



























































The authors state their hope that LAPACK and its Users’ Guide exemplify model soft-
ware development and documentation. The Guide is very good documentation indeed. It
is nicely structured so that users will generally not have to jump around, but will usually
start at the beginning and read only as far as their needs (or interests) carry them. The first
four chapters form the heart of the Guide: Essentials, Contents of LAPACK, Performance
of LAPACK, and Accuracy and Stability. These are followed by chapters entitled Docu-
mentation and Software Conventions, Installing LAPACK Routines, and Troubleshooting.
Appendices are provided: Index of Driver and Computational Routines, Indices of Auxiliary
Routines, Quick Reference Guide to the BLAS, Converting From LINPACK or EISPACK,
and LAPACK Working Notes. The preceding forms only half of the Guide. The last half is
devoted to Specifications of Routines (but not the actual codes or their Further Details and
Internal Parameters, if any).

The first three chapters of the Guide are very clearly written. Abundant evidence in the
literature demonstrates that this is hard to do. I suspect that it requires multiple authors. It
seems impossible to clarify something of your own that you have already read twenty times
while knowing what it is supposed to mean.

Chapter 2, Contents of LAPACK, describes three types of routines: driver routines, com-
putational routines, and auxiliary routines. The driver routines are a welcome convenience
compared to LINPACK and EISPACK. These are intended to solve complete problems:
linear equations, linear least squares, eigenproblems, SVDs, or generalized symmetric eigen-
problems. These drivers usually come in two versions, simple and expert. An expert routine
may rescale, estimate condition numbers, refine solutions, estimate forward and backward er-
ror bounds, and so forth. The many computational routines, such as LU factorization, give
building blocks that the sophisticated user will want for combining to perform less usual
computations. Auxiliary routines, implementing a variety of low-level tasks such as scaling
and generating an elementary Householder matrix, are only listed in an appendix with a
brief description of their function. However, documentation is included in the code of these
routines.

Even supposing that you have all 600,000 or so lines of LAPACK on your machine, you
still aren’t ready until you have the Basic Linear Algebra Subprograms (BLAS) for your
computer. You can always use a Fortran version obtained from netlib, and it is probably
all you will ever need if you work on a sequential computer.

Chapter 3, Performance of LAPACK, explains why machine dependent BLAS are needed
to make LAPACK efficient and portable on non-sequential computers. A BLAS package
provides operations such as (Level 1) vector operations, y «— az + y, (Level 2) matrix-
vector operations, y — aAz + By, and (Level 3) matrix-matrix operations, C — aAB +
BC. LAPACK is essentially constructed from calls to the BLAS. Since different computer
architectures call for different methods to optimize the BLAS subprograms, it is clear that
isolating these operations in a BLAS Package is essential for LAPACK to be both efficient
and portable. Left unsaid is that a computer manufacturer must provide a BLAS package
in order for a machine to be competitive.

In actual fact, LAPACK uses Level 3 matrix-matrix operations as much as possible,
even though this occasionally induces algorithmic contortions that sometimes increase the
number of arithmetic operations. Memory reference is slow. This motivates doing as much
arithmetic as possible on groups of data whenever they are in high-speed memory. In a
Level 3 matrix-matrix operation, O(n?) data are subjected to O(n®) arithmetic operations,
compared to only O(n?) arithmetic operations on O(n?) data in a Level 2 matrix-vector
operation.

Chapter 4, Accuracy and Stability, discusses error bounds. Almost all of the old LIN-
PACK and EISPACK routines are normwise backward relatively stable in the sense that
when they are applied to a matrix A, they produce the exact result for a nearby matrix
A+ E, where the ratio of norms IIE||/)|A|| is near machine precision. LAPACK provides
some routines where a much stronger criterion holds: for such a matrix E, each element € j
is zero if a;; is zero, otherwise the ratio of elements |e; ; /ai ;| is near machine precision.
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LAPACK presently provides this componentwise backward relative stability for linear equa-
tion solving, for the bidiagonal SVD, for the symmetric tridiagonal eigenproblem, and (as
an option) for least squares problems.

It is well that the authors simplify, even misstate, some error estimates in the interest
of clarity. Nevertheless, most of this chapter seems to be less clearly written than the rest
of the Guide. As I recall, Mad Magazine once offered the instructions, “Not for use except
in case of non-emergency.” A similar construction is used by our authors when they advise,
“For other algorithms, the answers (and computed error bounds) are as accurate as though
the algorithms were componentwise relatively backward stable, even though they are not.”

Only a few years ago, it was thought that almost all issues concerning practical software
for floating-point linear algebra computation were settled. Parallel computation created
distinctions that were previously meaningless, or it may be more accurate to say, literally
unthinkable. These distinctions now reveal beautiful and subtle structure yet to be fully
exploited. LAPACK is far from finished. However, it is as finished as it needs to be for
many users. They will benefit from the current release of LAPACK and the outstanding
documentation the LAPACK Users’ Guide provides for this important milestone.
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MEMBERSHIP IN ILAS - Reply Form

The annual individual membership fee for ILAS is $12 and the institutional
membership fee is $150 per year. To renew your membership please fill out
your name and address below. To enroll your organization as an institutional
member of ILAS fill out the name and address of the organization below. Send
the completed form along with payment of the appropriate membership fee (or
a letter requesting waiver of the individual membership fee) to:

James R. Weaver

Department of Mathematics and Statistics
The University of West Florida

11000 University Parkway

Pensacola, Florida 32514-5751

U.S.A.

NAME:
ADDRESS:

PHONE:
E-MAIL:

I wish to renew my membership in ILAS.

[ ] Enclosedis $12 — my membership fee for 1993.

Please enroll the organization listed above as an institutional member of ILAS.

[ ] Enclosed is $150 — the instituional membership fee for 1993.

I wish to make a voluntary contribution to the ILAS.

[ ] Enclosed is a contribution of

ALL CHECKS SHOULD BE MADE OUT TO:

THE INTERNATIONAL LINEAR ALGEBRA SOCIETY



