed strike option)

= option_type - Input parameter specifying option type. The allowed values for
opti on_type are:

S3L_CALL For call option
S3L_PUT For put option

= exerci se_type — Input parameter specifying option exercise type. The allowed
values for exer ci se_t ype are:

S3L_ EUROPEAN For European option
S3L_BERMUDAN For Bermudan option
S3L_AMERI CAN For American option

= hedge_st at — Input parameter specifying computation of hedge statistics
(Greeks). The allowed values for hedge_st at are:

0 Do not compute Greeks
nonzero Compute Greeks

= X_m n - Input parameter specifying the minimum stock price for the range in
which the option price is computed. x_mi n should be a two-element array of type
<t ype_dat a>. Each value in the array must be greater than 0 and less than the
corresponding X_max.

= X_max — Input parameter specifying the maximum stock price for the range in
which the option price is computed. x_nmax should be a two-element array of type
<t ype_dat a>. Each value in the array must be greater than 0.

= n_discretization - Input parameter specifying variable discretization. This is
the number of grid points between x_m n and x_nax. n_di screti zati on
should be a two-element array of integers. Each value in the array must be even
and greater than 0.

n_di screti zation[ 0] specifies stock price discretization and

n_di screti zation[ 1] specifies discretization of the second parameter—in the
case of the Asian option, for example, it specifies discretization of the average
stock price.

Sun S3L 4.0 Software Reference Manual * February 2003



n_t i me — Input parameter specifying time discretization. This is the number of
grid points between 0 and the expiration date. Must be greater than 0.

error _t ol - Input parameter specifying error tolerance. If a negative value is
given for error _t ol , 1.0e-08 will be used in its place.

num.i terati ons — Input parameter specifying the maximum number of
iterations. If a negative value is given for num i t er at i ons, 10000 will be used in
its place.

Output

S3L_fi n_f d_2D uses the following arguments for output:

opti on_price — Sun S3L array. On exit, opti on_pri ce holds option prices for
the corresponding stock prices in st ock_pri ce. opti on_pri ce should have a
length of at least n_di screti zati on[0].

st ock_pri ce —Sun S3L array. On exit, st ock_pri ce holds stock prices that fall
between x_m n and x_max with nonuniform discretization. st ock_pri ce
should have a length of at least n_di screti zati on[ 0] .

del t a — Sun S3L array. On exit, del t a holds values of delta (the first derivative
of option price with respect to stock price) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not zero, del t a should have a length of at least
n_di scretization[0].deltais notused if hedge_st at is zero.

ganma — Sun S3L array. On exit, ganma holds values of gamma (the second
derivative of option price with respect to stock price) for the corresponding stock
prices in st ock_pri ce. If hedge_st at is not zero, ganma should have a length
of at least n_di screti zati on[ 0] . If hedge_st at is zero, gamra is not used.

t het a — Sun S3L array. On exit, t het a holds values of theta (the first derivative
of option price with respect to time) for the corresponding stock prices in
stock_pri ce. t het a should have a length of at least n_di screti zati on[0].

vega — Sun S3L array. On exit, vega holds values of vega (the first derivative of
option price with respect to volatility) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not zero, vega should have a length of at least
n_di scretization[0]. If hedge_st at is zero, vega is not used.

rho — Sun S3L array. On exit, r ho holds values of rho (the first derivative of
option price with respect to interest rate) for the corresponding stock prices in
stock_pri ce. If hedge_st at is not zero, r ho should have a length of at least
n_di scretization[0]. If hedge_st at is zero, r ho is not used.

i er (Fortran only) — When called from a Fortran program, S3L_fi n_fd_2D
returns error status in i er.
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Error Handling

On success, S3L_fi n_fd_2Dreturns S3L_SUCCESS.

S3L_fi n_fd_2D performs generic checking of the arrays it accepts as arguments. If
an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /financial/ex_fin_fd_2D.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /financial -f/ex_fin_fd_2D.f

Related Function
S3L_fin_fd 1D(3)
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S3L forall

Description

S3L_foral | applies a user-defined function to elements of a parallel Sun S3L array
and sets its values accordingly. Three different function types are supported. These
types are described in TABLE 2-3.

TABLE 2-3  User-Defined Function Types for S3L_f oral |

fn_type C Prototype Fortran Interface
S3L_ELEM FN1 voi d user_fn(void *el em addr); subroutine user_fn(a)
<type> a
end user_fn
S3L_ELEM FNN voi d user_fn(void *el em addr, subroutine user_fn(a,n)
int n); <type> a
integer*4 n
end user_fn
S3L_I NDEX_FN voi d user_fn(void *el em addr, subroutine user_fn(a,v coord)
int *coord); <type> a

Here, <t ype> is one of i nt eger *4, i nt eger *8, real *4, r eal *8, conpl ex*8, or
conpl ex* 16, and r ank is the rank of the array.

For S3L_ELEM FNL1, the user function is applied to each element in the array.

For S3L_ELEM FNN, the user function is supplied the local subgrid address and
subgrid size and iterates over subgrid elements. This form delivers the highest
performance because the looping over the elements is contained within the function
call.

For S3L_I NDEX_FN, the user function is applied to each element in the subarray
specified by the triplets argument to S3L_f or al | . If the triplets argument is NULL
in C/C++ or has a leading value of 0 in F77/F90, the whole array is implied. The
user function may involve the global coordinates of the array element; these are
contained in the coor d argument. Global coordinates of array elements are 0-based
for C programs and 1-based for Fortran programs.
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Note — When a Fortran program uses triplets, the length of the first axis of the
triplets must equal the rank of the array. Failure to meet this requirement can
produce wrong results or a segmentation violation.

Note — A subgrid is the portion of the parallel array that is owned by a process. A
subarray is the portion of the parallel array that is described by a lower bound, an
upper bound, and a stride in each dimension.

Syntax

The C and Fortran syntax for S3L_f oral | is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_forall (a, user_fn, fn_type, triplets)
S3L_array_t a
voi d (*user_fn)()
i nt fn_type
i nt triplets[rank][3]

where r ank is the rank of the array.
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F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_forall (a, user_fn, fn_type, triplets, ier)

i nteger*8 a

<external > user _fn

i nteger*4 fn_type

i nteger*4 triplets(rank, 3)
i nteger*4 ier

where r ank is the rank of the array.

Input

S3L_foral | accepts the following arguments as input:
= a - Parallel array to which the function will be applied.
= user _fn - Pointer to the user-defined function.

= fn_type - Predefined value specifying the class of functions to which the
function belongs. See the Description section for a list of valid f n_t ype entries.

= triplets - An integer vector that is used to restrict the function to a range of
elements. For each axis of the array, a triplet takes the form:

i ncl usive | ower bound
i ncl usi ve upper bound

stride

The stride must be positive. To apply the function to all the elements in the array,
settriplets toNULL (C/C++) or to <= 0 (F77/F90).

Output

S3L_foral |l uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_f or al | returns
error status ini er.
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Error Handling

On success, S3L_foral | returns S3L_SUCCESS.

S3L_foral I performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR FORALL_I NVFN - User-specified function is invalid. f n_t ype is not
one of:

. S3L_ELEM FNL
. S3L_ELEM FNN
. S3L_I NDEX_FN

= S3L_ERR I NDX_| NVALI D-fn_type is S3L_I NDEX_FN and one or more of the
elements in the tri pl et s argument has an invalid value.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /forall/ex_forall.c
/ opt / SUNWhpc/ exanpl es/ s3I /forall/ex_forall2.cc
[ opt/ SUN\Whpc/ exanpl es/ s3I /forall-f/ex _forall.f

S3L _free

Description

S3L_free deallocates the memory reserved for a parallel Sun S3L array and
undefines the associated array handle.
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Note — If memory was allocated for the array by the user rather than by Sun S3L,
S3L_free destroys the array handle but does not deallocate the memory. This
situation can arise when S3L_decl ar e_det ai | ed() is invoked with the at ype
argument set to S3L_DONOT_ALLOCATE.

Syntax

The C and Fortran syntax for S3L_f r ee is as follows:

C/C++ Syntax

#i nclude <s31/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>
i nt
S3L_free(a)
S3L_pgrid_t *a

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne
S3L_free(a, ier)

i nteger*8 a

i nteger*4 ier

Input

S3L_f r ee accepts the following argument as input:

= a - Handle for the parallel Sun S3L array that is to be deallocated. This handle
was returned by a previous call to S3L_decl are, S3L_decl are_det ai | ed.

Output

S3L_free uses the following argument for output:
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= ier (Fortran only) - When called from a Fortran program, S3L_f r ee returns
error status ini er.

Error Handling

On success, S3L_free returns S3L_ SUCCESS.

On error, S3L_f r ee returns the following error code:
= S3L_ERR ARG ARRAY - a is a NULL pointer (C/C++) or 0 (F77/F90).

Examples

[ opt / SUNWhpc/ exanpl es/ s3l/io/ex_printl.c
/ opt / SUNWhpc/ exanpl es/ s3I /io-f/ex_printl.f

Related Functions

S3L_decl are(3)
S3L_decl are_det ai | ed(3)

S3L free process grid

Description

S3L_free_process_gri d frees the process grid handle returned by a previous call
to S3L_set _process_gri d.

Syntax

The C and Fortran syntax for S3L_free_process_gri d is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_free_process_grid(pgrid)
S3L_pgrid_t *pgrid

F77/F90 Syntax

include *s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine
S3L_free_process_grid(pgrid, ier)

i nteger*8 pgrid
i nteger*4 ier
Input

S3L_free_process_gri d accepts the following argument as input:

= pgrid - The process grid handle returned by a previous call to
S3L_set _process_grid.

Output

S3L_free_process_gri d uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program,
S3L_free_process_grid returns error status ini er.

Error Handling

On success, S3L_free_process_gri d returns S3L_SUCCESS.

On error, S3L_f r ee returns the following error code:
» S3L_ERR PGRI D _NULL - An invalid process grid argument was supplied.
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /util s/ scal apack_conv. c
[ opt / SUN\Whpc/ exanpl es/ s3I /util s-f/scal apack_conv. f

Related Function
S3L_set _process_grid(3)

S3L free rand fib

Description

S3L_free_rand_fi b frees memory allocated to a random number generator state
table associated with a particular setup ID value.

Syntax

The C and Fortran syntax for S3L_free_rand_fi b is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_free_rand_fib(setup_id)
i nt setup_id

F77/F90 Syntax

include *s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine
S3L_free_rand_fib(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_free_rand_fi b accepts the following argument as input:

= setup_id - Integer index that has been initialized by a call to
S3L_setup_rand_fi b and is used to identify a particular state table setup.

Output

S3L_free_rand_fi b uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_free_rand_fib
returns error status in i er.

Error Handling

On success, S3L_free_rand_fi b returns S3L_SUCCESS.

On error, S3L_f r ee returns the following error code:
= S3L_ERR ARG SETUP - Invalid set up_i d value.
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Examples

[ opt/ SUNWhpc/ exanpl es/ s3l /rand_fib/rand_fib.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /rand_fib-f/rand_fib.f

Related Functions

S3L_rand_fi b(3)
S3L_setup_rand_fi b(3)

S3L_free sparse

Description

S3L_free_spar se deallocates the memory reserved for a sparse matrix and the
associated array handle.

Syntax

The C and Fortran syntax for S3L_f r ee_spar se is as follows:

140 Sun S3L 4.0 Software Reference Manual * February 2003



C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_free_sparse(A)
S3L_array_t *A

F77/F90 Syntax

include *s3l/s3l-f. N
include ‘s3l/s3l_errno-f.h
subroutine
S3L_free_sparse(A, ier)

i nteger*8 A
i nteger*4 ier
Input

S3L_free_spar se accepts the following argument as input:

= A - Handle for the parallel Sun S3L array that was allocated through a previous
call to S3L_decl are_spar se, S3L_read_spar se, or S3L_rand_spar se.

Output

S3L_free_spar se uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program, S3L_free_spar se
returns error status in i er.

Error Handling

On success, S3L_free_spar se returns S3L_SUCCESS.

On error, S3L_f r ee returns the following error code:
= S3L_ERR ARG ARRAY - Ais a NULL pointer (C/C++) or 0 (F77/F90).
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / spar se/ ex_sparse. ¢

[ opt / SUN\Whpc/ exanpl es/ s3Il / spar se/ ex_sparse2.c
/ opt/ SUN\Whpc/ exanpl es/s3l/iter/ex_iter.c

[ opt / SUN\Whpc/ exanpl es/ s3Il / spar se-f/ ex_sparse. f
/opt/ SUN\Whpc/ exanmpl es/s3l /iter-f/ex_iter.f

Related Functions
S3L_decl are_sparse(3)
S3L_r ead_sparse(3)
S3L_rand_sparse(3)

S3L_from ScalLAPACK desc

Description

S3L_from ScaLAPACK desc converts the ScaLAPACK descriptor and subgrid
address specified by scdesc and addr ess into a Sun S3L array handle, which is
returned in s3l desc.

Syntax

The C and Fortran syntax for S3L_f r om _ScaLAPACK_desc is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_from ScalLAPACK desc(s3l desc, scdesc, data_type, address)
S3L_array_t *s3l desc
i nt *scdesc
S3L_data_t ype data_type
voi d *addr ess

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_from ScaLAPACK desc(s3l desc, scdesc, data_type, address, ier)

i nteger*8 s3l desc

i nteger*4 scdesc(*)

i nteger*4 data_type

poi nt er addr ess

i nteger*4 ier
Input

S3L_from ScaLAPACK desc accepts the following arguments as input:
= scdesc - ScaLAPACK descriptor for a parallel array.

= dat a_t ype — Specifies the data type of the Sun S3L array. It must specify a data
type supported by Sun S3L.

= address - This input argument holds the starting address of an existing array
subgrid.

Note — In Fortran programs, addr ess should be either a pointer (see the Fortran
documentation for details) or the starting address of a local array, as determined by
the | oc(3F) function.

Output

S3L_from ScalLAPACK desc uses the following arguments for output:
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= s3l desc - Sun S3L array handle that is the output of
S3L_from ScalLAPACK desc.

= i er (Fortran only) — When called from a Fortran program,
S3L_from ScaLAPACK desc returns error status ini er.

Error Handling

On success, S3L_from ScalLAPACK desc returns S3L_SUCCESS.

S3L_from ScaLAPACK desc performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG NULL - The scdesc argument is a NULL pointer (C/C++) or O
(F77/F90).

= S3L_ERR NOT_SUPPORT - The ScaLAPACK descriptor data type is not supported
by Sun S3L.

= S3L_ERR PGRI D_NOPRQOCS - The ScaLAPACK descriptor has an invalid BLACS
context.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /util s/ scal apack_conv. c
[ opt / SUN\Whpc/ exanpl es/ s3I/ util s-f/scal apack_conv. f

Related Function
S3L_t o_ScalLAPACK_desc(3)
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S3L_gen_band f act or

Description

S3L_gen_band_f act or performs the LU factorization of an n x n general banded
array with lower bandwidth bl and upper bandwidth bu. The nonzero diagonals of
the array should be stored in a Sun S3L array a of size [2*bl +2*bu+1,n].

In the more general case, a can be a multidimensional array, where axi s_r and
axi s_d denote the array axes whose extents are 2*bl +2*bu+1 and n, respectively.
The format of the array a is described in the following example:

Example:

Consider a 7 x 7 (n=7) banded array with bl =1, bu = 2. ¢ is the main diagonal, b is
the first superdiagonal, and a the second. d is the first subdiagonal. The contents of
the composite array a used as input to S3L_gen_band_f act or should have the
following organization:

*

*

*

*

*

*

* * a0 al a2 a3 a4
* b0 bl b2 b3 b4 b5
c0O cl c2 c3 c4 c5 cb6
d0 di d2 d3 d4 d5 =

Note that, items denoted by "*’ are not referenced.

If a is two-dimensional, S3L_gen_band_f act or is more efficient when axi s_r is
the first axis, axi s_d is the second axis, and array a is block-distributed along the
second axis. For C programs, the indices of the first and second axes are 0 and 1,
respectively. For Fortran programs, the corresponding indices are 1 and 2.

If a has more than two dimensions, S3L_gen_band_f act or is most efficient when
axes axi s_r and axi s_d of a are local (that is, are not distributed).
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Syntax

The C and Fortran syntax for S3L_gen_band_f act or is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

int
S3L_gen_band_factor(a, bl, bu, factors, axis_r, axis_d)
S3L_array_t a
i nt bl
i nt bu
i nt *factors
i nt axis_r
i nt axis_d

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne

S3L_gen_band_factor(a, bl, bu, factors, axis_r, axis_d, ier)

i nteger*4 a

i nteger*4 bl

i nteger*4 bu

i nteger*4 factors

i nteger*4 axis_r

i nteger*4 axis_d

i nteger*4 ier
Input

S3L_gen_band_f act or accepts the following arguments as input:

= a - Sun S3L array handle for a real or complex parallel array of size
[1+2*bl+2*bl,n].

= bl - Lower bandwidth of a.

= bu - Upper bandwidth of a.

= axi s_r — Specifies the row axis along which factorization will occur.

= axi s_d - Specifies the column axis along which factorization will occur.
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Output

S3L_gen_band_f act or uses the following arguments for output:

= a— Upon successful completion, S3L_gen_band_f act or stores the factorization
results in a.

= factors - Pointer to an internal structure that holds the factorization.

= ier (Fortran only) — When called from a Fortran program,
S3L_gen_band_f act or returns error status ini er.

Error Handling

On success, S3L_gen_band_f act or returns S3L_SUCCESS.

S3L_gen_band_f act or performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG DTYPE - The type of a is not real, double, complex or double
complex.

= S3L_ERR | NDX_| NVALI D- bl or bu value is invalid for either of the following
reasons:
« Itis less than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the extent of a along axi s_d.

= S3L_ERR ARG _EXTENTS - The extent of a along axis axi s_r is not equal to
2*bl +2*bu+1.

= S3L_ERR ARRTOOSMALL - The extents of a along axis axi s_d are such that the
block size in a block distribution is less than bu + bl + 1.

» S3L_ERR ARG _AXI SNUM- An axis argument is invalid for one of the following
reasons:

« Itis less than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the rank of the referenced array.
« axis_disequal toaxis_r.

= S3L_ERR BAND _FFAI L — The factorization could not be completed.
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Examples

/ opt / SUNWhpc/ exanpl es/ s3Il / band/ ex_band. c
[ opt / SUN\Whpc/ exanpl es/ s3I / band- f/ ex_band. f

Related Functions

S3L_gen_band_sol ve( 3)
S3L_gen_band_free_factors(3)
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S3L_gen _band free factors

Description

S3L_gen_band_free_fact ors frees internal memory associated with a banded
matrix factorization.

Syntax

The C and Fortran syntax for S3L_gen_band_free_f act or s is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_gen_band_free_factors(factors)
i nt *factors

F77/F90 Syntax

include *s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h

subroutine
S3L_gen_band_free_factors(factors, ier)

i nteger*4 factors
i nteger*4 ier
Input

S3L_gen_band_free_fact or s accepts the following argument as input:
= factors — Pointer to the internal structure that will be freed.

Output

S3L_gen_band_free_fact or s uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program,
S3L_gen_band_free_fact ors returns error status ini er.

Error Handling

On success, S3L_gen_band_free_f act ors returns S3L_ SUCCESS.

The following condition will cause S3L_gen_band_free_f act or s to terminate
and return the associated error code:

» S3L_ERR ARG SETUP - The value of the f act or s argument is invalid.

Chapter 2 Sun S3L Functions 149



Examples

/ opt / SUNWhpc/ exanpl es/ s3Il / band/ ex_band. c
[ opt / SUN\Whpc/ exanpl es/ s3I / band- f/ ex_band. f

Related Functions

S3L_gen_band_sol ve( 3)
S3l _gen_band_f act or ( 3)
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S3L_gen_band_sol ve

Description

S3L_gen_band_sol ve solves a banded system whose factorization has been
computed by a prior call to S3L_gen_band_f act or.

The factored banded matrix is stored in array a, whose dimensions are 2*bu + 2*bl
+ 1 x n. The right-hand side is stored in array b, whose dimensions are n x nrhs.

If a and b have more than two dimensions, axi s_r and axi s_d refer to those axes
of a whose extents are 2*bu + 2*bl + 1 and n, respectively. Likewise, axi s_r owand
axi s_col refer to the axes of b with extents n and nrhs.

Array Layout Guidelines

Two-Dimensional Arrays: If a and b are two-dimensional, S3L_gen_band_sol ve
is more efficient when axi s_r =0, axi s_d =1, array a is block-distributed along
axis 1, axi s_row= 0, axi s_col =1, and array b is block distributed along axis 0.

Note that the values cited in the previous paragraph apply to programs using the
C/C++ interface—that is, they assume zero-based array indexing. When
S3L_gen_band_sol ve is called from F77 or F90 applications, these values must be
increased by one. Therefore, when a and b are two-dimensional and
S3L_gen_band_sol ve is called by a Fortran program, the solver is more efficient
when axi s_r =1, axi s_d =2, array a is block-distributed along axis 2, axi s_r ow
=1, axi s_col =2 and array b is block-distributed along axis 1.
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When a and b are two-dimensional and nrhs is greater than 1, the size of a must be
such that n is divisible by the number of processors.

Arrays With More Than Two Dimensions: If a and b have more than two
dimensions, S3L_gen_band_sol ve is more efficient when axi s_r and axi s_d of
a and axi s_rowand axi s_col of b are local (not distributed).

Syntax

The C and Fortran syntax for S3L_gen_band_sol ve is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_gen_band_sol ve(a, bl, bu, factors, axis_r, axis_d, b,
axis_row, axis_col)

S3L_array_t a

i nt bl

i nt bu

i nt factors

i nt axis_r

i nt axis_d
S3L_array_t b

i nt axi s_row
i nt axi s_col

F77/F90 Syntax

include ‘s3Il /s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_gen_band_sol ve(a, bl, bu, factors, axis_r, axis_d, b,

axis_row, axis_col, ier)
i nteger*4 a
i nteger*4 bl
i nteger*4 bu
i nteger*4 factors
i nteger*4 axis_r
i nteger*4 axis_d
i nteger*8 b
i nteger*4 axi s_row
i nteger*4 axi s_col
i nteger*4 ier
Input

S3L_gen_band_sol ve accepts the following arguments as input:

= a - Sun S3L array handle for a real or complex parallel array of size
[1+2*bl +2*bu,n].

= bl - Lower bandwidth of a.
= bu - Upper bandwidth of a.
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= factors - Pointer to an internal structure that holds the factorization results.
= axi s_r - Specifies the axis of array a whose extent is 1+2*bl +2*bu+1.

= axi s_d - Specifies the axis of array a whose extent is n.

= axi s_row- Specifies the axis of array b whose extent is n.

= axi s_col - Specifies the axis of array b whose extent is nhrs.

= b —Sun S3L array handle containing the right-hand side of the matrix equation
ax=b.

Output

S3L_gen_band_sol ve uses the following arguments for output:
= b - On output, b is overwritten by the solution to the matrix equation ax=b.

= ier (Fortran only) — When called from a Fortran program,
S3L_gen_band_sol ve returns error status in i er.

Error Handling

On success, S3L_gen_band_sol ve returns S3L_SUCCESS.

S3L_gen_band_sol ve performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG DTYPE - The type of a is not one of: real, double, complex or
double complex.

= S3L_ERR | NDX_| NVALI D- bl or bu value is invalid for either of the following
reasons:

« Itisless than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the extent of a along axi s_d.

= S3L_ERR ARG _EXTENTS - The extent of a along axis axi s_r is not equal to
2*bl +2*bu+1.

= S3L_ERR ARRTOOSMALL - The extents of a along axis axi s_d are such that the
block size in a block distribution is less than bu + bl + 1.

= S3L_ERR ARG _AXI SNUM- An axis argument is invalidfor one of the following
reasons:
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« Itisless than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the rank of the referenced array.
« axis_disequal toaxis_r.

= S3L_ERR MATCH_RANK - The rank of a is not the same as that of b.
= S3L_ERR ARG SETUP - The f act or s value does not correspond to a valid setup.

= S3L_ERR MATCH_EXTENTS - The extents of a along axi s_d do not equal the
extents of b along axi s_r ow or some of the other extents of a and b do not
match.

Examples

/ opt / SUNWhpc/ exanpl es/ s3l / band/ ex_band. c
[ opt / SUN\Whpc/ exanpl es/ s3l / band-f/ ex_band. f

Related Functions

S3L_gen_band_f act or ( 3)
S3L_gen_band_free_factors(3)
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S3L_gen_iter_solve

Description

Given a general square sparse matrix A and a right-hand side vector b,
S3L_gen_i t er _sol ve solves the linear system of equations Ax = b, using an
iterative algorithm, with or without preconditioning.

The first three arguments to S3L_gen_i t er _sol ve are Sun S3L internal array
handles that describe the global general sparse matrix A, the rank 1 global array b,
and the rank 1 global array x.

The sparse matrix A is produced by a prior call to one of the following sparse
routines:

= S3L_decl are_sparse
= S3L_read_sparse
= S3L_rand_sparse
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= S3L_convert_sparse

The rank 1 global arrays, b and x, have the same data type and precision as the
sparse matrix A, and both have a length equal to the order of A

Two local rank 1 arrays, i par mand r par m provide user control over various
aspects of S3L_gen_i t er _sol ve behavior, including:

= Choice of algorithm to be used.

= Type of preconditioner to use on A

= Flags to select the initial guess to the solution.

= Maximum number of iterations to be taken by the solver.

= If restarted GMRES algorithm is chosen, selection of the size of the Krylov
subspace.

= Tolerance values to be used by the stopping criterion.
= If the Richardson algorithm is chosen, selection of the scaling factor to be used.

i par mis an integer array and r par mis a real array. The options supported by these
arguments are described in the subsections titled: “Algorithm,” “Preconditioning,”
“Convergence/Divergence Criteria,” “Initial Guess,” “Maximum Iterations,”
“Krylov Subspace,” “Stopping-Criterion Tolerance,” and “Richardson Scaling
Factor.” The “Iteration Termination” subsection identifies the conditions under
which S3L_gen_i t er _sol ve will terminate an operation.

Note — i par mand r par mmust be preallocated and initialized before
S3L_gen_iter_sol ve is called. To enable the default condition for any parameter,
set it to 0. Otherwise, initialize i par mand r par mwith the appropriate parameter
values, as described in the following subsections.

Algorithm

S3L_gen_i t er _sol ve attempts to solve Ax = b using one of the following iterative
solution algorithms. The choice of algorithm is determined by the value supplied for
the parameter i parnf S3L_i t er _sol ver]. The various options available for this
parameter are listed and described in TABLE 2-4.

TABLE2-4 iparnf S3L_iter_sol ver] Options

Option Description

S3L_bcgs BiConjugate Gradient Stabilized (Bi-CGSTAB)
S3L_cgs Conjugate Gradient Squared (CGS)

S3L_cg Conjugate Gradient (CG)
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TABLE2-4 iparnf S3L_iter_sol ver] Options (Continued)

Option Description

S3L_cr Conjugate Residuals (CR)

S3L_gnres Generalized Minimum Residual (GMRES) - default
S3L_qgnr Quasi-Minimal Residual (QMR)

S3L_richardson

Richardson method

Preconditioning

S3L_gen_i t er _sol ve implements left preconditioning. That is, preconditioning is
applied to the linear system Ax = b by:

QlLA=Q!b

where Q is the preconditioner and Q-1 denotes the inverse of Q. The supported
preconditioners are listed in TABLE 2-5.
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TABLE2-5 i parn] S3L_iter_pc] Options

Option Description
S3L_none No preconditioning will be done (default).
S3L_j acobi Point Jacobi preconditioner will be used. Note that this option is

not supported when the sparse matrix A is represented under
S3L_SPARSE_VBR format.

S3L_bj acobi Block Jacobi preconditioner will be used. Note that this option is
supported only when the sparse matrix A is represented under
S3L_SPARSE_VBR format.

S3L_ilu Use a simplified ILU(0); the Incomplete LU factorization of
level- zero preconditioner. This preconditioner modifies only
diagonal nonzero elements of the matrix. Note that this option is
not supported when the sparse matrix A is represented under
S3L_SPARSE_VBR format.

Convergence/Divergence Criteria

The i parn S3L_i t er _conv] parameter selects the criterion to be used for
stopping computation. Currently, the single valid option for this parameter is
S3L_r 0, which selects the default criterion for both convergence and divergence.
The convergence criterion is satisfied when:

err = |lrjl1l_27 |Ir0]]_2<epsilon
and the divergence criterion is met when:
err =|]rj11_27 11r0]]_2> 10000.0

where:

= rj and r O are the residuals obtained at iterations j and O.

= ||.11_2is the 2-norm.

= epsilon is the desired convergence tolerance stored in rparn{ S3L_iter_tol].
= 10000.0 is the divergence tolerance, which is set internally in the solver.

Initial Guess

The parameter i parnf S3L_i ter _i ni t] determines the contents of the initial
guess for the solution of the linear system as follows:

= 0 — Applies zero as the initial guess. This is the default.

= 1 - Applies the value contained in array x as the initial guess. For this case, the
user must initialize x before calling S3L_gen_i t er _sol ve.
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Maximum lterations

On input, the i parn{ S3L_i ter _nmaxi t er] parameter specifies the maximum
number of iterations to be taken by the solver. Set to 0 to select the default, which is
10000.

On output, i parn{ S3L_i t er _maxit er] contains the total number of iterations
taken by the solver at the time of termination.

Krylov Subspace

If the restarted GMRES algorithm is selected, i par nf S3L_i t er _kspace] specifies
the size of the Krylov subspace to be used. The default is 30.

Stopping-Criterion Tolerance

On input, rparn] S3L_i ter _tol ] specifies the tolerance values to be used by the
stopping criterion. Its default is 10-8.

On output, rparnf S3L_i ter _tol] contains the computed error, er r, according to
the convergence criteria. See the i par nf S3L_i t er _conv] description for details.

Richardson Scaling Factor

If the Richardson method is selected, r par nf S3L_ri ch_scal e] specifies the
scaling factor to be used. The default value is 1.0.

Iteration Termination

S3L_gen_i t er _sol ve terminates the iteration when one of the following
conditions is met:

The computation has satisfied the convergence criterion.
The computation has diverged.

An algorithmic breakdown has occurred.

The number of iterations has exceeded the supplied value.

Syntax

The C and Fortran syntax for S3L_gen_i t er _sol ve is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_gen_iter_solve(A b, x, iparm rparm
S3L_array_t A
S3L_array_t b
S3L_array_t X
i nt *iparm
<type> *rparm

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l_errno-f.h

subrouti ne

S3L_gen_iter_solve(A b, x, iparm rparm ier)

i nteger*8 A

i nteger*8 b

i nteger*8 X

i nteger*4 i parm(*)
<type> rparm*)
i nteger*4 ier

where <t ype> isreal *4 or r eal *8 for both C/C++ and F77/F90.

Input

S3L_gen_i t er _sol ve accepts the following arguments as input:

= A-Sun S3L internal array handle for the global general sparse matrix. The matrix
data type can be real or complex (single- or double-precision).

= b — Global array of rank 1, with the same data type and precision as A and x and
a length equal to the order of the sparse matrix. b contains the right-hand side
vector of the linear problem.

= X — Global array of rank 1, with the same data type and precision as Aand b and
a length equal to the order of the sparse matrix. On input, x may contain the
initial guess for the solution to the linear system. Upon completion, x contains the
converged solution (see the Output section).

= i par m- Integer local array of rank 1 and length s3| _iter_i parm si ze. On
input, i par moptions have the following uses:
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« iparnS3l _iter_sol ver] — Specifies the iterative algorithm to be used. Set
it to O to use the default solver GMRES. See the Description section for details.

« iparnS3l _iter_pc] - Specifies the preconditioner to be used. Set it to 0 to
use the default option, S3L_none.

« iparnS3l _iter_conv] — Selects the criterion to be used for stopping the
computation.

« iparnfS3l _iter_init] — Specifies the contents of the initial guess to the
solution of the linear system.

« iparnfS3l_iter_naxiter] — Specifies the maximum number of iterations
to be taken by the solver.

« iparnS3l _iter_kspace] - Specifies the size of the Krylov subspace for
restarted GMRES.

= rpar m- Real local array with the same precision as x and a length equal to
S3L_iter_rparmsi ze. On input, it provides the following options for
computing all or part of the matrix U.

« rparn S3l _iter_tol] - Specifies the tolerance values to be used by the
stopping criterion. It has a default of 10-8.

« rparn S3l _rich_scal e] — Specifies the scaling factor to be used in the
Richardson method. The default is 1.0.

Output

S3L_gen_i t er _sol ve uses the following arguments for output:

= X — Upon successful completion, x contains the converged solution. If the
computation breaks down or diverges, x will contain the solution produced by
the most recent iteration.

= iparniS3L_iter_naxiter] —On output, contains the total number of
iterations taken by the solver at the time of termination.

=« rparnf S3L_iter_tol] - On output, contains the computed error, err,
according to the convergence criteria. See the i parn{ S3L_iter _conv]
description for details.

= ier (Fortran only) — When called from a Fortran program,
S3L_gen_i ter_sol ve returns error status ini er.

Error Handling

On success, S3L_gen_i t er _sol ve returns S3L_SUCCESS.
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S3L_gen_i t er _sol ve performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

On error, it returns one of the following codes, which are organized by error type.

Input Errors

S3L_ERR_ARG NULL - Invalid array x or b or sparse matrix A. They all must be
preallocated Sun S3L arrays or sparse matrix.

S3L_ERR_ARRNOTSQ- Invalid matrix size. Matrix A must be square.

S3L_ERR_ARG DTYPE - Invalid data type. The data type of matrix A must be real
or complex (single- or double-precision).

S3L_ERR_ARG _RANK - Invalid rank for arrays x and b. Both must be rank 1
arrays.

S3L_ERR_MATCH DTYPE - x, b, and A do not have the same data type.
S3L_ERR_MATCH_EXTENTS - The lengths of x and b do not match the size of
sparse matrix A. Both must be equal to the order of A.

S3L_ERR_PARAM | NVALI D - Invalid input for i par mor r par m Both must be
preallocated and initialized with the predefined values described in the
Description section or set to 0 for the default value.

S3L_ERR_PC_| NVALI D - Invalid input for preconditioner. Option S3L_bj acobi
is valid only if sparse matrix A is represented under S3L_SPARSE VBR

Computational Errors

S3L_ERR | LU ZRPVT - A zero pivot was encountered during ILU
preconditioning.

S3L_ERR_JACOBI _ZRDI AG- A zero pivot was encountered during Jacobi
preconditioning.

S3L_ERR DI VERCE - Computation has diverged.
S3L_ERR | TER_BRKDWN — A breakdown has occurred.

S3L_ERR_MAXI TER - The number of iterations has exceeded the value supplied
iniparnf S3L_iter_maxiter].

Examples
[ opt/ SUNWhpc/ exanpl es/s3l/iter/ex_iter.c
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[ opt/ SUN\Whpc/ exanpl es/s3l /iter-f/ex_iter.f

Related Functions
S3L_decl are_sparse(3)
S3L_read_sparse(3)
S3L_rand_sparse(3)
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S3L_gen_| sq

Description

If m >=n, S3L_gen_I sq finds the least-squares solution to an overdetermined
system. That is, it solves the least-squares problem:

mnimze || B- A*X ||

On output, the first n rows of B hold the least-squares solution X.

If m<n, S3L_gen_| sq finds the minimum norm solution to an underdetermined
system:

A* X=B(1.m:)

On output, B holds the minimum norm solution X.

Syntax

The C and Fortran syntax for S3L_gen_I sq is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_gen_l sq(A, B, axisl, axis2)
S3L_array_t A
S3L_array_t B
i nt axi sl
i nt axi s2

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_gen_Il sq(A, B, axisl, axis2, ier)

i nteger*8 A

i nteger*8 B

i nteger*4 axi sl

i nteger*4 axi s2

i nteger*4 ier
Input

S3L_gen_I sq accepts the following arguments as input:

= A-Sun S3L array handle that describes a parallel array of dimensions m x n. On
output, its contents may be destroyed.

= B-Sun S3L array handle that describes a parallel array of dimensions max(m,n) x
nrhs. On output, its contents may be destroyed.

= axi sl - If Aand B have more than two dimensions, axi s1 denotes the
dimension of A with extent m. Otherwise, it has to be 0 for C/C++ programs or
1 for F77/F90 programs.

= axi s2 - If Aand B have more than two dimensions, axi s2 denotes the
dimension of A with extent n. Otherwise, it has to be 0 for C/C++ programs or 1
for F77/F90 programs.

Output

S3L_gen_I sq uses the following arguments for output:
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B — On output, B is overwritten by the result of the least-squares problem.

i er (Fortran only) — When called from a Fortran program, S3L_gen_|I sq returns
error status ini er.

Error Handling

On success, S3L_gen_| sq returns S3L_SUCCESS.

S3L_gen_I sq checks the validity of the array arguments. If an array argument is
found to be corrupted or invalid, an error code is returned. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code.

S3L_ERR_ARG_AXI SNUM- An axis argument is invalid for one of the following
reasons:

« Itisless than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the rank of the referenced array.
« axi sl isequal to axi s2.

S3L_ERR_MATCH_DTYPE - The array arguments are not all of the same data type,
as required.

S3L_ERR_MATCH_RANK - Corresponding ranks of the array arguments do not
match.

S3L_ERR_MATCH EXTENTS - The extents of the arrays are not compatible.

S3L_ERR_ARG DTYPE - The array arguments are not float or double, complex, or
double-precision complex.

Examples
/ opt/ SUNWhpc/ exanpl es/ s3l /1 sqg/ex_I sqg.c

/ opt / SUNWhpc/ exanpl es/ s3I /1sqg-f/ex_lsq.f
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S3L_gen_svd

Description

S3L_gen_svd computes the singular value of a parallel array A and, optionally, the
right singular vector and/or the left singular vector. On exit, S contains the singular
values. If requested, U and V contain the left and right singular vectors, respectively.

If A, U, and V are two-dimensional arrays, S3L_gen_svd is more efficient when A, U,
and V are allocated on the same process grid and the same block size is used along
both axes. When A, U, and V have more than two dimensions, S3L_gen_svd is more
efficient when axi s_r, axi s_c, and axi s_s are local (that is, are not distributed).

Syntax

The C and Fortran syntax for S3L_gen_svd is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_gen_svd(A, U, S, V, jobu, jobv, axis_r, axis_c, axis_s)
S3L_array_t A
S3L_array_t U
S3L_array_t S
S3L_array_t \%
char j obu
char j obv
i nt axi s_r
i nt axis c
i nt axis_s

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_gen_svd(A, U, S, V, jobu, jobv, axis_r, axis_c, axis_s, ier)

i nteger*8 A

i nteger*8 U

i nteger*8 S

i nteger*8 \Y,

character*1 j obu

character*1 j obv

i nteger*4 axi s_r

i nteger*4 axis_c

i nteger*4 axis_s

i nteger*4 ier
Input

S3L_gen_svd accepts the following arguments as input:

= A-Sun S3L array handle describing a parallel array of type S3L_doubl e or
S3L_fl oat. In the 2D case, Aiis an m x n array. If A has more than two
dimensions, axi s_r and axi s_c correspond to the axes of A whose extents are
m and n, respectively.

166  Sun S3L 4.0 Software Reference Manual « February 2003



= U-Ifjobu =YV, Uis a parallel array of dimensions m x min(m,n). Otherwise, U is
not referred to. If U has more than two dimensions, axi s_r and axi s_c
correspond to the axes of Uwhose extents are m and n, respectively. On output, U
is overwritten with the left singular vectors.

= S-—Sun S3L array handle describing a parallel array (vector) of length min(m,n).
If S is multidimensional, axi s_s corresponds to the axis of S whose extent is
min(m,n).

= V- Ifjobu =V, thisis a Sun S3L array handle describing a parallel array of
dimensions min(m,n) x n. Otherwise, V is not referenced. If V has more than two
dimensions, axi s_r and axi s_c correspond to the axes of V whose extents are
m and n, respectively. On output, V is overwritten with the right singular vectors.

= j obu - Specifies options for computing all or part of the matrix U, as follows:

« j obu =V - The first min(m,n) columns of U (the left singular vectors) are
returned in the array U.

« jobu =N- No columns of U (no left singular vectors) are computed.
= | obv - Specifies options for computing all or part of the matrix V, as follows:

« j obv =V - The first min(m,n) rows of V (the right singular vectors) are
returned in the array V.

« jobv = N- No rows of V (no right singular vectors) are computed.

= axi s_r — This is the axis of arrays A, U, and V such that the extent of array A
along axi s_r is m, the extent of array Ualong axi s_r is m, and the extent of
array V along axi s_r is min(m,n).

= axi s_c - This is the axis of arrays A, U, and V such that the extent of array A
along axi s_c is n, the extent of array Ualong axi s_c is min(m,n), and the extent
of array V along axi s_c is n.

= axi s_s — This is the axis of array S along which the length is equal to min(m,n).

Output

S3L_gen_svd uses the following arguments for output:

= U-On output, Uis overwritten with the left singular vectors.

= S - On output, Sis overwritten with the singular values.

= V- 0On output, V is overwritten with the right singular vectors.

= i er (Fortran only) — When called from a Fortran program, S3L_gen_svd returns
error status ini er.

Error Handling

On success, S3L_gen_svd returns S3L_SUCCESS.
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S3L_gen_svd performs generic checking of the arrays it accepts as arguments. If an
array argument contains an invalid or corrupted value, the function terminates and
an error code is returned that indicates which value of the array handle was invalid.
See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

» S3L_ERR ARG _AXI SNUM- An axis argument is invalid for one of the following
reasons:

« Itisless than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the rank of the referenced array.
« axis_r isequal to axi s_c.

= S3L_ERR MATCH _DTYPE - The array arguments are not all of the same data type,
as required.

= S3L_ERR MATCH RANK - Corresponding ranks of the array arguments do not
match.

= S3L_ERR MATCH_EXTENTS - The extents of the arrays are not compatible.

= S3L_ERR ARG DTYPE - The data types of the array arguments are not float or
double.

» S3L_ERR ARG OP -j obv is not one of Vor N
= S3L_ERR SVD FAI L - The svd algorithm failed to converge.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ svd/ ex_svd. c
[ opt / SUNWhpc/ exanpl es/ s3l / svd-f/ex_svd. f

168

S3L _gen trid factor

Description

S3L_gen_trid_factor factors a tridiagonal matrix, whose diagonal is stored in
vector D. The first upper subdiagonal is stored in U, and the first lower subdiagonal
inL.
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On return, the integer f act or s contains a pointer to an internal setup structure that
holds the factorization. Subsequent calls to S3L_gen_tri d_sol ve use the value in
fact or s to access the factorization results.

The contents of the vectors D, U, and L may be altered. These altered vectors, along
with the f act or s parameter, have to be passed to a subsequent call to
S3L_gen_trid_sol ve to produce the solution to a tridiagonal system.

D, U, and L must have the same extents and type. If they are one-dimensional, all
three must be of length n. The first n—1 entries of U contain the elements of the
superdiagonal. The last n—-1 entries of L contain the elements of the first subdiagonal.
The last element of U and the first element of L are not referenced and can be
initialized arbitrarily.

If D, U, and L have more than one dimension, axi s_d is the axis along which the
multidimensional arrays are factored. If they are one-dimensional, axi s_d must be
0 in C/C++ programs and 1 in F77/F90 programs.

S3L_gen_trid_factor is based on the ScaLAPACK routines pxdttrf, where x is
single, double, complex, or double complex. It does no pivoting; consequently, the
matrix has to be positive definite for the factorization to be stable.

For one-dimensional arrays, the routine is more efficient when D, U, and L are block-
distributed. For multiple dimensions, the routine is more efficient when axi s_d isa
local axis.

Syntax

The C and Fortran syntax for S3L_gen_tri d_f act or is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_gen_trid_factor(D, U, L, factors, axis_d)
S3L_array_t D
S3L_array_t U
S3L_array_t L
i nt *factors
i nt axis_d

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l_errno-f.h

subrouti ne

S3L_gen_trid _factor(D, U, L, factors, axis_d, ier)

i nteger*8 D

i nteger*8 U

i nteger*8 L

i nteger*4 factors

i nteger*4 axis_d

i nteger*4 ier
Input

S3L_gen_trid_factor accepts the following arguments as input:

= D- Vector containing the diagonal for the matrix being factored.

= U- Vector containing the first upper diagonal for the matrix being factored.

= L — Vector containing the first lower diagonal for the matrix being factored.

= axi s_d-When D, U, and L are one-dimensional, axi s_d must be 0 (C/C++
programs) or 1 (F77/F90 programs). For multidimensional arrays, axi s_d
specifies the axis along which the arrays are factored.

Output

S3L_gen_trid_factor uses the following arguments for output:
= D- On output, Dis overwritten with the partial result of the factorization.
= U- On output, Uis overwritten with the partial result of the factorization.
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L — On output, L is overwritten with the partial result of the factorization.

fact ors — Upon completion, f act or s points to the internal data structure
containing the factorization results.

i er (Fortran only) — When called from a Fortran program,
S3L_gen_trid_factor returns error status ini er.

Error Handling

On success, S3L_gen_trid_fact or returns S3L_SUCCESS.

S3L_gen_trid_factor performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

S3L_ERR _MATCH DTYPE - The arrays are not the same data type.
S3L_ERR_MATCH_RANK - The arrays do not have the same rank.
S3L_ERR_MATCH_EXTENTS - The arrays do not have the same extents.

S3L_ERR_ARG _DTYPE - The array type cannot be operated on by the routine
because it is either integer or long long.

S3L_ERR_ARRTOOSMALL — The array extent is too small, making the length of the
main diagonal less than two times the number of processes.

S3L_ERR_ARG_AXI SNUM- An axis argument is invalid; that is, it is either:

« Less than 0 (C/C++) or less than 1 (F77/F90).
« Greater than the rank of the referenced array.

S3L_ERR_FACTOR_FAI L - The tridiagonal matrix could not be factored for some
reason. For example, it might not be diagonally dominant.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /trid/ex_trid.c
/opt/ SUN\Whpc/ exanmpl es/s3l /trid-f/ex_trid.f

Related Functions
S3L_gen_trid_sol ve(3)
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S3L_gen_trid_free_factors(3)
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S3L _gen trid free factors

Description

S3L_gen_trid_free_factors frees the internal memory setup that was reserved
by a prior call to S3L_gen_tri d_factor. The f act ors argument contains the
value returned by the earlier S3L_gen_tri d_fact or call.

Syntax

The C and Fortran syntax for S3L_gen_tri d_free_factors is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_gen_trid_free_factors(factors)
i nt *factors

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne
S3L_gen_trid_free_factors(factors, ier)

i nteger*4 factors
i nteger*4 ier
Input

S3L_gen_trid_free_factors accepts the following argument as input:
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=« factors - Pointer to the internal structure that will be freed.

Output

S3L_gen_trid_free_factors uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program,
S3L_gen_trid_free_factors returns error status ini er.

Error Handling

On success, S3L_gen_trid_free_factors returns S3L_SUCCESS.

The following condition will cause S3L_gen_tri d_free_factors to terminate
and return the associated error code:

= S3L_ERR ARG SETUP - The f act or s value is invalid.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /trid/ex_trid.c
[ opt/ SUN\Whpc/ exanmpl es/s3l /trid-f/ex_trid.f

Related Functions

S3L_gen_trid_sol ve(3)
S3L_gen_trid_factor(3)

S3L _gen trid solve

Description

S3L_gen_trid_sol ve solves a tridiagonal system that has been previously
factored through a call to S3L_gen_tri d_factor.
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If D, U, and L are of length n, B (the right-hand side of the tridiagonal system) must
be of size n x nrhs. If D, U, and L are multidimensional, axi s_d is the axis along
which the system is solved. The rank of B must be one greater than the rank of D, U,
and L.

If the rank of B is greater than 2, r ow_b and col _b specify the axes whose
dimensions are n and nrhs, respectively. The extents of all other axes must be the
same as the corresponding axes of D, U, and L.

When computing multiple tridiagonal systems in which only the right-hand-side
matrix changes, the factorization routine S3L_gen_tri d_f act or need only be
called once, before the first call to S3I _gen_tri d_sol ve. Then,
S3L_gen_trid_sol ve can be called repeatedly without calling
S3L_gen_trid_factor again.

Syntax

The C and Fortran syntax for S3L_gen_tri d_sol ve is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_gen_trid_solve(D, U L, factors, B, axis_d, row_b, col_b)
S3L_array_t D
S3L_array_t U
S3L_array_t L
i nt factors
S3L_array_t B
i nt axis_d
i nt row_b
i nt col b

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_gen_trid_solve(D, U, L, factors, B, axis_d, row_b, col _b, ier

i nteger*8 D

i nteger*8 U

i nteger*8 L

i nteger*4 factors

i nteger*8 B

i nteger*4 axis_d

i nteger*4 row_b

i nteger*4 col _b

i nteger*4 ier
Input

S3L_gen_tri d_sol ve accepts the following argument as input:

D - Vector containing the diagonal for the matrix being factored.

)

U - Vector containing the first upper subdiagonal for the matrix being factored.

L — Vector containing the first lower subdiagonal for the matrix being factored.

f act or s — Pointer to an internal structure that holds the factorization results.
B — The right-hand side of the tridiagonal system to be solved.

axi s_d —When D, U, and L are one-dimensional, axi s_d must be 0 (C/C++
programs) or 1 (F77/F90 programs). For multidimensional arrays, axi s_d
specifies the axis along which factorization was carried out.
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= row_b - Indicates the row axis of the right-hand-side array, B. The value of r ow_b
depends on the following:

« When B is two-dimensional and its sides are n x nrhs, row_b is 0 (C/C++) or
1 (F77/F90).

=« When B is two-dimensional and its sides are nrhs x n, row_b is 1 (C/C++) or
2 (F77/F90).

« When B has more than two dimensions, r ow_b identifies the side of B with an
extent of n. For C/C++ programs, the r ow_b value is zero-based and for
F77/F90 programs, it is one-based.

= col _b - Indicates the column axis of the right-hand-side array, B, that has an
extent of nrhs. The value of col _b is determined as follows:

« When B is two-dimensional and its sides are n x nrhs, col _b is 1 (C/C++) or
2 (F77/F90).

« When B is two-dimensional and its sides are nrhs x n, col _b is 0 (C/C++) or
1 (F77/F90).

=« When B has more than two dimensions, col _b identifies the side of B with an
extent of nhrs. For C/C++ programs, the col _b value is zero-based and for
F77/F90 programs, it is one-based.

Output

S3L_gen_tri d_sol ve uses the following arguments for output:
= B - On output, B is overwritten with the solution to the tridiagonal system.

= i er (Fortran only) — When called from a Fortran program,
S3L_gen_trid_sol ve returns error status ini er.

Error Handling

On success, S3L_gen_tri d_sol ve returns S3L_SUCCESS.

S3L_gen_tri d_sol ve performs generic checking of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code.

= S3L_ERR MATCH DTYPE - The arrays are not the same data type.

» S3L_ERR MATCH_RANK - The arrays do not have compatible rank.
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= S3L_ERR MATCH EXTENTS - The arrays do not have compatible extents.

= S3L_ERR ARG DTYPE - The array type cannot be operated on by the routine
because it is either integer or long long.

= S3L_ERR ARRTOOSMALL - The array extent is too small, making the length of the
main diagonal less than two times the number of processes.

= S3L_ERR ARG _AXI SNUM- An axis argument is invalidfor one of the following
reasons:

« Itisless than 0 (C/C++) or less than 1 (F77/F90).
« It is greater than the rank of the referenced array.
« row_b is equal to col _b.

= S3L_ERR ARG SETUP - The f act or s value does not correspond to a valid setup.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /trid/ex_trid.c
[ opt/ SUN\Whpc/ exanpl es/s3l /trid-f/ex_trid.f

Related Functions

S3L_gen_trid_factor(3)
S3L_gen_trid_free_factors(3)

S3L_get _attribute

Description

S3L_get _attri but e returns a requested attribute of a Sun S3L dense array or
sparse matrix. The user specifies one of a set of predefined r eq_at t r values and, on
return, the integer value of the requested attribute is stored in at t r. For attributes
associated with array axes—such as the extents or blocksizes of an array—the user
specifies the axis as well.

The req_at tr entry must be one of the following:

= S3L_ELEM TYPE - Retrieves in at t r the Sun S3L type of the elements of a Sun
S3L dense array or sparse matrix as they are defined in s3I -c. h or s3I -f. h.
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S3L_ELEM Sl ZE - Retrieves in at t r the size (in bytes) of the elements of a Sun
S3L dense array or sparse matrix.

S3L_RANK - Retrieves in at t r the rank (number of dimensions) of a Sun S3L
dense array or sparse matrix.

S3L_EXTENT - If a is a Sun S3L array handle, S3L_EXTENT retrieves in attr the
extent of a Sun S3L dense array or sparse matrix along the dimension given in
axi s. If a is a Sun S3L process grid handle, it returns in at t r the number of
processes over which a given axis of an array is distributed.

S3L_BLOCK_SI ZE — Retrieves in at t r the block size of the block-cyclic
distribution of a Sun S3L dense array along the dimension given in axi s.

S3L_BLOCK_START - Retrieves in at t r the index of the starting process of the
block-cyclic distribution of a Sun S3L dense array along the dimension given in
axi s.

S3L_SGRI D_SI ZE - Retrieves in at t r the subgrid size of the block-cyclic
distribution of a Sun S3L dense array along the dimension given in axi s.

S3L_AXI S_LOCAL - Assigns 0 to at t r if the axis is not distributed and 1 if it is.

S3L_SGRI D_ADDRESS - Returns in at t r the starting address of the local subgrid
(local per-process part) of a Sun S3L dense array.

S3L_MAJOR - If a is a Sun S3L dense array, S3L_MAJOR returns in attr the
majorness of the elements in the local part of the array. It can be either
S3L_MAJOR_ROW(C major) or S3L_MAJOR_COLUWN (F77 major). If a is a Sun S3L
process grid descriptor, it returns in at t r the majorness (F77 or C) of the internal
process grid associated with a Sun S3L process grid.

S3L_ALLOC TYPE - Returns in att r one of the predefined allocation types for
dense Sun S3L arrays. The user can use this option to determine, for example,
whether the array has been allocated in shared memory, whether the local (per-
process) parts of the array are 64-byte aligned, and so forth.

S3L_SHARED_ ADDR- For dense Sun S3L arrays that have been allocated in shared
memory (single SMP case), S3L_SHARED ADDR returns in at t r the global
starting address of the array. All processes can directly access all elements of such
arrays without the need for explicit interprocess communication.

S3L_PGRI D_DESC - Returns in at t r the process grid descriptor associated with
a Sun S3L dense array or sparse matrix.

S3L_SCALAPACK _DESC - For 1D and 2D Sun S3L dense arrays,
S3L_SCALAPACK DESCreturns in at tr the ScaLAPACK array descriptor
associated with the distribution of that array.

S3L_SPARSE_FORNAT - For a Sun S3L sparse matrix, S3L_SPARSE_FORVAT
returns in at t r the sparse format in which the matrix is stored.

S3L_NONZEROCS - For a Sun S3L sparse matrix, S3L_NONZERGCS returns in attr
the number of nonzero elements of that matrix.
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Note — The following six attribute entries only work for matrices stored under the
S3L_SPARSE_COOor S3L_SPARSE_CSR format. The internal distribution schemes
for matrices stored under S3L_SPARSE_CSC and S3L_SPARSE_VBR formats may
change in the future.

= S3L_RI DX _SGRI D_ADDR - For a Sun S3L sparse matrix stored in the
S3L_SPARSE_COOformat, S3L_RI DX_SGRI D_ADDR returns in at t r the starting
address of an array of index sets containing the local row numbers that comprise
each local submatrix (per-process).

For a Sun S3L sparse matrix stored in the S3L_SPARSE_CSR format,
S3L_RI DX_SGRI D_ADDR returns in at t r the starting address of an array
containing the pointers to the beginning of each row of the local submatrix
(per-process).

Note: Users must not change the data returned in at t r. It is created for internal
use only.

= S3L_ClI DX_SGRI D_ADDR - For a Sun S3L sparse matrix stored in either the
S3L_SPARSE_COOor S3L_SPARSE_CSR format, S3L_CI DX_SGRI D_ADDR returns
in at tr the starting address of an array of index sets containing the global
column numbers that comprise each local submatrix (per-process).

Note — Users must not change the data returned in at t r. It is created for internal
use only.

= S3L_NZRS SGRI D_ADDR - For a Sun S3L sparse matrix stored in either the
S3L_SPARSE_COOor S3L_SPARSE_CSR format, S3L_NZRS_SGRI D_ADDR returns
in at t r the starting address of an array containing nonzero elements of the local
submatrix (per-process).

= S3L_RI DX _SGRI D_SI ZE - For a Sun S3L sparse matrix stored in the
S3L_SPARSE_COOformat, S3L_RI DX_SGRI D_SI ZE returnsin at t r the size of an
array of index sets containing the local row numbers that comprise each local
submatrix (per-process).

For a Sun S3L sparse matrix stored in the S3L_SPARSE_CSR format,
S3L_RI DX_SGRI D_SI ZE returns in at t r the size of an array containing the
pointers to the beginning of each row of the local submatrix (per-process).

= S3L_CI DX_SGRI D_SI ZE - For a Sun S3L sparse matrix stored in either the
S3L_SPARSE_COOor S3L_SPARSE_CSR format, S3L_Cl DX_SGRI D_SI ZE returns
in at tr the size of an array of index sets containing the global column numbers
that comprise each local submatrix (per-process).

= S3L_NZRS SGRI D _SI ZE - For a Sun S3L sparse matrix stored in either the
S3L_SPARSE_COOor S3L_SPARSE_CSR format, S3L_NZRS_SGRI D_SI ZE returns
in attr the size of an array containing nonzero elements of the local submatrix
(per-process).
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= S3L_COORD- It returnsin at t r the coordinate of the calling process in a Sun S3L
process grid, along the dimension given in axi s.

= S3L_ON_SINGLE_SMP - Itreturns 1inattr if a Sun S3L process grid is defined
on a single SMP and 0 if not.

Syntax

The C and Fortran syntax for S3L_get _attri but e is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_get _attribute(a, req_attr, axis, attr)
S3L_array_t a
S3L_attr_type reg_attr
i nt axi s
voi d *attr

F77/F90 Syntax

include ‘s3I /s3l-f.h

include *s3l/s3l _errno-f.h

subroutine

S3L_get _attribute(a, req_attr, axis, attr, ier)

i nteger*8 a

i nteger*4 reg_attr
i nteger*4 axi s
<type> attr

i nteger*4 ier

where <t ype> is either of i nt eger *4 type or of poi nt er type. When attr isan
address, it should be of poi nt er type. In all other cases, it should be of i nt eger *4
type.

Input

S3L_get _attri but e accepts the following arguments as input:
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= a - Pointer to a descriptor of an unknown type.

= req_attr — A predefined value that specifies the attribute to be retrieved. See the
Description section for a list of valid req_at t r entries.

= axi s — Scalar integer variable. To retrieve axis-specific attributes, such as extents
or blocksizes, use this parameter to specify the axis of interest.

= attr — Pointer to a variable of the appropriate type that will hold the retrieved
attribute value.

Output

S3L_get _attri but e uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_get _attri bute
returns error status in i er.

Error Handling

On success, S3L_get _attri but e returns S3L_SUCCESS.

S3L_get _attri but e performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following condition will cause the function to terminate and return
the associated error code:

= S3L_ERR ATTR_I NVALI D - Invalid attribute; the supplied descriptor does not
have the requested attribute type.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/get_attribute.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/get_attribute.f
/ opt / SUNWhpc/ exanpl es/ s3I / spar se/ ex_spar se2. c

Related Functions

S3L_set _array_el enent (3)
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S3L_set _array_el enent _on_proc(3)
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S3I _get qr

Description

S3L_get _qgr extracts the Q and R arrays from the packed representation of a QR-
decomposed Sun S3L array. If A is of size m x n, the array Q should be m x min(m,n)
and R should be min(m,n) x n. If either Q or R is zero, it is assumed that the
extraction of the corresponding array is not desired. Q and R should not both be
zero.

The set up parameter, returned by a previous call to S3L_qr _f act or, refers to an
internal QR factorization setup.

a, q, and r should all be of the same rank (that is, have the same number of
dimensions) and be of the same data type. If a has more than two dimensions, QR
factorization will have been performed along the axes axi s_r and axi s_c (see
S3L_qgr _fact or). These axis numbers are included in the internal QR setup
information referred to by the set up parameter.

The dimensions of g and r should have the appropriate lengths along axi s_r and
axi s_c, as described for the 2D case. In addition, all other dimensions should have
the same lengths as those of a.

Syntax

The C and Fortran syntax for S3L_get _qgr is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_get _qgr(a, g, r, setup)
S3L_array_t a
S3L_array_t q
S3L_array_t r
i nt *setup

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_get _qgr(a, g, r, setup, ier)

i nteger*8 a

i nteger*8 q

i nteger*8 r

i nteger*4 setup

i nteger*4 ier
Input

S3L_get _qgr accepts the following arguments as input:

a — Input array containing a QR decomposition computed by S3L_qgr _f act or.
g - Input array of size m x min(m,n). Also used for output, as described below.

r — Input array of size m x min(m,n) x n. Also used for output, as described
below.

set up — Integer returned by a previous call to S3L_qgr _f act or.

Output

S3L_get _qr uses the following arguments for output:

g — On exit, q contains the orthonormal array produced by the QR decomposition.
r —On exit, r contains an upper triangular array.

i er (Fortran only) — When called from a Fortran program, S3L_get _qr returns
error status ini er.
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Error Handling

On success, S3L_get _qgr returns S3L_SUCCESS.

S3L_get _qr performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:
= S3L_ERR ARG RANK - Invalid rank. The rank of a is 1.

= S3L_ERR ARG DTYPE - The data type of a is not S3L_f | oat, S3L_doubl e,
S3L_conpl ex, or S3L_doubl e_conpl ex.

= S3L_ERR ARG _EXTENTS - The extents of a, q, and r are not compatible.
= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3I /qgr/ex_qrl.c
/ opt/ SUN\Whpc/ exanpl es/ s3l /qgr-f/ex_qgrl.f

Related Functions
S3L_qgr_factor(3)
S3L_qgr_sol ve(3)

S3L_qgr _free(3)

S3L_get _safety

Description

When S3L_get _saf ety is called from within an application, the value it returns
indicates the current setting of the Sun S3L safety mechanism. The possible return
values are listed and their meaning explained in TABLE 2-6.
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TABLE 2-6  Sun S3L Safety-Level Return Values

Safety Level Description
0 The safety mechanism is off.
2 This level detects potential race conditions in multithreaded Sun

S3L operations on parallel arrays. To avoid race conditions, a Sun
S3L function locks all parallel array handles in its argument list
before proceeding. This safety level causes warning messages to be
generated if more than one Sun S3L function attempts to use the
same parallel array at the same time.

5 In addition to checking for and reporting level 2 errors, level 5
performs explicit synchronization before and after each call and
locates each error with respect to the synchronization points. This
safety level is appropriate during program development or during
runs for which a small performance penalty can be tolerated.

9 This level checks for and reports all level 2 and level 5 errors, as
well as errors generated by any lower levels of code called from
within Sun S3L. Level 9 performs explicit synchronization in these
lower levels of code and locates each error with respect to the
synchronization points. This level is appropriate for detailed
debugging following the occurrence of a problem.

Syntax

The C and Fortran syntax for S3L_get _saf ety is as follows:
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C/C++ Syntax

#i nclude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>
i nt

S3L_get _safety()

F77/F90 Syntax

include ‘s3I /s3l-f.h
include *s3l/s3l _errno-f.h
subroutine
S3L_get _safety(ier)

i nteger*4 ier

Input

S3L_get _saf ety takes no input arguments.

Output

S3L_get _saf ety returns the Sun S3L safety level. When called by a Fortran
program, it uses the following argument for output:

= i er —When called from a Fortran program, S3L_get _saf ety returns error
status ini er.

Error Handling

On success, S3L_get _saf ety returns S3L_SUCCESS.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ copy_array.c
/ opt / SUNWhpc/ exanpl es/ s3I/ utils-f/copy_array.f
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Related Function
S3L_set _safety(3)

S3L_grade_down, S3L_gr ade_up,
S3L_grade _detail ed down,
S3L _grade_detail ed up

Description

The S3L_gr ade family of functions computes the grade of the elements of a parallel
array A. Grading is done in either descending or ascending order and is done either
across the whole array or along a specified axis. The graded elements are stored in
array G using zero-based indexing when called from a C or C++ program and one-
based indexing when called from an F77 or F90 program.

S3L_grade_down and S3L_gr ade_up

These two functions grade the elements across the entire array A and store the
indices of the elements in descending or ascending order (S3L_gr ade_down or
S3L_gr ade_up, respectively).

If Aiis an array of rank n and the product of its extents is I, Gis a two-dimensional
array whose extents are n x I.

Upon return of the function, every j-th column of array Gis set to the indices of the
j-th smallest (S3L_gr ade_down) or largest (S3L_gr ade_up) element of array A.

For example, if Ais the 3 x 3 array:

| 6 2 4|
I I
| 1 3 8|
I I
| 9 7 5]
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and S3L_gr ade_down is called from a C program, it will store the following values
inG

| 2 1 2 02 0 1 0 1]
I I
| 0 2 1 0 2 2 1 1 0]

For the same array A, S3L_gr ade_up would store the following values in G (again,
using zero-based indexing).

|1 0 1 0 2 0 2 1 2]
I I
|l 01 1 2 2 0 1 2 0]

When called by a Fortran program (F77/F90) each value in Gwould be one greater.
For example, S3L_gr ade_up would store the following set of values.

| 2 1 2 1 3 1 3 2 3|

I I
| 1 2 2 3 3 1 2 3 1|

S3L_grade_detai |l ed_down and

S3L_grade_detail ed_up

The S3L_gr ade_det ai | ed_down and S3L_gr ade_det ai | ed_up functions differ
from S3L_gr ade_down and S3L_gr ade_up in two respects:

= Both grade along a single axis of A, as specified by the axi s argument.

= Both store a set of indices, but these indices do not indicate element positions
directly. Instead, each stored index indicates the index of the corresponding
element of A that has either:)

« The j-th smallest value along the specified axis (for
S3L_grade_det ai | ed_down)

« The j-th largest value along the specified axis (for S3L_gr ade_det ai | ed_up)
This means Gis an integer array whose rank and extents are the same as those of A

Repeating the 3 x 3 sample array shown above:

| 6 2 4|
| |
| 1 3 8|
I I
| 9 7 5|
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if S3_grade_det ai | ed_down is called from a C program with the axi s argument
= 0, upon completion, Gwill contain the following values:

| 1
I
| 2
|
I

0

2 2]
I
1 0]
|
0 1]

If, instead, axi s = 1, Gwill contain:

If S3L_grade_det ai | ed_up is called from a C program with axi s = 0, Gwill

contain:

If S3L_gr ade_det ai | ed_up is called from a C program with axi s =1, Gwill

contain:

o N

N

2 1|
|
1 0]
I
1 2|

0 0]
I
1 2]
I
2 1]

0 1|
I
1 2|
|
1 0]

For F77 or F90 calls, each index value in these examples, including the axi s
argument, would be increased by 1.

Syntax

The C and Fortran syntax for these functions is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_grade_up(A, grade)

S3L_grade_down( A, grade)
S3L_grade_up_detai |l ed(A, grade, axis)
S3L_grade_down_detai |l ed( A, grade, axis)

S3L_array_t A
S3L_array_t gr ade
i nt axi s

F77/F90 Syntax

include *s3l/s3l-f.h

include *s3l/s3l _errno-f.h

subroutine

S3L_grade_up(A, grade, ier)
S3L_grade_down(A, grade, ier)
S3L_grade_up_detai |l ed(A, grade, axis, ier)
S3L_grade_down_det ai | ed( A, grade, axis, ier)

i nteger*8 A

i nteger*8 gr ade

i nteger*4 axi s

i nteger*4 ier
Input

The S3L_gr ade_ functions accept the following arguments as input:

= A-Sun S3L internal array handle for the array to be graded. Its type can be real,
double, integer, or long integer.

= axi s - The axis along which S3L_grade_det ai | ed_down or
S3L_grade_det ai | ed_up is to be computed. It may not be used in
S3L_gr ade_down or S3L_gr ade_up calls.

Output

The S3L_gr ade_ functions use the following arguments for output:

= grade - Sun S3L internal array handle for an integer array. Upon successful
completion, gr ade contains the indices of the order of the elements.
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= ier (Fortran only) - When called from a Fortran program, thes functions return
error status ini er.

Error Handling

On success, these functions return S3L_ SUCCESS.

These functions perform generic checking of the arrays they accept as arguments. If
an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following condition will cause the functions to terminate and return
the associated code:

= S3L_ERR ARG AXI SNUM- The axi s argument has an invalid value. The correct
values for axi s are

« 0 <=axis <rank of a (C/C++)
« 0 < axis <=rank of a (F77/F90)

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / grade/ ex_gr ade. ¢
[ opt / SUNWhpc/ exanpl es/ s31 / grade-f/ ex_grade. f

Related Functions

S3L_sort (3)
S3L_sort_detail ed_up(3)
S3L_sort_det ai |l ed_down( 3)
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S3L ifft

Description

Run S3L_i f ft to compute the inverse FFT of the complex or double-complex
parallel array a. Use the setup ID returned by S3L_fft _set up to specify the array
of interest.

Both power-of-two and arbitrary radix FFT are supported. The 1D parallel FFT can
be used for sizes that are a multiple of the square of the number of nodes; the 2D
and 3D FFTs can be used for arbitrary sizes and distributions.

Upon completion, a is overwritten with the result. The floating-point precision of the
result always matches that of the input.

For the 2D FFT, if the blocksizes along each dimension are equal to the extents
divided by the number of processes, a more efficient transpose algorithm is
employed, which yields significant performance improvements.

S3L_i fft can only be used for complex and double-complex data types. To
compute a real-data forward FFT, use S3L_rc_f ft. This performs a forward FFT on
the real data, yielding packed representation of the complex results. To compute the
corresponding inverse FFT, use S3L_cr _f ft, which performs an inverse FFT on the
complex data, overwriting the original real array with real-valued results of the
inverse FFT.

Note — S3L_fft and S3L_i fft do not perform any scaling. Consequently, when a
forward FFT is followed by an inverse FFT, the original data will be scaled by the
product of the extents of the array.

Syntax

The C and Fortran syntax for S3L_i f ft is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_ifft(a, setup_id)
S3L_array_t a
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subrouti ne

S3L_ifft(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_i fft accepts the following arguments as input:

= a - Sun S3L array handle for a parallel array that will be transformed. Its rank,
extents, and type must be the same as the parallel array a supplied in the
S3L_fft_setup call

= setup_id - Scalar integer variable. Use the value returned by the
S3L_fft_setup call for this argument.

Output

S3L_i fft uses the following arguments for output:
= a - The input array a is overwritten with the result of the FFT.

= i er (Fortran only) — When called from a Fortran program, S3L_i f ft returns
error status ini er.

Error Handling

On success, S3L_i f ft returns S3L_SUCCESS.
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S3L_i fft performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:

» S3L_ERR FFT_RANKGT3 - The rank of the array a is larger than 3.

= S3L_ERR ARG NCOWPLEX - Array a is not complex.

= S3L_ERR FFT_EXTSQPROCS - Array a is 1D, but its extent is not divisible by the
square of the number of processes.

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /fft/fft.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /fft-f/fft.f

Related Functions

S3L_fft_setup(3)
S3L_fft_free_setup(3)
S3L_fft_detail ed(3)

S3L_init

Description

Before an application can start using Sun S3L functions, every process involved in
the application must call S3L_i ni t to initialize the Sun S3L environment.
S3L_i ni t initializes the BLACS environment as well.

S3L_i ni t tests the MPI library to verify that it is Sun MPI. If not, it returns an error
and terminates. See the Error Handling section for details.
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If the MPI layer is Sun MPI, S3L_i ni t proceeds to initialize the Sun S3L
environment, the BLACS environment, and if not already initialized, the Sun MPI
environment. It also enables the Prism library to access Sun S3L operations.

If S3L_i nit calls MPI _I ni t internally, subsequent use of S3L_exi t will also result
in an internal call to MPI _Fi nal i ze.

Syntax

The C and Fortran syntax for S3L_i ni t is as follows.

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>
i nt

S3L_init()

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne
S3L_init(ier)

i nteger*4 ier

Input

S3L_i ni t takes no input arguments.

Output

When called from a Fortran program, S3L_i ni t returns error status ini er.
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Error Handling

On successful completion, S3L_i ni t returns S3L_SUCCESS.

S3L_init tests to see if the MPI library is Sun MPI. If not, it returns the following
error message and terminates:

S3L error: invalid MPI. Please use Sun HPC MPI.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ copy_array.c
[ opt / SUNWhpc/ exanpl es/ s3l/util s/ copy_array. f

Related Function
S3L_exit(3)

S3L_i nner _prodand
S3 _gbl i nner _prod

Description

Multiple-Instance Inner Product — Sun S3L provides six multiple-instance inner-
product routines, all of which compute one or more instances of the inner product of
two vectors embedded in two parallel arrays. The operations performed by the
multiple-instance inner-product routines are shown in TABLE 2-7.

TABLE 2-7  Sun S3L Multiple-Instance Inner-Product Operations

Routine Operation Data Type

S3L_i nner _prod z =z + xly real or complex
S3L_i nner _prod_noadd z = xly real or complex
S3L_i nner _prod_addt o z = u + xTy real or complex
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TABLE 2-7  Sun S3L Multiple-Instance Inner-Product Operations (Continued)

Routine Operation Data Type

S3L_inner_prod_cl z =z + xHy complex only
S3L_i nner_prod_c1_noadd z = xHy complex only
S3L_i nner _prod_c1l_addto z = u + xty complex only

For these multiple-instance operations, array x contains one or more instances of the
first vector in each inner-product pair x. Likewise, array y contains one or more
instances of the second vector in each pair y.

Note — The array arguments x, y, and so forth, actually represent array handles that
describe Sun S3L parallel arrays. For convenience, however, this discussion ignores
that distinction and refers to them as if they were the arrays themselves.

x and y must be at least rank 1 arrays, must be of the same rank, and their
corresponding axes must have the same extents. Additionally, x and y must both be
distributed arrays—that is, each must have at least one axis that is nonlocal.

Array z, which stores the results of the multiple-instance inner-product operations,
must be of rank one less than that of x and y. Its axes must match the instance axes
of x and y in length and order of declaration and array z must also have at least one
axis that is nonlocal. This means each vector pair in x and y corresponds to a single
destination value in z.

For S3L_i nner _prod and S3L_i nner _prod_c1, z is also used as the source for a
set of values, which are added to the inner products of the corresponding x and y
vector pairs.

Finally, x, y, and z must match in data type and precision.

Two scalar integer variables, x_vect or _axi s and y_vect or _axi s, specify the
axes of x and y along which the constituent vectors in each vector pair lie.

Note — When specifying values for x_vect or _axi s andy_vector _axi s, keepin
mind that Sun S3L functions employ zero-based array indexing when they are called
via the C/C++ interface and one-based indexing when called by means of the
F77/F90 interface.

The array handle u describes a Sun S3L parallel array that is used by

S3L_i nner _prod_addt o and S3L_i nner _prod_c1_addt o. These routines add
the values contained in u to the inner products of the corresponding x and y vector
pairs.
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Upon successful completion of S3L_i nner _prod or S3L_i nner _prod_c1, the
inner product of each vector pair x and y in x and y, respectively, is added to the
corresponding value in z.

Upon successful completion of S3L_i nner _pr od_noadd or
S3L_i nner _prod_cl_noadd, the inner product of each vector pair x and y in x
and vy, respectively, overwrites the corresponding value in z.

Upon successful completion of S3L_i nner _prod_addt o or

S3L_i nner _prod_c1_addt o, the inner product of each vector pair x and y in x
and vy, respectively, is added to the corresponding value in u, and each resulting sum
overwrites the corresponding value in z.

Note — If each of the instance axes of x and y—that is, the axes along which the
inner product will be taken—contains only a single vector, either declare the axes to
have an extent of 1 or use the comparable single-instance inner-product routine, as
described below.

Single-Instance Inner Product — Sun S3L also provides six single-instance inner-
product routines, all of which compute the inner product over all the axes of two
parallel arrays. The operations performed by the single-instance inner-product
routines are shown in TABLE 2-8.

TABLE 2-8  Sun S3L Single-Instance Inner-Product Operations

Routine Operation Data Type
S3L_gbl _i nner_prod a=a+ xly real or complex
S3L_gbl _i nner _prod_noadd a = xly real or complex
S3L_gbl _i nner _prod_addt o a=">b + xTy real or complex
S3L_gbl _i nner _prod_c1 a = a + xty complex only
S3L_gbl _i nner _prod_c1_noadd a = xHy complex only

b + xHy complex only

S3L_gbl _inner_prod_cl addto a

Note — In these descriptions, xT and xH denote x transpose and x Hermitian,
respectively.

For these single-instance functions, x and y are Sun S3L parallel arrays of rank 1 or
greater and with the same data type and precision.

a is a pointer to a scalar variable of the same data type as x and y. This variable
stores the results of the single-instance inner-product operations.
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For S3L_gbl _i nner _prod and S3L_gbl _i nner_prod_c1, a is also used as the
source for a set of values, which are added to the inner product of x and y.

b is also a pointer to a scalar variable of the same data type as x and y. It contains a
set of values that S3L_gbl _i nner _pr od_addt o and
S3L_gbl _i nner_prod_cl_addt o add to the inner product of x and y.

Upon successful completion of S3L_gbl _i nner _prod or
S3L_gbl _i nner _prod_c1, the global inner product of x and y is added to a.

Upon successful completion of S3L_gbl _i nner _pr od_noadd or
S3L_gbl _i nner _prod_c1_noadd, the global inner product of x and y overwrites
a.

Upon successful completion of S3L_gbl _i nner _prod_addt o or
S3L_gbl _i nner_prod_c1l_addt o, the global inner product of x and y is added to
b, and the resulting sum overwrites a.

Note — Array variables must not overlap.

Syntax

The C and Fortran syntax for S3L_i nner _prod and S3L_gbl _i nner _prod is as
follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_i nner_prod(z, X, Y,
S3L_i nner _prod_noadd(z, x, v,
S3L_i nner _prod_addto(z, x, v,
S3L_i nner_prod_c1(z, x, Y,
S3L_i nner _prod_cl _noadd(z, X,
S3L_i nner _prod_cl_addto(z, x,
S3L_gbl _i nner_prod(a, x, y)
S3L_gbl _i nner _prod_noadd(a, X,
S3L_gbl _i nner _prod_addto(a, x,
S3L_gbl _inner _prod_cl(a, x, Yy)
S3L_gbl _i nner _prod_c1_noadd(a,
S3L_gbl _i nner _prod_c1_addto(a,
S3L_array_t z
S3L_array_t X
S3L_array_t y
S3L_array_t u
S3L_array_t a
S3L_array_t b
i nt X
i nt y

F77/F90 Syntax

i ncl ude

‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h
subroutine

S3L_i

S3L_i nner _pr od_noadd( z,
S3L_i nner _pr od_addt o( z,

ier)

S3L_i nner _prod_cl1(z,

nner _prod(z

X, Y,

X, Y,
X, Y,
X, Y,

X_vector _axi s,
X_vector_axi s,

u

X_vector_axis,

Y,
Y,

y)
Y,

X,
X,

X_vector _axi s,
X_vector _axi s,

u

X_vector_axis,

X_vector_axis,

X_vector_axis,

u, x_vector_axis,

b)

y)

y, b)

_vector_axis
_vector_axis

X_vector_axis,

y_vector_axi s,
y_vector_axi s,

y_vector_axis,

y_vector_axi s)
y_vector_axi s)

y_vector_axi s)

y_vector_axis)

y_vector_axis)

ier)
y_vector_axi s,

ier)
y_vector_axis,

S3L_i nner_prod_cl noadd(z, x, y, x_vector_axis,
ier)

S3L_inner_prod_cl _addto(z, x, y, u, x_vector_axis,
y_vector_axis, ier)

S3L_gbl _inner_prod(a, x, vy, ier)

S3L_gbl _i nner _prod_noadd(a, x, y, ier)

S3L_gbl _i nner _prod_addto(a, x, y, b, ier)

S3L_gbl _inner_prod_cl(a, x, y, ier)

S3L_gbl _inner _prod_cl _noadd(a, x, y, ier)

S3L_gbl _inner_prod_cl_addto(a, x, y, b, ier)
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nt eger *8
nt eger*8
nteger*8
nt eger*8
nteger*8
nt eger*8
nt eger *4
nt eger*4
nt eger*4

_vector_axis
_vector_axis
er

< X O o< X N

Input

The S3L_i nner _pr od_ functions accept the following arguments as input:

z — Array handle for a Sun S3L parallel array, which S3L_i nner _pr od and
S3L_i nner _prod_c1 use as a source of values to be added to the inner products
of the corresponding x and y vector pairs. z is also used for output; see the
Output section for details.

x — Array handle for a Sun S3L parallel array that contains the first vector in each
vector pair for which an inner product will be computed.

y — Array handle for a Sun S3L parallel array that contains the second vector in
each vector pair for which an inner product will be computed.

u — Array handle for a Sun S3L parallel array whose rank is one less than that of
x and y. S3L_i nner _prod_addt o and S3L_i nner _prod_c1_addt o add the
contents of u to the inner products of the corresponding vector pairs of x and y.

a — Pointer to a scalar variable, which S3L_gbl _i nner _pr od and
S3L_gbl _i nner _prod_c1 use as a source of values to be added to the inner
product of x and y. a is also used for output; see the Output section for details.

b — Pointer to a scalar variable, which S3L_gbl _i nner _pr od_addt o and
S3L_gbl _i nner _prod_c1_addt o use as a source of values to be added to the
inner product of x and y.

X_vect or _axi s — Scalar variable. Identifies the axis of x along which the vectors
lie.

y_vect or _axi s — Scalar variable. Identifies the axis of y along which the vectors
lie.

Output

The S3L_i nner _pr od_ functions use the following arguments for output:

z — Array handle for the Sun S3L parallel array that will contain the results of the
multiple-instance 2-norm routine.
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= a - Pointer to a scalar variable, which is the destination for the single-instance
inner-product routines.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, S3L_i nner _prod and S3L_gbl _i nner _pr od return S3L_SUCCESS.

S3L_i nner _prod and S3L_gbl _i nner _pr od perform generic checking of the
validity of the arrays they accept as arguments. If an array argument contains an
invalid or corrupted value, the function terminates and an error code is returned
that indicates which value of the array handle was invalid. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR MATCH _RANK - x and y do not have the same rank.

= S3L_ERR MATCH EXTENTS - Axes of x and y do not have the same extents.

= S3L_ERR MATCH DTYPE - The arguments are not all of the same data type and
precision.

= S3L_ERR CONJ_I NVAL - Conjugation was requested, but data supplied was not
of type S3L_conpl ex or S3L_doubl e_conpl ex.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3l / dense_matri x_ops/inner_prod. c
/ opt/ SUNWhpc/ exanpl es/ s3l / dense_matri x_ops-f/inner_prod. f

Related Functions

S3L_2 norn(3)
S3L_out er _prod( 3)
S3L_mat _vec_mul t (3)
S3L_mat _mul t (3)
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S3L | p_sparse

Description

S3L_I p_spar se applies an interior point method to solve the following
linear/quadratic optimization problem:

mn ¢’ *x

subject to:

ub >= x(iub) >= 0

A*x = b
The arrays must be either single- or double-precision real (S3L_f | oat or
S3L_doubl e).

i ub is an integer array containing indices of the upper bounded variables. Ais a
sparse Sun S3L array, while all other arrays are dense.

If convergence is achieved, the result of the optimization will be returned in x.

Syntax

The C and Fortran syntax for S3L_I| p_spar se is as follows:
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C/C++ Syntax

#i nclude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_I p_sparse(c,

S3L_array_t
S3L_array_t
S3L_array_t
S3L_array_t
S3L_array_t
S3L_array_t
i nt

<type>

S3L_gp_attr_t

A b,

, ub, iub,

X
c
A
b
X

ub
i ub
*iter
*t ol
attrib

where <t ype> is either float or double.

F77/F90 Syntax

where <t ype> is either real *4 or r eal *8.

i ncl ude

‘s3l/s3l -

f.h

include ‘s3l/s3l_errno-f.h
subrouti ne
S3L_I| p_sparse(c, A, b,

nt eger*8
nteger*8
nteger*8
nt eger*8
nteger*8
nteger*8
nt eger*4
<t ype>

i nt eger*8
i nteger*4

Input

, ub, iub,

X
c
A
b
X

ub
i ub
iter
t ol
attrib
ier

iter,

iter,

tol,

tol,

attrib)

attrib,

S3L_I p_spar se accepts the following arguments as input:

¢ — Sun S3L vector of length n.

= A-Sun S3L sparse array of dimensions ne x n.

Sun S3L 4.0 Software Reference Manual * February 2003

ier)



b — Dense Sun S3L vector of length ne.
ub — Dense Sun S3L vector of length nu.

i ub — Dense integer Sun S3L vector of length nu. It contains the indices of the
upper bounded variable x.

iter —Onentry,iter specifies the maximum number of iterations. Also used for
output, as described below.

t ol —On entry, t ol specifies the level of tolerance to be achieved in the linear
complementarity gap for the problem to be considered solved. Also used for
output, as described below.

attri b — Attribute handle supplied by S3L_qr _attr_init.

Output

S3L_I p_spar se uses the following arguments for output:

x — Dense Sun S3L vector of length n. On exit, x contains the solution to the
optimization problem.

i ter —On exit, i t er contains the actual number of iterations performed.
t ol — On exit, t ol contains the actual level of tolerance achieved.

i er (Fortran only) — When called from a Fortran program, S3L_| p_spar se
returns error status ini er.

Error Handling

On success, S3L_| p_spar se returns S3L_SUCCESS.

S3L_I p_spar se performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function

terminates and an error code is returned that indicates which value of the array

handle was invalid. See Appendix A of this manual for a detailed list of these error

codes.

In addition, the following conditions will cause S3L_I| p_spar se to terminate and
return the associated error code:

S3L_ERR_NOTSUPPORT - ¢ and/or A are sparse, but sparse support has not been
enabled via the at t ri b argument. For example, the Sun Performance Library™
direct solver has been chosen, but an appropriate version of that library has not
been linked in.

S3L_ERR_ARG DTYPE - The data type of the supplied arrays is not S3L_doubl e
or S3L_fl oat.
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The following error codes indicate that the interior point algorithm failed to
converge. This can happen if the problem is infeasible or is very badly conditioned.
In such cases, S3L_I| p_spar se will return in x the best solution achieved up to that
point. This allows the user to post-process the results and decide whether or not to
accept them.

» S3L_ERR SOLVE ERR TOO LARGE - During each iteration, S3L_| p_spar se
solves a sparse Cholesky linear system and then verifies the solution by
computing the error. If the error is too large, this error code is returned.

= S3L_ERR PROBLEM SI NGULAR - This error code is returned if the linear system
to be solved is found to be singular.

= S3L_ERR OBJ_ERR TOO LARCE - The error in the objective function that is to be
minimized is more than 100 times greater than the initial error.

= S3L_ERR FEASI BLE_REG ON- During each iteration, S3L_I| p_spar se attempts
to modify the values of the parameters in such a way that the solution stays in the
feasible region. If it cannot move the solution into the feasible region, it returns
this error code.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /optimex_| pl.c
[ opt / SUNWhpc/ exanpl es/ s3l /opti m ex_qpl.c
[ opt/ SUNWhpc/ exanpl es/ s3l /optinm ex_| p_sparsel.c
[ opt / SUN\Whpc/ exanpl es/ s3l /opti m ex_qgp_sparsel.c

Related Functions
S3L_gp(3)
S3L_gp_attr_init(3)
S3L_gp_attr_destroy(3)
S3L_gp_attr_set(3)
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S3I lu deal |l ocate

Description

S3L_I u_deal | ocat e invalidates the specified setup ID, which deallocates the
memory that has been set aside for the S3L_| u_f act or routine associated with that
ID. Attempts to use a deallocated setup ID will result in errors.

When you finish working with a set of factors, be sure to use S3L_I| u_deal | ocat e
to free the associated memory. Repeated calls to S3L_| u_f act or without
deallocation can cause you to run out of memory.

Syntax

The C and Fortran syntax for S3L_I| u_deal | ocat e is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_l u_deal | ocat e(setup_id)
i nt *setup_id

F77/F90 Syntax

include *s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine

S3L_lu_deal | ocate(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_l u_deal | ocat e accepts the following argument as input:

= setup_id - Scalar integer variable. Use the value returned by the corresponding
S3L_lu_factor call for this argument.

Output

S3L_I u_deal | ocat e uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_I| u_deal | ocat e
returns error status in i er.

Error Handling

On success, S3L_| u_deal | ocat e returns S3L_ SUCCESS.

The following condition will cause the function to terminate and return the
associated error code:

» S3L_ERR ARG SETUP - Invalid set up_i d value.
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Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I /1u/lu.c

[ opt / SUN\Whpc/ exanpl es/ s3l /1 u/ex_lul.c

/ opt/ SUNWhpc/ exanpl es/ s3l /1 u/ex_lu2.c

[ opt/ SUN\Whpc/ exanpl es/ s3l /1 u-f/lu.f

/ opt/ SUN\Whpc/ exanpl es/ s3l /1 u-f/ex_lul.f

Related Functions
S3L_lu_factor(3)

S3L_l u_sol ve(3)
S3L_lu_invert(3)

S3I lu factor

Description

For each M x N coefficient matrix A of a, S3L_| u_f act or computes the LU
factorization using partial pivoting with row interchanges.

The factorization has the form A =P x L x U, where P is a permutation matrix, L is
lower triangular with unit diagonal elements (lower trapezoidal if M > N), and U is
upper triangular (upper trapezoidal if M < N). L and U are stored in A

In general, S3L_I u_f act or performs most efficiently when the array is distributed
using the same block size along each axis.

S3L_I u_f act or behaves somewhat differently for 3D arrays, however. In this case,
it applies nodal LU factorization to each M x N coefficient matrix across the instance
axis. This factorization is performed concurrently on all participating processes.

You must call S3L_| u_f act or before calling any of the other LU routines. The
S3L_l u_f act or routine performs on the preallocated parallel array and returns a
setup ID. You must supply this setup ID in subsequent LU calls, as long as you are
working with the same set of factors.

Be sure to call S3L_I| u_deal | ocat e when you have finished working with a set of
LU factors. See “S3| _| u_deal | ocat e” on page 207 for details.
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The internal variable set up_i d is required for communicating information between
the factorization routine and the other LU routines. The application must not modify
the contents of this variable.

Syntax

The C and Fortran syntax for S3L_I| u_f act or is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_lu_factor(a, row axis, col_axis, setup_id)
S3L_array_t a
i nt row_axis
i nt col _axis
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_lu_factor(a, row axis, col_, setup_id, ier)
i nteger*8 a
i nteger*4 row_axis
i nteger*4 col _axis
i nteger*4 setup_id
i nteger*4 ier
Input

S3L_l u_f act or accepts the following arguments as input:

= a — Parallel array of rank greater than or equal to 2. This array contains one or
more instances of a coefficient matrix A to be factored. Each A is assumed to be
dense with dimensions M x N with rows counted by axis r ow_axi s and columns
counted by axis col _axi s.
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= row_axi s — Scalar integer variable. Identifies the axis of a that counts the rows of
each matrix A. For C program calls, r ow_axi s must be >= 0 and less than the
rank of a; for Fortran program calls, it must be >= 1 and not exceed the rank of a.
In addition, row_axi s and col _axi s must not be equal.

= col _axi s — Scalar integer variable. Identifies the axis of a that counts the
columns of each matrix A. For C program calls, col _axi s must be >= 0 and less
than the rank of a; for Fortran program calls, it must be >= 1 and not exceed the
rank of a. In addition, r ow_axi s and col _axi s must not be equal.

Output

S3L_l u_f act or uses the following arguments for output:

= a - Upon successful completion, each matrix instance A is overwritten with data
giving the corresponding LU factors.

= setup_id - Scalar integer variable returned by S3L_| u_f act or. It can be used
when calling other LU routines to reference the LU-factored array.

= i er (Fortran only) — When called from a Fortran program, S3L_| u_f act or
returns error status in i er.

Error Handling

On success, S3L_| u_fact or returns S3L_SUCCESS.

S3L_I u_f act or performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:

= S3L_ERR ARG RANK - Invalid rank; must be >= 2.

= S3L_ERR ARG BLKSI ZE - Invalid blocksize; must be >= 1.

= S3L_ERR ARG DTYPE - Invalid data type. It must be real or complex (single- or
double-precision).

» S3L_ERR ARG NULL - Invalid array. a must be preallocated.

» S3L_ERR ARG AXI SNUM-row_axi s or col _axi s is invalid. This condition can
be caused by either an out-of-range axis number (see r ow_axi s and col _axi s
argument definitions) or r ow_axi s equal to col _axi s.

» S3L_ERR FACTOR_SI NG - A singular factor U is returned. If it is used by
S3L_I u_sol ve, division by zero will occur.
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Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I /1u/lu.c

[ opt / SUN\Whpc/ exanpl es/ s3l /1 u/ex_lul.c

/ opt/ SUNWhpc/ exanpl es/ s3l /1 u/ex_lu2.c

[ opt/ SUN\Whpc/ exanpl es/ s3l /1 u-f/lu.f

/ opt/ SUN\Whpc/ exanpl es/s3l /1 u-f/ex_lul.f

Related Functions
S3L_l u_deal | ocat e(3)
S3L_lu_invert(3)

S3L_l u_sol ve(3)

S3l _lu_invert

Description

S3L_l u_i nvert uses the LU factorization generated by S3L_| u_f act or to
compute the inverse of each square (M x M) matrix instance A of the parallel array a.
This is done by inverting U and then solving the system A-1L = U-1 for A1, where
Al and U-1 denote the inverse of A and U, respectively.

In general, S3L_| u_i nvert performs most efficiently when the array is distributed
using the same block size along each axis.

For arrays with rank > 2, the nodal inversion is applied on each of the 2D slices of a
across the instance axis and is performed concurrently on all participating processes.

The internal variable set up_i d is required for communicating information between
the factorization routine and the other LU routines. The application must not modify
the contents of this variable.

Syntax

The C and Fortran syntax for S3L_I u_i nvert is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_lu_invert(a, setup_id)
S3L_array_t a
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h
subroutine

S3L_lu_invert(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_l u_i nvert accepts the following arguments as input:

a — Parallel array that was factored by S3L_| u_f act or, where each matrix
instance A is a dense M x M square matrix. Supply the same value a that was

used in S3L_I u_factor.

set up_i d — Scalar integer variable. Use the value returned by the corresponding

S3L_l u_f act or call for this argument.

Output

S3L_l u_i nvert uses the following arguments for output:

a — Upon successful completion, each matrix instance A is overwritten with data

giving the corresponding LU factors.

= setup_id - Scalar integer variable returned by S3L_| u_f act or. It can be used
when calling other LU routines to reference the LU-factored array.

i er (Fortran only) — When called from a Fortran program, S3L_| u_i nvert

returns error status ini er.
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Error Handling

On success, S3L_| u_i nvert returns S3L_SUCCESS.

S3L_I u_i nvert performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:

= S3L_ERR ARG NULL - Invalid array; must be the same value returned by
S3L_lu _factor.

= S3L_ERR ARG SETUP - Invalid set up_i d value.

= S3L_ERR FACTOR_SI NG- a contains singular factors; its inverse could not be
computed.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I /1u/lu.c

[ opt / SUN\Whpc/ exanpl es/ s3l /1 u/ex_lul.c

/ opt/ SUNWhpc/ exanpl es/ s3l /1 u/ex_lu2.c

[ opt/ SUN\Whpc/ exanpl es/ s3l /1 u-f/lu.f

/ opt/ SUN\Whpc/ exanpl es/ s3l /1 u-f/ex_lul.f

Related Functions

S3L_lu_factor(3)
S3L_l u_deal | ocat e(3)
S3L_l u_sol ve(3)
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S3I lu solve

Description

For each square coefficient matrix A of a, S3L_I| u_sol ve solves a system of
distributed linear equations AX = B, with a general M x M square matrix instance A,
using the LU factorization computed by S3L_| u_f act or.

Note — Throughout these descriptions, L-1 and U-! denote the inverse of L and U,
respectively.

A and B are corresponding instances within a and b, respectively. To solve AX = B,
S3L_I u_sol ve performs forward elimination:

Let UX = C
A=LUinplies that AX = B is equivalent to C = L1B
followed by back substitution;

X = U1C = UL(L1B)

To obtain this solution, the S3L_I| u_sol ve routine performs the following steps:
1. Applies L1 to B.

2. Applies U-! to L-1B.

Upon successful completion, each B is overwritten with the solution to AX = B.

In general, S3L_| u_sol ve performs most efficiently when the array is distributed
using the same block size along each axis.

S3L_I u_sol ve behaves somewhat differently for 3D arrays, however. In this case,
the nodal solve is applied on each of the 2D systems AX = B across the instance axis
of a and is performed concurrently on all participating processes.

The input parallel arrays a and b must be distinct.

The internal variable set up_i d is required for communicating information between
the factorization routine and the other LU routines. The application must not modify
the contents of this variable.

Chapter 2 Sun S3L Functions 215



216

Syntax

The C and Fortran syntax for S3L_I| u_sol ve is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_lu_sol ve(b, a, setup_id)
S3L_array_t b
S3L_array_t a
i nt *setup_id

F77/F90 Syntax

include ‘s3I /s3l-f.h

include *s3l/s3l _errno-f.h
subroutine

S3L_lu_solve(b, a, setup_id, ier)

i nteger*8 b

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_I u_sol ve accepts the following arguments as input:

= b — Parallel array of the same type (real or complex) and precision as a. Must be
distinct from a. The instance axes of b must match those of a in order of
declaration and extents. The rows and columns of each B must be counted by axes
row_axi s and col _axi s, respectively (from the S3L_| u_f act or call). For the
two-dimensional case, if b consists of only one right-hand-side vector, you can
represent b as a vector (an array of rank 1) or as an array of rank 2 with the
number of columns set to 1 and the elements counted by axis r ow_axi s.

= a — Parallel array that was factored by S3L_| u_f act or, where each matrix
instance A is a dense M x M square matrix. Supply the same value a that was
used in S3L_| u_factor.

= setup_id - Scalar integer variable. Use the value returned by the corresponding
S3L_l u_fact or call for this argument.
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Output

S3L_I u_sol ve uses the following arguments for output:

= b — Upon successful completion, each matrix instance B is overwritten with the
solution to AX = B.

= i er (Fortran only) — When called from a Fortran program, S3L_| u_sol ve
returns error status in i er.

Error Handling

On success, S3L_| u_sol ve returns S3L_SUCCESS.

S3L_I u_sol ve performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause the function to terminate and return the
associated error code:

» S3L_ERR ARG NULL - Invalid array. b must be preallocated, and the same value
returned by S3L_| u_f act or must be supplied in a.

= S3L_ERR ARG RANK - Invalid rank. For cases where rank >= 3, the rank of b
must equal the rank of a. For the two-dimensional case, the rank of b must be
either 1 or 2.

= S3L_ERR ARG DTYPE - Invalid data type; must be real or complex (single- or
double-precision).

» S3L_ERR ARG BLKSI ZE - Invalid block size; must be >= 1.

» S3L_ERR MATCH_EXTENTS - Extents of a and b are mismatched along the row or
instance axis.

= S3L_ERR MATCH DTYPE - Data types of a and b do not match.

» S3L_ERR _ARRNOTSQ- Invalid matrix size; each coefficient matrix must be
square.

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /1u/lu.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /1 u/ex_lul.c
/ opt / SUNWhpc/ exanpl es/ s3I /1u/ex_lu2.c
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[ opt/ SUN\Whpc/ exanpl es/ s31 /1 u-f/lu.f
[ opt/ SUN\Whpc/ exanpl es/ s3I /1 u-f/ex_lul.f

Related Functions

S3L_l u_deal | ocat e(3)
S3L_lu_factor(3)
S3L_lu_invert(3)

S3L_mat _nul t

Description

Sun S3L provides 18 matrix multiplication routines that compute one or more
instances of matrix products. For each instance, these routines perform the
operations listed in TABLE 2-9.

Note — In these descriptions, AT and AH denote A transpose and A Hermitian,
respectively.
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TABLE 2-9  Sun S3L Matrix Multiplication Operations

Routine

Operation

Data Type

S3L_nmat _nul t

S3L_mat _nul t _noadd
S3L_mat _nul t _addto
S3L_mat _nmult_t1

S3L_nmat _nmult _t1 noadd
S3L_mat_nult _t1 addto
S3L_mat _nult_hl

S3L_mat _nul t _h1l_noadd
S3L_nmat _nmult_hl addto
S3L_mat _mult_t2

S3L_mat _nult_t2 noadd
S3L_mat _nult_t2_addto
S3L_mat_mult_h2

S3L_mat _nult _h2 noadd
S3L_mat _nul t _h2_addto
S3L_mat _nult_t1 t2
S3L_nmat_mult_t1 t2 noadd
S3L_mat_nult _t1 t2 addto

O O o0 o0 o0 0 o0 o0 00000000 0

C + AB

AB

D + AB

C + ATB
ATB

D + ATB
C + AHB
AHB

D + AFB
C + ABT
ABT

D + ABT
C + ABH
ABH

D + ABH
C + ATBT
ATBT

D + ATBT

real or complex
real or complex
real or complex
real or complex
real or complex
real or complex
complex only
complex only
complex only
real or complex
real or complex
real or complex
complex only
complex only
complex only
real or complex
real or complex

real or complex

The algorithm used depends on the axis lengths of the variables supplied.

For calls that do not transpose either matrix A or B, the variables conform correctly
with the axis lengths for r ow_axi s and col _axi s shown in TABLE 2-10.

TABLE 2-10 Recommended r ow_axi s and col _axi s Values When Matrix A and
Matrix B Are Not Transposed

Variable row_axi s Length col _axi s Length
A p q
B q r
C p r
D p r
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For calls that transpose the matrix A, the variables conform correctly with the axis
lengths for r ow_axi s and col _axi s shown in TABLE 2-11.

TABLE 2-11 Recommended r ow_axi s and col _axi s Values When Matrix A
Is Transposed

Variable row_axi s Length col _axi s Length
A q p
B q r
C p r
D p r

For calls that transpose the matrix B, the variables conform correctly with the axis
lengths for r ow_axi s and col _axi s shown in TABLE 2-12.

TABLE 2-12 Recommended r ow_axi s and col _axi s Values When Matrix B
Is Transposed

Variable row_axi s Length col _axi s Length
A p q
B r q
C p r
D p r

For calls that transpose both A and B, the variables conform correctly with the axis
lengths for r ow_axi s and col _axi s shown in TABLE 2-13.

TABLE 2-13 Recommended row_axi s and col _axi s Values When Both Matrix A and
Matrix B Are Transposed

Variable row_axi s Length col _axi s Length
A q p
B r q
C p r
D p r

The algorithm is numerically stable.
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Syntax

The C and Fortran syntax for S3L_mat _nul t is as follows:
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C/C++ Syntax

#i nclude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_mat _mult(C, A, B, row axis, col_axis)

S3L_mat _nmul t _noadd(C, A,
S3L_mat _nmul t _addto(C, A,
S3L_mat_mult_t1(C, A B,
S3L_mat _nult_t1 noadd(C,
S3L_mat _nult_t1_addto(C,
S3L_mat _mul t _h1(C, A B,
S3L_mat _nmul t _h1l_noadd(C,
S3L_mat _nmul t _hl_addt o(C,
S3L_mat_mult_t2(C, A B,
S3L_mat _nult _t2_noadd(C,
S3L_mat _nult_t2_addto(C,
S3L_mat _mul t _h2(C, A B,
S3L_mat _nmul t _h2_noadd(C,
S3L_mat _nmul t _h2_addt o( C,
S3L_mat_nmult_t1 t2(C, A

B, row axis, col_axis)

B, D, row axis, col_axis)
row axis, col_axis)

A, B, row axis, col_axis)

A, B, D row_ axis, col_axis)
row_axis, col_axis)

A, B, row axis, col_axis)

A, B, D, row axis, col_axis)
row axis, col_axis)

A, B, row axis, col_axis)

A, B, D row.axis, col_axis)
row_axis, col_axis)

A, B, row_ axis, col_axis)

A, B, D, row axis, col_axis)
B, row axis, col_axis)

S3L_mat_mult_t1 t2 noadd(C, A B, row axis, col_axis)
S3L_mat _mult_t1 t2_addto(C, A B, D, row axis, col_axis)

S3L_array_t C

S3L_array_t A

S3L_array_t B

S3L_array_t D

i nt row_axis

i nt col _axis

F77/F90 Syntax

include ‘s3l/s3l-f.h’

include ‘s3l/s3l _errno-f.

subroutine

hx

S3L_mat_mult(C, A B, row.axis, col _axis, ier)

S3L_mat _nult_noadd(C, A,
S3L_nat _mul t _addto(C, A,
S3L_mat _mult_t1(C, A B,
S3L_mat _nmult_t1 noadd(C,
S3L_mat _nmult_t1_addto(C,
S3L_mat _mult_h1(C, A B,
S3L_mat _nul t _h1l_noadd(C,
S3L_mat _nult _h1_addt o(C,
S3L_mat _mult _t2(C, A B,
S3L_mat _nmult _t2_noadd(C,

B, row axis, col_axis, ier)

B, D, row axis, col_axis, ier)
row axis, col_axis, ier)

A, B, row axis, col_axis, ier)

A, B, D row.axis, col_axis, ier)

row axis, col_axis, ier)
A, B, row axis, col _axis, ier)

A B, D row.axis, col_axis, ier)

row axis, col_axis, ier)
A, B, row axis, col_axis, ier)
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S3L_mat _mult_t2_addto(C, A B, D, row axis, col_axis, ier)
S3L_mat _mult_h2(C, A B, row axis, col_axis, ier)

S3L_mat _mult _h2_noadd(C, A, B, row axis, col_axis, ier)
S3L_mat_mult_h2 _addto(C, A, B, D row axis, col_axis, ier)
S3L_mat_mult_t1 t2(C, A B, row.axis, col_axis, ier)
S3L_mat_mult_t1 t2 noadd(C, A B, row axis, col_axis, ier)
S3L_mat_mult_t1 t2 addto(C, A B, D, row axis, col_axis, ier)

i nteger*8 C

i nteger*8 A

i nteger*8 B

i nteger*8 D

i nteger*4 row_axis
i nteger*4 col _axis
i nteger*4 ier

Input

The S3L_mat _nul t _ functions accept the following arguments as input:

C - Array handle for a Sun S3L parallel array of rank >= 2. C is the destination
array for all matrix multiplication operations (as discussed in the Output section).
Some of these operations also use Cas an input argument, adding the contents of
C to their respective matrix multiplication products. The operations shown in
TABLE 2-9 that include some variation of C + AB belong to this class.

A - Array handle for a Sun S3L parallel array of the same rank as C and B. This
array contains one or more instances of the left-hand factor array A, defined by
axes r ow_axi s (which counts the rows) and col _axi s (which counts the
columns). Axis col _axi s of A must have the same length as axis r ow_axi s of B.
The contents of A are not changed during execution.

B — Array handle for a Sun S3L parallel array of the same rank as Cand A. This
array contains one or more instances of the right-hand factor array B, defined by
axes r ow_axi s (which counts the rows) and col _axi s (which counts the
columns). The contents of B are not changed during execution.

D - Parallel array of the same shape as C. This argument is used only in the calls
whose names end in _addt o. It contains one or more instances of the array D that
is to be added to the array product, defined by axes r ow_axi s (which counts the
rows) and col _axi s (which counts the columns). The contents of D are not
changed during execution, unless D and C are the same variable.

The argument D can be identical with the argument Cin all matrix multiply
_addt o routines except _t1_t 2_addt o.

row_axi s — The axis of C, A, and B that counts the rows of the embedded array or
arrays. Must be nonnegative and less than the rank of C.

col _axi s — The axis of C, A, and B that counts the columns of the embedded
array or arrays. Must be nonnegative and less than the rank of C.
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Output

The S3L_mat _rmul t _ functions use the following arguments for output:

= C- Array handle for a Sun S3L parallel array, which is a destination array for all
matrix multiplication operations. Upon successful completion, each array instance
within Cis overwritten by the result of the array multiplication call.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, the S3L_mat _mul t _ functions return S3L_SUCCESS.

The S3L_mat _mul t routines perform generic checking of the validity of the arrays
they accept as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause these functions to terminate and
return the associated error code:

= S3L_ERR _MATCH_RANK — The parallel arrays do not have the same rank.

= S3L_ERR MATCH EXTENTS - The extents of corresponding axes do not match.

= S3L_ERR MATCH_DTYPE - The arguments are not the same data type and
precision.

= S3L_ERR ARG _AXI SNUM-row_axi s and/or col _axi s contains a bad axis
number. For C program calls, each of these parameters must be >= 0 and less than
the rank of C. For Fortran calls, they must be >= 1 and <= the rank of C.

= S3L_ERR CONJ_I NVAL - Conjugation was requested, but data supplied was not
of type S3L_conpl ex or S3L_doubl e_conpl ex.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l / dense_matri x_ops/matmul t.c
[ opt / SUN\Whpc/ exanpl es/ s3l / dense_matri x_ops-f/matnul t. f

Related Functions
S3L_i nner _pr od( 3)
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S3L_2_norm(3)
S3L_out er _prod(3)
S3L_mat _vec_mul t ( 3)

S3L_mat _vec nul t

Description

Sun S3L provides six matrix vector multiplication routines, which compute one or
more instances of a matrix vector product. For each instance, these routines perform

the operations listed in TABLE 2-14.

Note — In these descriptions, conj[A] denotes the conjugate of A.

TABLE 2-14 Sun S3L Matrix Vector Multiplication Operations

Routine Operation Data Type

S3L_mat _vec_nul t y =y + Ax real or complex
S3L_mat _vec_nult _noadd y = AX real or complex
S3L_mat _vec_nult _addto y =V + Ax real or complex

S3L_mat _vec_nult_cl
S3L_mat _vec_nult _cl_noadd

S3L_mat _vec_nult _cl addto

y =y + conj[AJx
y = conj[A]x

y =V + conj[A]x

complex only
complex only

complex only

Syntax

The C and Fortran syntax for S3L_mat _vec_nul t is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c.
i nt

h>

S3L_mat _vec_nult(y, A, X, y_vector_axis, row axis, col_axis,
X_vect or _axi s)
S3L_mat _vec_nul t _noadd(y, A, X, y_vector_axis, row axis,
col _axis, x_vector_axis)
S3L_mat _vec_nult_addto(y, A X, Vv, y_vector_axis, row. axis
col _axis, x_vector_axis)
S3L_mat _vec_nult_c1(y, A X, y_vector_axis, row axis, col_axis
X_vect or _axi s)
S3L_mat _vec_nult_cl _noadd(y, A, X, y_vector_axis, row axis
col _axis, x_vector_axis)
S3L_mat _vec_nult_cl_addto(y, A X, Vv, y_vector_axis, row_axis,
col _axis, x_vector_axis)
S3L_array_t y
S3L_array_t A
S3L_array_t X
S3L_array_t \
i nt y_vector_axis
i nt row_axis
i nt col _axis
i nt X_vector_axis
F77/F90 Syntax
include *s31/s3l-f.h
include ‘s3l/s3l_errno-f.h
subroutine
S3L_mat _vec_nult(y, A, X, y_vector_axis, row axis, col_axis,

X_vector_axis, ier)

S3L_mat _vec_nul t _noadd(y,
X_vector_axis, ier)

S3L_mat _vec_nult_addto(y, A,
col _axis, x_vector_axis, ier)

S3L_mat_vec_nult_ci(y, A X,

X_vector_axis, ier)
S3L_mat _vec_nul t _c1_noadd(y,
col _axis, x_vector_axis, ier)
S3L_mat _vec_nult_cl _addto(y,
col _axis, x_vector_axis, ier)
i nteger*8 y
i nteger*8 A
i nteger*8 X
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A, X, y_vector_axis, row axis, col _axis,

X, V, y_vector_axis, row. axis,
y_vector_axis, row_ axis, col_axis
A, X, y_vector_axis, row. axis,
A, X, v, y_ vector_axis, row. axis,



nt eger *8 \Y

i
i nteger*4 y_vector_axis
i nteger*4 row_axis
i nteger*4 col _axis
i nteger*4 X_vector_axis
i nteger*4 ier

Input

The S3L_mat _vec_nul t _ functions accept the following arguments as input:

y — Array handle for a Sun S3L parallel array of rank >= 1. Two matrix vector
multiplication routines, S3L_nat _vec_nult and S3L_nmat _vec_nult_c1 add
the contents of this array to the product of Ax. All matrix vector multiplication
routines use y as the destination array, as described in the Output section.

A - Array handle for a Sun S3L parallel array of rank one greater than that of y. It
contains one or more instances of the matrix A, defined by axes r ow_axi s (which
counts the rows) and col _axi s (which counts the columns).

The remaining axes must match the instance axes of y in length and order of
declaration. Thus, each matrix in A corresponds to a vector in y. The contents of A
are not changed during execution.

X — Array handle for a Sun S3L parallel array of the same rank as y. It contains
one or more instances of x, the vector that will be multiplied by the matrix A,
embedded along axis x_vect or _axi s.

AXxis x_vect or _axi s of x must have the same length as axis col _axi s of A. The
remaining axes of x must match the instance axes of y in length and order of
declaration. Thus, each vector in x corresponds to a vector in y. The contents of x
are not changed during execution.

v — Array handle for a Sun S3L parallel array of the same rank and shape as y.
This argument is used only in the S3L_nmat _vec_nul t _addt o and

S3L_mat _vec_mnul t _c1_addt o calls. It contains one or more instances of the
vector v, which will be added to the matrix vector product, embedded along axis
y_vect or _axi s. The contents of v are not changed during execution, unless v is
the same variable as y.

For S3L_mat _vec_nul t _addto and S3L_mat _vec_mul t _c1_addt o, the
argument v can be identical to the argument y.

y_vect or _axi s — Scalar integer variable that specifies the axis of y and v along
which the elements of the embedded vectors lie. For C/C++ programs, this
argument must be nonnegative and less than the rank of y. For F77/F90
programs, it must be greater than zero and less than or equal to the rank of y.
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= row_axi s — Scalar integer variable that counts the rows of the embedded matrix
or matrices. For C/C++ programs, this argument must be nonnegative and less
than the rank of A. For F77/F90 programs, it must be greater than zero and less
than or equal to the rank of A

= col _axi s — Scalar integer variable that counts the columns of the embedded
matrix or matrices. For C/C++ programs, this argument must be nonnegative and
less than the rank of A. For F77/F90 programs, it must be greater than zero and
less than or equal to the rank of A.

= X_vector_axi s — Scalar integer variable that specifies the axis of x along which
the elements of the embedded vectors lie. For C/C++ programs, this argument
must be nonnegative and less than the rank of x. For F77/F90 programs, it must
be greater than zero and less than or equal to the rank of x.

Output

The S3L_mat _vec_nul t _ functions use the following arguments for output:

= y — Array handle for a Sun S3L array of rank >= 1. This array contains one or
more instances of the destination vector y embedded along the axis
y_vect or _axi s. This axis must have the same length as axis r ow_axi s of A
Upon completion, each vector instance is overwritten by the result of the matrix
vector multiplication call.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, the S3L_mat _vec_mul t routines return S3L_SUCCESS.

The S3L_mat _vec_nul t routines perform generic checking of the validity of the
arrays they accept as arguments. If an array argument contains an invalid or
corrupted value, the function terminates and an error code is returned that indicates
which value of the array handle was invalid. See Appendix A of this manual for a
detailed list of these error codes.

In addition, the following conditions will cause these functions to terminate and
return the associated error code:

= S3L_ERR MATCH_RANK — The parallel arrays do not have the same rank.

= S3L_ERR MATCH EXTENTS - The lengths of corresponding axes do not match.

= S3L_ERR MATCH DTYPE - The arguments are not all of the same data type and
precision.
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= S3L_ERR ARG AXI SNUM- Either r ow_axi s or col _axi s or both contain a bad
axis number. For C/C++ program calls, each of these parameters must be
nonnegative and less than the rank of A. For F77/F90 calls, they must be greater
than zero and less than or equal to the rank of A

= S3L_ERR _CONJ_I NVAL - Conjugation was requested, but the data supplied was
not of type S3L_conpl ex or S3L_doubl e_conpl ex.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / dense_nmatri x_ops/ mat _vec_mult.c
[ opt / SUN\Whpc/ exanpl es/ s3l / dense_natri x_ops-f/ matvec_nult. f

Related Functions

S3L_i nner _pr od( 3)
S3L_2_norn(3)
S3L_out er _prod( 3)
S3L_mat _mul t (3)

S3L_mat vec_spar se

Description

S3L_mat vec_spar se computes the product of a global general sparse matrix and a
global dense vector. The sparse matrix is described by the Sun S3L array handle A.
The global dense vector is described by the Sun S3L array handle x. The result is
stored in the global dense vector described by the Sun S3L array handle y.

The array handle A is produced by a prior call to one of the following routines:

= S3L_decl are_sparse
= S3L_read_sparse
=« S3L_rand_sparse
= S3L_convert_sparse
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Syntax

The C and Fortran syntax for S3L_nat vec_spar se is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_mat vec_sparse(y, A X)
S3L_array_t y
S3L_array_t A
S3L_array_t X

F77/F90 Syntax

include ‘s3I /s3l-f.h

include *s3l/s3l _errno-f.h
subroutine

S3L_mat vec_sparse(y, A X, ier)

i nteger*8 y

i nteger*8 A

i nteger*8 X

i nteger*4 ier
Input

S3L_mat vec_spar se uses the following arguments for output:
= A-Sun S3L array handle for the global general sparse matrix.

= X — Global array of rank 1, with the same data type and precision as Aand y and
with a length equal to the number of columns in the sparse matrix.

Output

S3L_mat vec_spar se uses the following arguments for output:

=y — Global array of rank 1, with the same data type and precision as A and x and
with a length equal to the number of rows in the sparse matrix. Upon completion,
y contains the product of the sparse matrix A and x.
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i er (Fortran only) — When called from a Fortran program, S3L_nat vec_spar se
returns error status in i er.

Error Handling

On success, S3L_mat vec_spar se returns S3L_SUCCESS.

The S3L_mat vec_spar se routines perform generic checking of the validity of the
arrays they accept as arguments. If an array argument contains an invalid or
corrupted value, the function terminates and an error code is returned that indicates
which value of the array handle was invalid. See Appendix A of this manual for a
detailed list of these error codes.

In addition, the following conditions will cause S3L_mat vec_spar se to terminate
and return the associated error code:

S3L_ERR_ARG NULL - Invalid array x or y or sparse matrix A. X and y must be
preallocated Sun S3L arrays, and A must be a preallocated sparse matrix.

S3L_ERR_ARG_RANK - Invalid rank for arrays x and y. They must be rank 1
arrays.

S3L_ERR_MATCH_RANK - The ranks of x and y do not match.
S3L_ERR_MATCH DTYPE - Arrays X, Y, and A do not have the same data type.

S3L_ERR_MATCH EXTENTS - The lengths of x and y are mismatched with the
size of sparse matrix A. The length of x must be equal to the number of columns
in A and the length of y must be equal to the number of rows in A.

S3L_ERR_SPARSE_FORMAT - Invalid sparse format. It must be
S3L_SPARSE_CQOO, S3L_SPARSE_CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR

Examples
/ opt/ SUNWhpc/ exanpl es/ s3l / spar se/ ex_sparse. c

[ opt / SUN\Whpc/ exanpl es/ s3l / sparse-f/ ex_sparse. f

/ opt/ SUN\Whpc/ exanpl es/ s3I /iter/ex_iter.c

[ opt/ SUN\Whpc/ exanpl es/s3l /iter-flex_iter.f

Related Functions
S3L_decl are_sparse(3)

S3L_read_sparse(3)
S3L_rand_sparse( 3)
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S3L_outer_ prod

Description

Sun S3L provides six outer product routines that compute one or more instances of
an outer product of two vectors. For each instance, the outer product routines
perform the operations listed in TABLE 2-15.

Note — In these descriptions, yT and yH denote y transpose and y Hermitian,
respectively

TABLE 2-15 Sun S3L Outer Product Operations

Routine Operation Data Type
S3L_outer_prod = A + xyT real or complex
S3L_out er _prod_noadd A = xyT real or complex
S3L_out er _prod_addto A =B + xyT real or complex
S3L_outer_prod_c2 A=A+ xyH complex only
S3L_out er _prod_c2_noadd A = xyT complex only
S3L_out er _prod_c2_addto A =B + xyT complex only

In elementwise notation, for each instance S3L_out er _pr od computes
ACiy ) = AL j) + x() * y())

and S3L_out er _prod_c2 computes
ACiyj) = A(Lj) + x(i) * conjy(j)]

where conj[y(j)] denotes the conjugate of y(j).

Syntax

The C and Fortran syntax for S3L_out er _pr od is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_outer_prod(A, x, y, row axis, col_axis, x_vector_axis,
y_vector _axi s)

S3L_out er _prod_noadd(A, X, y, row axis, col_axis, x_vector_axis,
y_vector_axis)

S3L_outer_prod_addto(A, X, y, B, row axis, col_axis,
X_vector_axis, y_vector_axis)

S3L_outer_prod_c2(A, X, y, row axis, col_axis, x_vector_axis,
y_vector _axi s)

S3L_outer_prod_c2_noadd(A, X, y, row. axis, col_axis,
X_vector_axis, y_vector_axis)

S3L_outer_prod_c2_addto(A, X, y, B, row_axis, col_axis,

X_vector_axis, y_vector_axis)

S3L_array_t A

S3L_array_t X

S3L_array_t y

S3L_array_t B

i nt row_axis

i nt col _axis

i nt Xx_vector_axis
i nt y_vector_axis

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h
subroutine
S3L_outer_prod(A, x, y, row axis, col_axis, x_vector_axis,
y_vector_axis, ier)
S3L_out er _prod_noadd(A, X, y, row axis, col_axis, x_vector_axis,
y_vector_axis, ier)
S3L_outer_prod_addto(A, x, y, B, row axis, col_axis,
x_vector_axis, y_vector_axis, ier)
S3L_outer_prod_c2(A, x, y, row axis, col_axis, x_vector_axis,
y_vector_axis, ier)
S3L_outer_prod_c2_noadd(A, X, y, row. axis, col_axis,
X_vector_axis, y_vector_axis, ier)
S3L_outer_prod_c2_addto(A, X, y, B, row_axis, col_axis,
x_vector_axis, y_vector_axis, ier)

i nteger*8 A

i nteger*8 X
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nt eger *8 y

i
i nteger*8 B
i nteger*4 row_axis
i nteger*4 col _axis
i nteger*4 X_vector_axis
i nteger*4 y_vector_axis
i nteger*4 ier
Input

The S3L_out er _pr od_ functions accept the following arguments as input:

A - Array handle for a Sun S3L parallel array of rank greater than or equal to 2.
Two Sun S3L outer product routines, S3L_out er _pr od and

S3L_out er _prod_c2, add the contents of this array to the product of xy. All
outer product routines use A as the destination array, as described in the Output
section.

x — Array handle for a Sun S3L parallel array of rank one less than that of A. It
contains one or more instances of the first source vector x embedded along axis
X_vector_axis.

AXxis x_vect or _axi s of x must have the same length as axis r ow_axi s of A. The
remaining axes of x must match the instance axes of A in length and order of
declaration. Thus, each vector in x corresponds to a vector in A

y — Array handle for a Sun S3L parallel array of rank one less than that of A. It
contains one or more instances of the second source vector x embedded along
axisy_vector_axis.

y_vect or _axi s must have the same length as axis col _axi s of A. The
remaining axes of y must match the instance axes of A in length and order of
declaration. Thus, each vector in y corresponds to a vector in A

The argument y can be identical to the argument x.

B - Parallel array of the same shape as A. It contains one or more embedded
matrices B defined by axes r ow_axi s (which counts the rows) and col _axi s
(which counts the columns). The remaining axes must match the instance axes of
Ain length and order of declaration. Thus, each matrix in B corresponds to a
matrix in A

This argument is used only in the S3L_out er _prod_addt o and

S3L_out er _prod_c2_addt o calls, which add each outer product to the
corresponding matrix within B and place the result in the corresponding matrix
within A. The contents of B are not changed by the operation (unless B and A are
the same variable).

For S3L_out er _prod_addt o and S3L_out er _prod_c2_addt o, the argument
B can be identical to the argument A.

Sun S3L 4.0 Software Reference Manual * February 2003



= row_axi s — Scalar integer variable. The axis of A and B that counts the rows of
the embedded matrix or matrices. For C/C++ programs, this argument must be
nonnegative and less than the rank of A. For F77/F90 programs, it must be greater
than zero and less than or equal to the rank of A

= col _axi s — Scalar integer variable. The axis of A and B that counts the columns
of the embedded matrix or matrices. For C/C++ programs, this argument must be
nonnegative and less than the rank of A. For F77/F90 programs, it must be greater
than zero and less than or equal to the rank of A

= X_vector_axi s — Scalar integer variable that specifies the axis of x along which
the elements of the embedded vectors lie. For C/C++ programs, this argument
must be nonnegative and less than the rank of y. For F77/F90 programs, it must
be greater than zero and less than or equal to the rank of x.

= y_vector_axi s — Scalar integer variable that specifies the axis of y along which
the elements of the embedded vectors lie. For C/C++ programs, this argument
must be nonnegative and less than the rank of y. For F77/F90 programs, it must
be greater than zero and less than or equal to the rank of y.

Output

The S3L_out er _pr od_ functions use the following arguments for output:

= A- Array handle for a Sun S3L parallel array of rank greater than or equal to 2,
which contains one or more instances of the destination matrix A, defined by axes
row_axi s (which counts the rows) and col _axi s (which counts the columns).
Upon successful completion, each matrix instance is overwritten by the result of
the outer product call.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, the S3L_out er _pr od routines return S3L_SUCCESS.

The S3L_out er _pr od routines perform generic checking of the validity of the
arrays they accept as arguments. If an array argument contains an invalid or
corrupted value, the function terminates and an error code is returned that indicates
which value of the array handle was invalid. See Appendix A of this manual for a
detailed list of these error codes.

In addition, the following conditions will cause these functions to terminate and
return the associated error code:

= S3L_ERR MATCH_RANK - The parallel arrays do not have the same rank.
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= S3L_ERR MATCH EXTENTS - The lengths of corresponding axes do not match.

= S3L_ERR MATCH _DTYPE - The arguments are not all of the same data type and
precision.

» S3L_ERR ARG AXI SNUM-row _axi s and/or col _axi s contains a bad axis
number. For C/C++ program calls, each of these parameters must be nonnegative
and less than the rank of A. For F77/F90 calls, they must be greater than zero and
less than or equal to the rank of A

= S3L_ERR CONJ_I NVAL - Conjugation was requested, but the data supplied was
not of type S3L_conpl ex or S3L_doubl e_conpl ex

» S3L_ERR ARG RANK - Rank of Ais less than 2.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3l / dense_matri x_ops/ outer_prod. c
/ opt/ SUNWhpc/ exanpl es/ s3l / dense_matri x_ops-f/outer_prod. f

Related Functions

S3L_i nner _prod(3)
S3L_2_norm(3)
S3L_mat _vec_mul t (3)
S3L_mat _mul t (3)
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S3L_print_array and
S3L_print_sub _array

Description

S3L_print _array causes the process with MPI rank 0 to print the parallel array
represented by the array handle a to standard output.

S3L_print _sub_array prints a specific section of the parallel array. This array
section is defined by the | bounds, ubounds, and st ri des arguments. | bounds
and ubounds specify the array section’s lower and upper index bounds. st ri des
specifies the stride to be used along each axis; it must be greater than zero.
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Note — The values of | bounds and ubounds should refer to zero-based indexed
arrays for the C interface and to one-based indexed arrays for the Fortran interface.

Syntax

The C and Fortran syntax for S3L_print _array and S3L_pri nt_sub_array isas
follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_print_array(a)

S3L_print_sub_array(a, |bounds, ubounds, strides)

S3L_array_t a

i nt *| bounds
i nt *ubounds
int *strides

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_print_array(a, ier)

S3L_print_sub_array(a, |bounds, ubounds, strides, ier)

i nteger*8 a

i nteger*4 | bounds(*)

i nteger*4 ubounds(*)

i nteger*4 strides(*)

i nteger*4 ier
Input

S3L_print_array and S3L_pri nt _sub_array accept the following arguments as
input:
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= a - Sun S3L array handle for the parallel array to be printed. This array handle
was returned when the array was previously declared.

= | bounds - Integer vector specifying the lower bounds of the indices of a along
each of its axes.

= ubounds - Integer vector specifying the upper bounds of the indices of a along
each of its axes.

= strides - Integer vector specifying the strides on the indices of a along each of
its axes.

Output

S3L_print_array and S3L_pri nt _sub_array use the following argument for
output:

= ier (Fortran only) — When called from a Fortran program, S3L_pri nt _array
and S3L_print _sub_array return error status ini er.

Error Handling

On success, S3L_print _array and S3L_pri nt _sub_array return S3L_SUCCESS.

S3L_print_array and S3L_pri nt _sub_array perform generic checking of the
validity of the arrays they accept as arguments. If an array argument contains an
invalid or corrupted value, the function terminates and an error code is returned
that indicates which value of the array handle was invalid. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following condition will cause the function to terminate and return
the associated error code:
= S3L_ERR ARG RANGE | NV - The given range of indices is invalid:

« A lower bound is less than the smallest index of the array.

« An upper bound is greater than the largest index of the array along the given
axis.

« A lower bound is larger than the corresponding upper bound.
« A stride is negative or zero.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3I /io/ex_printl.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /io/ex_io.c
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/ opt/ SUN\Whpc/ exanpl es/ s3l/io-f/ex_io.f

Related Functions

S3L_read_array(3)
S3L_wite_array(3)

S3L_print _sparse

Description

S3L_pri nt _spar se prints all nonzero values of a global general sparse matrix and
their corresponding row and column indices to standard output.

For example, the following 4x6 sample matrix:

3. 14

0
0

-0.031

0 0 20.04 0 0
27 0 0 -0.6 0

0 -0.01 0 0 0

0 0 0.08 0 314.0

could be printed by a C program in the following manner.

4 6 8

(0,0)
(0,3)
(1,1)
(1,4)
(2,2)
(3,0)
(3,3)
(3,5)

3. 140000

200. 040000
27. 000000
- 0. 600000
-0. 010000
- 0. 031000
0. 080000

314. 000000
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Note that, for C-language applications, zero-based indices are used. For Fortran
applications, one-based indices are used, s as follows:

468
(1,1) 3.140000

(1,4) 200.040000
(2,2) 27.000000
(2,5) -0.600000
(3,3) -0.010000
(4,1) -0.031000
(4,4) 0.080000

(4,6) 314.000000

The first line prints three integers, m n, and nnz, which represent the number of
rows, columns, and the total number of nonzero elements in the matrix, respectively.
If the matrix is stored in Variable Block Row format, three additional integers are
printed as well: bm bn, and bnnz. These integers indicate the number of block rows
and block columns and the total number of nonzero block entries.

The remaining lines list the all the nonzero elements in the matrix, one per line. The
first two values in each line are the row and column indices for the corresponding
nonzero element.

Syntax

The C and Fortran syntax for S3L_pri nt _spar se is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_print_sparse(A)
S3L_array_t A

F77/F90 Syntax

include ‘s3I /s3l-f.h
include ‘s3l/s3l_errno-f.h
subroutine
S3L_print_sparse(A, ier)

i nteger*8 A
i nteger*4 ier
Input

S3L_pri nt _spar se accepts the following argument as input:

= A-Sun S3L internal array handle for the global general sparse matrix that is
produced by a prior call to one of the following sparse routines:

« S3L_decl are_sparse
« S3L_read_sparse
« S3L_rand_sparse
« S3L_convert_sparse

Output

S3L_pri nt _spar se uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_pri nt _spar se
returns error status ini er.

Error Handling

On success, S3L_pri nt _spar se returns S3L_SUCCESS.
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The S3L_pri nt _spar se routine performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

On error, S3L_pri nt _spar se returns the following code:

= S3L_ERR ARG _NULL - The value specified for Ais invalid; no such Sun S3L
sparse matrix has been defined.

= S3L_ERR SPARSE FORMNAT - Invalid sparse format. It must be:
S3L_SPARSE_CQO, S3L_SPARSE_CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / spar se/ ex_spar se. ¢
[ opt/ SUNWhpc/ exanpl es/ s3Il / spar se/ ex_sparse2.c
[ opt / SUNWhpc/ exanpl es/ s3l / sparse-f/ ex_sparse. f

Related Functions

S3L_decl are_sparse(3)
S3L_read_sparse(3)
S3L_rand_sparse( 3)
S3L_wite_sparse(3)

S3L_qgp

Description

S3L_qgp applies an interior point method to solve the following linear/quadratic
optimization problem:

mn (1/2)*x’ *Q x+f’ *x
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subject to:

ub >= x >=1b
Cx >d
A*x = b

The arrays must be either S3L_f | oat or S3L_doubl e.
Q A, and Cshould be either dense or sparse Sun S3L arrays and all of the same type.

If convergence is achieved, the result of the optimization will be in xf .

Syntax

The C and Fortran syntax for S3L_qp is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_gp(A, Q C f, b, d, Ib, ub, xf, iter, tol, attrib)
S3L_array_t A
S3L_array_t Q
S3L_array_t C
S3L_array_t f
S3L_array_t b
S3L_array_t d
S3L_array_t I'b
S3L_array_t ub
S3L_array_t xf
i nt *iter
<t ype> *t ol
S3L_gp_attr_t attrib

where <t ype> is either f | oat or doubl e.
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F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_gp(A, Q C f, b, d, Ib, ub, xf, iter, tol, attrib, ier)

i nteger*8 A

i nteger*8 Q

i nteger*8 C

i nteger*8 f

i nteger*8 b

i nteger*8 d

i nteger*8 I'b

i nteger*8 ub

i nteger*8 xf

i nteger*4 iter
<t ype> t ol

i nteger*8 attrib
i nteger*4 ier

where <t ype> is either real *4 or r eal *8.

Input

S3L_qgp accepts the following argument as input:

= A - Dense or sparse Sun S3L array of size ne x n.
= Q- Dense or sparse Sun S3L array of size n x n.
= C- Dense or sparse Sun S3L array of size nc x n.
= f — Dense Sun S3L vector of length n.

= b — Dense Sun S3L vector of length ne.

= d - Dense Sun S3L vector of length nc.

= | b - Dense Sun S3L vector of length n.

= ub - Dense Sun S3L vector of length n.

= xf — Dense Sun S3L vector of length n.

= iter —Onentry,iter specifies the maximum number of iterations. Also used for
output, as described below.

= tol —Onentry, tol specifies the tolerance to be achieved in the linear
complementarity gap for the problem to be considered solved. Also used for
output, as described below.

= attrib - Attribute handle returned by an earlier call to S3L_qp_attr_init.
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Output

S3L_qgp use the following arguments for output:
= iter —Onexit,iter contains the actual number of iterations performed.
» tol —On exit, t ol contains the actual level of tolerance achieved.

= ier (Fortran only) — When called from a Fortran program, S3L_qp returns error
status ini er.

Error Handling

On success, S3L_qp returns S3L_SUCCESS.

S3L_qp performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause S3L_qp to terminate and return the
associated error code:
= S3L_ERR ARG ARRAY - Both Cand A arrays are equal to NULL.

= S3L_ERR ARG DTYPE - The data type of the supplied arrays is not S3L_doubl e
or S3L_f1l oat.

= S3L_ERR MATCH DTYPE - The data type of A is not the same as that of b.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /optimex_| pl.c

[ opt / SUN\Whpc/ exanpl es/ s3l /optim ex_qgpl.c

[ opt/ SUNWhpc/ exanpl es/ s3l /optim ex_| p_sparsel.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /optim ex_qgp_sparsel.c
/ opt/ SUNWhpc/ exanpl es/ s3I /opti mf/ex_| pl.f

/ opt / SUNWhpc/ exanpl es/ s3I /opti mf/ex_qpl.f

/ opt/ SUNWhpc/ exanpl es/ s3l /opti mf/ex_sp_I pl.f

Related Functions

S3L_I p_sparse(3)
S3L_gp_attr_init(3)
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S3L_gp_attr_destroy(3)
S3L_gp_attr_set(3)
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S3L _gp_attr_init,
S3L_gp_attr_destroy,
S3L_gp _attr_set

Description

S3L_gp_attr_init initializes a set of attributes with the handle at t ri b and loads
a set of default values.

S3L_qgp_at tr_dest r oy destroys the set of attributes with the handle attri b.
Once destroyed, at t ri b cannot be reused until it is reinitialized.

S3L_qgp_attr_set specifies the type of solver to be used and the amount of error
information that will be generated.

Syntax

The C and Fortran syntax for S3L_qp_attr_init, S3L_qgp_attr_destroy, and
S3L_qgp_attr_set is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_qgp_attr_init(&ttrib)
S3L_qgp_attr_destroy(&attrib)
S3L_gp_attr_set(&attrib, request, val ue)

S3L_qgp_attr_t attrib
S3L_gp_attr_req_t request
voi d *val ue

F77/F90 Syntax

include ‘s3I /s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_qp_attr_init(attrib, ier)
S3L_qgp_attr_destroy(attrib, ier)
S3L_qgp_attr_set(attrib, request, value, ier)

i nteger*8 attrib

i nteger*4 request

i nteger*4 val ue

i nteger*4 ier
Input

The S3L_qgp_at t r _ functions accept the following arguments as input:

= attrib - Handle for a set of attributes. This parameter is supplied by
S3L_qgp_attr_init andis used as input by S3L_qgp_attr_destr oy,
S3L_qgp_attr_set, and S3L_qgp.

= request —For S3L_qgp_attr_set, specifies the property of interest, which can
be one of:

S3L_QP_SOLVER_TYPE Set the direct solver type.
S3L_QP_VERBCSI TY Set the verbosity |evel.

= val ue - Specifies the value of the property named by the r equest argument.
There are two kinds of values that can be set: solver type and verbosity level. The
allowed values of both kinds are described below:
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For sparse constraint arrays, val ue can be used to specify the solver type, as
follows:

S3L_QP_SPLUS (default) Use the S+ full-pivoting asymmetric direct
solver.

S3L_QP_LI BSUNPERF Use the Sun Performance Library direct solver.

val ue can also be used to set the verbosity level of reporting, as follows:

S3L_QP_VERB_NONE (default) No output.
S3L_QP_VERB FULL Print the value of the error in every iteration.

Output

The S3L_qgp_at t r _ functions use the following arguments for output:
= attrib-S3L_gp_attr_init returns this handle for a set of attributes.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, the S3L_qp_at tr _ functions all return S3L_SUCCESS.

The following conditions will cause the indicated function to terminate and return
the associated error code:

= S3L_ERR ATTR_I NVALI D-attri b is not a properly initialized variable.

= S3L_ERR NONSUPPORT — An invalid value has been supplied.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /optimex_| pl.c
[ opt/ SUNWhpc/ exanpl es/ s3l /optim ex_qgpl.c
/ opt / SUNWhpc/ exanpl es/ s3I /opti m ex_| p_sparsel.c
/ opt / SUNWhpc/ exanpl es/ s3I/ opti m ex_gp_sparsel.c
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Related Functions

S3L_gp(3)
S3L_I p_sparse(3)

S3L_qgr _factor

Description

S3L_qgr _fact or computes the QR decomposition of real or complex Sun S3L
arrays. On exit, the Q and R factors are packed in array a.

S3L_qgr _f act or generates internal information related to the decomposition, such

as the vector of elementary reflectors. It also returns a setup parameter, which can be
used by subsequent calls to S3L_qr _sol ve to compute the least-squares solution to
a system A*x = b, where A is an m x n array, with m > n, and b is an m x nrhs array.

S3L_qgr _fact or can be used for arrays with more than two dimensions. In such
cases, the axi s_r and axi s_c arguments specify the row and column axes of 2D
array slices, whose QR factorization is to be computed.

When a is a 2D array, axi s_r and axi s_c should be set as shown in TABLE 2-16.

TABLE 2-16 Summary of axi s_r and axi s_c Settings for S3L_qr _f actor

C/C++ F77/F90
QR factorization of axis_r axis_c axis_r axis_c
a 0 1 1 2
transpose of a 1 0 2 1

Notes

S3L_qgr _fact or is more efficient when both dimensions of the input array are
block-cyclically distributed with equal block sizes.

If least-squares solutions are to be found for multiple A*x = b systems, where all
systems have the same matrix, the same QR factorization setup can be used by all
the S3L_qgr _sol ve instances.
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Syntax

The C and Fortran syntax for S3L_qr _f act or is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_qgr _factor(a, axis_r, axis_c, setup)
S3L_array_t a
i nt axis_r
i nt axis_c
i nt *setup

F77/F90 Syntax

include *s3l/s3l-f.h

include *s3l/s3l _errno-f.h

subroutine

S3L_qgr _factor(a, axis_r, axis_c, setup, ier)

i nteger*8 a

i nteger*4 axis_r

i nteger*4 axis_c

i nteger*4 set up

i nteger*4 ier
Input

S3L_qgr _f act or accepts the following arguments as input:

a - Input array whose QR decomposition is to be computed. On exit, the contents
of a are destroyed.

axi s_r — Integer denoting the row axis. For C program calls, axi s_r must be >=
0 and less than the rank of a; for Fortran program calls, it must be >= 1 and not
exceed the rank of a.

axi s_c - Integer denoting the column axis. For C program calls, axi s_c must be
>= 0 and less than the rank of a; for Fortran program calls, it must be >= 1 and
not exceed the rank of a.
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Output

S3L_qgr _fact or uses the following arguments for output:

= set up - Integer used by subsequent calls to S3L_qgr _sol ve to access internal QR
factorization information.

= i er (Fortran only) — When called from a Fortran program, S3L_qr _f act or
returns error status in i er.

Error Handling

On success, S3L_qr _fact or returns S3L_SUCCESS.

S3L_qgr _f act or performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause S3L_qr _f act or to terminate and
return the associated error code:
= S3L_ERR ARG _RANK - Rank of a is less than 2, which is invalid.

= S3L_ERR ARG DTYPE - Invalid data type. It must be S3L_f | oat, S3L_doubl e,
S3L_conpl ex, or S3L_doubl e_conpl ex.

» S3L_ERR ARG _AXI SNUM- axi s_r or axi s_c or both contain invalid entries.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I /qr/ex_qgrl.c
/ opt / SUNWhpc/ exanpl es/ s3I /qr-f/ex_qrl.f

Related Functions

S3L_get _qr(3)
S3L_qr _sol ve(3)
S3L_qgr_free(3)
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S3L_gr _free

Description

S3L_qgr _free frees all internal resources associated with a particular QR
decomposition.

Syntax

The C and Fortran syntax for S3L_qr _f r ee is as follows:

C/C++ Syntax

#i nclude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>
i nt
S3L_qgr _free(setup)
i nt *setup

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h
subrouti ne

S3L_qgr _free(setup, ier)

i nteger*4 set up
i nteger*4 ier
Input

S3L_qgr _free accepts the following argument as input:
= set up - Integer returned by a previous call to S3L_qr _f act or.
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Output

S3L_qgr _free uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_qr _f r ee returns
error status ini er.

Error Handling

On success, S3L_qgr _free returns S3L_SUCCESS.

In addition, the following condition will cause S3L_qr _f r ee to terminate and
return the associated error code:

= S3L_ERR ARG SETUP - Invalid setup value.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3l/qgr/ex_qrl.c
/ opt / SUNWhpc/ exanpl es/ s3I/ qr-f/ex_qrl.f

Related Functions
S3L_qgr_factor(3)
S3L_gr_sol ve(3)

S3L_get _qr(3)

S3L_gr _sol ve

Description

S3L_qgr _sol ve computes the least-squares solution to an overdetermined linear
system of the form a*x = b. a is an m x n Sun S3L array, where m > n
(overdetermined). b is an m x nrhs Sun S3L array of the same type as a.
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S3L_qgr _sol ve uses the QR factorization results from a previous call to
S3L_qgr _fact or for the computation. On exit, the first n x nrhs rows of b are
overwritten with the least-squares solution of the system.

a and b can have more than two dimensions, in which case, the operation is
performed over all 2D slices, which were specified by the row and column axis
arguments, axi s_r and axi s_c, of the corresponding S3L_qr _f act or call.

Notes

For m > n, the single routine S3L_gen_| sq performs the same set of operations as
the sequence: S3L_qr _factor, S3L_gr_sol ve, S3L_qgr _free. However, when
multiple least-squares solutions are to be found for a set of matrices that are all the
same, the explicit sequence can be more efficient. This is because S3L_gen_I sq
performs the full sequence every time it is called, even though the QR factorization
step is needed only the first time. In such cases, therefore, the following sequence
can be used to eliminate redundant factorization operations:

= S3L_qgr_factor, S3L_qr_sol ve, S3L_get _qr for the first solution
= S3L_gr_sol ve, S3L_get _gr for the second and all subsequent solutions

Syntax

The C and Fortran syntax for S3L_qr _sol ve is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_qgr_solve(a, b, setup)
S3L_array_t a
S3L_array_t b
i nt setup

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_gr_solve(a, b, setup, ier)

i nteger*8 a

i nteger*8 b

i nteger*4 setup

i nteger*4 ier
Input

S3L_qgr _sol ve accepts the following arguments as input:

= a - Input array of size m x n containing a QR decomposition computed by means
of S3L_qgr _factor.

= b -rhs array of size m x nrhs.
= set up - Integer returned by a previous call to S3L_qr _f act or.

Output

S3L_qgr _sol ve uses the following arguments for output:
= b — On exit, the first n rows of b contain the solution to the least-squares problem.

= i er (Fortran only) - When called from a Fortran program, S3L_qr _sol ve
returns error status in i er.
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Error Handling

On success, S3L_qgr _sol ve returns S3L_SUCCESS.

S3L_qgr _sol ve performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and returns an error code indicating which value was invalid. See
Appendix A of this manual for a detailed list of these error codes.

The following conditions will cause S3L_qr _sol ve to terminate and return the
associated error code:
= S3L_ERR ARG RANK - a and/or b are 1D arrays.

= S3L_ERR ARG DTYPE - The data type of a is not S3L_f | oat, S3L_doubl e,
S3L_conpl ex, or S3L_doubl e_conpl ex.

= S3L_ERR ARG _EXTENTS - The extents of a and b are incompatible.
= S3L_ERR ARG SETUP - Invalid setup value.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3I /qgr/ex_qrl.c
/ opt/ SUN\Whpc/ exanpl es/ s3l /qgr-f/ex_qgrl.f

Related Functions
S3L_qgr_factor(3)

S3L_get _qgr(3)

S3L_qgr _free(3)

S3L rand fib

Description

S3L_rand_fi b initializes a parallel array with a Lagged-Fibonacci random number
generator (LFG). The LFG’s parameters are fixed to | = 17, k =5, and m = 32.
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Random numbers are produced by the following iterative equation:

x[n] = (x[n-e] + x[n-k]) nod 2m

The result of S3L_r and_f i b depends on how the parallel array a is distributed.

When the parallel array is of type integer, its elements are filled with nonnegative
integers in the range 0 . . . 231 -1. When the parallel array is single- or double-
precision real, its elements are filled with random nonnegative numbers in the range
0 ... 1. For complex arrays, the real and imaginary parts are initialized to random
real numbers.

Syntax

The C and Fortran syntax for S3L_rand_fi b is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_rand_fib(a, setup_id)
S3L_array_t a
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l _errno-f.h
subroutine

S3L_rand_fib(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_rand_fi b accepts the following arguments as input:

= a-—Sun S3L array handle that describes the parallel array to be initialized by the
LFG.
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= setup_id - Integer index used to access the state table associated with the array
referenced by a.

Output

S3L_rand_fi b uses the following arguments for output:
= a - On output, a is a randomly initialized array.

= ier (Fortran only) — When called from a Fortran program, S3L_rand_fi b
returns error status in i er.

Error Handling

On success, S3L_rand_fi b returns S3L_SUCCESS.

S3L_rand_fi b checks the validity of the arrays it accepts as arguments. If an array
argument contains an invalid or corrupted value, the function terminates and an
error code is returned that indicates which value of the array handle was invalid. See
Appendix A of this manual for a detailed list of these error codes.

In addition, the following condition will cause S3L_r and_fi b to terminate and
return the associated error code.

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt/ SUNWhpc/ exanpl es/ s3l /rand_fib/rand_fib.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /rand_fib-f/rand_fib.f

Related Functions

S3L_free_rand_fib(3)
S3L_setup_rand_fi b(3)
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S3L _rand | cg

Description

S3L_rand_I cg initializes a parallel array a, using a linear congruential random
number generator (LCG). It produces random numbers that are independent of the
distribution of the parallel array.

Arrays of type S3L_i nt eger (i nt eger *4) are initialized to random integers in the
range 0. .. 231-1, Arrays of type S3L_| ong_i nt eger are initialized with integers in
the range 0 . .. 283-1. Arrays of type S3L_f | oat or S3L_doubl e are initialized in
the range 0 . . . 1. The real and imaginary parts of type S3L_conpl ex and
S3L_doubl e_conpl ex are also initialized in the range 0 . . . 1.

The random numbers are initialized by an internal iterative equation of the type:

x[n] = a*x[n-1] + ¢

Syntax

The C and Fortran syntax for S3L_r and_| cg is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_rand_Il cg(a, iseed)
S3L_array_t a
i nt i seed

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h
subrouti ne

S3L_rand_l cg(a, iseed, ier)

i nteger*8 a

i nteger*4 i seed

i nteger*4 ier
Input

S3L_rand_I cg accepts the following arguments as input:

= a - Sun S3L array handle that describes the parallel array to be initialized by the
LCG.

= i seed - An integer. If positive, this value is used as the initial seed for the LCG.
If zero or negative, the call to S3L_r and_I cg produces a sequence of random
numbers, which is a continuation of a sequence generated in a previous call to
S3L_rand_I cg.

Output

S3L_rand_I cg uses the following arguments for output:
= a - On output, a is a randomly initialized array.

= i er (Fortran only) — When called from a Fortran program, S3L_rand_I cg
returns error status in i er.
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Error Handling

On success, S3L_rand_| cg returns S3L_SUCCESS.

S3L_r and_I cg checks the validity of the arrays it accepts as arguments. If an array
argument contains an invalid or corrupted value, the function terminates and an
error code is returned that indicates which value of the array handle was invalid. See
Appendix A of this manual for a detailed list of these error codes.

In addition, the following condition will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG RANK - Rank of a is invalid.

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l /rand_| cg/ rand_Il cg. c
[ opt / SUN\Whpc/ exanpl es/ s3I /rand_l cg-f/rand_l cg. f

Related Functions

S3L_free_rand_fib(3)
S3L_setup_rand_fib(3)

S3L_rand _sparse

Description

S3L_rand_spar se creates a random sparse matrix with a random sparsity pattern
in one of the four sparse formats:

» S3L_SPARSE_COO- Coordinate format

» S3L_SPARSE_CSR - Coordinate Sparse Row format

= S3L_SPARSE_CSC - Coordinate Sparse Column format

= S3L_SPARSE_VBR - Variable Block Row format

Upon successful completion, S3L_r and_spar se returns a Sun S3L array handle in
A, which represents this random sparse matrix.
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The number of nonzero elements that are generated will depend primarily on the
combination of the densi t y argument value and the array extents given by mand n.
Usually, the number of nonzero elements will approximately equal mfn*densi ty.
The behavior of the algorithm may cause the actual number of nonzero elements to
be somewhat smaller than ntn*densi t y. Regardless of the value supplied for the
densi t y argument, the number of nonzero elements will always be >=m

Syntax

The C and Fortran syntax for S3L_r and_spar se is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt

S3L_rand_sparse(A, spfm, stype, m n, density, type, seed, ...)
S3L_array_t *A
S3L_sparse_storage_t spfmt
S3L_sparse_rand_t stype
i nt m
i nt n
real *4 density
S3L_data_type type
i nt seed

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_rand_sparse(A, spfnt, stype, m n, density, type, seed, ...,

ier)

i nteger*8 A

i nteger*4 spfnt

i nteger*4 stype

i nteger*4 m

i nteger*4 n

real *4 density

i nteger*4 type

i nteger*4 seed

i nteger*4 ier
Input

S3L_rand_spar se accepts the following arguments as input:

= spfnt - Indicates the sparse storage format used for representing the sparse
matrix. Use S3L_SPARSE_CQO, S3L_SPARSE_CSR, or S3L_SPARSE_CSCto create
a random point sparse matrix. Use S3L_SPARSE_VBR to create a sparse matrix

with random block structure.

If the value of spf nt is S3L_SPARSE_VBR, the following two arguments should

also be supplied:
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« rptr — An integer array of length m+1, such thatrptr[i] isthe row index of
the first point row in the i-th block row.

« cptr — Aninteger array of length n+1, such that cptr[j] is the column index
of the first column in the j-th block column.

If used, r ptr and cpt r follow the seed argument, as indicated by the ". .. " in
the Syntax section.

= Stype — A variable of the type S3L_sparse_rand_t (C/C++) ori nteger*4
(F77/F90) that specifies the type of random pattern to be used, as follows:

« S3L_SPARSE_RAND - A random pattern.
» S3L_SPARSE_DRND - A random pattern with guaranteed nonzero diagonal.
» S3L_SPARSE_SRND - A random symmetric sparse array.

« S3L_SPARSE_DSRN - A random symmetric sparse array with guaranteed
nonzero diagonal.

« S3L_SPARSE _DSPD - A random symmetric positive definite sparse array.

= m- When the sparse format is S3L_SPARSE_COO, S3L_SPARSE_CSR, or
S3L_SPARSE_CSC, mindicates the total number of point rows in the sparse
matrix. Under S3L_SPARSE_VBR, mdenotes the total number of block rows in the
sparse matrix.

= N —When the sparse format is S3L_SPARSE_COO, S3L_SPARSE _CSR, or
S3L_SPARSE_CSC, n indicates the total number of point columns in the sparse
matrix. Under S3L_SPARSE_VBR, n denotes the total number of block columns in
the sparse matrix.

= density — Positive parameter less than or equal to 1.0, which suggests the
approximate density of the array. For example, if densi ty = 0.1, approximately
10% of the array elements will have nonzero values.

= type — The type of the sparse array, which must be S3L_i nt eger, S3L_f | oat,
S3L_doubl e, S3L_conpl ex, or S3L_doubl e_conpl ex.

= seed - An integer that is used internally to initialize the random number
generators. It affects both the pattern and the values of the array elements. The
results are independent of the number of processes on which the function is
invoked.

Output

S3L_rand_spar se uses the following arguments for output:

= A-On return, A contains a Sun S3L internal array handle for the distributed
random sparse matrix. The handle can be used in subsequent calls to some other
Sun S3L sparse array functions.

= ier (Fortran only) — When called from a Fortran program, S3L_r and_spar se
returns error status ini er.
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Error Handling

On success, S3L_r and_spar se returns S3L_SUCCESS.

The S3L_r and_spar se routine performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause S3L_r and_spar se to terminate and
return the associated error code:

= S3L_ERR SPARSE FORMAT - Invalid storage format. It must be
S3L_SPARSE_CQOO, S3L_SPARSE_CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR

= S3L_ERR SPARSE PATTERN - Invalid random pattern. When spf nt is
S3L_SPARSE_COO, S3L_SPARSE_CSR, or S3L_SPARSE_CSC, st ype can be
S3L_SPARSE_RAND, S3L_SPARSE_DRND, S3L_SPARSE_SRND,
S3L_SPARSE_DSRN, or S3L_SPARSE_DSPD. When spf nt is S3L_SPARSE_VBR,
st ype must be either S3L_SPARSE_RAND or S3L_SPARSE_DRND.

= S3L_ERR ARG EXTENTS - Invalid mor n. Each extent value must be > 0.

= S3L_ERR _ARRNOTSQ- Invalid matrix size. When st ype does not equal
S3L_SPARSE_RAND, mmust equal n.

= S3L_ERR DENSI TY - Invalid densi t y value. It must be 0.0 < density <= 1.0.

» S3L_ERR ARG DTYPE - Invalid data type. When st ype is S3L_SPARSE_DSPD,
the data type of the sparse matrix must be S3L_f | oat or S3L_doubl e.

= S3L_ERR ARG NULL - Invalid arguments for r ptr and cptr. When spf nt is
S3L_SPARSE VBR, both r ptr and cpt r must be preallocated and initialized.

Examples

[ opt/ SUN\Whpc/ exanpl es/s3l/iter/ex_iter.c
/ opt / SUNWhpc/ exanpl es/ s3I /iter-f/ex_iter.f

Related Functions

S3L_decl are_sparse(3)
S3L_read_sparse(3)
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S3L rc fft andS3L cr fft

Description

S3L_rc_fft and S3L_cr _fft are used for computing the Fast Fourier Transform
of real 1D, 2D, or 3D arrays. S3L_rc_fft performs a forward FFT of a real array
and S3l _cr_fft performs the inverse FFT of a complex array with certain
symmetry properties. The result of S3I _cr _fft is real.

S3L_rc_fft accepts as input a real (single- or double-precision) parallel array and,
upon successful completion, overwrites the contents of the real array with the
complex Discrete Fourier Transform (DFT) of the data in a packed format.

S3L_cr _fft accepts as input a real array, which contains the packed representation
of a complex array.

S3L_rc_fft and S3L_cr _fft have been optimized for cases where the arrays are
distributed only along their last dimension. They also work, however, for any
CYCLI C(n) array layout.

For the 2D FFT, a more efficient transposition algorithm is used when the blocksizes
along each dimension are equal to the extents divided by the number of processors.
This arrangement can result in significantly higher performance.

The algorithms used are nonstandard extensions of the Cooley-Tuckey factorization
and the Chinese Remainder Theorem. Both power-of-two and arbitrary radix FFTs
are supported.

The nodal FFTs upon which the parallel FFT is based are mixed radix with prime
factors 2, 3, 5, 7, 11, and 13. The parallel FFT will be more efficient when the size of
the array is a product of powers of these factors. When the size of an array cannot be
factored into these prime factors, a slower DFT is used for the remainder.

Supported Array Sizes

One Dimension: The array size must be divisible by 4 x p2, where p is the number of
processors.

Two Dimensions: Each of the array extents must be divisible by 2 x p, where p is the
number of processors.
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Three Dimensions: The first dimension must be even and must have a length of at
least 4. The second and third dimensions must be divisible by 2 x p, where p is the
number of processors.

Scaling

The real-to-complex and complex-to-real Sun S3L parallel FFTs do not include
scaling of the data. Consequently, for a forward 1D real-to-complex FFT of a vector
of length n, followed by an inverse 1D complex-to-real FFT of the result, the original
vector is multiplied by n/2.

If the data fits in a single process, a 1D real-to-complex FFT of a vector of length n,
followed by a 1D complex-to-real FFT results in the original vector being scaled
by n.

For a real-to-complex FFT of a 2D real array of size n x m, followed by a complex-to-
real FFT, the original array is scaled by n x m.

Similarly, a real-to-complex FFT applied to a 3D real array of size n x m x k, followed
by a complex-to-real FFT, results in the original array being scaled by
nxmxk.

Complex Data Packed Representation

1D Real-to-Complex Periodic Fourier Transform: The periodic Fourier Transform of
a real sequence X[i], i=0,...,N-1 is Hermitian (exhibits conjugate symmetry around its
middle point).
If X[i],i=0,...,N-1 are the complex values of the Fourier Transform, then

X[i] =conj(X[Ni]), i=1,..., N1 (eq. 1)

Consider, for example, the real sequence:
X =

~NOoO b~ WNEO
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Its Fourier Transform is:

X =

28. 0000

-4.0000 + 9.6569i
-4,.0000 + 4.0000i
-4,0000 + 1.6569i
-4.0000

-4.0000 - 1.6569i
-4.0000 - 4.0000i

-4.0000 - 9.6569i

AS you can see:

X[ 1] = conj (X[ 7])
X[2] = conj (X[ 6])
X[3] = conj(X[5])
X[4] = conj(X[4]) (i.e., X4] is real)
X[5] = conj (X[ 3])
X[ 6] = conj(X[2])
X[7] = conj(X[1])

Because of the Hermitian symmetry, only N/2+1 =5 values of the complex sequence
X need to be calculated and stored. The rest can be computed from (eq. 1).

Note that X[0] and X[N/2] are real-valued so they can be grouped together as one
complex number. In fact, Sun S3L stores the sequence X as:

X[ 0] X[ N 2]
X[ 1]
X[ 2]

or

X =

28. 0000 - 4.0000i
-4.0000 + 9.6569i
-4.0000 - 4.0000i
-4,0000 + 1.6569i

The first line in this example represents the real and imaginary parts of a complex
number.

To summarize, in Sun S3L, the Fourier transform of a real-valued sequence of length
N (where N is even) is stored as a real sequence of length N. This is equivalent to a
complex sequence of length N/2.
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2D Fourier Transform: The method used for 2D FFTs is similar to that used for
1D FFTs. When transforming each of the array columns, only half of the data is
stored.

3D Real to Hermitian FFT: As with the 1D and 2D FFTs, no extra storage is required
for the 3D FFT of real data, since advantage is taken of all possible symmetries. For
an array a(M,N,K), the result is packed in the complex b(M/2,N,K) array. Hermitian
symmetries exist along the planes a(0,:,:) and a(M/2,:,:) and along dimension 1.

Seetherc_fft.candrc_fft.f program examples for illustrations of these
concepts. The paths for these online examples are provided at the end of this section.

Syntax

The C and Fortran syntax for S3L_rc_fft and S3L_cr_fft is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>
i nt
S3L_rc_fft(a, setup_id)
S3L_cr_fft(a, setup_id)
S3L_array_t a
i nt setup_id

F77/F90 Syntax

include *s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h
subroutine

S3L_rc_fft(a, setup_id, ier)
S3L_cr_fft(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

The S3L_rc_fft and S3L_cr _fft functions accept the following arguments as
input:
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= a-—Sun S3L array handle for a parallel real array. For S3L_rc_fft, the contents
of a are real values. For S3L_cr _fft, they are the packed representation of a
complex array. Upon successful completion, both routines overwrite a with the
results of the forward or inverse FFT. See the Output section for a discussion of
the use of a for output.

= setup_id - Scalar integer variable. Use the value returned by the
S3L_rc_fft_setup call for this argument.

Output

The S3L_rc_fft and S3L_cr _fft functions use the following arguments for
output:

= a—Sun S3L array handle for a parallel real array. Upon successful completion,
S3L_rc_fft overwrites a with the packed representation of the complex result
of the forward FFT. S3L_cr _f ft overwrites a with the real result of the inverse
FFT.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, S3L_rc_fft and S3L_cr _fft return S3L_SUCCESS.

The following condition will cause these functions to terminate and return the
associated error code:

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt/ SUN\Whpc/ exanmpl es/ s3I /rc_fft/rc_fft.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /rc_fft-f/rc_fft.f

Related Functions

S3L_rc_fft_setup(3)
S3L_rc_fft_free_setup(3)
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S3L rc_fft free setup

Description

S3L_rc_fft_free_set up deallocates internal memory associated with set up_i d

by a previous call to S3L_rc_fft_setup.

Syntax

The C and Fortran syntax for S3L_rc_fft_free_setup is as follows:

C/C++ Syntax

#i nclude <s31/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_rc_fft_free_setup(setup_id)
i nt setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne
S3L_rc_fft_free_setup(setup_id, ier)

i nteger*4 setup_id
i nteger*4 ier
Input

S3L_rand_spar se accepts the following argument as input:

= setup_id - Scalar integer variable. Use the value returned by the
S3L_rc_fft_setup call for this argument.
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Output

S3L_rc_fft_free_setup uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program,
S3L_rc_fft_free_setup returns error status ini er.

Error Handling

On success, S3L_rc_fft_free_set up returns S3L_SUCCESS.

The following condition will cause S3L_rc_fft_free_set up to terminate and
return the associated error code:

= S3L_ERR ARG SETUP - Invalid set up_i d value.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3I /rc_fft/rc_fft.c
/ opt/ SUNWhpc/ exanpl es/ s3I /rc_fft-f/rc_fft.f

Related Functions

S3L_rc_fft_setup(3)
S3L_rc_fft(3)

S3L rc_fft _setup

Description

S3L_rc_fft_setup allocates a real-to-complex FFT setup that includes the twiddle
factors necessary for the computation and other internal structures. This setup
depends only on the dimensions of the array whose FFT needs to be computed, and
can be used both for the forward (real-to-complex) and inverse (complex-to-

real) FFTs. Therefore, to compute multiple real-to-complex or complex-to-real
Fourier transforms of different arrays whose extents are the same, the
S3L_rc_fft_setup function has to be called only once.
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Syntax

The C and Fortran syntax for S3L_rc_fft_set up is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_rc_fft_setup(a, setup_id)
S3L_array_t a
i nt *setup_id

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_rc_fft_setup(a, setup_id, ier)

i nteger*8 a

i nteger*4 setup_id

i nteger*4 ier
Input

S3L_rc_fft_set up accepts the following argument as input:

= a-Sun S3L array handle for a parallel array that will be the subject of subsequent
transform operations.

Output

S3L_rc_fft_setup uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_rc_fft_setup
returns error status ini er.

= setup_id- On output, it contains an integer value that can be used in
subsequent calls to S3L_rc_fft,S3L_cr_fft,and S3L_rc_fft_free_setup.
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Error Handling

On success, S3L_rc_fft_set up returns S3L_SUCCESS.

The following conditions will cause S3L_rc_f ft _set up to terminate and return
the associated error code:

= S3L_ERR ARG _RANK - The rank of array a is not 1, 2, or 3.

= S3L_ERR ARG NREAL - The data type of a is not r eal .

= S3L_ERR ARG _NEVEN - Some of the extents of a are not even.

= S3L_ERR ARG EXTENTS - The extents of a are not correct for the rank of a and
the number of processors over which a is distributed. This relationship is
summarized below:

« Ifais 1D, its length must be divisible by 4*sqr(np) where np is the number of
processes over which the a is distributed.

« Ifais 2D, its extents must both be divisible by 2*np.

« Ifais 3D, its first extent must be even and its last two extents must both be
divisible by 2*np.

Examples

[ opt/ SUN\Whpc/ exanmpl es/ s3I /rc_fft/rc_fft.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /rc_fft-f/rc_fft.f

Related Functions

S3L_rc_fft(3)
S3L_cr _fft(3)
S3L_rc_fft_free_setup(3)
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S3L_read _array and
S3L_read sub_array

Description

S3L_read_array causes the process with MPI rank 0 to read the contents of a
distributed array from a local file and distribute them to the processes that own the
parts (subgrids) of the array. The local file is specified by the fi | enane argument.

S3L_read_sub_array reads a specific section of the array, within the limits
specified by the | bounds and ubounds arguments. The st ri des argument
specifies the stride along each axis; it must be greater than zero. The f or mat
argument is a string that specifies the format of the file to be read. It can be either
"ascii" or"bi nary".

The values of | bounds and ubounds should refer to zero-based indexed arrays for
the C interface and to one-based indexed arrays for the Fortran interface.

Syntax

The C and Fortran syntax for S3L_read_array and S3L_read_sub_array is as
follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c.h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_read_array(a, filename, format)

S3L_read_sub_array(a, |bounds, ubounds, strides, filenaneg,

format)
S3L_array_t a
i nt *| bounds
i nt *ubounds
i nt *strides
char *filenane
char *for mat

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_read_array(a, filenane, format, ier)
S3L_read_sub_array(a, |bounds, ubounds, strides, filenaneg,
format,ier)

i nteger*8 a

i nteger*4 | bounds(*)

i nteger*4 ubounds(*)

i nteger*4 strides(*)

character*1 filename(*)

character*1 format (*)

i nteger*4 ier
Input

S3L_read_array and S3L_read_sub_array accept the following arguments as

input:

= a-—Sun S3L array handle for the parallel array to be read. This array handle was
returned when the array was declared.

= | bounds - Integer vector specifying the lower bounds of the indices of a along
each of its axes.

= ubounds - Integer vector specifying the upper bounds of the indices of a along
each of its axes.
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= strides - Integer vector specifying the strides on the indices of a along each of
its axes.

= fil enane - Scalar character variable specifying the name of the file from which
the parallel array will be read.

= format — Scalar character variable specifying the format of the data to be read.
The value can be either "asci i " or "bi nary".

Output

S3L_read_array and S3L_read_sub_array use the following argument for
output:

= i er (Fortran only) — When called from a Fortran program, S3L_r ead_ar r ay and
S3L_read_sub_array return error status ini er.

Error Handling

On success, S3L_read_array and S3L_read_sub_array return S3L_SUCCESS.

S3L_read_array and S3L_r ead_sub_array perform generic checking of the
validity of the arrays they accept as arguments. If an array argument contains an
invalid or corrupted value, the function terminates and an error code is returned
that indicates which value of the array handle was invalid. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:
= S3L_ERR ARG _RANGE I NV - The given range of indices is invalid:

=« A lower bound is less than the smallest index of the array.

« An upper bound is greater than the largest index of an array along the given
axis.

« A lower bound is greater than the corresponding upper bound.

« A stride is negative or zero.
= S3L_ERR FI LE_OPEN - Failed to open the file with the file name provided.
= S3L_ERR EOF - Encountered EOF while reading an array from a file.
= S3L_ERR | O FORMAT - Format is not one of "asci i " or "bi nary".

= S3L_ERR | O _FI LENAME - The file name is equal to the NULL string (C/C++) or
to an empty string (F77/F90).
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3I /io/ex_io.c
[ opt/ SUN\Whpc/ exanpl es/ s3l/io-f/ex_io.f

Related Functions

S3L_print_array(3)
S3L_wite_array(3)
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S3L_read sparse

Description

S3L_r ead_spar se reads sparse matrix data from an ASCII file and distributes the
data to all participating processes. Upon successful completion, S3L_r ead_spar se
returns a Sun S3L array handle in A that represents the distributed sparse matrix.

S3L_r ead_spar se supports the following sparse matrix storage formats:

= S3L_SPARSE_COO- Coordinate format.

» S3L_SPARSE_CSR - Compressed Sparse Row format.

» S3L_SPARSE_CSC - Compressed Sparse Column format.
» S3L_SPARSE_VBR - Variable Block Row format.

Each of these four format files contains three sections. They begin with a header
section, followed by two data sections.

The header section can be used for comments. It consists of one or more lines, each
of which begins with the percent character (%).

The first data section consists of a single line. It contains a list of integers denoting
the total number of matrix rows, columns, nonzero elements and, in the case of the
S3L_SPARSE_VBR format for blocked matrices, the total number of block rows,
block columns, and nonzero blocks.

The second data section contains the numerical data of the matrix. For its data
layout, the following specifies the general rules to apply:

= Blank lines may be present anywhere in the file.

= Numerical data is separated by one or more blanks.
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= Real data entries must be in floating-point decimal format or, optionally, in the
e,E-format exponential notation common to C and Fortran.

= All indices must be stored using zero-based indexing when called by C or C++
applications and one-based indexing when called by F77 or F90 applications.

The details of the layout are given below for each of the sparse formats.

S3L_SPARSE_COO

Under the S3L_SPARSE_COO format, the first data section lists three integers, m, n,
and nnz. m and n indicate the number of rows and columns in the matrix,
respectively. nnz indicates the total number of nonzero values in the matrix.

The second data section stores all nonzero values in the matrix, one value per line.
The first two entries on the line are the row and column indices for that value and
the third entry is the value itself.

For example, the following 4x6 matrix:

3.14 0 0 20.04 0 0
0 27 0 0 -0.6 0
0 0 -0.01 0 0 0
-0.031 0 0 0. 08 0 314.0

could have the following layout in an S3L_SPARSE_CQOO file, using zero-based
indexing:
% Exanpl e: 4x6 sparse matrix in an S3L_SPARSE_COO fil e,

% row maj or order, zero-based indexing:
%

4 6 8

0 0 3. 140e+00
0 3 2.004e+01
1 1 2.700e+01
1 4 -6.000e-01
2 2 -1.000e-02
3 0 -3.100e-02
3 3 8. 000e- 02
3 5 3. 140e+02
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The layout used for this example is row-major, but any order is supported, including
random. The next two examples show this same 4x6 matrix stored in two
S3L_SPARSE_COOfiles, both in random order. The first example illustrates zero-
based indexing and the second, one-based indexing.

% Exanpl e: 4x6 sparse matrix in an S3L_SPARSE_COO fil e,
% random maj or order, zero-based indexing:
%

4 6 8

3 5 3. 140e+02
1 1 2.700e+01
0 3 2. 004e+01
3 3 8. 000e- 02
2 2 -1.000e-02
0 0 3. 140e+00
1 4 -6.000e-01
3 0 -3.100e-02

% Exanpl e: 4x6 sparse matrix in an S3L_SPARSE_COO fil e,
% random maj or order, one-based i ndexing:

. 000e- 02
. 700e+01
. 140e+00
. 100e- 02
. 000e- 02
. 140e+02
. 004e+01
. 000e-01

I\)I—\-bw-hl—‘l\)-b-bo\o
OO WERENMOO

'
ONWEFE WWNOO®

MatrixMarket Notes

Under S3L_SPARSE_COOformat, S3L_r ead_spar se can also read data supplied in
either of two Coordinate formats distributed by MatrixMarket

(htt p:// gans. ni st. gov/ Matri xMar ket /). The two supported MatrixMarket
formats are real general and complex general.

MatrixMarket files always use one-based indexing. Consequently, they can only be
used directly by Fortran programs, which also implement one-based indexing. For a
C or C++ program to use a MatrixMarket file, it must call the F77 application
program interface. The program example ex_spar se. c illustrates an F77 call from
a C program. See the Examples section for the path to this sample program.
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S3L_SPARSE_CSR

Under S3L_SPARSE_CSR format, the first data section is the same as the
S3L_SPARSE_COO format. The second data section stores the S3L_SPARSE_CSR
data structure in two integer arrays, pt r and i ndx, and one floating-point array,
val . It contains, in order, the row start pointers, the column indices, and the nonzero
elements.

For example, the same 4x6 sparse matrix used in the previous example could be
stored under S3L_SPARSE_CSR in the manner (using zero-based indexing):

% Exanpl e: 4x6 sparse matrix in an S3L_SPARSE CSR for mat
%

4 6 8

0 2 4 5 8

0 3 4 1 2 0 3 5
3.14 20.04 27.0 -0.6 -0.01 -0.031 0.08 314.0

S3L_SPARSE_CSC

The S3L_SPARSE_CSC format is almost identical to the S3L_SPARSE_CSR format
except with a column orientation. Specifically, the first data section is the same as the
S3L_SPARSE_CSR, while the second data section stores, in order, the column start
pointers, the row indices, and the nonzero elements.

Using the same 4x6 sparse matrix example as before, a possible data layout under
S3L_SPARSE_CsSC follows:

% Exanpl e: 4x6 sparse matrix in an S3L_SPARSE _CSC f or mat
%

4 6 8

0 2 3 4 6 7 8

0 3 1 2 0 3 1 3
3.14 -0.031 27.0 -0.01 20.04 0.08 -0.6 314.0

S3L_SPARSE_VBR

Unlike the first three sparse formats, which provide natural layouts for point sparse
matrices, S3L_SPARSE_VBR format is well-suited to represent matrices with a block
structure.

Under S3L_SPARSE_VBR format, the first data section contains six integers. They
are, in order, m n, nnz, bm bn, and bnnz. The first three indicate the number of
point rows, point columns, and point nonzero elements of the matrix. The other
three represent the block partitionings of the matrix—that is, the number of block
rows, block columns, and nonzero block entries of the matrix.
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The second data section stores the S3L_SPARSE_VBR data structure in five integer
arrays and one floating-point array. They are:

rptr Integer array containing the row-partitioning pointers.

cptr Integer array containing the column-partitioning pointers.

bptr Integer array containing the block row start pointers.

bi ndx Integer array containing the block column indices.

i ndx Integer array containing the block start pointers.

val Floating-point array containing the nonzero block entries, where each block

entry is stored as a dense matrix, column by column.

To illustrate the data layout, consider the following 5x8 sparse matrix with variable
block partitioning.

0|1 3 5|0 0] 9] 0 O]
112 4 6|0 0] 10| 0 O |
o S S oo +
210 0 0| 7 8] 11| 0 O
. e oo +
3/0 0 0|0 O] 12| 14 16 |
410 0 0] 0 O 13| 15 17 |
R N T +
5

It could be stored in S3L_SPARSE_VBR format as follows:

% Exanpl e: 5x8 sparse matrix in an S3L_SPARSE VBR f or mat
%
5 8 17 3 4 6

0 3
0 3 5 6 8

N
a1

0 2 4 6

0o 2 1 2 2 3

0 6 8 10 11 13 17

1.0 2.0 3.0 4.0 5.0 6.0 9.0 10.0
7.0 8.0 11.0

12.0 13.0 14.0 15.0 16.0 17.0
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Syntax

The C and Fortran syntax for S3L_r ead_spar se is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

int

S3L_read_sparse(A, spfnt, m n, nnz, type, fname, dfnt)

S3L_array_t
S3L_sparse_storage_t
i nt

i nt

i nt

S3L_data_type

char

char

F77/F90 Syntax

include ‘s3l/s3l-f.h’

include ‘s3l/s3l _errno-f.h

subroutine

S3L_read_sparse(A, spfrmt, m n, nnz, type, fname, dfnt

nteger*8
nt eger*4
nt eger*4
nt eger*4
nt eger*4
nt eger*4
character*1
character*1
i nteger*4

Input

*A
spf
m

n

nnz
type
*f nanme
*df nt

A
spfnt
m

n

nnz
type
f nane
df mt
ier

S3L_read_spar se accepts the following arguments as input:

ier)

= spfnt — Specifies the sparse storage format used for representing the sparse
matrix. The supported formats are S3L_SPARSE_COO, S3L_SPARSE_CSR,
S3L_SPARSE_CSC, and S3L_SPARSE_VBR
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= m- Indicates the total number of rows in the sparse matrix.
= n - Indicates the total number of columns in the sparse matrix.
= nnz - Indicates the total number of nonzero elements in the sparse matrix.

= type - Indicates the type of the sparse array, which must be S3L_f | oat,
S3L_doubl e, S3L_conpl ex, or S3L_doubl e_conpl ex.

= fnane - Scalar character variable that names the ASCII file containing the sparse
matrix data.

= df mt - Specifies the format of the data to be read from the data file. Allowed
strings are ‘asci i’ and ‘ASCl | "

Output

S3L_r ead_spar se uses the following arguments for output:
= A-Sun S3L array handle for the global general sparse matrix output.

= ier (Fortran only) — When called from a Fortran program, S3L_r ead_spar se
returns error status ini er.

Error Handling

On success, S3L_r ead_spar se returns S3L_SUCCESS.

The S3L_r ead_spar se routine performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause S3L_r ead_spar se to terminate and
return the associated error code:
= S3L_ERR ARG EXTENTS - Invalid m n, or nnz. These arguments must all be > 0.

» S3L_ERR SPARSE FORMAT - Invalid storage format. It must be
S3L_SPARSE_CQOQ, S3L_SPARSE_CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR

= S3L_ERR ARG DTYPE - Invalid data type. It must be S3L_f | oat, S3L_doubl e,
S3L_conpl ex, or S3L_doubl e_conpl ex.

= S3L_ERR | O _FI LENAME - Invalid file name.

= S3L_ERR | O FORMAT - Invalid data file format. The error could be either of the
following:

« The df nt value supplied was not 'asci i’ or ‘ASClI | "
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« Anunsupported MatrixMarket format was supplied. When a MatrixMarket file
is used, the first line of its comment section must contain either the words
‘real general ’or’conpl ex general .

» S3L_ERR FI LE_OPEN - Failed to open the data file; the file either does not exist
or the name is specified incorrectly.

= S3L_ERR EOF - The input data ended before expected.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / spar se/ ex_spar se. ¢
[ opt/ SUNWhpc/ exanpl es/ s3l / spar se-f/ ex_sparse. f

Related Functions

S3L_convert _sparse(3)
S3L_decl are_sparse(3)
S3L_mat vec_sparse(3)
S3L_rand_sparse( 3)

S3L_reduce

Description

S3L_r educe performs a predefined reduction function over all elements of a
parallel array. The array is described by the Sun S3L array handle argument A. The
argument op specifies the type of reduction operations, which can be one of the
following:

= S3L_OP_SUM- Finds the sum of all the elements.

= S3L_OP_M N- Finds the smallest value among all the elements.

= S3L_OP_MAX - Finds the largest value among all the elements.

Syntax

The C and Fortran syntax for S3L_r educe is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_reduce(A, op, res)
S3L_array_t A
S3L_op_type op
voi d *res

F77/F90 Syntax

include ‘s3I/s3l-f.h
include ‘s3l/s3l _errno-f.h
subroutine

S3L_reduce(A, op, res, ier)

i nteger*8 A

i nteger*4 op
<type> res
i nteger*4 ier

where <t ype> is one of: r eal *4, r eal *8, conpl ex* 8, or conpl ex* 16.

Input

S3L_r educe accepts the following arguments as input:

= A- Array handle for the parallel array to be reduced.
= 0Op - Specifies the type of operation to be performed.

Output

S3L_r educe uses the following arguments for output:
= res — Contains the result of the reduction function.

= ier (Fortran only) — When called from a Fortran program, S3L_r educe returns
error status ini er.

286  Sun S3L 4.0 Software Reference Manual « February 2003



Error Handling

On success, S3L_r educe returns S3L_SUCCESS.

S3L_r educe performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG _OP - Requested operation is not supported.
= S3L_ERR ARG DTYPE - Invalid data type.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/cshift_reduce.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/cshift_reduce.f

Related Function
S3L_reduce_axi s(3)

S3L_reduce _axis

Description

S3L_reduce_axi s applies a predefined reduction operation along a given axis of a
parallel Sun S3L array. If n is the rank (number of dimensions) of a, the result b is a
parallel array of rank n-1. The argument op specifies the operation to be performed.
The value of op must be one of:

= S3L_OP_SUM- The sum reduction operation is applied.
= S3L_OP_M N- The minimum reduction operation is applied.
= S3L_OP_MAX - The maximum reduction operation is applied.
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Syntax

The C and Fortran syntax for S3L_r educe_axi s is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

int

S3L_reduce_axis(a, op, axis, b)
S3L_array_t a
S3L_op_type op
i nt axi s
S3L_array_t b

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l _errno-f.h
subroutine

S3L_reduce_axis(a, op, axis, b, ier)

i nteger*8 a

i nteger*4 op

i nteger*4 axis

i nteger*8 b

i nteger*4 ier
Input

S3L_r educe_axi s accepts the following arguments as input:

= a - Sun S3L array handle for the parallel array on which the operation will be
applied.

= 0p - Predefined constant specifying the operation to be applied.

= axi s — Specifies the axis along which the reduction will be performed. When
S3L_reduce_axi s is called from a C program, this value must reflect zero-based
indexing of the array axes. If called from a Fortran program, it must reflect one-
based indexing.
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Output

S3L_reduce_axi s uses the following arguments for output:

= b —Sun S3L array handle for the parallel array that will contain the result of the
reduction.

= i er (Fortran only) — When called from a Fortran program, S3L_r educe_axi s
returns error status in i er.

Error Handling

On success, S3L_reduce_axi s returns S3L_ SUCCESS.

S3L_reduce_axi s performs generic checking of the validity of the arrays it accepts
as arguments. If an array argument contains an invalid or corrupted value, the
function terminates and an error code is returned that indicates which value of the
array handle was invalid. See Appendix A of this manual for a detailed list of these
error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:
= S3L_ERR ARG _OP - Requested operation is not supported.

= S3L_ERR MATCH EXTENTS - The extents of a and b do not match. For example,
if a is a 4D array with extents nl1 x n2 x n3 x n4, and axi s is equal to 2 (Fortran
interface), b must be a 3D array with extents n1 x n3 x n4.

» S3L_ERR MATCH_RANK - The rank of b is not equal to the rank of a minus 1.

= S3L_ERR ARG _AXI SNUM- The axis specified is not valid; that is, it is either larger
than the rank of the array or smaller than 1 (Fortran interface). For the C interface,
the axis value is equal to or larger than the rank of the array or smaller than 0.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3l /utils/cshift_reduce.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/cshift_reduce.f

Related Function
S3L_reduce(3)
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S3L_set _array_el enent,

S3L_get _array_el enent,

S3L_set _array_el enent _on_proc,
and

S3L _get _array_ el enent_on_proc

Description

The four subroutines described in this section enable the user to alter (set) and
retrieve (get) individual elements of an array. Two of these subroutines also enable
the user to know which process will participate in the set or get activity.

S3L_set _array_el enent assigns the value stored in val to a specific element of a
distributed Sun S3L array whose global coordinates are specified by coor. The val
variable is colocated with the array subgrid containing the target element.

Note — Because a Sun S3L array is distributed across a set of processes, each process
has a subsection of the global array local to it. These array subsections are also
referred to as array subgrids.

For example, if a parallel array is distributed across four processes, P0O-P3, and coor
specifies an element in the subgrid that is local to P2, the val that is located on P2
will be the source of the value used to set the target element.

S3L_get _array_el enent issimilarto S3L_set _array_el enent, but operates in
the opposite direction. It assigns the value stored in the element specified by coor to
val on every process. Since S3L_get _array_el ement broadcasts the element
value to every process, upon completion, every process contains the same value in
val .

S3L_set _array_el enent _on_pr oc specifies which process will be the source of
the value to be assigned to the target element. That is, the argument pnumspecifies
the MPI rank of a particular process. The value of the variable val on that process
will be assigned to the target element—that is, the element whose coordinates are
specified by coor.
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Note — The MPI rank of a process is defined in the global communicator
MPI _COVM WORLD.

S3L_get _array_el enent _on_pr oc updates the variable val on the process
whose MPI rank is supplied in pnum and uses the element whose indices are given
in coor as the source for the update.

Syntax

The C and Fortran syntax for S3L_set _array_el enent and its related routines is
as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_set _array_el ement (a, coor, val)

S3L_get _array_el ement (a, coor, val)

S3L_set _array_el enent _on_proc(a, coor, val, pnum
S3L_get _array_el ement _on_proc(a, coor, val, pnum

S3L_array_t a

i nt coor
voi d val

i nt pnum

F77/F90 Syntax

include ‘s3I /s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_set _array_el enent (a, coor, val, ier)

S3L_get _array_el enent (a, coor, val, ier)

S3L_set _array_el ement _on_proc(a, coor, val, pnum ier)
S3L_get _array_el enment _on_proc(a, coor, val, pnum ier)

i nteger*8 a

i nteger*4 coor
<t ype> val

i nteger*4 pnum
i nteger*4 ier

where <type>isi nteger*4,real *4,real *8, conpl ex*8, or conpl ex*16.

Input

S3L_set _array_el enent, S3L_set _array_el enent _on_proc,
S3L_get _array_el enent ,and S3L_get _array_el ement _on_pr oc accept the
following arguments as input:

= a - Array handle describing the parallel array containing the element of interest.

= coor - Integer vector specifying the coordinates of an element of the distributed
array a. This value follows zero-based notation for C/C++ programs and one-
based notation for F77/F90 programs.

= val - Variable that holds the value to be assigned to an element of an array or
that accepts the value of that element.
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= pnum- Integer variable specifying the MPI rank of a process to supply or accept
the value val . pnumis used only with S3L_set _array_el enent _on_proc and
S3L_get _array_el enent _on_proc.

Output

S3L_set_array_el enent, S3L_set _array_el enent _on_proc,
S3L_get _array_el enent ,and S3L_get _array_el ement _on_pr oc use the
following argument for output:

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, these functions return S3L_SUCCESS.

In addition, the following conditions will cause these functions to terminate and
return the associated error code and terminate:

= S3L_ERR ARG DTYPE - The data type of array a is not

« S3L_integer

« S3L_fl oat

« S3L_doubl e

« S3L_conpl ex

« S3L_doubl e_conpl ex

= S3L_ERR ARG _COCOR- The supplied coordinates are not valid; that is, they do not
specify an element of a.

Examples

[ opt/ SUN\Whpc/ exanpl es/ s3l/utils/cshift_reduce.c
[ opt / SUN\Whpc/ exanpl es/ s3l /utils-f/cshift_reduce.f
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S3L_set process grid

Description

S3L_set _process_gri d allows the user to define various aspects of an internal
process grid. It returns a process grid handle, which subsequent calls to other Sun
S3L functions can use to refer to that process grid.

Syntax

The C and Fortran syntax for S3L_set _process_gri d is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

S3L_set _process_grid(pgrid, rank, nmjorness, grid_extents,
plist_length, process_|ist)

S3L_pgrid_t *pgrid

i nt r ank

i nt maj or ness

i nt *grid_extents
i nt plist_length

i nt *process_|i st

F77/F90 Syntax

include ‘s3l/s3l-f.h

include *s3l/s3l _errno-f.h

subroutine

S3L_set _process_grid(pgrid, rank, nmajorness, grid_extents,
plist_length, process_list, ier)

i nteger*8 porid

i nteger*4 r ank

i nteger*4 maj or ness

i nteger*4 grid_extents(*)
i nteger*4 plist_length

i nteger*4 process_list(*)
i nteger*4 ier

Input

S3L_set _process_gri d accepts the following arguments as input:

= rank — Specifies the rank of the process grid to be created. The range of legal
values for r ank is the same as for Sun S3L arrays, which is 1 <=r ank <= 31.

= maj or ness — Uses one of the following predefined values to specify the order of
loop execution:

« S3L_MAJOR_ROW- Rightmost axis varies fastest.
« S3L_MAJOR_COLUWN - Leftmost axis varies fastest.

= grid_extents - Integer array whose length equals the rank of the process grid.
It contains a list of process grid extents. Each element in the array specifies the
extent of the corresponding process grid axis. Note that axis indexing is zero-
based for the C/C++ interface and one-based for the F77/F90 interface, as
follows:
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=« When called from a C or C++ application, the first element of gri d_ext ent s
corresponds to axis 0, the second element to axis 1, and so forth.

=« When called from an F77 or F90 application, the first element corresponds to
axis 1, the second to axis 2, and so forth.

= plist_I|ength - Length of process list. Note that, if the product of all grid
extents is N and if a value greater than N is specified for pl i st _| engt h, only the
first N elements of process_I|i st will be used.

= process_list — Array of integers of length pl i st _I engt h, which contains a
list of the processes that will constitute the process grid. For example, if you are
running your program on four MPI processes but you wish to create a process
grid consisting of only processes 1 and 3, you should set pl i st _| engt h to 2 and
have

process_list[0]
process_list[1]

I
[EEY

If plist_lengthisO, process_li st isignored. The process grid is then
created using all available processes in MPI _COVM WORLD.

Output

S3L_set _process_gri d uses the following arguments for output:
= pgrid - The process grid handle returned by the function.

= ier (Fortran only) — When called from a Fortran program,
S3L_set _process_gri d returns error status in i er.

Error Handling

On success, S3L_set _process_gri d returns S3L_SUCCESS.

S3L_set _process_gri d performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes:

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG RANK - Invalid r ank argument value.

= S3L_ERR ARG MAJOR - Invalid majorness value.
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= S3L_ERR PGRI D_EXTENTS - Grid size (calculated as product of process grid
extents) is less than 1.

» S3L_ERR ARRTOOSMALL - pli st _I| engt h is greater than 0 but less than the size
of the grid (calculated from the product of process grid extents).

= S3L_ERR ARG NULL - In a C/C++ program, pl i st _| engt h is greater than 0,
but process_|i st isa NULL pointer.

Examples

[ opt / SUN\Whpc/ exanpl es/ s3l / util s/ scal apack_conv. c
/ opt/ SUNWhpc/ exanpl es/ s3l /util s-f/scal apack_conv. f

Related Functions

S3L_decl are_det ai |l ed(3)
S3L_free_process_grid(3)

S3L_set _safety

Description

The Sun S3L safety mechanism offers two types of services:

= It performs error checking and reporting during execution of Sun S3L routines.

= It synchronizes Sun S3L processes so that, when an error is detected, the section
of code associated with the error can be more readily identified.

The Sun S3L safety mechanism can be set to operate at any one of four levels, which
are described in TABLE 2-17.
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TABLE 2-17 Setting Sun S3L Safety Levels

Safety Level Description

0 Turns the safety mechanism off. Explicit synchronization and error
checking are not performed. This level is appropriate for production
runs of code that have already been thoroughly tested.

2 Detects potential race conditions in multithreaded Sun S3L
operations on parallel arrays. To avoid race conditions, a Sun S3L
function locks all parallel array handles in its argument list before
proceeding. This safety level causes warning messages to be
generated if more than one Sun S3L function attempts to use the
same parallel array at the same time.

5 In addition to checking for and reporting level 2 errors, performs
explicit synchronization before and after each call and locates each
error with respect to the synchronization points. This safety level is
appropriate during program development or during runs for which
a small performance penalty can be tolerated.

9 Checks for and reports all level 2 and level 5 errors, as well as errors
generated by any lower levels of code called from within Sun S3L.
Performs explicit synchronization in these lower levels of code and
locates each error with respect to the synchronization points. This
level is appropriate for detailed debugging following the occurrence
of a problem.

The Sun S3L safety mechanism can be controlled in either of two ways:
= By setting the environment variable S3L_SAFETY.
= By using the call S3L_set _saf ety in a program.
To set the Sun S3L safety level using the S3L_SAFETY environment variable, issue
the command:
setenv S3L_SAFETY nunber

where number is one of: 0, 2, 5, or 9.

The value of S3L_SAFETY is read in when S3L_i ni t () is called. This value can be
overridden by a call to S3L_set _saf ety() at any point in the user’s program.
When S3L_set _saf ety() is called, its value overrides S3L_SAFETY until the
program completes.

If S3L_set _safety() is called again, the new safety level value will override the
the previous call. In other words, S3L_set _saf et y() can be called multiple times
within a single program. The next time the program is run, the safety level specified
by S3L_SAFETY will be reasserted.
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Syntax

The C and Fortran syntax for S3L_set _saf ety is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>
i nt
S3L_set _safety(n)
i nt n

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne
S3L_set _safety(n, ier)

i nteger*4 n

i nteger*4 ier

Input

S3L_set _saf ety accepts the following argument as input:

= N — An integer specifying one of four safety levels:; 0, 2, 5, and 9. See
the Description section for details.

Output

S3L_set _saf ety uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program, S3L_set _safety
returns error status in i er.

Error Handling

On success, S3L_set _saf ety returns S3L_SUCCESS.
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On error, the following condition will cause the function to terminate and return the
associated error code:

= S3L_ERR SAFELEV_| NVAL - Value specified for n is invalid.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ copy_array.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/copy_array.f

Related Function
S3L_get _safety(3)

300

S3L_setup rand fib

Description

S3L_set up_rand_fi b initializes the Lagged-Fibonacci random number generator’s
(LFG’s) state table with the fixed parameters:

=17, k=5 m = 32.

The state table is initialized in a manner that ensures that the random numbers
generated for each node are from a different period of the LFG. A Linear
Multiplicative Generator (LMG) is used to initialize the noncritical elements of the
state table.

Use S3L_free_rand_fi b to deallocate an LFG setup.

Syntax

The C and Fortran syntax for S3L_set up_rand_fi b is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_setup_rand_fib(setup_id, seed)
i nt *setup_id
i nt seed

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h

subrouti ne

S3L_setup_rand_fib(setup_id, seed, ier)

i nteger*4 setup_id

i nteger*4 seed

i nteger*4 ier
Input

S3L_setup_rand_fi b accepts the following argument as input:

= seed - An integer value used to initialize the LMG that initializes the noncritical
elements of the LFG’s state table.

Output

S3L_setup_rand_fi b uses the following arguments for output:

= setup_id-Onoutput, set up_i d contains an index that can be used as input to
S3L_rand_fib.

= i er (Fortran only) — When called from a Fortran program,
S3L_setup_rand_fi b returns error status ini er.

Error Handling

On success, S3L_set up_rand_fi b returns S3L_SUCCESS.
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Examples

[ opt/ SUNWhpc/ exanpl es/ s3l /rand_fib/rand_fib.c
[ opt/ SUN\Whpc/ exanpl es/ s3I /rand_fib-f/rand_fib.f

Related Functions

S3L_free_rand_fib(3)
S3L_rand_fi b(3)

302

S3L_sort, S3L_sort up,
S3L_sort down,

S3L_sort _detail ed up,
S3L_sort detail ed down

Description

The S3L_sort function sorts the elements of a one-dimensional array in ascending
order.

S3L_sort _up and S3L_sort _down sort the elements of one-dimensional or
multidimensional array in ascending and descending order, respectively.

Note — S3L_sort is a special case of S3L_sort _up.

When A is one-dimensional, the result is a vector that contains the same elements as
A but arranged in ascending order (S3L_sort or S3L_sort _up) or descending
order. For example, if A contains

|7 2 4 3 1 8 6 9 5]

calling S3L_sort or S3L_sort _up would produce the result
|1 2 3 4 5 6 7 8 9]
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If A'is multidimensional, the elements are sorted into an index-based sequence,
starting with the first row-column index and progressing through the row indices
first before advancing to the next column index position.

For example, if A contains

| 6 2 7 |
I I
| 1 4 3|
I I
| 9 5 8 |
S3L_sort _up would produce the result
| 1 4 7 |
I I
| 2 5 8 |
I I
| 3 6 9 |

and S3L_sort _down would produce the result

| 9 6 3|
| |
| 8 5 2|
I I
| 7 4 1]

S3L_sort _detail ed_up and S3L_sort _det ai | ed_down sort the elements of
one-dimensional or multidimensional arrays in ascending and descending order
along the axis specified by the axi s argument.

Note — The value of the axi s argument is language dependent. For C/C++
applications, it must be zero-based and for F77/F90 applications, it must be one-
based.

If the array referenced by A contains

|6 2 7]
I I
| 1 4 3|
I I
| 9 5 8|
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and a C program calls S3L_sort _det ai | ed_up with axi s =0, upon completion,
A will contain

| 1 2 3]
| |
| 6 4 7|
I I
| 9 5 8]

Or, if a C program calls S3L_sort _det ai | ed_up with axi s = 1, upon completion,
A will contain

| 2 6 7]
I I
| 1 3 4]
| |
| 5 8 9]

If these calls were made from an F77 or F90 program, the axi s values would need to
be one greater (that is, 1 and 2, respectively) to achieve the same results.

Syntax

The C and Fortran syntax for these functions is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_sort (A)
S3L_sort _up(A)
S3L_sort_down(A)
S3L_sort_detail ed_up(A, axis)
S3L_sort_detail ed_down(A, axis)
S3L_array_t A
i nt axi s

F77/F90 Syntax

include *s3l/s3l-f.h

include *s3l/s3l _errno-f.h
subroutine

S3L_sort (A, ier)

S3L_sort_up(A, ier)

S3L_sort_down(A, ier)
S3L_sort_detail ed_up(A, axis, ier)
S3L_sort_detail ed_down(A, axis, ier)

i nteger*8 A

i nteger*4 axi s

i nteger*4 ier
Input

The family of sort functions accept one or both of the following arguments as input:

=« A-For S3L_sort, Amust be a one-dimensional array. For S3L_sort _up,
S3L_sort_down, S3L_sort _detail ed_up, and S3L_sort _det ai | ed_down,
A can be one-dimensional or multidimensional.

= axi s —Used with S3L_sort _detail ed_upand S3L_sort_detai | ed_down to
specify which axis of Ais to be sorted. If A is one-dimensional, axi s must be 0
(for C/C++) or 1 (for F77/F90). It may not be used in S3L_sort, S3L_sort _up,
or S3L_sort _down calls.

Output

These sort functions use the following arguments for output:
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= A - On output, A contains the sorted array.

= i er (Fortran only) — When called from a Fortran program, these functions return
error status ini er.

Error Handling

On success, the sort functions return S3L_SUCCESS.

These functions all check the arrays they accept as arguments. If an array argument
contains an invalid or corrupted value, the function terminates and an error code is
returned that indicates which value of the array handle was invalid. See Appendix A
of this manual for a detailed list of these error codes.

In addition, the following conditions will cause the functions to terminate and return
the associated code:

= S3L_ERR ARG DTYPE - The type of the array is invalid. It must be
S3L_i nteger, S3L_l ong_i nt eger, S3L_f 1l oat, or S3L_doubl e.

= S3L_ERR ARG AXI SNUM- The axi s argument has an invalid value. The correct
values for axi s are:

« 0O<=axis <rank of a (C/C++)
« 0<axis <=rank of a (F77/F90)

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3I /sort/sortl.c
[ opt / SUNWhpc/ exanpl es/ s3l /sort/ex_sort2.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /sort-f/sortl.f

Related Functions

S3L_grade_up(3)
S3L_grade_det ai | ed_down( 3)
S3L_grade_detai |l ed_up(3)
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S3L_sort detail ed

Description

S3L_sort _det ai | ed enables the user to sort Sun S3L arrays on one or more
dimensions with detailed control. The axis and options arguments support:

= specifying the axis along which the sort will be done (for multidimensional
arrays).

= specifying the sort direction—descending or ascending order

= specifying either radix or quick-sort as the sort algorithm

Syntax

The C and Fortran syntax for S3L_sort _det ai | ed is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_sort_detail ed(A, axis, options)
S3L_array_t A
i nt axi s
i nt *options

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h

subroutine

S3L_sort_detail ed(A, axis, options, ier)

i nteger*8 A

i nteger*4 axi s

i nteger*4 options

i nteger*4 ier
nput

S3L_sort _det ai | ed accepts the following arguments as input:

A - On entry, A contains the Sun S3L array to be sorted.

axi s — Integer value that specifies which axis of A is to be sorted. If A is one-
dimensional, axi s must be 0 (for C/C++) or 1 (for F77/F90).

opt i ons — Integer vector with two elements. These elements are used as follows:

The first element specifies the algorithm to be used. It can be either
S3L_QUI CKSORT or S3L_RADI XSORT.

The second element specifies the sort direction. It can be either S3L_DOMN or
S3L_UP

Output

S3L_sort _det ai | ed uses the following arguments for output:

= A - On exit, A contains the sorted array.

i er (Fortran only) — When called from a Fortran program, S3L_sort _detai | ed
returns error status ini er.
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Error Handling

On success, S3L_sort _det ai | ed returns S3L_SUCCESS.

S3L_sort _det ai | ed performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following conditions will cause S3L_sort _det ai | ed to terminate
and return the associated error code:

= S3L_ERR ARG DTYPE - The data type of the array is invalid. It must be
S3L_i nteger, S3L_l ong_i nt eger, S3L_f | oat, or S3L_doubl e.

= S3L_ERR ARG _AXI SNUM- The axi s argument has an invalid value. The correct
values for axi s are:

Cl C++7 0 <= axis < rank of A
F77/ F90 1 <= axis <= rank of A

= S3L_ERR ARG _OP - The first element of options is not either S3L_QUI CKSORT or
S3L_RADI XSORT, or the second element of options is not either S3L_UP or
S3L_DOMN.

Examples

/ opt/ SUNWhpc/ exanpl es/ s3l /sort/ex_sort3.c
[ opt / SUN\Whpc/ exanpl es/ s3I /sort-f/sort2. f

Related Functions
S3L_grade_down( 3)
S3L_grade_up(3)
S3L_grade_det ai | ed_down( 3)
S3L_grade_detai | ed_up(3)
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S3L_sparse _sol ve

Description

S3L_spar se_sol ve solves a linear system of equations A*x =y, where A is a
sparse Sun S3L array and A and y are both single- or double-precision real parallel
arrays.

Notes

When calling S3L_spar se_sol ve to solve a new (unfactored) sparse linear system,
specify S3L_FULL_FACTOR_SOLVE as the first element of the opt i on argument
vector. This will cause S3L_spar se_sol ve to reduce fill by reordering the array
and to perform symbolic and numeric factoring before solving the system. It will
also return a set up value that identifies the internal setup created by the factoring.

If the same linear system is to be solved again, but with a different right-hand-side,
specify S3L_SOLVE_ONLY as the first element of the opt i ons argument. Also
specify the set up value returned by the S3L_spar se_sol ve call that factored the
sparse array. The new solution will make use of the internal setup created by the
earlier S3L_spar se_sol ve call.

If a previously factored sparse array contains new values, but the sparsity pattern
has not changed, it can be solved without specifying S3L_FULL_FACTOR_SOLVE.
Instead, specify S3L_SAVME_SPARSI TY_SOLVE and the previously returned set up
value. This causes S3L_spar se_sol ve to perform numeric factorization on the
sparse array and then solve the linear system.

When the internal setup for a linear system is no longer needed, the resources
associated with it can be freed by calling S3L_spar se_sol ve_fr ee and specifying
the applicable set up value.

The S+ message-passing direct sparse solver was developed by Kai Shen and Tao
Yang of the University of California at Santa Barbara. S+ can be used for general
(asymmetric) sparse matrices.

The Sun Performance Library direct solver solves a sparse linear system on a single
process.
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Syntax

The C and Fortran syntax for S3L_spar se_sol ve is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt
S3L_sparse_sol ve(A, v,
S3L_array_t
S3L_array_t
i nt
doubl e
i nt

F77/F90 Syntax

include ‘s3l/s3l-f.h

opti ons,
A

y
*options
*roptions
*setup

roptions, setup)

include ‘s3l/s3l_errno-f.h

subroutine
S3L_sparse_sol ve(A, v,

i nteger*8

i nteger*8

i nteger*4

<type>

i nteger*4

i nteger*4

opti ons,
A

y
options(*)
roptions(*)
setup

ier

ropti ons, setup, ier)

where <t ype> is either real *4 or r eal *8.

Input

S3L_spar se_sol ve accepts the following arguments as input:

= A- A parallel single- or double-precision, real sparse Sun S3L array.

= Yy — A parallel real array of rank 1 (vector) or rank 2 (matrix), containing the RHS
of the linear system A*x =y. See Output section for use at exit.
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= options — An array of rank 1 whose elements control S3L_spar se_sol ve

behavior as follows:

options[0] = S3L_FULL_FACTOR_SCOLVE

options[0] = S3L_SAME_SPARSI TY_SOLVE
options[0] = S3L_SOLVE _ONLY
options[1] = S3L_SPLUS SOLVER
options[1] = S3L_PERFLI B_SOLVER

Performfill-reducing
reordering, symbolic
factorization, nuneric
factorization, and solve
the linear system

Do only nuneric
factorization and sol ve
the linear system Use
this option when the
sparsity pattern of a
previously factored array
stays the sanme but it has
a new set of val ues.

Only solve the linear
system using a

previ ously conput ed
factorization.

Use S+ sparse sol ver. See
“Not es” on page 310 for
attribution information.

Use the Sun Perfornmance
Li brary 6.0 sparse
sol ver.

= Ifoptions[1l] = S3L_PERFLI B_SOLVER, specify the following options as well:

options[2] = S3L_NON_SYMVETRI C
options[2] = S3L_SYMVETRI C
options[2] = S3L_SYM STRUCT
options[3] = S3L_NO_PI VOT
options[3] = S3L_DO_PI VOT

The sparse array has
asymmetric structure
and asymmetric val ues.

The sparse array has
symretric structure
and synmetric val ues.

The sparse array has
symretric structure
but asymmetric val ues.

Do not use pivoting.

Use pivoting.
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= roptions — Not currently used. It may be used in the future for specifying such
parameters as a drop tolerance for pivoting, a threshold value for determining
when a block is considered dense, and the amalgamation constant.

Output

S3L_spar se_sol ve uses the following arguments for output:
= y — On exit, y is overwritten with the solution of the system.

= set up - Integer associated with the sparse linear solution that results from this
call to S3L_spar se_sol ve. If the internal setup will be used for additional
solutions of the linear system, this setup value will be used by the subsequent
S3L_sparse_sol ve calls. It will also be used in a subsequent call to
S3L_sparse_sol ve_fr ee to free the internal data associated with this solution
of the sparse system.

= i er (Fortran only) — When called from a Fortran program, S3L_spar se_sol ve
returns error status in i er.

Error Handling

On success, S3L_spar se_sol ve returns S3L_SUCCESS.

S3L_spar se_sol ve performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and returns an error code indicating which value was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause S3L_spar se_sol ve to terminate
and return the associated error code:

= S3L_ERR ARG DTYPE - The data type of the input arrays A and/or y is not
S3L_fl oat or S3L_doubl e, or the data type of A is not the same as that of y.

= S3L_ERR ARRNOTSQ- Input array A is not square.

= S3L_ERR ARG RANK -y is not a 1D or 2D array.

= S3L_ERR ARG EXTENTS - The length of y is not compatible with the extents of A.
= S3L_ERR ARG _OP - One or more of the following conditions exist:

« The first element of the integer vector opti ons is not
S3L_FULL_FACTOR _SOLVE, S3L_SOLVE_ONLY, or
S3L_SAME_SPARSI TY_SOLVE.

« The second element of opti ons is not S3L_SPLUS _SOLVER or
S3L_PERFLI B_SOLVER
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« The second element of opt i ons is S3L_PERFLI B_SCLVER, but one or more of
the following conditions exist:

The third element of opt i ons is not S3L_NON_SYMVETRI C, S3L_SYMVETRI C,
or S3L_SYM STRUCT.

The fourth element of opt i ons is not S3L_NO_PI VOT or S3L_DO_PI VOT.
= S3L_ERR ARG SETUP - Invalid set up value.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I / spsol vel ex_spar se_sol vel. c
[ opt / SUNWhpc/ exanpl es/ s3l / spsol ve-f/ ex_sp_sol vel. f

Related Function

S3L_sparse_sol ve_free(3)

314

S3L_sparse_sol ve free

Description

S3L_sparse_sol ve_fr ee frees all internal data associated with the solution of a
sparse linear system.

Syntax

The C and Fortran syntax for S3L_spar se_sol ve_free is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_sparse_sol ve_free(setup)
i nt *set up

F77/F90 Syntax

include ‘s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine

S3L_sparse_sol ve_free(setup, ier)

i nteger*4 setup
i nteger*4 ier
Input

S3L_spar se_sol ve_f r ee accepts the following argument as input:

= set up — An integer associated with a particular sparse linear solution. It was
previously returned by the S3L_spar se_sol ve call that produced the solution.

Output

S3L_sparse_sol ve_free uses the following argument as output:

= i er (Fortran only) — When called from a Fortran program,
S3L_sparse_sol ve_free returns error status ini er.

Error Handling

On success, S3L_spar se_sol ve_free returns S3L_SUCCESS.

On error, S3L_spar se_sol ve_f r ee returns one of the following error codes:
= S3L_ERR ARG SETUP - Invalid set up value.

= S3L_ERR NOTSUPPORT - The software layer upon which the Sun S3L sparse
solver is built could not be found. See the S3L_spar se_sol ve Error Handling
section for details. Input array A is not square.
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Examples

/ opt/ SUNWhpc/ exanpl es/ s3l / spsol ve/ ex_sparse_sol vel. c
[ opt / SUN\Whpc/ exanpl es/ s3l / spsol ve-f/ex_sp_sol vef 1. f

Related Function
S3L_sparse_sol ve(3)

S3L_sym ei gen

Description

S3L_sym ei gen finds selected eigenvalues and, optionally, eigenvectors of
Hermitian matrices. The eigenvalues and eigenvectors can be selected by specifying
a range of values or a range of indices for the desired eigenvalues/vectors.

Syntax

The C and Fortran syntax for S3L_sym ei gen is as follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_sym ei gen(A, axisl, axis2, E, V, J, job, range, lints,
t ol erances)

S3L_array_t A

i nt axi sl

i nt axi s2
S3L_array_t E
S3L_array_t \%
S3L_array_t J

i nt job

i nt range

voi d *limts

voi d *tol erances

F77/F90 Syntax

include ‘s3l/s3l-f.h

i nclude ‘s3l/s3l_errno-f.h

subroutine

S3L_sym ei gen(A, axisl, axis2, E, V, J, job, range, limts,
tol erances, ier)

i nteger*8 A

i nteger*4 axi sl

i nteger*4 axi s2

i nteger*8 E

i nteger*8 \%

i nteger*8 J

i nteger*4 job

i nteger*4 range
<type_lin> limts(2)
<type_tol > tol erances(2)
i nteger*4 ier

where <type_| i > is either i nt eger *4 or r eal *4 and <t ype_t ol > is either
real *4 or real *8.

Input

S3L_sym ei gen accepts the following arguments as input:
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A - Sun S3L array handle describing a real or complex parallel array. On entry, A
contains one or more two-dimensional Hermitian matrices, b, each of which is
assumed to be dense and square. The axes of b are identified by the arguments
axi s1 and axi s2. Upon exit, the contents of A are destroyed.

axi s1 — Integer variable denoting the axis of A that contains the rows of each
Hermitian matrix, b.

axi s2 — Integer variable denoting the axis of A that contains the columns of each
Hermitian matrix, b. axi s2 must be greater than axi s1.

j ob — Integer variable indicating whether or not eigenvectors are to be computed.
A value of 0 indicates that only eigenvalues are desired. Otherwise, both
eigenvalues and eigenvectors are calculated.

r ange — Integer variable indicating the range of eigenvalues to be computed, as
follows:

« 0 — Return all eigenvalues.
« 1 - Compute all eigenvalues within the specified interval.

« 2 — Return a range of eigenvalue indices (when eigenvalues are sorted in
ascending order).

I'i m ts — Defines the eigenvalue interval when the value of r ange is 1 or 2.
Specifically, when r ange equals:

« O0-1limts isnotused.

« 1-1imts mustbe ascalar real vector of length 2. Its values bracket the
interval in which eigenvalues are requested—that is, all eigenvalues in the
interval [l i mts(1),1imts(2)] will be found.

« 2-1imts mustbe ascalar integer vector of length 2. For eigenvalues sorted
in ascending order, eigenvalues corresponding to | i mi t s( 1) through
[imts(2) will be found.

t ol er ances - Real vector of length 2. Its precision must match that of A. That is,
if Ais of type S3L_f | oat or S3L_conpl ex, tolerances must be single-precision.
If Ais of type S3L_doubl e or S3L_doubl e_conpl ex, tolerances must be
double-precision.

t ol erances( 1) gives the absolute error tolerance for the eigenvalues. If

t ol erances( 1) is less than or equal to zero, the value eps * norm(b) will be
used in its place, where eps is the machine tolerance and norm(b) is the 1-norm of
the tridiagonal matrix obtained by reducing b to tridiagonal form.

t ol erances(2) controls the reorthogonalization of eigenvectors. Eigenvectors
corresponding to eigenvalues that are within t ol er ances(2) * norm(b) of each
other will be reorthogonalized. If t ol er ances( 1) is less than or equal to zero,
the value 1.0e-03 will be used in its place.
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Output

S3L_sym ei gen uses the following arguments for output:

A - Upon exit, the contents of A are destroyed.

E - Sun S3L array handle describing a real parallel array with rank(E) = rank(A) -
1. axi s1 of E must have the same extent as axi s1 of A. The remaining axes are
instance axes matching those of A in order of declaration and extents. Thus, each
vector f within E corresponds to a matrix b within A

On return, each f contains the eigenvalues of the corresponding matrix b.

V - Sun S3L array handle describing a parallel array with the same rank, extents,
and data type as A. For each instance of matrix b within A, there is a
corresponding two-dimensional array, w within V. axi s1 denotes the axis of V
that contains the rows of w, axi s2 denotes the axis of V that contains the columns
of w

On return, each column of wwill contain an eigenvector of w

J — Sun S3L array handle describing an integer parallel array with

rank(J) = rank(A) - 1. axi s1 of J should have an extent of 2. The remaining axes
are instance axes matching those of A in order of declaration and extents. Thus, J
will contain vectors of length 2 corresponding to the matrices b embedded within
A

On return, the first element of each vector will contain the number of eigenvalues
found. The second element of each vector will contain the number of eigenvectors
found.

i er (Fortran only) — When called from a Fortran program, S3L_sym ei gen
returns error status ini er.

Error Handling

On success, S3L_sym ei gen returns S3L_ SUCCESS.

S3L_sym ei gen performs generic checking of the arrays it accepts as arguments. If
an array argument contains an invalid or corrupted value, the function terminates
and an error code is returned that indicates which value of the array handle was
invalid. See Appendix A of this manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

S3L_ERR_ARG_AXI SNUM- Invalid value of axi s1 or axi s2.
S3L_ERR_MATCH_RANK - Ranks of the parallel arrays do not match.
S3L_ERR_ARRNOTSQ- The two-dimensional arrays in A are not square.
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= S3L_ERR MATCH EXTENTS - The extents of the parallel arrays do not match.

= S3L_ERR MATCH _DTYPE - The arguments are not all of the same data type and
precision.

= S3L_ERR ARG RANGE | NV - Invalid value used for range or l i m t s.

» S3L_ERR ARG NULL - Value of range is 1 or 2, butlimts isa NULL pointer
(C/C++) or 0 (F77/F90).

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / ei gen/ ei gen. ¢
/ opt / SUNWhpc/ exanpl es/ s3I/ ei gen-f/ei gen.f

320

S3L _thread conm set up

Description

S3L_t hr ead_comm set up establishes the appropriate internal MPI communicators
and data for thread-safe operation of Sun S3L functions. It should be called from
each thread in which Sun S3L functions will be used.

Only S3L_i ni t can be called before S3L_t hr ead_conmm set up.

The argument commspecifies an MPI communicator, which should be congruent
with, but not identical to, MPI _COVM WORLD.

A unigue communicator must be used for each thread or set of cooperating threads.
The term cooperating threads refers to a set of threads that will be working on the
same data. For example, one thread can initialize a random number generator,
obtain a setup ID, and pass this to a fellow cooperating thread, which will then use
the random number generator.

In such cases, the user must ensure that the threads within a cooperating set are
properly synchronized.

A unigue communicator is required because Sun S3L performs internal
communications. For example, when S3L_mat _nul t is called from a multithreaded
program, the thread on one node needs to communicate with the appropriate thread
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on another node. This can be done only if a communicator that is unique to these

threads has been previously defined and passed to the communications routines

within Sun S3L.

S3L_t hread_comm set up need not be invoked if Sun S3L functions are called

from only one thread in the user’s program.

Note — S3L_t hr ead_comm set up is useful when a user performs explicit

multithreading by means of threads library functions. Since threads library functions

are not available in F77, the F77 interface for S3L_t hr ead_conm set up is not

provided.

Syntax

The C and Fortran syntax for S3L_t hr ead_conm set up is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_t hread_conm set up( conm
MPI _Conm comm

F77/F90 Syntax

include ‘s3I/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_t hread_conm set up(conmm i er)

i nteger*4 conm
i nteger*4 ier
Input

S3L_t hread_comm set up accepts the following argument as input:

= comm- An MPI communicator that is congruent with, but not identical to,
MPI _COVM WORLD.
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Output

S3L_t hread_comm set up uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program,
S3L_t hread_comm set up returns error status ini er.

Error Handling

On success, S3L_t hr ead_comm set up returns S3L_ SUCCESS.

S3L_t hr ead_comm set up performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG NULL - The commargument is a NULL pointer (C/C++) or 0
(F77/F90).

= S3L_ERR COMM | NVAL — The conmargument is not congruent with
MPI _COVM WORLD.

= S3L_ERR THREAD UNSAFE - The application program is using libraries that are
not thread-safe.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / dense_matri x_ops/inner_prod_nt.c
/ opt/ SUN\Whpc/ exanpl es/ s3l / dense_matrix_ops/matmult_nt.c

Related Functions
MPI _Comm dup( 3)

S3L_set _safety(3)

t hr eads(3T)

Also, "Multithreaded Programming" is a relevant section in the Sun HPC ClusterTools
Software User’s Guide.
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S3L_to ScalLAPACK desc

Description

S3L_t o_ScalLAPACK desc converts the Sun S3L array handle specified by
s3I desc into a ScaLAPACK array descriptor and subgrid address, which are
returned in scdesc and addr ess, respectively.

The array referred to by s3Il desc must be two-dimensional—that is, it must be a
rank 2 array.

Syntax

The C and Fortran syntax for S3L_t o_ScalLAPACK desc is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt
S3L_t o_ScalLAPACK desc(s3l desc, scdesc, data_type, address)
S3L_array_t *s3l desc
i nt *scdesc
i nt data_type
voi d **addr ess

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_t o_ScalLAPACK desc(s3l desc, scdesc, data_type, address, ier)

i nteger*8 s3l desc

i nteger*4 scdesc(*)

i nteger*4 data_type

poi nt er addr ess

i nteger*4 ier
Input

S3L_t o_ScalLAPACK desc accepts the following argument as input:

= s3l desc - Contains the Sun S3L array handle that is provided as input to
S3L_t o_ScalLAPACK desc.

Output

S3L_t o_ScaLAPACK desc uses the following arguments for output:

= scdesc - Contains the ScaLAPACK descriptor output generated by
S3L_t o_ScalLAPACK desc.

= dat a_t ype — Contains the data type of the Sun S3L array. It must specify a data
type supported by Sun S3L.

= addr ess - This argument will hold the starting address of an existing array
subgrid.

= ier (Fortran only) — When called from a Fortran program,
S3L_t o_ScalAPACK desc returns error status ini er.
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Error Handling

On success, S3L_t o_ScalLAPACK desc returns S3L_SUCCESS.

S3L_t o_ScalLAPACK desc performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:

= S3L_ERR ARG NULL - The s3I desc argument is a NULL pointer (C/C++) or O
(F77/F90).

= S3L_ERR ARG RANK - The Sun S3L array handle refers to an array with a rank
not equal to 2.

= S3L_ERR PGRI D_NOPROCS - The ScaLAPACK descriptor has an invalid BLACS
context.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ scal apack_conv. c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/scal apack_conv. f

Related Function
S3L_from ScalLAPACK desc(3)

S3L trans

Description

S3L_t rans performs a generalized transposition of a parallel array. A generalized
transposition is defined as a general permutation of the axes. The array axi s_perm
contains a description of the permutation to be performed.
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The distribution characteristics of a and b must be compatible—that is, they must
have the same rank and type, and corresponding axes must be of the same length.

A faster algorithm is used in the 2D case when the array meets the following
conditions:

= The first axis of the array is local.

= The second axis of the array is global.

= The size of each dimension is divisible by the number of processes.
= The blocksizes are equal to the result of the division.

Syntax

The C and Fortran syntax for S3L_t r ans is as follows:

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_trans(a, b, axis_perm
S3L_array_t a
S3L_array_t b
i nt *axi s_perm

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h
subroutine

S3L_trans(a, b, axis_perm ier)

i nteger*8 a

i nteger*8 b

i nteger*4 axi s_perm

i nteger*4 ier
Input

S3L_trans accepts the following arguments as input:
= a - S3L_array handle for the parallel array to be transposed.
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= axi s_per m— A vector of integers that specifies the axis permutation to be
performed.

Output

S3L_trans uses the following arguments for output:

= b - S3L_array handle for a parallel array. Upon successful completion,
S3L_trans stores the transposed array in b.

= ier (Fortran only) — When called from a Fortran program, S3L_t r ans returns
error status ini er.

Error Handling

On success, S3L_t rans returns S3L_SUCCESS.

S3L_t r ans checks the arrays it accepts as arguments. If an array argument contains
an invalid or corrupted value, the function terminates and an error code is returned
that indicates which value of the array handle was invalid. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following conditions will cause S3L_t r ans to terminate and return
the associated code:
= S3L_ERR MATCH RANK - The ranks of a and b do not match.

= S3L_ERR MATCH _EXTENTS - The extents of a and b are not compatible with the
transpose operation requested. That is, the following relationship is not satisfied
for all array axes i :

ext(a,axis_pernfi] = ext(b,i)

= S3L_ERR TRANS PERVAX - The supplied permutation is not valid (every axis
must appear exactly once).

= S3L_ERR ARG _AXI SNUM- The axi s argument has an invalid value. The correct
values for axi s are:

« 0<=axis <rank of the array (C/C++)
« 0 <axis <=rank of the array (F77/F90)

Examples

/ opt/ SUN\Whpc/ exanpl es/ s3l /transpose/transp. c
[ opt/ SUN\Whpc/ exanpl es/ s3I /transpose/ ex_transl. c
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[ opt/ SUNWhpc/ exanpl es/ s3l /transpose-f/transp.f
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S3L_wal sh

Description

S3L_wal sh computes the discrete Walsh/Hadamard transform of 1D and 2D Sun
S3L arrays. The arrays can have any of the supported Sun S3L data types. For 1D
transforms, the length of the array has to be a power of two. Similarly for the 2D

case, the lengths along both dimensions should be a power of two.

The transform can be computed either in-place or out-of-place. If computed in-place,
the result is in a and in-order. If it is computed out-of-place, the result is in b and
out-of-order.

Arrays a and b must be the same rank and type and the extents of b must be
compatible with the extents of a. For the 1D case, a and b should have the same
extent. For the 2D case, the extents of array b should be such that array a can be
transposed into b.

Notes

Efficient Distribution: The S3L_wal sh function is more efficient when the arrays are
block-distributed along their last dimension. When the calling program does not
specify this distribution, Sun S3L performs an internal redistribution of the arrays,
which may result in additional overhead.

Inverse: The inverse transform is the transform itself.

Scaling: When a forward transform of an array is followed by the inverse transform,
the original array is scaled by a factor that is the inverse of the product of the array
extents. The following shows the scaling factors for one- and two-dimensional
arrays:

1D reconstructed array is scaled by 1/n, where nis the extent
of the original array

2D reconstructed array is scaled by 1/(n¥n), where mand n are
the array extents
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Out-of-place: When computing the out-of-place transform, a different setup must be

used for the forward and inverse transforms. For the 1D case, the length
decomposition should be the reverse of the forward decomposition.

The following shows the sequence of steps required for a 1D array of length m*n.

deconp[ 0] m
deconp[1l] = n;
S3L_wal sh_set up( A, &set up, deconp);

deconp_t[0] = n;
deconp_t[1] =m
S3L_wal sh_set up(B, &etup_t, deconp_t);

di st = S3L_WALSH QUTOFPL;
S3L_wal sh(A, B, setup, &di st);
S3L_wal sh(B, A setup_t, &di st);

The out-of-place transform can avoid one internal global transposition.
Consequently, it is generally more efficient than the in-place transform.

Sun S3L computes the unordered Hadamard transform, whose matrix is a

permutation of the ordered Hadamard and Walsh transforms. In particular, the

transform matrix can be constructed recursively by the 2x2 matrix:

H =] 1 1 |
| 1 -1 |
as follows:
H4 = | H2 H2 |
| H2 -H2 |
[...]
H2N = | HN HN |
| HN -HN |
Syntax

The C and Fortran syntax for S3L_wal sh is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_wal sh(a, b,
S3L_array_t
S3L_array_t

i nt
i nt

F77/F90 Syntax

set up,

include ‘s3l/s3l-f.h
include ‘s3l/s3l_errno-f.h

subrouti ne
S3L_wal sh(a,
i nteger*8
i nteger*8
i nteger*4
i nteger*4
i nteger*4

Input

b,

set up,

di st)

di st,

a
b

set up
*di st

ier)
a

b
setup
di st
ier

S3L_wal sh accepts the following arguments as input:

= a - Input array whose Walsh transform is to be computed.

= b - Input array that is used as a storage array for the in-place case. It is used as
the output array for the out-of-place case. For the 1D case, it should be of the
same type and length as a. For the 2D case, its extents should be such that a can
be transposed into b.

= set up - Integer corresponding to an appropriate Walsh transform setup. It is
initialized with S3L_wal sh_set up.

= di st — Integer that can have the following values:

S3L_WALSH_| NPLACE
S3L_WALSH_OUTOFPL

speci fies in-place conputation

speci fi es out-of-place conmputation
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Output

S3L_wal sh uses the following arguments for output:

= a-Upon exit, if di st is equal to S3L_WALSH | NPLACE, its elements are replaced
with the values of the Walsh transform. Otherwise, if di st is equal to
S3L_WALSH QOUTOFPL, the contents of a are destroyed and the output of the
transform is in array b.

= b —-Whendi st isequal to S3L_WALSH OUTCFPL, the results of the transform are
in array b.

= ier (Fortran only) - When called from a Fortran program, S3L_wal sh returns
error status ini er.

Error Handling

On success, S3L_wal sh returns S3L_ SUCCESS.

S3L_wal sh performs generic checking of the validity of the arrays it accepts as
arguments. If an array argument contains an invalid or corrupted value, the function
terminates and an error code is returned that indicates which value of the array
handle was invalid. See Appendix A of this manual for a detailed list of these error
codes.

In addition, the following conditions will cause S3L_wal sh to terminate and return
the associated error code:
= S3L_ERR ARG SETUP - Invalid set up value.

= S3L_ERR PARAM | NVALI D - The first element of the di st vector is not
S3L_WALSH_ | NPLACE or S3L_WALSH QUTOFPL.

= S3L_ERR MATCH RANK - The rank of a is not equal to that of b.
= S3L_ERR MATCH _DTYPE - The data type of a is not equal to that of b.
= S3L_ERR MATCH EXTENTS - The extents of b are not compatible with those of a.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / wal sh/ ex_wal shl. ¢
/ opt / SUNWhpc/ exanpl es/ s3I / wal sh/ ex_wal sh2. c
[ opt / SUN\Whpc/ exanpl es/ s3l / wal sh-f/ex_wal shl. f
/ opt / SUNWhpc/ exanpl es/ s3I / wal sh-f/ex_wal sh2. f
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Related Functions

S3L_wal sh_set up( 3)
S3L_wal sh_free_set up(3)

S3L_wal sh_free _setup

Description

S3L_wal sh_free_set up frees all internal data structures required for the
computation of a parallel discrete Walsh/Hadamard transform.

Syntax

The C and Fortran syntax for S3L_wal sh_f ree_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>
i nt
S3L_wal sh_free_set up(setup)
i nt *set up

F77/F90 Syntax

include ‘s3l/s3l-f. N

include ‘s3l/s3l_errno-f.h
subroutine

S3L_wal sh_free_setup(setup, ier)

i nteger*4 setup
i nteger*4 ier
Input

S3L_wal sh_free_set up accepts the following argument as input:
= set up - Integer corresponding to a Walsh transform setup.

Output

S3L_wal sh_free_set up uses the following argument for output:

= i er (Fortran only) - When called from a Fortran program,
S3L_wal sh_free_set up returns error status in i er.

Error Handling

On success, S3L_wal sh_free_set up returns S3L_SUCCESS.

S3L_wal sh_free_set up performs generic checking of the validity of the arrays it
accepts as arguments. If an array argument contains an invalid or corrupted value,
the function terminates and an error code is returned that indicates which value of
the array handle was invalid. See Appendix A of this manual for a detailed list of
these error codes.
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In addition, the following condition will cause S3L_wal sh_free_set up to
terminate and return the associated error code:

» S3L_ERR ARG SETUP - Invalid set up value.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I / wal sh/ ex_wal shl. c
[ opt / SUNWhpc/ exanpl es/ s3l / wal sh/ ex_wal sh2. ¢
/ opt / SUNWhpc/ exanpl es/ s3I / wal sh-f/ex_wal shl. f
[ opt / SUNWhpc/ exanpl es/ s3l / wal sh-f/ex_wal sh2. f

Related Functions

S3L_wal sh(3)
S3L_wal sh_set up(3)

S3L_wal sh_set up

Description

S3L_wal sh_set up initializes internal data structures required for the computation
of a parallel discrete Walsh/Hadamard transform. Depending on the size, data type
and distribution of the parallel array a, and the user-specified length decomposition,
S3L_wal sh_set up allocates an internal structure that can be used to compute the
Walsh transform of array a or any other array with the same size, data type, and
distribution. This internal structure is referenced by the integer variable set up and
can be freed by using S3L_wal sh_free_set up.

Syntax

The C and Fortran syntax for S3L_wal sh_set up is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_wal sh_setup(a, setup, deconp)
S3L_array_t a
i nt *setup
i nt deconp] 2]

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l _errno-f.h

subrouti ne

S3L_wal sh_setup(a, setup, deconp, ier)

i nteger*8 a

i nteger*4 setup

i nteger*4 deconp( 2)

i nteger*4 ier
Input

S3L_wal sh_set up accepts the following arguments as input:

a — Input array whose Walsh/Hadamard transform is to be computed. The data
contained in the array are not modified.

deconp - In the 1D case, deconp is an integer vector of length 2, whose elements
correspond to the user-specified decomposition of the length of the array. For
example, if the length of a is | , the elements of deconp should be specified such
that| =deconp[ 0] * deconp[ 1].

Output

S3L_wal sh_set up uses the following arguments for output:

set up — Integer corresponding to an appropriate Walsh transform setup. This
parameter can be used in a subsequent call to S3L_wal sh so long as the data type
and extents of the array to be transformed are the same those of the array a set up
through this call.
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= ier (Fortran only) — When called from a Fortran program, S3L_wal sh_set up
returns error status ini er.

Error Handling

On success, S3L_wal sh_set up returns S3L_ SUCCESS.

S3L_wal sh_set up performs generic checking of the validity of the arrays it accepts
as arguments. If an array argument contains an invalid or corrupted value, the
function terminates and an error code is returned that indicates which value of the
array handle was invalid. See Appendix A of this manual for a detailed list of these
error codes.

In addition, the following conditions will cause S3L_wal sh_set up to terminate and
return the associated error code:

= S3L_ERR ARG RANK - Array a has a rank greater than 2.
= S3L_ERR ARG _EXTENTS - Some of the extents of array a are not powers of 2.

Examples

[ opt / SUNWhpc/ exanpl es/ s3l / wal sh/ ex_wal shl. ¢
/ opt/ SUNWhpc/ exanpl es/ s3l / wal sh/ ex_wal sh2. ¢
[ opt / SUN\Whpc/ exanpl es/ s3l / wal sh-f/ex_wal shl. f
/ opt/ SUNWhpc/ exanpl es/ s3l / wal sh-f/ex_wal sh2. f

Related Functions

S3L_wal sh(3)
S3L_wal sh_free_set up(3)
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S3L_ wite array and
S3L_ wite sub _array

Description

S3L_write_array causes the process with MPI rank 0 to write the parallel array
represented by the array handle a into a file specified by the fi | enanme argument.
The file fi | enane resides on the process with rank 0.

S3L_write_sub_array writes a specific section of the parallel array to filename.
This section is defined by the | bounds, ubounds, and stri des arguments.

| bounds and ubounds specify the array section’s lower and upper index bounds.
st ri des specifies the stride along each axis; it must be greater than 0.

Note — The values of | bounds and ubounds should refer to zero-based indexed
arrays for the C interface and to one-based indexed arrays for the Fortran interface.

Syntax

The C and Fortran syntax for S3L_write_array and S3L_write_sub_array isas
follows:
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C/C++ Syntax

#i ncl ude <s3l/s3l-c.h>

#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_wite_array(a, filenanme, format)

S3L_wite_sub_array(a, |bounds, ubounds, strides, filenane,

format)
S3L_array_t a
i nt *| bounds
i nt *ubounds
i nt *strides
char *filenane
char *for mat

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subrouti ne

S3L_wite_array(a, filenanme, format, ier)
S3L_wite_sub_array(a, |bounds, ubounds, strides, filenane,
format, ier)

i nteger*8 a

i nteger*4 | bounds(*)

i nteger*4 ubounds(*)

i nteger*4 strides(*)

character*1 fil ename(*)

character*1 format (*)

i nteger*4 ier
Input

S3L_wite_arrayand S3L_write_sub_array accept the following arguments as

input:

= a - Sun S3L array handle for the parallel array to be written. This array handle
was returned when the array was declared.

= | bounds - Integer vector specifying the lower bounds of the indices of a along
each of its axes.

= ubounds - Integer vector specifying the upper bounds of the indices of a along
each of its axes.

= strides - Integer vector specifying the strides on the indices of a along each of
its axes.
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= fil enane - Scalar character variable specifying the name of the file to which the
parallel array will be written.

= format - Scalar character variable specifying the format of the data to be written.
The value can be either "asci i " or "bi nary".

Output

S3L_wite_array and S3L_wite_sub_array use the following argument for
output:

= ier (Fortran only) — When called from a Fortran program, S3L_wri te_array
and S3L_write_sub_array return error status ini er.

Error Handling

On success, S3L_write_array and S3L_write_sub_array return S3L_SUCCESS.

S3L_wite_array and S3L_write_sub_array perform generic checking of the
validity of the arrays they accept as arguments. If an array argument contains an
invalid or corrupted value, the function terminates and an error code is returned
that indicates which value of the array handle was invalid. See Appendix A of this
manual for a detailed list of these error codes.

In addition, the following conditions will cause the function to terminate and return
the associated error code:
= S3L_ERR ARG _RANGE I NV - The given range of indices is invalid:

= A lower bound is less than the smallest index of the array.

« An upper bound is greater than the largest index of an array along the given
axis.

« A lower bound is larger than the corresponding upper bound.

« A stride is negative or zero.
= S3L_ERR FI LE_OPEN - Failed to open the file with the file name provided.
= S3L_ERR | O FORVAT - Format is not one of "asci i " or "bi nary".

= S3L_ERR | O_FI LENAME - The file name is equal to the NULL string (C/C++) or
to an empty string (F77/F90).

Examples

/ opt/ SUNWhpc/ exanpl es/ s3I /io/ex_io.c
[ opt / SUN\Whpc/ exanpl es/ s3l/io-f/ex_io.f
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Related Functions

S3L_print_array(3)
S3L_read_array(3)

S3L_wite sparse

Description

S3L_writ e_spar se causes the process with MPI rank 0 to write the global sparse
matrix A into a file. The matrix data will be written in a user-specified format, which
can be any one of:

» S3L_SPARSE_COO- Coordinate format.

= S3L_SPARSE_CSR - Compressed Sparse Row format.

= S3L_SPARSE_CSC - Compressed Sparse Column format.
= S3L_SPARSE VBR - Variable Block Row format.

Each of these formats consists of a header and two data sections, which
S3L_wri t e_spar se fills in the following manner:

Header section This is a one-line section that begins with two percent ‘%84
characters, followed by a sequence of keywords. It indicates which
sparse format and what numerical data type are used to write out
data in the matrix data structure.

First data section This is also a one-line section. It contains metric information about
the sparse matrix, such as the number of rows (n), columns (n), and
nonzero elements (nnz). In the case of the S3L_SPARSE_VBR
format, it also writes the number of block rows (bm), block columns
(bn), and nonzero blocks (bnnz).

Second data section Writes sparse matrix data in the specified format.

Examples of the four supported formats are presented below.
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S3L_SPARSE COO Format

The S3L_SPARSE_COO format is explained with this sample 4x6 sparse matrix:

3. 14 0 0 20. 04 0 0
0 27 0 0 -0.6 0
0 0 -0.01 0 0 0
-0.031 0 0 0.08 0 314.0

The following shows how this matrix data might be written in S3L_SPARSE_CQO
format:

%6 S3L_SPARSE_COO matri x single precision real

4

(o]

. 14000000e+00
. 00400000e+01
. 70000000e+01
. 00000000e- 01
. 00000000e- 02
. 10000000e- 02
. 00000000e- 02
. 14000000e+02

WWWNRPrPOOO

GQWONDDMREL WO
oo

WoOwWroONNDW

In this example, the first line indicates that the matrix is written in
S3L_SPARSE_COOformat and that the data type is single-precision real.

The second line is the first data section. It lists m= 4, n = 6, and nnz = 8. These
values represent the number of rows, columns, and the total number of nonzero
elements, respectively.

The third line begins the second data section, which contains the eight nonzero
values, each on a separate line and preceded by their row and column indices.

S3L_SPARSE CSR Format

The following example shows how the same 4x6 sparse matrix used in the
S3L_SPARSE_COO format example might appear when written in the
S3L_SPARSE_CSR format:

9% S3L_SPARSE_CSR natrix single precision real
46 8
02458
03142035
3.14000000e+00 2. 00400000e+01
2. 70000000e+01 —6. 00000000e- 01
—1. 00000000e- 02
—3.10000000e- 02 8.00000000e-02 3.14000000e+02
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The S3L_SPARSE_CSR format differs from the S3L_SPARSE_COO format in the
second data section. It represents the CSR structure as:

ptr = (0, 2, 4, 5, 8)
indx. = ( 0, 3, 1, 4, 2, 0, 3, b5)
val = (3.14000000e+00, 2.00400000e+01,

2.70000000e+01, —-6.00000000e-01,
—1. 00000000e—-02, -3.10000000e-02,
8. 00000000e-02, 3.14000000e+02)

For example, pt r[ 1] = 2 indicates that the first nonzero element in row 1 is stored
inval [2] (=val [ptr[1]), whichis 2. 70000000e+01.

S3L_SPARSE CSC Format

The S3L_SPARSE_CSC format is, in effect, the CSR format for the transpose of A. In
other words, for the S3L_SPARSE_CSC format, the pt r and i ndx arrays exchange
roles: pt r contains column start pointers and i ndx contains row indices. The val
array contains the nonzero elements.

The following shows the S3L_SPARSE_CSC layout for the same 4x6 sparse matrix
example as was used before:

%% S3L_SPARSE_CSC natrix single precision real
46 8
234678
3120313

. 14000000e+00 —3. 10000000e-02

. 70000000e+01 —1.00000000e-02

. 00400000e+01 8. 00000000e-02

. 00000000e-01 3.14000000e+02

ADNDNWOOo

Again, the S3L_SPARSE_CSC data structure is written in the second data section,
which begins on the third line:

ptr =(0, 2, 3, 4, 6, 7, 8)
indx. = (0, 3 1, 2, 0, 3, 1, 3)
val = ( 3.14000000e+00 —3.10000000e-02

2.70000000e+01 —1.00000000e-02
2.00400000e+01 8.00000000e-02
—6. 00000000e-01 3. 14000000e+02)

Note that, in the S3L_SPARSE CSC format, the nonzero elements in val are stored
column-by-column, instead of row-by-row, as in the S3L_SPARSE_CSR format.

For example, pt r [ 5] =7 means that the first nonzero element of column 5 is stored
inval [ 7] (=val [ptr[5]]), which is 3. 14000000e+02, and its row index is
stored in i ndx[ 7] (=i ndx[ptr[5]]), which is 3.
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S3L_SPARSE_VBR Format

The first three sparse matrix formats all provide natural layouts for point sparse
matrices. However, for matrices with nonzero elements clustered in blocks,
S3L_SPARSE_VBR offers a more efficient representation.

Like the other three formats, S3L_SPARSE_VBR begins with a section that identifies
the format and the data type.

The second section contains three additional integers beyond the basic three used in
the point-based formats. The six integers in the second section are:

m Indicates the number of point rows.

n Indicates the number of point columns.

nnz Indicates the number of point nonzero elements.
bm Indicates the number of block rows.

bn Indicates the number of block columns.

bmz Indicates the number of nonzero block entries.

The third section contains the S3L_SPARSE_VBR data structure in five integer arrays
and one floating-point array. For their definition, see the man page for
S3L_convert _sparse().

To illustrate the S3L_SPARSE_VBR data layout, consider the following 5x8 sparse
matrix with a variable block partitioning:

0l 1 3 5|0 0] 9] 0 O]
112 4 6|0 0] 10| 0 0|

o S S oo +
2|10 0 0| 7 8] 11| 0 O

. e oo +
3/0 0 0|0 O] 12| 14 16 |
410 0 0] 0 O 13| 15 17 |

R N T +
5
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This matrix could be written in S3L_SPARSE_VBR format as follows:
%6 S3L_SPARSE_VBR matri x single precision real

5817346

0
0

o OO
DN DN
ool e
PN

. 00000000e+00
. 00000000e+00
. 00000000e+00
. 30000000e+01

. 00000000e+00
. 00000000e+00
. 00000000e+00
. 40000000e+01

3. 00000000e+00
9. 00000000e+00
1. 10000000e+01
1.50000000e+01

4.00000000e+00
1. 00000000e+01
1. 20000000e+01
1. 60000000e+01

PR NOR

. 70000000e- 01

In this example, the second line lists:

m=5 n=28, nnz =17, bm= 3, bn = 4, bnnz = 6

The rest of lines lay out the matrix data in S3L_SPARSE_VBR format. The first two
lines are filled with data from arrays rptr and cptr:

(0, 2, 38, 5
(0, 3, 5 6, 8)

rptr
cptr

Inarray rptr, 0, 2, 3, and 5 are pointers to the boundaries of the block rows.
Likewise in array cptr, O, 3, 5, 6, and 8 are pointers to the boundaries of the block
columns.

Data in the remaining lines are from arrays bpt r, bi ndx, i ndx, and val :

bptr = (0, 2, 4, 6)

bindx = (0, 2, 1, 2, 2, 3)

indx. = (0, 6, 8, 10, 11, 13, 17)

val = (1.0, 4.0, 2.0, 5.0, 3.0, 6.0, 7.0, 8.0, 9.0, 10.0,
11.0, 14.0, 17.0, 12.0, 15.0, 18.0, 13.0, 16.0, 19.0)
1. 00000000e+00, 4.00000000e+00, 3.00000000e+00,
4.00000000e+00, 5.00000000e+00, 6.00000000e+00,
7.00000000e+00, 8.00000000e+00, 9.00000000e+00,
1. 00000000e+01, 1.10000000e+01, 1.20000000e+01,
1. 30000000e+01, 1.40000000e+01, 1.50000000e+01,
1. 60000000e+01, 1.70000000e-01,

In array bptr, 0, 2, 4, and 6 are pointers to the location in bi ndx of the first nonzero
block entry of each block row.
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These block-based pointers are illustrated in the following figure, which represents
the block structure of the original 5x8 sparse matrix. It shows the first block row
with two nonzero blocks, one in block column 0 and the other in block column 2.
The next nonzero block is at block row 1 and block column 1, and so forth. Block 6 is
the outer boundary of the block rows.

0 1 2 3 4

R
0| b0 | | bl | |
e
1] | b2 | b3 | [
&
2 | | | b4 | b5 |
R
3

In array bi ndx, 0, 2, 1, 2, 2, and 3 are indices for the block columns.

In array i ndx, 0, 6, 8, 10, 11, 13, and 17 point to the locations in val of the first
nonzero block entry from each block row.

The last array, val , stores nonzero blocks b0, b1, ..., b5 block-by-block with each
block stored as a dense matrix in standard column-by-column form. Morever, the
starting location in val , where the first element of each block gets stored is indexed
by array i ndx.

The S3L_SPARSE_VBR data structure can be understood by analyzing the
representation of block row 1 for example.

First, bpt r[ 1] = 2 indicates that b2, the first nonzero block from block row 1 is
from block column 1, as indicated by bi ndx[ 2] = bi ndx[ bptr[1]] =1.

Second, bpt r[ 1] =2 also indexes into i ndx. Thatis, i ndx[ bptr[1]] =i ndx[2] =
8 points to val[8] (= val [i ndx[ bptr[1]] =val [indx[2]]), where 8 is the
location in val at which the first element of b2, 7. 0, is stored.

The next nonzero block in block row 1 is b3, its block column index is 2, as indicated
by bi ndx[ bpt r[ 1] +1] = bi ndx[ 3] = 2, and the first element of block b3 is stored
inval [ 10] (=val [indx[ bptr[1]+1]] =val [indx[3]]), whichis 11. 0.

Syntax

The C and Fortran syntax for S3L_wri t e_spar se is as follows:
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C/C++ Syntax

#i ncl ude <s31/s3l-c. h>
#i ncl ude <s31/s3l _errno-c. h>

i nt

S3L_wite_sparse(A spfnt, fname, dfnt)
S3L_array_t A
S3L_sparse_storage_t spf mt
char *f name
char *df nt

F77/F90 Syntax

include ‘s3l/s3l-f.h

include ‘s3l/s3l_errno-f.h

subroutine

S3L_wite_sparse(A, spfnt, fnane, dfnt, ier)

i nteger*8 A

i nteger*4 spfm

character*1 f name(*)

character*1 df mt (*)

i nteger*4 ier
Input

S3L_writ e_spar se accepts the following arguments as input:
= A-Sun S3L array handle for the global general sparse matrix.

= spfnt - Specifies the sparse storage format to be used in writing the matrix data
to a file. The supported formats are: S3L_SPARSE_CQOO, S3L_SPARSE_CSR,
S3L_SPARSE_CSC, and S3L_SPARSE_VBR

= fnane - Scalar character variable that names the file to which the sparse matrix
data will be written.

= df mt - Scalar character variable that specifies the data file format to be used in
writing the sparse matrix data. The allowed values are ‘ascii’ and ‘ASCI | .

Output

S3L_writ e_spar se uses the following argument for output:

= i er (Fortran only) — When called from a Fortran program, S3L_wri t e_spar se
returns error status in i er.
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Error Handling

On success, S3L_wri t e_spar se returns S3L_SUCCESS.

The S3L_writ e_spar se routine performs generic checking of the validity of the
arrays it accepts as arguments. If an array argument contains an invalid or corrupted
value, the function terminates and an error code is returned that indicates which
value of the array handle was invalid. See Appendix A of this manual for a detailed
list of these error codes.

In addition, the following conditions will cause S3L_wri t e_spar se to terminate
and return the associated error code:

= S3L_ERR ARG NULL - The value specified for A is invalid. No such Sun S3L
sparse matrix has been defined.

= S3L_ERR SPARSE FORMAT - Invalid storage format. It must be
S3L_SPARSE_COQ, S3L_SPARSE _CSR, S3L_SPARSE_CSC, or S3L_SPARSE_VBR

= S3L_ERR | O FI LENAME - Invalid file name.

= S3L_ERR | O FORMAT - Invalid data file format. The df nt value supplied was
not 'asci i’ or ‘ASCl | "

Examples

/ opt / SUNWhpc/ exanpl es/ s3l / spar se/ ex_sparse. c
[ opt/ SUNWhpc/ exanpl es/ s3l / spar se-f/ ex_sparse. f

Related Functions

S3L_read_sparse(3)
S3L_print_sparse(3)

S3L_zero el enents

Description

S3L_zero_el enent s sets to zero all elements of the Sun S3L array whose array
handle is A.
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Syntax

The C and Fortran syntax for S3L_zer o_el enent s is as follows.

C/C++ Syntax

#i ncl ude <s3l/s3l-c. h>

#i ncl ude <s3l/s3l _errno-c. h>

i nt

S3L_zero_el enent s(A)
S3L_array_t A

F77/F90 Syntax

include ‘s3l/s3l-f.h
include ‘s3l/s3l _errno-f.h
subrouti ne

S3L_zero_el enents(A, ier)

i nteger*8 A
i nteger*4 ier
Input

S3L_zer o_el ement s accepts the following argument as input:

= A-Sun S3L internal array handle for the parallel array that is to be initialized to
zero.

Output

S3L_zer o_el enent s uses the following argument for output:

= ier (Fortran only) — When called from a Fortran program, S3L_zero_el enent s
returns error status in i er.

Error Handling

On success, S3L_zer o_el ement s returns S3L_ SUCCESS.
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S3L_zer o_el ement s checks the array it accepts as argument. If the array argument
contains an invalid or corrupted value, the function terminates and an error code is
returned that indicates which value of the array handle was invalid. See Appendix A
of this manual for a detailed list of these error codes.

In addition, the following condition will cause the function to terminate and return
the associated code:

= S3L_ERR ARG DTYPE - The data type of A is invalid.

Examples

/ opt / SUNWhpc/ exanpl es/ s3I/ util s/ zero_el ements.c
[ opt/ SUN\Whpc/ exanpl es/ s3l /utils-f/zero_el ements. f
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APPENDIX A

Sun S3L Array Checking Errors

Sun S3L interfaces do generic checking of the validity of the array handles that are
passed as arguments to them. If such an array handle contains an invalid or
corrupted value, the function terminates and one of the error codes listed in

TABLE A-1 is returned.

TABLE A-1  Return Codes Associated With Array Handle Errors

Error Code

Definition

S3L_ERR ARG DTYPE
S3L_ERR ARG ELEMSI ZE

S3L_ERR ARG RANK

S3L_ERR ARG EXTENTS
S3L_ERR ARG BLKSI ZE
S3L_ERR ARG BLKSTART

S3L_ERR ARG SFSI ZE

S3L_ERR ARG MAJOR
S3L_ERR ARG PGRI D_EXTENTS

The data type specified for an array is not supported by
Sun S3L.

An array argument includes an invalid element size.

An invalid rank is specified for an array; it is either
negative or larger than 32 (the largest supported array
rank).

An array argument includes a negative extent.
An array argument includes a negative blocksize.

For a block-cyclic array distribution, an invalid starting
process is specified; it is either negative or is larger than
the extent of the corresponding process grid axis.

An array argument includes an invalid subgrid size; it is
either negative or is larger than the extent along the
corresponding array axis.

An array argument includes an invalid majorness value.

An array argument includes an invalid process grid
extent; it is either negative or larger than the total
number of processes over which the array is defined.
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TABLEA-1  Return Codes Associated With Array Handle Errors (Continued)

Error Code Definition

S3L_ERR_ARG PGRI D_RANK The rank of a process grid does not equal the rank of the
corresponding array.

S3L_ERR_ARG PGRI D_MAJOR An array argument specifies an invalid majorness value
for a process grid.

S3L_ERR_ARG PGRI D_COCOR An array argument specifies a process grid coordinate
that is either negative or larger than the process grid
extent along that axis.
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