Serving the International Linear Algebra Community

Issue Number 22, pp. 1-32, April 1999

Editor-in-Chief: George P. H. STYAN styan@total.net, styan@together.net
Department of Mathematics and Statistics tel. (1-514) 398-3333
McGill University, Burnside Hall, Room 1005 FAX (1-514) 398-3899
805 ouest, rue Sherbrooke Street West

Montréal, Québec, Canada H3A 2K6 Editorial Assistants: Shane T. Jensen & Evelyn M. Styan

Senior Associate Editors: Steven J. LEON, Chi-Kwong L1, Simo PUNT/v\NEN, Hans Joachim WERNER.
Associate Editors: S. W. DRURY, Stephen J. KIRKLAND, Peter SEMRL, Fuzhen ZHANG.

Previous Editors-in-Chief: Robert C. THOMPSON (1988-89); Steven J. LEON & Robert
C. THOMPSON (1989-93)
Steven J. LEON (1993-1994); Steven J. LEON & George P. H. STYAN (1994-1997).

Comments from Thirty Years of Teaching Matrix Algebra to Applied Statisticians (S. R. Searle) ..3

Request for Feedback on Linear Algebra Education (Frank Uhlig) ........................ ... ... 5
Dennis Ray Estes: 19411090 ... ... . i e 7
Feliks Ruminovich Gantmakher and The Theory of Matrices .............c..oueeeuneueeenenn.. 12
ILAS President/Vice-President’s Annual Report: April 1999 (R. A. Brualdi & D. Hershkowitz) .... 6
ILAS Treasurer's Report: March 1, 1998—February 28, 1999 (James R. Weaver) ............... 22
New & Forthcoming Books on Linear Algebra and Related Topics: 1998-1999 ................. 10
Book Reviews
David A. Harville: Matrix Algebra from a Statistician’s Perspective (Jirgen GROB) ............... 9

A. M. Mathai: Jacobians of Matrix Transformations & Functions of Matrix Arguments (S. Provost) 9
Report on Linear Algebra Event Attended

December 11-14: Fort Lauderdale, Florida ...............oooiiiiiiii i e 15
Forthcoming Linear Algebra Events
June 7-8, 1999: Regina, Saskatchewan .......... .o i 18
July 1616, 1999: Coimbra, Portugal . ...........oooiiii i e 18
July 19-22, 1999: Barcelona, Spain . .....oovuiiiiii e 19
August 67, 1999: Tampere, Finland ........ ... i 19
June 26-28, 2000: Nafplio, GreCEe ........cotiiii et e 21
July 1214, 2000: Leuven, Belgium .........ooioiii 21
December 9-13, 2000: Hyderabad, India .............ooiiiiiii e 21
IMAGE Problem Corner
18-1: 5x5 Complex Hadamard Matrices . ...... ...t i 25
19-3: Characterizations Associated with a Sumand Product .............ccovvinviienenneninn.. 25
19-4: Eigenvalues of Non-negative Definite Matrices ..................ooooiiiiiei ... 25
19-5: Symmetrized Product Definteness? ....... ..ottt e 26
21-1: Square Complex Matrix of Odd Order .............ciiiiiiii e 27
21-2: The Diagonal of an INVerse ........c..oiiiiiiiiii i e, 28
21-3: Eigenvalues and Eigenvectors of Two SymmetricMatrices .............ccooveeeeeeenoi... 28
21-4: Square Complex Matrix, its Moore-Penrose Inverse and the Léwner Ordering ............ 30
21-5: Determinants and g-INVerses ............ouuuiiiiiii e 31

New Problems

Printed in Canada by Anlo Inc., Westmount, Québec - (514) 937-9346




siam. Titles in Applied Mathematics

Society for Industrial and Applled Mathematics

ILAS
Membeys

Get

A

Iterative Methods for Optlmlzatlon
C. T. Kelley

Frontiers in Applied ’Mathematfcs 18 T g '

This book presents 3 carefully selected group of fethods for unconst n'ined and bodnd :
constrained optxmxzatmn problems and analyzes them iti depth-both theorétically and”

algorlthmxcally It focuses on clarity in algorlthmlc descrxptlon and’analysis rather than

generality; and while it provides pomters to the lxterature fnost generaI theoretl- \
cal results and robust software, the author thmks itmore tthat readers baVe a
complete understanding of special cases that i onvey essentml ideas A compamop to
Kelley’s book, Jterative Methods for Linear and Nonllﬁé i Equatzom (SIAM, 1995),
this book contains many exercises and examples and‘can be used as a téxt,a tutorial

for self-study, or a reference.

Iterative Methods for Optimization does more than cover traditional gradient-.. ...
based optimization: it is the first book to treat sampling methods, including the: H k'
Jeeves, implicit fiitering, MDS, and Nelder—Mead schemes in a unified way,’ and 2150
the first book to make connectlons between sampling methods and the traditional
gradient-methods. ' !

March 1999 - Appro; A 65 pag
List Price $37.00 }AM Member

Numencal ear Alge
for High-Performanc
Jack }. Dongarra, lain S. Duff, Danny:
Software, Environments, and Tools 7

j

This book presents a unified treatment of recently developed techniques and"cxfrrent,un-

derstanding about solving systems of linear equations and large scale eigenvalde probf

lems on high-performance computers. It provides a rapid introduction to the worldjotf
vector and parallel processing for these linear algebra applications. L ; ’f
Topics include major elements of advanced-architecture computers and
formance, recent algorathrmc development and software for direct solution g f dense fv' ;
matrix problems direct: solutnmlof spz};rse :systems of equations, iterative sol xflon of
sparsé:systems of equations, and soltttion ‘ge sparse eigenvalue problems. 1y
2N) qok ;&dﬂpers des the SIAM publication Solving Linear Systems on Vectér / ’l'
rs, whxch appeared in 1990 'I'he new book mcludes a

i

.. Softcover lSBK} Q89871 4281

1998 vl + 342;5 ;
74 Wember Pnce $29.60%,Order Code $E07

ListPrice $37. 00 " SIA

%8 ORDER TOLL FREE IN USA: 800—447—31: \

tf;eir pe"r-” ‘ f

) of

i

Matrlx Algorlthms
Volume 1:
sic Decompositions
W, Stewart
“THis thorough concise, and superbly written volume is
the, firstin a self-contained five-volume series devoted
to matrix algorithms. It focuses on the computation of
matrix decompositions—that is, the factorization of ma-
trices into products of similar ones.

The first two chapters.provide the required back-
ground from math 3 and ‘computer science needed
to work effe vely i ”m matrix computatlons The remain-

formally presented in pseudocode
1998 xx + 458 pages « Softcover

1SBN 0-89871:414-1 - List Price $32.00
SIAM/ILAS Member Price $ 25.60 + Order Code OT60

Introduction to Matrix Analytic
Methods in Stochastic Modeling

G. Latouche and\/. Ramaswami

ASA-SIAM- Ser:es on. Stat:sucs and Apphed Probability 5
5, Matrix analytlc methods are popular as modelmg tools
because they glve one the abxhty to construct and ana-
; a’iwldé (Qlass of queuing. models i ina umﬁed and
algonthmnc ly tractable way. The authors present the

,,,,,,,

)’ / basw nat 1 cal tdeas and algonthms of the matrix
i analytlc theory 111 afreadable up-to-date and compre-

"hensive; marmer In the current ltterature 4 mixed bag
'hmques is- used——some probabxhstxc some from
S lmeas algebra, #nd some from transform methods. Here,

many new proofs that ‘emphasize the unity of the matrix
a.nalytxe approach are included.

ebruary 1999 </xiv + 334 pages + Softcover
i {$BN 0-89873-425-7 - List Price $49.50
ASA/S| M/lLAES Member Price $39 60
or er>Code SAOS '

®www.siam.org

+ Use your credit card (AMEX, MasterCard, and VISA): Call toll free in USA
800-447-SIAM - Outside USA call 215-382-9800 - Fax 215-386-7999 « service@siam.org
+ Secure ordering is available on the web at hitps://www.siam.org/catalog/bookordr.him

+ Or send check or money order to:
SIAM, Dept. BKIL99, P.O. Box 7260 Philadelphia, PA 19101-7260

Ela-nL. SCIENCE and INDUSTRY ADVANCE with MATHEMATICS

+ Shipping and Handling
USA: Add $2.75 for the first book and $.50 for each
additional book.
Canada: Add $4.50 for the first book and $1.50 for
each additional book.
Outside USA/Canada: Add $4.50 per book.

All overseas delivery is via airmail.




April 1999

page 3

Comments from Thirty Years of Teaching
Matrix Algebra to Applied Statisticians

by Shayle R. SEARLE, Cornell University

Abstract. A few simple ideas gleaned from teaching matrix algebra
are described. For teaching beginners how to prove theorems a useful
mantra is: “Think of something to do: do it and hope”

1. Introduction: Hooked on Matrix Algebra. As a Master’s stu-
dent of mathematics in New Zealand, I had a course on matri-
ces from Jim Campbell who had done his doctorate under A.
C. Aitken at Edinburgh. That one could have something like
AB = 0 without A = 0 or B = 0 fascinated me—and 1 was
hooked. Eight years later, as a graduate student at Cornell, I
gave an informal 1957 summer course on matrix algebra; and
after returning to Cornell on faculty that course developed in
1963 into a regular fall semester offering, Matrix Algebra, in
the Biometrics Unit. I taught it until 1995, when I retired; and it
still continues with 20-30 students a year.

One may well ask “why matrix algebra when linear algebra
is widely taught in Mathematics?” Several reasons: I’'m no ge-
ometer. Dropping a perpendicular from 8-space to 4-space helps
my intuition not one bit. I cannot illustrate that perpendicular on
a blackboard, and I cannot use my fingers to do so either. [ have
many kindred spirits in this regard. They come from students
minoring in statistics for use in their down-to-earth majors such
as agronomy, agricultural economics, plant breeding, pomology
and animal breeding. They find no joy in geometry, but they can
get the hang of algebra—even to the stage of enjoying it, despite
the 8 am. hour for the course! That lasted 25 years, whereupon
I changed it to 9 am., giving the college curriculum committee
the reason “After 25 years, I'm tired of 8 am.!”

2. Features of the Course. Each lecture began with my im-
mediately launching into the day’s topic, saving the end of the
hour, when all of a day’s attendees would be there, for announce-
ments. And so no repetition was needed.

An 8 am. class inevitably generates late arrivals. That never
worried me. Mathematical subjects demand using today’s new
knowledge for tomorrow’s work, so that I insisted that late ar-
rival was far better than not coming at all. And with the class-
room having a rear door, which I heartily recommend, entry for
laggards caused no interruption, except on the day a chronically
30-minute late arrival was greeted with the 8:30 am. salutation
“Good afternoon”.

The course always had homework—every Wednesday, a
help session the following Monday and hand it in two days later.
By that time, one hoped it was all correct. Each week’s work
was graded 2, 1 or O for satisfactory, mediocre or hopeless, re-
spectively. No student ever argued about this holistic grading.
And a whole term’s homework counted for no more than 10%

of the term’s grade; in some years nothing. Yet there was mo-
tivation: an early handout explained that the term grade would
be F if there was any failure to do homework, no matter how
much help had been given. To me, homework is for students
to learn to do mathematics; it is not inquisitorial for assessing
how much they have learned. That is the purpose of exams—
and students were told that exam questions would be similar to
homework problems —indeed, most exams included at least one
of the homework problems.

For a number of years the course was split into two back-to-
back 7-week modules, each of two credits and two exams. This
came about because agricultural economics graduate students
asserted the second part of the course was too theoretical. So
with the split they did only the first part and got no further than
inverting a matrix (not even to rank and linear independence).
So their attendance dwindled almost to zero, coinciding with in-
creasing enrolment of statistics undergraduates. For them I soon
learnt that two modules involving four exams was too weighty
a presentation, and after 10 years the course returned to a reg-
ular 3-lecture, 14-week routine. That was less intensive, more
enjoyable for the students, and under less pressure I believe they
learnt more, and more easily.

3. Teaching How to do Mathematics. How do we do mathemat-
ics? How do we learn how to do mathematics? It seems to me
that we don’t do a good job of teaching this—of how to do alge-
bra, for example. Many students have difficulty in learning this:
they find even simple methods of proof difficult to assimilate.
This arises, one must assume, from high school and mandatory
college courses in mathematics paying insufficient attention to
these matters. Students seem to have little idea as to how math-
ematicians think, how they go about solving problems, and es-
pecially how they start trying to solve a problem. So the ma-
trix algebra course attempted to give students ideas about some
of the thought processes which are helpful in proving already-
established results. One would hope that in learning such tech-
niques students would subsequently find them very useful, both
for checking on the validity of results they will find in their own
subject-matter research literature, and also for developing their
own results ab initio. And part of the necessary learning is: how
do mathematicians motivate themselves to develop the step-by-
step process which leads to final and useful results? The nature
of this motivation can be illustrated in the proving of a simple,
well known matrix result.

Suppose we want to prove the following little theorem:

If A isidempotent,sois1 — A.
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As we all know, the proof is easy:
(I-AP?=I-2A+A%=1-2A+A=1I-A,

and the proof is complete. “But”, asks a student, “Where does
this come from?” “Why?” asks another; and “So what?” says a
third. These reactions, I suggest, stem from unfamiliarity of im-
portant steps in the process of proof, steps which are, it appears,
seldom emphasized early enough in one’s mathematical educa-
tion. For example, two important steps for algebraic proof are
(1) whenever possible convert text statements to algebraic state-
ments and, in doing so, (ii) clearly label the statements as Given,
or To Be Proved. In our case this yields

Given
To Be Proven

A? = A, the definition of idempotent.
(I-AZ=1-A.

Now comes the difficult partt We know what has to
be proven: we must show that (I — A)? can be reduced
to I—A. On thinking about this one soon concludes
that it seems (and indeed is) difficult to straightforwardly
start at I — A and get to (I— A)%2. Actually, one can do
this, as follows. Beginning at I — A we can observe that
A(I-A)=A~-A%Z=A — A = 0. Therefore

I-A = I-A-A(I-A)

= I-A-A+A?2=1-2A+A%=(1-A)%
This is correct, but itis sort of gimmicky, and not obviously logi-
cal. Itis much more logical to start from something complicated,
in this case (I — A)Z, and try to reduce it to something simpler,
(I— A). This is usually easier than the other way round. So we

start with (I — A)? and hope to get to I — A. But now what?
(I-A)2=?

The following mantra, to be used iteratively, is what helps.
“Think of something to do: do it and hope.”
‘What comes easily to mind? Expand:
(I-A)P=(I-A)I-A).
Now what? Use the mantra again, and multiply out:

(I-A)?2 = (I-A)I-A)
= I(I-A)-A(I-A)
= I-A-A+A%2=1-2A+4+A2

Now comes an important step in the process of developing re-
sults. (iii) Use what is given: in this case A% = A. Thus

(I-AP2 =I-2A+A=I-A.

This process, especially the mantra, has helped numerous
students to overcome their fear of the proof process and to goon
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to successfully tackle problems. True, the mantra is not much
more than formalizing the trial-and-error process, but after all
that is precisely how mathematical progress is often made. It
seldom leads to the shortened proof, but who cares about that
insofar as learning the process of proof is concerned. Supple-
menting the mantra there are, of course, a number of techni-
cal aids for helping with algebra, some of which are detailed in
Searle (1977).

4. Patterns and Relationships. We also need to teach students
that mathematicians look for patterns and relationships. For ex-
ample, in proving that

a b e\"'yp
t=(abc)ld e f q

g h 2 r

without calculating the matrix inverse, it is the “pattern” of the
row vector also being the first row of the matrix, combined with
the thinking about the cofactors in the elements of the matrix
inverse, that leads at once to

p
t=(100)] q| =p
r

5. Two Kinds of Thinking. This “thinking about the cofactors”
brings us to what I feel are two kinds of thinking needed for
doing mathematics. They can be called “automatic thinking”
and “cogitative thinking”. Automatic thinking is the kind of
straightforward thinking involved in doing algebra, especially in
simplifying algebraic expressions; e.g., I ~2A + A =1 — A.
The second type of thinking is that of cogitating; e.g., consider
the statement

AB is a matrix of columns which
are linear combinations of columns of A.

Automatic (e.g., algebraic) thinking is relatively easy, once one
knows the rules of algebra, for example. In contrast, cogitative
thinking is not so easy. As soon as we see that statement about
AB we know it is true. But developing the statement requires
cogitating (i.e., “thinking hard”, according to the dictionary)
about the operation of matrix multiplication. Then we hit on the
statement about AB. Generally speaking, it is a much harder
kind of thinking than that involved in I - 2A + A =1— A.
And the real difficulty is to recognize when this kind of cogitat-
ing is required. The trick is to know when, in the presence of
Jjust the product symbol AB, it will be useful to think of that
product as just described. Atleast a first step in being motivated
towards this possibility is to recognize that there are occasions
when the “automatic thinking” or “algebraic thinking” has to be




