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ScientificComputing Software

What is scientific computing?

Design and analysis of algorithms for solving
mathematical problems in science and engineering
numerically.

Traditionally called numerical analysis.

Why scientific computing?

Analysis and simulation of physical phenomena.

Virtual prototyping of products.
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ScientificComputing Software

High-quality mathematical software is available for solving most

commonly occurring problems in scientific computing.

Use of sophisticated, professionally written software has many

advantages

Reliability

Robustness

Accuracy

Efficiency

Maintainability

Portability

Computing with the IMSL Scientific Libraries – p.4/31



ScientificComputing Software

Scientific Computing Environments: Interactive environments for scientific

computing

Matlab, Mathematica, Maple, IDL

Powerful mathematcal capabilities

Sophisticated Graphics

High-level programming language for rapid prototyping

Scientific Computing Libraries: Mathematical subroutines called from compiled
language (Fortran or C/C++) programs.

IMSL, NCAR, NAG, Netlib

Faster and more efficient execution

Greater flexibility in what and how the software is used

Options for parallel computing

http://www.itc.virginia.edu/researchers/services.html
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Fortran90 Programming

Some History

Fortran was one of the first high level languages developed and widely
adopted by the academic and scientific community, Fortran stands for
FORmula TRANslation.

It was standardised in 1978 (even though the next version was called
Fortran 77)

Fortran was next standardised in 1991 (yet again out by one) and called
Fortran 90. This was major improvement as detailed in next slide.

Work continued and 1996 saw the publication of the 1995 standard. Work
on Fortran 2003 is also quite well advanced.

"No one knows what the programming language for scientific computing
will look like in 2010, but it’s name will be Fortran."
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Fortran90 Features

Greatest improvements from Fortran77 to Fortran90

free source form

modern control structures

specification of numeric precision

whole array processing

dynamic behaviour, including allocate, deallocate, pointers, recursion

user defined data types

modules, and with them come operator overloading and generic procedures

Fortran90 takes first steps to object orientation with encapsulation and a limited
support for polymorphism, without the steep learning curve demanded by C++.
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Fortran90 Compilers

Linux Clusters:

PGI: www.itc.virginia.edu/research/pgi/

Intel: www.itc.virginia.edu/research/intel/

IBM SMP:

AIX XL; www.itc.virginia.edu/research/ibm/smp/ibm_compilers.html

Sun Cluster (orange)

Studio 7; http://developers.sun.com/prodtech/cc/compilers_index.html

SGI Cluster (teal)

Mipspro 7.4; www.sgi.com/software/irix/tools/mipspro.html

Research Enabled Account itc.virginia.edu/research/hpc-account/
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Fortran90/95 References

Fortran 90, 95, and 2003 Home page:
http://www.kcl.ac.uk/kis/support/cit//fortran/f90home.html

Fortran 90 for the Fortran 77 Programmer:
http://www.nsc.liu.se/ boein/f77to90/f77to90.html

Compaq Fortran Reference Manual:
http://h18009.www1.hp.com/fortran/docs/lrm/dflrm.htm

"Programmer’s Guide to Fortran 90", by Walter S. Brainerd et
al.

"Fortran 95 Explained". by M. Metcalf and J. Reid
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IMSL Fortran Library

The IMSL Fortran Library consists of two separate libraries organized as
follows:

MATH/LIBRARY: general applied mathematics and special functions

STAT/LIBRARY: statistics

The IMSL MATH/LIBRARY is a collection of FORTRAN routines and
functions useful in mathematical analysis research and application
development. To use any of these routines, you must write a program in
FORTRAN 90 (or possibly some other language) to call the
MATH/LIBRARY routine.

Most of the routines are available in both single and double precision
versions. Many routines for linear solvers and eigensystems are also
available for complex and complex-double precision arithmetic.
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IMSL Features

Comprehensive and reliable set of mathematical and statistical numerical algorithms.
www.vni.com/company/dod/pdf/FortranFC.pdf

Interface Modules
The IMSL Fortran Library version 5.0 includes powerful and flexible interface modules for all
applicable routines. The Interface Modules accomplish the following:

Allows for the use of advanced Fortran syntax and optional arguments throughout.

Only requires a short list of required arguments for each algorithm to facilitate
development of simpler Fortran applications.

Provides full depth and control via optional arguments.

Reduces development effort by checking data-type matches and array sizing at compile
time.

With operators and function modules, provide faster and more natural programming
through an object-oriented approach.
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IMSL Features

SMP/OpenMP Support
The IMSL Fortran Library Version 5.0 offers expanded SMP support for a number of parallel
processing environments. Computationally intensive algorithms in the areas of linear
systems and matrix manipulation, eigensystem analysis, and fast Fourier transforms (FFTs)
leverage SMP capabilities on a variety of systems.

MPI Enabled
IMSL Fortran Library provides a dynamic interface for computing mathematical solutions
over a distributed system via Message Passing Interface (MPI). MPI enabled routines offer a
simple, reliable user interface.

The IMSL Fortran library provides a number of MPI-enabled routines with an MPI-enhanced
interface that provides:

Scalability of computational resources.

Automatic processor prioritization.

Self-scheduling algorithm to keep processors continuously active.

Box data type application.
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IMSL Availability

Floating Network Licenses

2 compile-time and 25 run-time floating network licenses for

IBM AIX, Solaris, and SGI IRIX platforms.

2 compile-time and 25 run-time floating network licenses for

RedHat Linux.

Mounted to all ITC research computing platforms.

IMSL Resource Web Page

www.itc.virginia.edu/research/imsl/
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Setting IMSL Envir onment

Before using the IMSL Libraries you must define certain

environment variables.

C shell users should enter the following command:

source /common/imsl5.0/CTT5.0/ctt/bin/cttsetup.csh

Bourne and Korn shell users should enter the following command

(note the first period):

. /common/imsl5.0/CTT5.0/ctt/bin/cttsetup.sh

You might want to put this command in your .kshrc (or .cshrc) file.

You will need to do this if you plan to run your program after you log

out as with the ’at’ command.
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Setting IMSL Envir onment

Alternatively, on the ITC Linux clusters (Aspen and Birch) or the IBM SMP, you

would use the modules command to set up the IMSL environment. The command
to do this is the following:

module add imsl

This includes setting the environment variables to link in and use the MPI libraries
for parallel processing.

To load the IMSL environment as part of Korn shell startup files, you would insert
the following commands in the .profile or .kshrc files.

. /opt/Modules/default/init/ksh

module load imsl

For C shell users, the commands to insert in the .login or .cshrc files would be,

source /opt/Modules/default/init/ksh

module load imsl
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Compiling and Linking with IMSL

For Fortran 90 applications that do not use MPI, the following

command will compile and link an application program prog.f:

$F90 -o prog $F90FLAGS prog.f90 $LINK_F90

For Fortran 90 applications that use MPI, the following command

will compile and link an application program prog.f:

$MPIF90 -o prog $F90FLAGS prog.f90 $LINK_MPI

Note: The F90FLAGS variable does not include any optimization or

debugging options. More detailed information can be found in

/common/imsl5.0/CTT5.0/notes/f90/README.
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IMSL Documentation

IMSL Fortran Library User’s Guide Math/Library Volume 1 of 2

www.itc.virginia.edu/research/imsl/MathV1.pdf

IMSL Fortran Library User’s Guide Math/Library Volume 2 of 2

www.itc.virginia.edu/research/imsl/MathV2.pdf

IMSL Fortran Library User’s Guide Math/Library Special Functions

www.itc.virginia.edu/research/imsl/SFun.pdf

IMSL Fortran Library User’s Guide Stat/Library Volume 1 of 2

www.itc.virginia.edu/research/imsl/StatV1.pdf

IMSL Fortran Library User’s Guide Stat/Library Volume 2 of 2

www.itc.virginia.edu/research/imsl/StatV2.pdf
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IMSL Documentation

The manuals contain a concise descriptions of each routine, with at least one

demonstrated example of each routine, including sample input and results. Often
the quickest way to use the MATH/LIBRARY is to find an example similar to your

problem and then to mimic the example.

Documentation of the routines consists of the following information:

IMSL Routine’s Generic Name

A statement of the purpose of the routine

Required Arguments: a description of the required arguments in the order of
their occurrence.

Optional Arguments: a description of the optional arguments in the order of

their occurrence.

Fortran 90 Interface: a section that describes the generic and specific
interfaces to the routine.
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IMSL Documentation

Documentation of the routines continued:

Fortran 77 Style Interface: an optional section, which describes Fortran 77

style interfaces, is supplied for backwards compatibility with previous versions
of the Library.

Example: at least one application of this routine showing input and required
dimension and type statements.

Output: results from the example(s).

Comments: details pertaining to code usage.

Description: a description of the algorithm and references to detailed
information.

Programming notes: an optional section that contains programming details not

covered elsewhere

References: periodicals and books with details of algorithm development.
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Programming with IMSL

Double Precision: Most routines are available in both a single precision and a
double precision version, with names of the two versions sharing a common root.

The root name is also the generic interface name. The name of the double
precision specific version begins with a D_. The single precision specific version

begins with an S_.

Complex Data: IMSL routines that return or accept the type complex data begin

with the letter C_ or Z_ for complex or double complex, respectively.

Module Usage: Users are required to incorporate a USE statement near the top of

their program to access the module that contains the IMSL routine being called.

The naming convention for modules joins the suffix "_int" to the generic routine

name. For example, to use the IMSL linear solvers (s_lin_sol_gen ,
d_lin_sol_gen , c_lin_sol_gen , z_lin_sol_gen ), the command would be,

USE lin_sol_gen_int
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Serial Example1: Linear Programming

Mathematical Statement of Linear Programming
Lecture Notes on Optimization, pages 2,3,65
Scientific Computing: An Introductory Survey, Second Edition
iby Michael T. Heath
www.cse.uiuc.edu/heath/scicomp/notes/chap06.pdf

IMSL Implementation of Linear Programming
IMSL Fortran Library User’s Guide Math/Library Volume 2 of 2
See routines DLPRS and SLPRS in Chapter 8.
www.itc.virginia.edu/research/imsl/MathV2.pdf
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Linear Algebra Operators

Many computations of numerical linear algebra are documented here as operators

and generic functions. A notation is developed reminiscent of matrix algebra. This
allows the Fortran 90 user to express mathematical formulas in terms of operators.

A comprehensive Fortran 90 module, linear_operators , defines the
operators and functions. Subroutine calls and the use of type-dependent

procedure names are largely avoided. This makes a rapid development cycle
possible, at least for the purposes of experiments and proofof- concept.

There are applications wherein the operator and function interface does not have
the functionality that is available using subroutine libraries. To retain greater

flexibility, some users will continue to require the traditional techniques of calling
subroutines.

A parallel computation for many of the defined operators and functions has been
implemented.
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Matrix Algebra Operations

Consider a Fortran 90 code fragment that solves a linear system of algebraic

equations,

��� � �

, then computes the residual � � � � ��� .
A standard mathematical notation is often used to write the solution,

� � �� � �

The code shows the computation of this mathematical solution using a defined
Fortran operator ".ix." and random data obtained with the function, rand. This

operator is read "inverse matrix times". The residuals are computed with another
defined Fortran operator ".x." read "matrix times".

USE linear_operators

integer,parameter :: n=3; real A(n,n), y(n), b(n), r(n)

A=rand(A); b=rand(b); y = A .ix. b

r = b - (A .x. y )

end
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Matrix Algebra Operations

Standard matrix products and inverse operations of matrix algebra are
shown in the following table:
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Box-DataParallelism

Operators apply generically to all precisions and floating-point data types
and to objects that are broader in scope than arrays. For example, the
matrix product ".x." applies to matrix time vector and matrix times matrix
represented as Fortran 90 arrays. It also applies to "independent matrix
products".

The phrase a "box of problems" refers to independent linear algebra
computations, of the same kind and dimension, but different data. The
racks of the box are the distinct problems.

In terms of Fortran 90 arrays, a rank-3, assumed-shape array is the data
structure used for a box. The first two dimensions are the data for a matrix
problem; the third dimension is the rack number.

Each problem is independent of other problems in consecutive racks of
the box. We use parallelism of an underlying network of processors when
computing these disjoint problems.
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Matrix and Utility Functions

Several decompositions and functions required for numerical linear algebra follow.

Functions that use MPI for parallel execution of the box data type are marked in
bold. (FFT also MPI-enabled)
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IMSL MPI-Enabled Routines

The IMSL Fortran library provides a number of MPI-enabled routines. To do parallel
computing within IMSL parallel library you will need the following three statements in your
Fortran program:

1. Use the IMSL Fortran module

USE MPI_SETUP_INT

2. Call the IMSL MPI setup function before calling any IMSL routines

MP_NPROCS=MP_SETUP()

This functions checks to see if MPI_INIT() has been called. If it has not been called,
then MPI_INIT() is called.

3. Call the IMSL MPI setup function to end MPI program and print error messages

MP_NPROCS=MP_SETUP(’Final’)

All pending error messages are sent from the nodes to the root and printed. If any node
should STOP after printing messages, then MPI_Finalize() and a STOP are
executed. Otherwise only MPI_Finalize() is called.
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Parallel Example1: Matrix Inversions

This following example code shows the box data type used for

solving several linear systems and then checking the results using

matrix products and norms.

Note the first call to the function MP_SETUP() that initiates MPI.

The call to the function MP_SETUP(’Final’) shuts down MPI and

retrieves any error messages from the nodes.

It is also strongly suggested that users force all program variables

to be explicitly typed. This is done by including the line

IMPLICIT NONE as close to the first line as possible.
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Parallel Matrix Inversions

use linear_operators

use mpi_setup_int

implicit none

integer, parameter :: n=32, nr=4

real(kind(1e0)) :: one=1e0

real(kind(1e0)), dimension(n,n,nr) :: A, b, x, err(nr)

! Setup for MPI.

MP_NPROCS=MP_SETUP()

! Generate random matrices for A and b:

A = rand(A); b=rand(b)

! Compute the box solution matrix of Ax = b.

x = A .ix. b

! Check the results.

err = norm(b - (A .x. x))/(norm(A)*norm(x)+norm(b))

if (ALL(err <= sqrt(epsilon(one))) .and. MP_RANK == 0) &

write (*,*) ’Parallel Example 1 is correct.’

! See to any error messages and quit MPI.

MP_NPROCS=MP_SETUP(’Final’)

end
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Lar ge-ScaleParallel Solvers

Although Fortran Library users are for the most part shielded from the
complexity of MPI, it is desirable for some users to learn this important
topic. Users should become familiar with any referenced MPI routines and
the documentation of their usage.

See the examples referenced below showing how this was done to
implement parallel constrained least-square solvers (not Box-data type
parallelism).

IMSL Fortran Library User’s Guide Math/Library Volume 1 of 2
See Chapter 1, Section 2
www.itc.virginia.edu/research/imsl/MathV1.pdf
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IMSL References

Besides the documentation that comes with the IMSL Fortran Library, the following

references would be useful in understanding the numerical analysis behind the
IMSL routines, as well as using those routines in parallel programs.

Computational Science:
Scientific Computing: An Introductory Survey by Michael T. Heath.

www.cse.uiuc.edu/heath/scicomp/

Numerical Recipes in Fortran 90, by William H. Press et al.

www.library.cornell.edu/nr/bookf90pdf.html

Message Passing Interface:

Parallel Programming with MPI, by Peter Pacheco.
http://www.cs.usfca.edu/mpi/

Source Book of Parallel Computing, edited by Jack Dongarra et al.
www.harcourt-international.com/catalogue/title.cfm?ISBN=1558608710
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