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Abstract

This working note describes how to install, test, and time version 3.0 of LAPACK, a linear
algebra package for high-performance computers, on a Unix System. Non-Unix installa-

tion instructions and further details of the testing and timing suites are only contained in
LAPACK Working Note 41, and not in this abbreviated version.
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LAPACK is a linear algebra library for high-performance computers. The library in-
cludes Fortran 77 subroutines for the analysis and solution of systems of simultaneous linear
algebraic e uations, linear least-s uares problems, and matrix eigenvalue problems. Our ap-
proach to achieving high e ciency is based on the use of a standard set of Basic Linear
Algebra Subprograms the BLAS ;| which can be optimi ed for each computing environ-
ment. By confining most of the computational work to the BLAS, the subroutines should
be transportable and e cient across a wide range of computers.

This working note describes how to install, test, and time this release of LAPACK on a
Unix System.

The instructions for installing, testing, and timing are designed for a person whose
responsibility is the maintenance of a mathematical software library. We assume the installer
has experience in compiling and running Fortran programs and in creating ob ect libraries.
The installation process involves untarring the file, creating a set of libraries, and compiling
and running the test and timing programs.

Section 3 describes how the files are organi ed in the file, and Section 4 gives a general
overview of the parts of the test package. Step-by-step instructions appear in Section 5.

For users desiring additional information, please refer to LAPACK Working Note 41.
Appendix A, entitled Caveats , is a compendium of the known problems from our own
experiences, with suggestions on how to overcome them.

Since its first public release in February, 1992, LAPACK has had several updates, which
have encompassed the introduction of new routines as well as extending the functionality
of existing routines. The first update, June 30, 1992, was version 1.0a the second update,
October 31, 1992, was version 1.0b the third update, arch 31, 1993, was version 1.1
version 2.0 on September 30, 1994, coincided with the release of the Second Edition of the
LAPACK Users wuide and finally, version 3.0 was released on June 30, 1999, and coincided
with the Third Edition of the LAPACK Users uide. All LAPACK routines re ect the
current version number with the date on the routine indicating when it was last modified.
For more information on revisions in the latest release, please refer to the
file in the lapack directory on netlib.

// / aa /

The software for LAPACK is distributed in the form of a g ipped tar file via anonymous
ftp or the World Wide Web , which contains the Fortran source for LAPACK, the Basic
Linear Algebra Subprograms the Level 1, 2, and 3 BLAS needed by LAPACK, the testing
programs, and the timing programs. Users who wish to have a non-Unix installation should



LAPACK

INSTALL BLAS SRC TESTING TIMING
Machine depen- LAPACK routines
dent routines & auxiliary routines
SRC TESTING LIN MATGEN EIG LIN EIG
Level 1BLAS BLAS2 & 3test Linear egn. Test matrix Eigensystem Linear egn. Eigensystem
Level 2BLAS routines test routines generators test routines  timing routines  timing routines
Level 3BLAS

Figure 1: Unix organi ation of LAPACK

refer to LAPACK Working Note 41, although the overview in section 4 applies to both the
Unix and non-Unix versions.
The package may be accessed via the World Wide Web through the URL address:

// / aa [/ aa

Or, you can retrieve the file via anonymous ftp at netlib:

The software in the a file is organi ed in a number of essential directories as shown
in Figure 1. Please note that this figure does not re ect everything that is contained
in the LAPACK directory. Input and instructional files are also located at various levels.
Libraries are created in the LAPACK directory and executable files are created in one of
the directories BLAS, TESTIN | or TI IN . Input files for the test and timing programs
are also found in these three directories so that testing may be carried out in the directories
LAPACK BLAS, LAPACK TESTIN , and LAPACK TI IN . A top-level makefile in
the LAPACK directory is provided to perform the entire installation procedure.



ost routines in LAPACK occur in four versions: REAL, DOUBLE PRECISION,
CO PLE ,and CO PLE 16. The first three versions REAL, DOUBLE PRECISION,
and CO PLE  are written in standard Fortran 77 and are completely portable the
CO PLE 16 version is provided for those compilers which allow this data type. For
convenience, we often refer to routines by their single precision names the leading S can
be replaced by a D for double precision, a C for complex, or a for complex 16. For
LAPACK use and testing you must decide which version s of the package you intend to
install at your site for example, REAL and CO PLE on a Cray computer or DOUBLE
PRECISION and CO PLE 16 on an IB  computer .

There are three classes of LAPACK routines:

routines solve a complete problem, such as solving a system of linear e uations
or computing the eigenvalues of a real symmetric matrix. Users are encouraged to use
a driver routine if there is one that meets their re uirements. The driver routines are

listed in LAPACK Working Note 41 3 and the LAPACK Users uide 1.

routines, also called simply LAPACK routines, perform a distinct
computational task, such as computing the decomposition of an -by- matrix
or finding the eigenvalues and eigenvectors of a symmetric tridiagonal matrix using
the algorithm. The LAPACK routines are listed in LAPACK Working Note 41 3
and the LAPACK Users uide 1.

routines are all the other subroutines called by the driver routines and
computational routines. The auxiliary routines are listed in LAPACK Working Note
41 3 and the LAPACK Users uide 1.

The BLAS are a set of Basic Linear Algebra Subprograms that perform vector-vector,
matrix-vector, and matrix-matrix operations. LAPACK is designed around the Level 1,
2, and 3 BLAS, and nearly all of the parallelism in the LAPACK routines is contained in
the BLAS. Therefore, the key to getting good performance from LAPACK lies in having
an e cient version of the BLAS optimi ed for your particular machine. Optimi ed BLAS
libraries are available on a variety of architectures, refer to the BLAS FA  on netlib for
further information.

// / a/ a m

There are also freely available BLAS generators that automatically tune a subset of the
BLAS for a given architecture. E.g.,

// /a a/



And, if all else fails, there is the Fortran 77 reference implementation of the Level 1, 2, and
3 BLAS available on netlib also included in the LAPACK distribution tar file .

// / a/ a

No matter which BLAS library is used, the BLAS test programs should always be run.
Users should not expect too much from the Fortran 77 reference implementation BLLAS
these versions were written to define the basic operations and do not employ the standard
tricks for optimi ing Fortran code.
The formal definitions of the Level 1, 2, and 3 BLAS arein 10, 8 ;and 6. The BLAS
uick Reference card is available on netlib.

This release contains two distinct test programs for LAPACK routines in each data
type. One test program tests the routines for solving linear e uations and linear least
s uares problems, and the other tests routines for the matrix eigenvalue problem. The
routines for generating test matrices are used by both test programs and are compiled into
a library for use by both test programs.

This release also contains two distinct timing programs for the LAPACK routines in
each data type. The linear e uation timing program gathers performance data in mega ops
on the factor, solve, and inverse routines for solving linear systems, the routines to generate
or apply an orthogonal matrix given as a se uence of elementary transformations, and the
reductions to bidiagonal, tridiagonal, or essenberg form for eigenvalue computations. The
operation counts used in computing the mega op rates are computed from a formula see
LAPACK Working Note 41 3. The eigenvalue timing program is used with the eigensystem
routines and returns the execution time, number of oating point operations, and mega op
rate for each of the re uested subroutines. In this program, the number of operations is
computed while the code is executing using special instrumented versions of the LAPACK
subroutines.

Installing, testing, and timing the Unix version of LAPACK involves the following steps:
1.  un ip and tar the file.
2. Edit the file LAPACK/ma

3. Edit the file LAPACK/ a and type ma



If you received a tar file of LAPACK via the World Wide Web or anonymous ftp, enter the
following command:

aa a
This will create a top-level directory called LAPACK, which re uires approximately 34  bytes
of disk space. The total space re uirements including the ob ect files and executables is
approximately 100 bytes for all four data types.

Before the libraries can be built, or the testing and timing programs run, you must define
all machine-specific parameters for the architecture to which you are installing LAPACK.
All machine-specific parameters are contained in the file LAPACK/ma

The first line of this ma file is:

S ELL bin sh

and it will need to be modified to LL  / / if you are installing LAPACK on an
S I architecture. Second, you will need to modify the PLA definition, which is appended
to all library names, to specify the architecture to which you are installing LAPACK. This
features avoids confusion in library names when you are installing LAPACK on more than
one architecture. Next, you will need to modify A, P | P P,LA
LA P ,AC,AC LA ,and A L tospecify the compiler, compiler options, compiler
options for the testing and timing main programs, loader, loader options, archiver, archiver
options, and ranlib for your machine. If your architecture does not re uire a to be
run after each archive command as is the case with CRA computers running UNICOS,
ewlett Packard computers running P-U | or SUN SPARCstations running Solaris , set
a . And finally, you must modify the LA L  definition to specify the BLAS
library to which you will be linking. If an optimi ed version of the BLAS is available on
your machine, you are highly recommended to link to that library. Otherwise, by default,
LA L is set to the Fortran 77 version.

Example ma include files are contained in the LAPACK/ ALL di-
rectory. Please refer to Appendix A for machine-specific installation hints, and or the
a _ file on
// /aa / a _
This a can be modified to perform as much of the installation process as the user

desires. Ideally, this is the ONL makefile the user must modify. owever, modification
of lower-level makefiles may be necessary if a specific routine needs to be compiled with a
di erent level of optimi ation.

First, edit the definitions of a , aa , m , ,and m in the
file LAPACK/ a to specify the data types desired. For example, if you only wish to



compile the single precision real version of the LAPACK library, you would modify the
aa definition to be:

C AK

Likewise, you could specify m m to build the double pre-
cision real, single precision complex, or double precision complex libraries, respectively. By
default, the presence of no arguments following the ma command will result in the build-
ing of all four data types. The make command can be run more than once to add another
data type to the library if necessary.

Next, if you will be using a locally available BLAS library, you will need to remove

a from the definition. And finally, if you do not wish to build all of the libraries
individually and likewise run all of the testing and timing separately, you can modify the
a  definition to specify the amount of the installation process that you want performed.
By default, the a  definition is set to

a a a m a m

which will perform all phases of the installation process testing of machine-dependent
routines, building the libraries, BLAS testing, LAPACK testing, LAPACK timing, and
BLAS timing.
The entire installation process will then be performed by typing ma
uestions and or comments can be directed to the authors as described in Section 6.8.
If test failures occur, please refer to the appropriate subsection in Section 6.

If disk space is limited, we suggest building each data type separately and or deleting
all ob ect files after building the libraries. Likewise, all testing and timing executables can
be deleted after the testing and timing process is completed. The removal of all ob ect files
and executables can be accomplished by the following;:

LAPACK

ma a

Alternatively, you can choose to run each of the phases of the installation process separately.
The following sections give details on how this may be achieved.

There are six machine-dependent functions in the test and timing package, at least three
of which must be installed. They are

LSA E LO ICAL Test if two characters are the same regardless of case
SLA C REAL Determine machine-dependent parameters
DLA C DOUBLE PRECISION Determine machine-dependent parameters



SECOND REAL Return time in seconds from a fixed starting time
DSECND DOUBLE PRECISION Return time in seconds from a fixed starting time
ILAENV INTE ER Checks that NaN and infinity arithmetic are IEEE-754 compliant

If you are working only in single precision, you do not need to install DLA C and
DSECND, and if you are working only in double precision, you do not need to install
SLA C and SECOND.

These six subroutines are provided in LAPACK/ ALL, along with six test programs. To

compile the six test programs and run the tests, go to LAPACK and type ma a . The
test programs are called am am am

and . If you do not wish to run all tests, you will need to modify the a
definition in the LAPACK/ a to only include the tests you wish to run. Otherwise,

all tests will be performed. The expected results of each test program are described below.

LSA Eis alogical function with two character parameters, A and B. It returns . TRUE.
if A and B are the same regardless of case, or .FALSE. if they are di erent. For example,
the expression

LA PL

is e uivalent to

PL PL
The test program in  am tests all combinations of the same character in upper
and lower case for A and B, and two cases where A and B are di erent characters.
Run the test program by typing am . If LSA E works correctly, the only message
you should see after the execution of am is
AC aa
m

The file am is automatically copied to LAPACK/ LA / C/ and LAPACK/ C/. The
function LSA E is needed by both the BLAS and LAPACK, so it is safer to have it in
both libraries as long as this does not cause trouble in the link phase when both libraries
are used.

SLA C and DLA C are real functions with a single character parameter that
indicates the machine parameter to be returned. The test program in  am simply
prints out the di erent values computed by SLA C , so you need to know something
about what the values should be. For example, the output of the test program executable

am for SLA C on a Sun SPARCstation is

10



La

a a m m m

On a Cray machine, the safe minimum under ows its output representation and the over ow
threshold over ows its output representation, so the safe minimum is printed as 0.00000
and over ow is printed as R. This is normal. If you would prefer to print a representable
number, you can modify the test program to print S IN 100. and R A  100. for the
safe minimum and over ow thresholds.

Likewise, the test executable am is run for DLA C

The files am and am are automatically copied to to LAPACK/ C/. If both
tests were successful, go to Section 6.1.3.

IfSLA C or DLA C  returns an invalid value, you will have to create your own
version of this function. The following options are used in LAPACK and must be set:

: Base of the machine

: Epsilon relative machine precision

: Precision Epsilon Base
: Safe minimum often same as under ow threshold

B
E
O : Over ow threshold
P
S
U

: Under ow threshold

Some people may be familiar with R1 AC D1 AC | a primitive routine for set-
ting machine parameters in which the user must comment out the appropriate assignment
statements for the target machine. If a version of R1 AC is on hand, the assignments in
SLA C can be made to refer to R1 AC using the correspondence

SLA- C U R1 AC 1

SLA- C O R1 AC 2
SLA. C E R1 AC 3
SLA- C B R1 AC 5

11



The safe minimum returned by SLA C S s initially set to the under ow value, but
if 1 over ow under ow it is recomputed as 1 over ow 1 , where is the
machine precision.

BE AWARE that the initial call to SLA C or DLA C is expensive. We suggest
that installers run it once, save the results, and hard-code the constants in the version they
put in their library.

Both the timing routines and the test routines call SECOND DSECND | a real function
with no arguments that returns the time in seconds from some fixed starting time. Our
version of this routine returns only user time , and not wuser time system time . The
version of SECOND in calls ETT E, a Fortran library routine available on some
computer systems. If ETI E is not available or a better local timing function exists, you
will have to provide the correct interface to SECOND and DSECND on your machine.

. LAPACK/ ALL/ LAPACK/ ALL/
The test program in performs a million operations using 5000 iterations of
the SA P operation : on a vector of length 100. The total time and mega ops

for this test is reported, then the operation is repeated including a call to SECOND on each
of the 5000 iterations to determine the overhead due to calling SECOND. The test program

executable is called or . There is no single right answer, but the
times in seconds should be positive and the mega op ratios should be appropriate for your
machine. The files and are automatically copied to LAPACK/ C/ for

inclusion in the LAPACK library.

As some new routines in LAPACK rely on IEEE-754 compliance, two settings PC
and P C have been added to ILAENV LAPACK/ C/ a to denote IEEE-754
compliance for NaN and infinity arithmetic, respectively. By default, ILAENV assumes an
IEEE machine, and does a test for IEEE-754 compliance.

If LA or LA is issued, then LA is returned to
signal IEEE-754 compliance, and LA if the architecture is non-IEEE-754 compliant.
Thus, for non-IEEE machines, the user must hard-code the setting of LA for
P C and P C in the version of LAPACK/ C/ a to be put in his library.
There are also speciali ed testing and timing versions of ILAENV that will also need to be

modified.
Testing timing version of LAPACK/ /L / a

Testing timing version of LAPACK/ / / a

12



Testing timing version of LAPACK/ /L / a
Testing timing version of LAPACK/ / / a

The test program in LAPACK/ ALL/ checks an installation architecture to
see if infinity arithmetic and NaN arithmetic are IEEE-754 compliant. A warning message
to the user is printed if non-compliance is detected. This same test is performed inside the
function ILAENV. If LA or LA is issued, then LA is
returned to signal IEEE-754 compliance, and LA if the architecture is non-IEEE-754
compliant.

To avoid this IEEE test being run every time you call LA or LA

, we suggest that the user hard-code the setting of LA or LA in the
version of LAPACK/ C/ a to be put in his library. As aforementioned, there are also
speciali ed testing and timing versions of ILAENV that will also need to be modified.

Ideally, a highly optimi ed version of the BLAS library already exists on your machine.
In this case you can go directly to Section 6.3 to make the BLAS test programs.

a o to LAPACK and edit the definition of a in the file a to specify the
data types desired, as in the example in Section 5.3.

If you already have some of the BLAS, you will need to edit the file LAPACK/ LA / C/ a
to comment out the lines defining the BLAS you have.

b Type ma a . The make command can be run more than once to add another
data type to the library if necessary.

The BLAS library is created in LAPACK/ a PLA a, where PLA is the user-defined archi-
tecture su x specified in the file LAPACK/ma

Test programs for the Level 1, 2, and 3 BLAS are in the directory LAPACK/ LA /

To compile and run the Level 1, 2, and 3 BLAS test programs, go to LAPACK and
type ma a _ . The executable files are called a _, a _, a _,and

a _ , where the _ underscore is replaced by 1, 2, or 3, depending upon the level of
BLAS that it is testing. All executable and output files are created in LAPACK/ LA /. For
the Level 1 BLAS tests, the output file names are a , a , a ,
and a . For the Level 2 and 3 BLAS, the name of the output file is indicated on
the first line of the input file and is currently defined to be LA for the Level 2
REAL version, and LA for the Level 3 REAL version, with similar names for the
other data types.

If the tests using the supplied data files were completed successfully, consider whether
the tests were su ciently thorough. For example, on a machine with vector registers, at
least one value of  greater than the length of the vector registers should be used otherwise,
important parts of the compiled code may not be exercised by the tests. If the tests were

13



not successful, either because the program did not finish or the test ratios did not pass
the threshold, you will probably have to find and correct the problem before continuing. If
you have been testing a system-specific BLAS library, try using the Fortran BLAS for the
routines that did not pass the tests. For more details on the BLAS test programs, see 9
and 7.

a o to the directory LAPACK and edit the definition of a a in the file a
to specify the data types desired, as in the example in Section 5.3.

b Type ma aa . The make command can be run more than once to add
another data type to the library if necessary.

The LAPACK library is created in LAPACK/ a a _PLA a, where PLA is the user-defined
architecture su x specified in the file LAPACK/ma

a o to the directory LAPACK and edit the definition of m in the file a to
specify the data types desired, as in the example in Section 5.3.

b Type ma m . The make command can be run more than once to add another
data type to the library if necessary.

The test matrix generator library is created in LAPACK/ m PLA a, where PLA is the
user-defined architecture su x specified in the file LAPACK/ma

There are two distinct test programs for LAPACK routines in each data type, one for
the linear e uation routines and one for the eigensystem routines. In each data type, there
is one input file for testing the linear e uation routines and eighteen input files for testing
the eigenvalue routines. The input files reside in LAPACK/ . For more information
on the test programs and how to modify the input files, please refer to LAPACK Working
Note 41 3.

If you do not wish to run each of the tests individually, you can go to LAPACK, edit the
definition in the file a to specify the data types desired, and type ma

. This will compile and run the tests as described in sections 6.6.1 and 6.6.2.

a o to LAPACK/ /L and typema followed by the data types desired. The
executable files are called , Or and are
created in LAPACK/

b o to LAPACK/ and run the tests for each data type. For the REAL version,
the command is

14



The tests using ) , and are similar with the leading s
in the input and output file names replaced by d, c, or

If you encountered failures in this phase of the testing process, please refer to Section 6.8.

a

o to LAPACK/ / and type ma followed by the data types desired. The
executable files are called , and and are
created in LAPACK/

o to LAPACK/ and run the tests for each data type. The tests for the eigen-
system routines use eighteen separate input files for testing the nonsymmetric eigen-
value problem, the symmetric eigenvalue problem, the banded symmetric eigenvalue
problem, the generali ed symmetric eigenvalue problem, the generali ed nonsymmet-
ric eigenvalue problem, the singular value decomposition, the banded singular value
decomposition, the generali ed singular value decomposition, the generali ed R and
R factori ations, the generali ed linear regression model, and the constrained linear
least s uares problem. The tests for the REAL version are as follows:

The tests using , , and also use the input files ,
, , m , , and , but the leading s in the other
input file names must be changed to ¢, d, or

If you encountered failures in this phase of the testing process, please refer to Section 6.8.
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There are two distinct timing programs for LAPACK routines in each data type, one
for the linear e uation routines and one for the eigensystem routines. The timing program
for the linear e uation routines is also used to time the BLAS. We encourage you to con-
duct these timing experiments in REAL and CO PLE or in DOUBLE PRECISION and
CO PLE 16 it is not necessary to send timing results in all four data types.

Two sets of input files are provided, a small set and a large set. The small data sets are
appropriate for a standard workstation or other non-vector machine. The large data sets
are appropriate for supercomputers, vector computers, and high-performance workstations.
We are mainly interested in results from the large data sets, and it is not necessary to run
both the large and small sets. The values of N in the large data sets are about five times
larger than those in the small data set, and the large data sets use additional values for
parameters such as the block si e NB and the leading array dimension LDA. Small data
sets are indicated by lower case names, such as m , and large data sets are indicated
by upper case names, such as . Except as noted, the leading s or S in the
input file name must be replaced by d, c, or D, C,or for the other data types.

We encourage you to obtain timing results with the large data sets, as this allows us to
compare di erent machines. If this would take too much time, suggestions for paring back
the large data sets are given in the instructions below. We also encourage you to experiment
with these timing programs and send us any interesting results, such as results for larger
problems or for a wider range of block si es. The main programs are dimensioned for the
large data sets, so the parameters in the main program may have to be reduced in order
to run the small data sets on a small machine, or increased to run experiments with larger
problems.

The minimum time each subroutine will be timed is set to 0.0 in the large data files
and to 0.05 in the small data files, and on many machines this value should be increased.
If the timing interval is not long enough, the time for the subroutine after subtracting the
overhead may be very small or ero, resulting in mega op rates that are very large or ero.

To avoid division by ero, the mega op rate is set to ero if the time is less than or e ual to
ero. The minimum time that should be used depends on the machine and the resolution
of the clock.

For more information on the timing programs and how to modify the input files, please
refer to LAPACK Working Note 41 3.

If you do not wish to run each of the timings individually, you can go to LAPACK, edit
the definition m in the file a to specify the data types desired, and type ma

m . This will compile and run the timings for the linear e uation routines and the
eigensystem routines see Sections 6.7.1 and 6.7.3 .

If you encounter failures in any phase of the timing process, please feel free to contact
the authors as directed in Section 6.8. Tell us the type of machine on which the tests were
run, the version of the operating system, the compiler and compiler options that were used,
and details of the BLAS library or libraries that you used. ou should also include a copy
of the output file in which the failure occurs.

Please note that the BLAS timing runs will still need to be run as instructed in 6.7.2.
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The linear e uation timing program is found in LAPACK/ /L and the input files
are in LAPACK/ . Three input files are provided in each data type for timing the
linear e uation routines, one for s uare matrices, one for band matrices, and one for rect-
angular matrices. The small data sets for the REAL version are m , a , and

m , respectively, and the large data sets are , A , and

The tlmlng program for the least s uares routines uses special instrumented versions of
the LAPACK routines to time individual sections of the code. The first step in compiling
the timing program is therefore to make a library of the instrumented routines.

a To make a library of the instrumented LAPACK routines, first go to

LAPACK/ /L /L C and type ma followed by the data types desired, as
in the examples of Section 5.3. The library of instrumented code is created in
LAPACK/ /L / PLA a, where PLA is the user-defined architecture suf-

fix specified in the file LAPACK/ma

b To make the linear e uation timing programs, go to LAPACK/ /L and type
ma followed by the data types desired, as in the examples in Section 5.3. The
executable files are called m , m , m , and m and are

created in LAPACK/

¢ o to LAPACK/ and make any necessary modifications to the input files. ou
may need to set the minimum time a subroutine will be timed to a positive value, or to
restrict the si e of the tests if you are using a computer with performance in between
that of a workstation and that of a supercomputer. The computational re uirements
can be cut in half by using only one value of LDA. If it is necessary to also reduce the
matrix si es or the values of the blocksi e, corresponding changes should be made to
the BLAS input files see Section 6.7.2 .

d Run the programs for each data type you are using. For the REAL version, the
commands for the small data sets are

m m m
m a a
m m m

or the commands for the large data sets are

m
m A A

m

Similar commands should be used for the other data types.
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The linear e uation timing program is also used to time the BLLAS. Three input files
are provided in each data type for timing the Level 2 and 3 BLAS. These input files time
the BLAS using the matrix shapes encountered in the LAPACK routines, and we will use
the results to analy e the performance of the LAPACK routines. For the REAL version,

the small data files are aa , a , and a and the large data files
are LA A , LA ,and LA C . There are three sets of inputs because there
are three parameters in the Level 3 BLAS, , N, and K, and in most applications one of
these parameters is small on the order of the blocksi e while the other two are large on
the order of the matrix si e . In aa , and N are large but K is small, while in

a the small parameter is , and in a the small parameter is N. The

Level 2 BLLAS are timed only in the first data set, where K is also used as the bandwidth
for the banded routines.

a o to LAPACK/ and make any necessary modifications to the input files. ou
may need to set the minimum time a subroutine will be timed to a positive value. If
you modified the values of N or NB in Section 6.7.1,set , N, and K accordingly. The
large parameters among , N, and K should be the same as the matrix si es used in
timing the linear e uation routines, and the small parameter should be the same as
the blocksi es used in timing the linear e uation routines. If necessary, the large data
set can be simplified by using only one value of LDA.

b Run the programs for each data type you are using. For the REAL version, the
commands for the small data sets are

m a a a a
m a a
m a a

or the commands for the large data sets are

m LA A LA A
m LA LA
m LA C LA C

Similar commands should be used for the other data types.

The eigensystem timing program is found in LAPACK/ / and the input files are
in LAPACK/ . Four input files are provided in each data type for timing the eigensys-
tem routines, one for the generali ed nonsymmetric eigenvalue problem, one for the non-
symmetric eigenvalue problem, one for the symmetric and generali ed symmetric eigenvalue
problem, and one for the singular value decomposition. For the REAL version, the small
data sets are called m m m ,and m |, respectively.
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and the large data sets are called P , P , P , and
Each of the four input files reads a di erent set of parameters, and the format of the 1nput
is indicated by a 3-character code on the first line.

The timing program for eigenvalue singular value routines accumulates the operation
count as the routines are executing using special instrumented versions of the LAPACK
routines. The first step in compiling the timing program is therefore to make a library of
the instrumented routines.

a To make a library of the instrumented LAPACK routines, first go to

LAPACK/ !/ C and type ma followed by the data types desired, as
in the examples of Section 5.3. The library of instrumented code is created in
LAPACK/ !/ PLA a, where PLA is the user-defined architecture suf-

fix specified in the file LAPACK/ma

b To make the eigensystem timing programs, go to LAPACK/ / and type ma
followed by the data types desired, as in the examples of Section 5.3. The executable
files are called m , m , m , and m and are created in
LAPACK/

¢ o to LAPACK/ and make any necessary modifications to the input files. ou

may need to set the minimum time a subroutine will be timed to a positive value,
or to restrict the number of tests if you are using a computer with performance in
between that of a workstation and that of a supercomputer. Instead of decreasing
the matrix dimensions to reduce the time, it would be better to reduce the number of
matrix types to be timed, since the performance varies more with the matrix si e than
with the type. For example, for the nonsymmetric eigenvalue routines, you could use
only one matrix of type 4 instead of four matrices of types 1, 3, 4, and 6. Refer to
LAPACK Working Note 41 3 for further details.

d Run the programs for each data type you are using. For the REAL version, the
commands for the small data sets are

8 8 8 B
8 8 8 B
8 8 8 B

or the commands for the large data sets are

8 8 8 B

Similar commands should be used for the other data types.
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Congratulations ~ ou have now finished installing, testing, and timing LAPACK. If
you encountered failures in any phase of the testing or timing process, please consult our
a _ file on netlib.

// / aa / a _

This file contains machine-dependent installation clues which hopefully will alleviate your
di culties or at least let you know that other users have had similar di culties on that
machine. If there is not an entry for your machine or the suggestions do not fix your
problem, please feel free to contact the authors at

a a

Tell us the type of machine on which the tests were run, the version of the operating
system, the compiler and compiler options that were used, and details of the BLAS library
or libraries that you used. ou should also include a copy of the output file in which the
failure occurs.

We would like to keep our a - file as up-to-date as possible. Therefore, if
you do not see an entry for your machine, please contact us with your testing results.

Comments and suggestions are also welcome.

We encourage you to make the LAPACK library available to your users and provide us
with feedback from their experiences.

Ed Anderson contributed to previous versions of this report.
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C e ts

In this appendix we list a few of the machine-specific di culties we have encountered in
our own experience with LAPACK. A more detailed list of machine-dependent problems,
bugs, and compiler errors encountered in the LAPACK installation process is maintained
on

// / aa / a _

We assume the user has installed the machine-specific routines correctly and that the
Level 1, 2 and 3 BLAS test programs have run successfully, so we do not list any warnings
associated with those routines.

All machine-specific parameters are specified in the file LAPACK/ma
The first line of this ma file is:

S ELL bin sh

and will need to be modified to LL  / / if you are installing LAPACK on an
S 1 architecture.

The LAPACK Testing and Timing Suites assume the use of the timing function

On some IB  architectures such as IB RS 6000s, the timing function is instead
called _, and therefore the routines LAPACK/ ALL/ and LAPACK/ ALL/
should be modified.

On PPA architectures, the compiler and loader ag should be included to access

the function
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As some new routines in LAPACK rely on IEEE-754 compliance, two settings PC
and P C have been added to ILAENV LAPACK/ C/ a to denote IEEE-754
compliance for NaN and infinity arithmetic, respectively. By default, ILAENV assumes an
IEEE machine, and does a test for IEEE-754 compliance.

Thus, for non-IEEE machines, the user must hard-code the setting of LA for

P C and P C in the version of LAPACK/ C/ a to be put in his library.
For further details, refer to section 6.1.4.

Be aware that some IEEE compilers by default do not enforce IEEE-754 compliance,
and a compiler ag must be explicitly set by the user.

On S s for example, you must set the P _a _ compiler ag to enable
IEEE-754 compliance.

And lastly, the test inside ILAENYV to detect IEEE-754 compliance, will result in IEEE
exceptions for Divide by ero and Invalid Operation . Thus, if the user is installing on
a machine that issues IEEE exception warning messages like a Sun SPARCstation , the
user can disregard these messages. To avoid these messages, the user can hard-code the
values inside ILAENYV as explained in section 6.1.4.

If / m space is small i.e., less than approximately 16 B on your architecture, you may
run out of space when compiling. There are a few possible solutions to this problem.

1. ou can ask your system administrator to increase the si e of the / m partition.

2. ou can change the environment variable P to point to your home directory for
temporary space. E.g.,
P / m/ /
where / m / / is the user s home directory.

3. If your archive command has an  option, you can change the archive command to
a so that the archive command will only place temporary files in the current
working directory rather than in the default temporary directory tmp.

If you suspect a BLAS-related problem and you are linking with an optimi ed version of
the BLAS, we would strongly suggest as a first step that you link to the Fortran 77 version
of the suspected BLAS routine and see if the error has disappeared.

We have included test programs for the Level 1 BLLAS. Users should therefore beware
of a common problem in machine-specific implementations of xNR 2, the function to com-
pute the 2-norm of a vector. The Fortran version of xNR 2 avoids under ow or over ow
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by scaling intermediate results, but some library versions of xNR 2 are not so careful
about scaling. If xNR 2 is implemented without scaling intermediate results, some of the
LAPACK test ratios may be unusually high, or a oating point exception may occur in
the problems scaled near under ow or over ow. The solution to these problems is to link
the Fortran version of xXNR 2 with the test program.

If a large numbers of test failures occur for a specific matrix type or operation, it could be
that there is an optimi ation problem with your compiler. Thus, the user could try reducing
the level of optimi ation or eliminating optimi ation entirely for those routines to see if the
failures disappear when you rerun the tests.

The testing and timing main programs xC KAA, xC KEE, xTI AA, and xTI EE
allocate large amounts of local variables. Therefore, it is vitally important that the user
know if his compiler by default allocates local variables statically or on the stack. It is
not uncommon for those compilers which place local variables on the stack to cause a stack
over ow at runtime in the testing or timing process. The user then has two options: increase
your stack si e, or force all local variables to be allocated statically.

On PPA architectures, the compiler and loader ag K should be used when compiling

these testing and timing main programs to avoid such a stack over ow. l.e., set P
K in the LAPACK/ma file.
For similar reasons, on S I architectures, the compiler and loader ag a should
be used. lL.e., set P a in the LAPACK/ma file.

Some of our test matrices are scaled near over ow or under ow, but on the Crays, problems
with the arithmetic near over ow and under ow forced us to scale by only the s uare root of
over ow and under ow. The LAPACK auxiliary routine SLABAD or DLABAD is called
to take the s uare root of under ow and over ow in cases where it could cause di culties.
We assume we are on a Cray if log over ow is greater than 2000 and take the s uare
root of under ow and over ow in this case. The test in SLABAD is as follows:

L LA
ALL ALL
LA LA

Users of other machines with similar restrictions on the e ective range of usable numbers
may have to modify this test so that the s uare roots are done on their machine as well.
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SLABAD is located in LAPACK/ C.

For machines which have a narrow exponent range or lack gradual under ow DEC
VA es for example , it is not uncommon to experience failures in sec.out and or dec.out
with SLA° TR DLA TR or DTRS L. The failures in SLA TR DLA TR and DTRS L
occur with test problems which are very badly scaled when the norm of the solution is very
close to the under ow threshold or even under ows to ero . We believe that these failures
could probably be avoided by an even greater degree of care in scaling, but we did not want
to delay the release of LAPACK any further. These tests pass successfully on most other
machines. An example failure in dec.out on a icroVA I looks like the following:

mm m ma
LAL LA LA LA C L C A LA
a ma P
a m m m
a m a a a a
C a
L A
L A K
LA A
L A K

In the eigensystem timing program, calls are made to the LINPACK and EISPACK e uiv-
alents of the LAPACK routines to allow a direct comparison of performance measures. In
some cases we have increased the minimum number of iterations in the LINPACK and
EISPACK routines to allow them to converge for our test problems, but even this may not
be enough. One goal of the LAPACK pro ect is to improve the convergence properties of
these routines, so error messages in the output file indicating that a LINPACK or EISPACK
routine did not converge should not be regarded with alarm.

In the eigensystem timing program, we have e uivalenced some work arrays and then
passed them to a subroutine, where both arrays are modified. This is a violation of the
Fortran 77 standard, which says if a subprogram reference causes a dummy argument
in the referenced subprogram to become associated with another dummy argument in the
referenced subprogram, neither dummy argument may become defined during execution of
the subprogram. If this causes any di culties, the e uivalence can be commented out
as explained in the comments for the main eigensystem timing programs.

LANS .-178 se. 15. . .
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