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ILAS President/Mce-President's Annuol Report: october 1gg7

1. The following penons have been elected to ILAS offices with terms that began on March l,IW1:
Board of Directors: VOLKER MEHRN4ANN and JANE DAy (three-year terms ending February Zy,Z11O).

The following persons continue in their offices to which they were previously elected:

President RICHARD A. BRUALDI (term ends February 2J',l9. g g).
Vice-hesidens DANIELHERSHKoWTTZ (term ends February 2g, l99g).
Secretary/Treasuer: JAMES R. WEAVER (term ends February 2g,2W0).

Board of Direclon: JOSE DIAS DA SILVA and PETERLANCAsTER (terms end Febnrary ?5, l99fl);
RAJENDRA BHATIA and LUDWIG ELSNER (terms end Febnrary ?s, lggg).

Jose Dias da Silva was appointed to fill the vacancy created by the death of Robert C. Thompson.
2. The Nominating Committee for lggT consists of:
Gerstner and Michael Neumann (appointed by the
(appornted by the president's Advisory committee).

3' This coming year there are elections for two positions on the Board that become vacant on March l, 199g. The candidates
chosen by the Nominating Committee are: Pauline van Den Driessche (Canada), Nicholas J. Higham (UK), Roger A. Hom(USA)' and Jose Dias da Silva (Portugal). Following an election, Roger A. Horn and Jose Dias da Silva were declared as
elected to the Board for the three-year term ending Febnrary 2l,, ZAit. There is also an election for the position of Vice
hesident that becomes vacant on March l, 1998. Daniel Hershkowitz has held that position for one three-year term. Ac-
cording to ILAS by-laws, a Vice President may serve two consecutive tenns and if the Vice president is renominated there
may be only one nominee for that position. Th! Nominating Committee has chosen Daniel Hershkowitz as the nominee for
the office of vice President for the three-year term ending February 2s,2001.

4' IL-AS owes a gr€at debt of gratitude !o Steven J. I.eon for his important service in editing and producin g Imagefor eight
yean. The fint two issues of }nage, published in January 1988 and January 1989, were edited by the late Robert C. Thomp
son- unth Issue No. 3 (July 1989) and continuing through Issue No. l0 (January 1993),Image was jointly edited by Steven
J. lron and Robert C. Thompson. Steve was the sole Editor of Image for Issues No- ll tfuty tggSl and No. t2iJanuary
1994). Issues No- 13 (July 1994) through No. 18 (Winter/Sprin g 19D7) were jointly edited by 3t"n"n J. Lron and George p
H' Styan- Beginning with this Issue No. 19 (Summer/Fall lgg7t, George assumes the position of sole Hitor of Inage. His
term of office ends with Issue No. 24 (Winter/Spring 2000). George is now ably assisted by S. W. Drury, Stephen J-. Kirk-
land, Chi-Kwong Li, Simo Puntanen, PercrSemrl, Hans Joachim Werner, and Fuzhen n'rrrrg On behalf of ILAS we thank
Steve Leon for his work for our society, and we look forward to working with George in our capacity as president and Vice-
President" respectively, of ILAS.

5. Thanks to the hard work of the Corporale Sponsors Committee (Carolyn Eschenbach, chair), Il/,S currently has six
sponsors: Addison-Wesley, Birkhiiuser,Intemational Publishers Distributor, MathWorks, SIAM, and Walterde Gruyter.
6. On August l+l'7,19E6 the 6th II,AS Conference was held in Chemnitz, Germany at the Technical Universify Chemnia-
Zwickau with 189 participants from 32 countries. There were 18 invited plenary i""tur", and 14 presentations in 4 min-
isymposia' In addition, there were l0l contributed talks on a wide rang" oi topics. Highlights of thi meeting included: the
presentation of the Hans Schneider prize lecture by Michael Boyle (who shared the priie witn paviO Handelman), the Olga
Taussky-Todd lecture given by Robert Guralnick on "Traces and generations of matrix algebras,', and a banquet talk by
Bertram Huppert The organizing committee consisted of: Bart De Moor, Graciano De Oliviira, Ludwig Elsner, Thomas J.
laffey, Volker Mehrmann (chair), Gerhard Michler, Michael Neumann, and Frank Uhlig. The local arranganents commit-
tee consisted of: D. Happel, F. Lowke, C. Rost, and B. Silbermann

7' The IL,AS Symposium on Fast Algorithms for Control, Signals, and Image Processing was held on June 6-9,lW at
Univenity of Manitoba' Institurc of Industrial Mathematical SCienoes, Winnipeg, Canada itre symposium was held in con-junction with the summer meeting of the Canadian Mathematical Society (CMS). In addition to thi symposium there were
linear algebra sessions at the CMS meeting. The organizing committee consisted of Pauline van den Driessche, Thomas
Kailath' Peter l-ancaster, Dianne P. O'[rary, Robert J. Plemmons, Hans Sghneider, p. N. Shivakumar (chair). The program

Chi-Kwong Li (chair, appointed by the president), Angelika Bunse-
Board of Directors), and Russell Merris and Graciano de Oliveina
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committee consisted of: Moody Chu, Biswa Datta, Brent Ellerbnreh Georg Heinig, Franklin Luk, Dianne O'I-eary (co-
chair), Haesun hrlq RobertJ. Plemmons (co-chair), Ali Sayed, Hans Schneider, P. N. Shivakumar, and Paul Van Dooren.

8. The following IL,AS conferences are planned for the near fuhre:

a. The 7th ILAS Conference will be held at the Univenity of Msconsin, Madison, Wisconsin, USA, on June 3-6, 1998.
The conference is being dedicated to Hans Schneider in recognition of his enormous contributions to linear algebra and the
linear algebra community. A flyer, including a tentative program, a call for papers, and rcgistration procedues will be
mailed in October 1997 to all ILIrS members. The organizing commitee consists of Richard A. Brualdi (chair), Bryan Cain,
Biswa Dafta Jose Dias da Silva, Shmuel Friedland, Moshe Goldberg, Udel Rothblum, Jeffrey Stuart, Daniel Szyld, and
Ricbard S- Varga

b. The 8th ILA,S Corference will be held at the Universitat Politecnica de C:talunya, Barcelona Spain on July l9-2?-
1999. The pogram committee consists of R Bru, L. de Alba, G. de Oliveira, I. Garcfu-Planas (cochair for local .rnnge-
ments), J. M. Gracia, V. Hernandez, N. J. Higham, R A. Horn, T. J. hffey (cechair), F. Mateos, F. Puerta (chair), and P.
Van Dooren.

c. The 9th ILAS Conference, Technion, Haif4 Israel, summer 2001.

d. The lfth IL,AS Conference, Auburn University, Aubum, USA, summer2W2.

g.ElA,-Ttrc Electronic JourrwJ of Linear Algebra, As of September lW,the second volume (199/ volume) has pub-
lished 2 papers. EI-A's primary site is at the Technioru tlaifa $srael). Minor sites are locat€d in Temple University,
Philadelphia, in the University of Chemnitz (Germany) and in the Univenity of Lisbon (Portugal).

10.IIAS-NET: As of October 26,lW7, we have circulated 677 IIAS-NET announcements. II"{S-NET currently has 533
subscribers.

11. ILAS INFORMATION CENTER (nC) has a daily average of 250 information requests (not counting FTP operations).
IIC's primary site is at the Technion, Haifa (Israel). Minor sites are located in Temple University, Philadelphia in the Uni-
venity of Chemnitz (Germany) and in the University of Usbon (Portugal).

RICHARD A. BRUALDI, President
bnraldi€math . wisc . edu
Universiry of Wisconsin-Madison, U SA

DANIEL HERSHKOWTTZ Vice- P re sident
herstrkow€t:(. technion. ac . il

T e c hni o n-Haifa, I s r ae I

Why do lwont to be o Lineor Algebroist?

In answer to this question, posed by Chi-Kwong Li in the last issue of Innge [No. 18, Winter/Spring lW, p. 23], we rc-
ceived the following answers:

(a) I like the linear algebra community very much; (b) Linear algebra touches a vast assortment of areas; (c) Linear algebra
is very natural and intuitive; (d) One day I hope to have a licence plate with MATRIX on it

HENRY W OLKOWICZ: henry€ orion - math . uwaterloo . ca
University of Waterloo, Waterloo, Ontario, Canada

As a mathernatician, I have always been intrigued by the contrast and interplay between the finite and discrete versus the in-
finite and continuous. Linear algebra provides me with the vehicle to crack open the former, which in turn sheds light on the
mystery of problems in a typical setup of the laser, operator theory.

PEI Y UAN WU: plntu€cc. nctu. edu. t*r
N ational Chiao Tung U niver sity, H sinclu, Taiw an
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,lggdrFebruory 28,1997
West Florida, Pensocolq

Balance on hand Harch !_ 1996
C e r t i f i c a t e  o f  D e p o s i t s  ( C D )  1 9 , 0 0 0 . 0 0
Vanguard  7 ,962.20

. , ,  , , 9 ! " r k i r o  A " " o F ? ! . , ,  ,  ,  f e  , g O e  . g O _ { 3 , g 8 7 . 0 0**  *  * * * * * * * * * * *  * *  * * * * * * * * *  * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * *  * *  * * * * * *
Checkinq Account Balance on l{arch L. 1995 1G.9O4.8O
March  1996

Income:
Dues
In te res t  (  f i r s t  Un ion  )
In te res t  (  F i rs t  Un ion  )

Expenses :
Sec .  o f  S ta te

A p r i l  1 9 9 6
Income:

Dues
fn teres t  on  CD (  fU  )
I n te res t  (  f i r s t  Un ion  )
Contr  ibut ions

ILAS-  6 th  Con f . 3 3 8 . 3 9
Expenses :

Product ion and Mai l
l,lav 19 9 6

fncome :
Dues

180  .  00
2 2 , 0 5
1 3 . 3 9

7 0 . 0 0

6 0 . 0 0
2 3 . 3 9
1 5 . 0 0

240.  00

L 3 2 0 . 0 0
3 1 0  . t 4  L , 6 4 4 . 3 6

0 0 . 0 0  0 0 . 0 0

180  .  00
L 7  . 4 9
2 3  . 5 2
5 9 .  9 4
7 5 . 3 9
2 9  . 3 2

1 . 0 0
L L 2 0 . 0 0  1  r  5 1 6 . 7 5

2L5  .43

7 0 . 0 0  1 4 5 . 4 3

Interest  on CD (  HS )
I n te res t  on  CD (OT  l t f y
In te res t  on  CD (  f i r s t
In te res t  (  p i rs t  Un ion  )
Contr ibut ions

ILAS-6 th  Conf .
Hans Schneider pr ize

Expenses :
Postmaster  (  S tamps & Mai l ing  )
Ben ton ' s  (  3  HS  p laques  )
L i sa  M .  V {eave r  (  p rep .  o f  gS  /  96

A n n .  T r e a .  R e p .  )
June  1996

Income :
Dues
In te res t  (  F i r s t  Un ion  )
Cont r ibu t ions

I t A s - 5 t h  C o n f .
OT/JT Fund

Expences :
J u l v  1 9 9 6

fncome :
Dues
I n t e r e s t  ( F i r s t  U n i o n )
In te res t  on  CD (  FU  I
I n t e r e s t  o n  C D  ( c E N )
fn te res t  on  CD (  HS I
I n t e r e s t  o n  C D  ( O f / J f y
Contr  ibut ions

General
I LAS-5 th  Con f .

" r u A c g "  L L g 3 . 7 g  1 , 1 9 3 .  7 g (  8 5 5 . 4 9 )

100  .  00
7 5 . 3 9
2 9  , 3 2

Un ion  )  08  , 42
L 4  . 3 L

8 7 0  .  0 0
3 0 . 0 0  t  , L g 7  . 4 3

5 4 . 5 6
L z g  , 4 A

4 9 . 5 0  2 3 L . 6 6  9 5 5 . 7 7

0 0 . 0 0
t 4  . 2 2

t  . 6 4 4  . 3 6
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Expenses  :
Postmaster  (  Stamps )
Postmaster  (  Stamps-Dues Not .  )
James C l{eaver ( Suppl ies &

Prepar ing Dues Not .  )
August  1995

Income :
Dues
In te res t  (F i r s t  Un ion )

Bxpenses :
M.  Michae l  Boy le -

Hans Schneider Pr ize
Robert Guralnick-

OT/JT Lecture Fund
I tAS-6 th  Con f .
Refund-6 th  Conf .

September  1996
Income:

Dues
Interest  on CD (  Gf  )
I n te res t  on  CD (G f1
In te res t  (  F i rs t  Un ion  )
Contr ibut ions

Genera l
Conference
H.  Schne ider  Pr ize
F.  Uh1 ig  Fund
OT/JT Lec .  Fund
I tAS-6 th  Con f .

Expenses :
L isa M. Weaver (  Recording &

Updat ing  F i les  )
Of f i ce  Depot -Supp1 ies
Postmaster  (  S tamps & Mai l ing  )
i la i l  Boxes  ETC (  400 Ba l lo ts  )
James C.  Weaver  (  ILAS F i les  &

Prepar ing /Mai l ing  Ba l lo ts  )
Serv ice Charge

October  1996
fncome:

Dues
In teres t  (  F i rs t  Un ion  )

Expenses :
Producing & Mai l ing f ' IHAGE't

Geo rge  P .  H .  S t yan
November 1996

fncome :
Dues
In te res t  (  F i r s t  Un ion )
In te res t  on  CD (  cF  )
I n t e r e s t  o n  C D  ( O T / J f l
In te res t  on  CD (  HS I
In te res t  on  CD (  fU  )
Contr  ibut ions

Genera l
H .  Schne ide r  P r i ze
OTIJT Lec .  Fund
Conferenee

I L A S - 6 t h  C o n f .
Add ison Wes ley  Pub.
S IA}I

Expenses :
Of f ice Depot  (  Suppl ies )
Postmaster  (  Stamps )

1 3 3 3 . 1 1  1 . 3 3 3 . 1 1  ( 1 . 3 1 7 . 1 9 1

3 0 5 . 3 5  t  . 2 L L . 4 0

L 5  . 4 4

5  5 4 0 . 0 0  (  5  , 5 2 4 .  5 6  r

4  , 8 8 4 .  4 g

5 1 6 . 0 9  4  . 3 6 9 . 4 0

1 5 .  g 3

7 8 . 0 8
1 3 7 . 3 0

8 9  . 9 7

0 0 .  0 0
L 5  . 4 4

1 1 0 0 .  0 0

1 3 0 0 . 0 0
3000  .  00
140 .  O0

3025 .22
6 9 . 9 5
5 9 . 9 5
1 5 . 3 6

8 1  . 0 0
5 0 .  0 0

256.  00
9 1  . 0 0

246.  00
9 8 0 .  0 0

L 0 2 . 0 0
3 3 . 9 5

2 4 t .  g g
3 4  . 2 4

I 0 2 . 0 0
2 . L O

0 0 . 0 0
1 5 .  g 3

L L ? o .  0 0
L 4 . 7 8
5 9 . 9 4
2 9  . 6 4
7 6 . 2 3
2 3 . 5 3

L 2 0 .  0  0
3 0 . 0 0

2 r 0 .  0 0
1 0 . 0 0

5 4 5 . 0 0
2 0 0 . 0 0
2 0 0 . 0 0

4 7  . 0 6
L4L  .97

2  , 6 4 9  , 2 2
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Refund -6 th  Con f .

L ias  M.  l {eaver  (  I f ,AS F i les  &
Mai l ing  )

Dec.ernber 1995
I ncome :

Dues
In te res t  (  f i r s t  Un ion  )
In te res t  on  CD (  fU  )
Interest  on CD (  cF )
Contr ibut ions

OT /  JT  tec .  Fund
H.  Schne ide r  P r i ze
F .  U h l i g  E d .  F u n d
Genera l
Wa l te r  De  Gray te r ,  I nc .
In te r  .  Pub.  D is t  .  Ine  .

Expenses :
Januarv L997

f ncome :
Dues
In te res t  (  F i r s t  Un ion  )
In te res t  on  CD (  HS )
I n t e r e s t  o n  C D  ( O T / n 1
Contr  ibut  ions

H.  Schne ider  Pr ize
General
OTIJT Lec .  Fund

6 0 . 0 0

7 9 . 5 0

5 4 0 . 0 0
L 7  . 3 4
2 3 . 3 8
6 9 . 1 9

1 0 0 . 0 0
L 2 0 .  0 0
1 0 0 .  0 0

5 5 . 0 0
200.  00
20a .00

0 0 .  0 0

820. 00
L 8  . 2 9
7 5 . 2 3
2 9  . 6 4

8 5 . 0 0
2 0 . 0 0
1 0 .  0 0

328.  43 2 . 3 2 0 . 7 9

I , 4 2 5 . 9 0
0 0 . 0 0 L  . 4 2 5  . 9 0

Expenses :
James C. !{eaver

Februarv L997
Income:

(Update  ILAS
R e e o r d s  )  4 5 . 0 0

L , 0 5 9 . 1 6

4 5 . 0 0

0 0 . 0 0

L  . 0 L 4  . t 6

1 6 . 5 7
In te res t  (  F i r s t  Un ion  )

Expenses :
L 6  . 5 7
0 0 . 0 0

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
F e b r u a r v  2 8 ,  1 9 9 7  2 2 . 3 L 0 . 4 4

Aceount Balance
Checking Account
Ce r t i f i ca te  o f  Depos i t
Ce r t i f i ca te  o f  Depos i t
Ce r t i f i ca te  o f  Depos i t
( 7  2 *  H S  &  2 8 r  o r / J T  )
Vanguard
(72 t  Hs  & 28r  o r l  JT  )

( F U )
( G e n .  )

2 2  , 3 1 0  . 4 4
L  , 5 0 0  .  0 o

1 0 , 0 0 0 . 0 0

' l  
,500  ,  oo

8 r 3 4 2 . 9 4 4 9  , 5  5 3  . 2 8

Genera l  Fund
Frank Uhl ig Educat ional  Fund
Hans Schne ider  P t  i ze
OIga Taussky Todd/John Todd Fund

2 0  , 2 3 7 . 0 9
2  , 3 9 2  . 2 6

1 3 , 3 2 L . 6 5
6 , 5 7 3 . 4 L

C o n f e r e n c e  F u n d  1 , L ? g . g g  4 9 , 6 5 3 . 2 9
* * l * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

=F^,ra ?. Wtn*t
I

1, l / r ' r .  
t7,  t ie?
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I I A S  T r e a s u r e r ' s  R e p o r t
Supplement f rom

Sparkasse ChemnLtz
March  L  ,  1995  Feb rua ry  28  ,  . 1 -997

Report !y Volker Mehrmann and James R. Weaver

DM = Deutsche mark

DM DH DM
* * * * * * * * * * * * * *  * * *  * * * * * * * * * * *  * * * * * * *  * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  * * * *
Ba lance  on  hand  March  t ,  1995 4 L 4  . 5 2
* * * *  * *  * *  * * * * * * *  * * * * * * * * *  * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * *
M a r c h  1 9 9 6

I ncome :
F e e s
Fees

Expenses :
Fees

A p r i l  1 9 9 5
Income:

Check
Fees
Fees
Fees

Expenses :

Mav  1996
Income:

Fees
Check
Check
Fees
Fees
Fees
Check
Check
Fees
Check
Fees
F e e s
Fees
Check
Check

Expenses :

June 1995
I neome :

Check
Check
Fees
Check
Check
Fees
Fees
Fees
Fees
F e e s
Fees
Fees
Fheclr
Fees
Fees
Check
F e e s
Cash

Bxpenses :
Fees

4 5 . 0 0
4 5 . 0 0

1 0 . 5 0

9 0 . 0 0

1 0 . 5 0 7 9 .  5 0

2 3 5 . 0 0
130  .  50

9 0 .  0 0
4 5 . 0 0  5 0 0 .  5 0
0 0 . 0 0  0 0 . 0 0

9 0 . 0 0
6 0 . 0 0

1 5 5 . 0 0
350  .  00
180  .  00
4 5  . 0 0

100  .  00
7 5 , 0 0
5 7  . 4 4

3 9 0 . 0 0
4 5 . 0 0
9 0 . 0 0

1 0 5  .  0 0
240.  00

7 0 . 0 0  2 . 0 7 2 . 4 A
0 0 . 0 0  0 0 . 0 0

1 6 5  .  0 0
5 5 . 0 0
9 0 . 0 0
5 5 . 0 0

1 9 5 . 0 0
180  .  00

7 5 . 0 0
4 5 . 0 0
4 5 . 0 0
7 5 . 0 0
6 7  . 4 0

1 0 5 . 0 0
L 2 A .  0 0

4 5 . 0 0
4 5 . 0 0

1 0 0  .  0 0
1 0 5 . 0 0
1 5 . 0 0  1 .  5 9 2 , 4 0

500  .  50

2 . A 7 2 . 4 0

2 4 . L 0 2 0 . 1 0 1 .  5 6 2 . 3 9
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J u I v  1 9 9 6
I neome :

Checlc
Fees
Check
F e e s
Check
Checlc
Fees
Trans fe r

Expenses :
Trans  fe r
Trans fer

Auqust  1996
Income :

Check
Check
Check
Check
Check
Cash
Check
Cash
Check
Check

Expenses :
Cash
Cash
Cash
Trans fe r
Trans  fe r
T rans fe r
Trans fer
Trans  fe r
Trans  f  e r
T rans  f e r
Trans fer
Fees
Trans  fe r
Trans fer

September  1996
Income :
Expenses :

Fees
Check
I n t .

Oc tobe r  1996
Ineome :

I  n te res t
Expenses :

November  1996
I ncome :
Expenses :

C los ing
Fees
Check

4 3 0  . 0 0
1 5 0 . 0 0
LzA. 00
6 7  . 4 0

1 5 0 . 0 0
1 3 0 . 0 0
1 0 5 . 0 0
g 0  . 0 0  L . 2 4 2  . 4 0

3 3 5  . 6 4
3 1 3 .  3 g  6 5 0  . 0 2  5 9 2 . 3 8

1 3 0 . 0 0
7 0 . 0 0

1 0 5 . 5 2
4  . 4 2 0  . 6 0

t44 .  00
7  . 4 0 0  .  0 0

500  .  00
1 . 1 7 1 . 0 0

5 0 0 . 0 0
5 0 0 . 0 0  L 4 . 9 4 L . t 2

5 L 4 . 5 0
4 4 2  . 4 9
900  .  00
1 6 5 . 0 0
L 2 6 . 5 0

1 . 1 9 0 . 0 0
6 0 4 . 3 8

6 . 0 5 1 . 3 0
3 . 4 3 6 . 4 4

6 9 3 , 5 2
1 5 0  .  0 0

2  . 5 0
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flofrn Stanhy Mny6ee: 1-gh8-i.gg7
As a father of qualitative matrix theory, John Stanley Maybee was one
of the earliest mathematicians to understand how deeply combinatorial
thought €n contribute insight into matrix structure.

After an undergraduate degree at the University of Marytand, John
received his Ph.D. from the University of Minnesota in 1956 under Paul
Rosenbloom. Always motivated by applications, he was a postdoc at the
Courant Institute, and his thesis and initial work were in PDE s. His in-
terests gradually drew him into matrix problems that lay at the heart of
applications, and these matrix problems frequently involved a combina-
torial/graph-theuetic aspect. In the mid-60's John was in the mathemat-
ics deparfinent at hrdue University; there in the economics department
at the time was a remarkable collection of soon to be famous re-
searchels, many of whom helped with the birth of modern mathematical
economics. It was at this time that John developed an interest in qualita-
tive matrix theory ild, in papers with James Quirk and l.,owell Bassett"
developed the initial principles.

John moved to the University of Colorado in lW, where he stayed
until his retirement in 1993. Matrix and gnaph theory became the main
emphasis of his research in Boulder, but he maintained his interest in
modern applications as a consultant to the Department of Energy. John
contributed to and in several cases began the study of several topics in
matrix and graph theory, including sign stability, sign nonsingular and
nearly-sign nonsingular matrices, tournarnent matrices, I-functions,
competition graphs, bi-clique coverings of digraphs, inverse 0-patteffis,
and other topics in qualitative matrix theory and in graph theory. Before
his retircment" he helped start the Applied Mathematics Department in the univenity of colorado af Boulder and became
an initial member. John's career was honored with a special meeting on combinatorial mafiix analysis at his rctirement
(which Charlie helped to organize, and at which bottr Ctrartie and Tomgave a talk) and a subsequent special issue of Linear
Algebra and hs Applicaiotu (t-AA). But, like alt good researchers, fofrn fruO a deep curiosity about his mathematics and
continued active research after retirement, including regular research discussions *lO mn 

-of 
us until his sudden death

frwr a heart arack onMay 2, lW.
John blessed the lives of many, and all of us who had the pleasure of knowing him will gr€atlv miss him. Charlie

learned of John's work on quatitative matrix theory while in college and this was an early inspiraribn foi rus long time inter-
est in matrices. [a!er on, interaction with John was one of tfre great pleasures of working in matix theory, 

"nd 
John ,p"nt

his last sabbatical at William and Mary with us. John was not only Tom's Ph.D. thesis advisor but a continuing collaborator
and friend.

John is survived by near'ly 100 papers (a few more !o come), thrce books (including an upcoming volume on the applica-
tions of qualitative matrix theory), seven Ph.D. students, Carcl his wife since 1955) and six ctritoren. Besides being looo at
and displaying an infectious enjoyment for mathematics, John had a keen enjoyment of life. His enthusiasm and vast store
of anecdotes brightened many professional gatherings. Those who had the opportunity to attend one of the lovely dinners
hosted by John and Carol (and' perhaps, some of the kids) were certain to remembei the experience. John was nearly asgood and inspired in the kirchen as in mathematics.

CHARLES R. JOHNSON
cr j ohnsoeMATH . W![ . EDU

Tlrc College of WilIiarn ard Mary
Wi lliams b ur g, Vir ginia
USA

THOI\{AS J. LUNDY
lundyt€ slnt . Colorado . EDU

The College of Williant and Mary
Williamsbur g, Vir ginia, and

Cuttlefish Ans, Denver, Colorado, IJSA
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Linear Algebra And lts Apprications, second
Edition
David C Iry
Univqsiry Of Maryland At &Ilege park
0-201-t2478-7

Now in an occiting new edition,by continues the
first edition's sLrccess in building student confidence
in the abstract concepts of linear algebra. The sec-
ond edition also offers greater flexibility, over 200
technology exerciseg and adds to the strong geo-

l1ric emphasis of the text. I:y's unique .ot,r*r,
definition of matrix multiplication is unmatched.

New pon 1997
Linear Algebra with Applications, second Edition
Charles G. Cullen
Univasity Of Pitsburgh
o€73-n386-E

This clear, unintimidating introducrory text is dis-
tinguished by its strong computationai and applied
approach. Suitable for a sophomore-level .ourie in
linear, matrix-, or computational argebra, it prepares
snrdents for further study in mathemati.s, iorpur-
er science, chemistry, or economics.

eor Algebro

Linear Algebra: An lnteractive kboratory
Approacl With Ma thernatica o
Iohn R Wcks
Norrt Park C.oIIege
0.201-1609I -2

This text provides a concrete foundation for each
concep! in lilear algebra through first-hand experi-
mentation, observation and discussion. It is an
interactive lgamirg system with two componenrs: a
p?gruound toct and a cornpurer disk containing
Mathematica Notebools and packages of pre-pro-
grammed commands.
@ 1996

Unear Algebra, Third Edition
Iohn B. Fraleigh and Raymond A. Beauregard,
both of the Univqsity of Rhode Island
0t0l -52675-r

This evenly paced book introduces students to key
concepts early-before they are abstracted. This
builds students' confidence slowly and gives them a
foundation for mastering topics in both concrere
and abstract settings.
@ 1995

Y? ADDTSON-WESLEY
v Y I lacob w.y ' Reading, MA 01967 - (61 7)g4/.-370a

N,IATH @AW.COM . http ://www.au,.c ornlhc



New
LINEARALGEBRA
f .H. Kwak & s. Hong, both Pohong Uniyersity of Science
and Technology, Korea

The primary aim of this book is to give a
clear and rigorous presenadon of the
basic concep* of linear algebra as a
coherent part of mathernatics. At the
same dme, by emphasizing computational
skills along with mathematical abstracrions,
the authors illustrate linear algebra's
power and usefulness in its applications to
such other disciplines as physics, compurer
science, and economics. The book
contains many important examples,

explanations, and problems with selected solutions.

Contents: Preface . Linear Equations and Matric€s .
lntroduction . Gaussian elimination . Matric€S . product of
matrices . Block matrices . Inverse matrices . Elementary
matrices . LDU factorization . Application: linear models .
Exercis€S . Determinants . The determinant of a matrix .
Existence and uniqueness . Cohctor expansion . Application:
Cramer's rule . Application:Volumes . Application: Interpolation .
Exercises . Vector Spaces . Vector spac€S . Subspaces . Linear
independence and basis . Dimension of avector space . Row and
column spaces . Rank and nullity . Bases for subspaces .
lnvertibility . Application:The Wronskian . Exercises . Linear
Transformatiotls . Introduction . Invertible linear transforma-
tions . Application: Computer graphics . Matrices of linear
transformations . Vector spaces of linear transformations . Change
of bases . Similarity . Dual spaces . Exercises . Inner Product
spaces . Inner productS . The lengths and angres of vectors .
Matrix rePresentations of inner products . Orthogonal projections
.The Gram-Schmidt orthogonalization . Orchogonal matrices and
transformations . Relations of fundamental subspaces . Least
square aPProximations . APplication:The least square solution .
Orthogonal proiection rnatrices . Exercises . Eigenvectors and
Eigenvalues . Eigenvectors and eigenvalues . Diagonalization of
matrices . Application: Difference equatioos . Application:
Differential equations | . Application: Differential equations ll .
Exponential matrices . Application: Differentiat equations lll .
Diagonalization of linear transformations . Exercises . Complex
Vector Spac€s . Complex vector spaces . Hermitian and unitary
rnatrices . Unitarily diagonalizable matrices . Normal matrices .
The spectral theorem . Exercises . Quadratic Forms .
lntroduction . Diagonalization of a quadratic form . Congruence
relation . Extrema of quadtratic forms . Application: Quadratic
optimization . Definite forms . Bilinear forms . Exercises . Jordan
canonical forms . Inroduction . Generalized eigenvectors .
Application: Computation of eA . Cayley-Hamilton rheorem .
Exercis€s . Index
1997 369 pp. Hardcover 936.50 ISBN 0-8 t76-3999-3

Birkhriuser

CHEcK Our
THEsE Two

LI NEAR
ALGEBRA

TEXTBooKs
LINEARALGEBR/A
Harold M. Edwards, New York lJniversity

"A well thought-ou\ sophistlcoted approach."
- The American Mathematical Monthly

Contents: Preface . Matrix Multiplication . Equivalence of
Matrices - Reduction to Diagonal Form . Matrix Division .
Determinants . Testing for Equivalence . Matrices with Rational
Number Entries . The Method of Least Squares . Matrices with
Polynomial Entries . Similarity of Matrices . The Spectral
Theor€tn . Answers to Exercises

f 995 198 pp. Hardcover 939.50 |SBN 0-8lT6-373t-l

Forthcoming Winter I 998
LINEARALGEBRA
A Matlab Guide

Harold M. Edwards, NewYork lJniversity
See Matlab Guide ar
http ://www. bi rkhause r. co m/book/is bn/0-8 | 7 6-37 3 | - |

rD(TBOOK ADO Pr'ON POL'CY
Many Birkhiuser books are intended or suitable as rextbooks in
graduate and undergraduate courses. To reguest an examination copy
of any Birkhiuser book, please send your requesr on departmental
lemerhead to the address below and include the name of your course
and current rcxq estimated class size, and rhe adoption decision dare.
Examinadon copies are shipped with an invoice payable in 30 days.
Adopters ma), keep the copy free for desk use by rerurning rhe
invoice with the bookstore and order size indicared. Others are
required to remit payment or return the book.

Send odoption exo mination reguests to:
Birkhiuser, Marketing Dept, 675 MassachusecEs Avenue, Cambridge,
MA 02139

CALL: | 800 777-4643 FAX: 201 348-4505
E-MAIL: orders@birkhauser.com

orderVia our  On-Line Order Form acwww.birkhauser.corn
Please mention reference #Y321 when ordering.

Prices are valid in North America only and are subiecc to change wichout nodce. For price and
o-rdering information outside North America, please conucr BirkhiuserVerlag,AG, P.O. Box 133,
Klosterberg23,CH-40l0,Basel,Switzerland. Phone++41 6t 205 0707:Fax++41 61 205 OTgz
or E-maih sales@birkhauser.chB o s t o n o B a s e l  o B e r l i n



s s entiul Muth emutics Titles
hom Gordon und Breuch

Nont Announcing CD-ROM Archive-.
LII\EAR A}.ID MI]LTILII\EAR ALGEBRA

Editor-in-Chiefi William Warkins
Departnent of Mathematics, cdifomia state university, Northridge, california, USA

Publishes research paperq researchproblerns, expository or srwey articles atthe research level, and rwiews of
selected research-level books or softqnre in linear aod multilinear algebra and cognate areas. Contribdions
include spaces over fields or ringg tensor algebras or zubalgeb'ras, nonnegative matices, inequalities in linear
algebra, combinatorial linear algebr4 matrix numerical analysis, plus other areas including rcpresentational
theoty, Lie theory invariant theory, and firnctionat analpis. Linear and Multilinear Algebra is addressed to
mathematicians in both industrid and acadernic worlds.

4 issucs pcr volune ' ISSN 030&1087 . Cuncot Subscriptioa: Volumc 43-44 (1997) . Basc List Rare. pcr volnnc: US$02 (ECU339)

*Special society rates of US$1f8 (ECttgt) available for memberc of the Intemationat Algebra Society and
the American Mathematical Societv.

New...
E)(ERCISES IN ALGEBRA:
A COLLECTION OF E)GRCTSES rN ALGEBRA9 LINEAR ALGEBRA
AI\D GEOMETRY

l,tolume 6, Algebra, Logic and Applications

Editoc Alexi I. Kostrikin
Depaftnent of Mathematicg Moscow State University, Russia

Contains more than two thousand exercises in algebra. Each of the tbree sections conains not only standad
exercises, but also more difficult exercises which are listed at the end of sections. Gives resrlts of calculations, a
list of noations and basic definitions atthe end of the book.

Contact the publisher to obtain afree 60-day tqtbook samination copy

1996. a80pp
Cloth ISBN 2-EW9429-9. US$170 / 1102 | ECV37
Pape6ack ISBN 2-8844943G2 . USS48 / f29 / ECU37

TOORDER:

Northlsouth AEGrice (8001(s) Univctsry of TorEto Prrss, 250 Sonwit Drivc, Buftlo, NY 14225. USA Tcl: +l 8OO 565 9523 Fax: + | 8Oo 221 99E5
<lpbooks@gpuutcr.uorono.c> (JOURNAIS) IDcnratiqDal h$lish€rs Disrribubr, I{) Box 2?542, Ncs.dq NJ OTlOt-8242, USA
Tel:+1 36t9545E39E Fax+l 2l57506343Earopcl[iddtcErst/Africa@OOKS)MersooBookScnriccs,txl,PO8o126g,AbiDgdoo,OxoDOXf44yN,

uK Teh +,44 01235 465 500 Fu: +rl4 01235 465 555 (JOURNALS) Iuctnatiomt Rrblisbets Disrihnor, po Box 90, Rcading Bcrkshirc RGt uI. uK
Tcl:+{401189568315 Fax+440llE956tAllAsieIntcrnaioaalhrblis}rcrsDistribuor,KcnrRidge,pOBoxfl80,Silgapongll106

Tcl: +65 741 6933 Far <{5 741 6922 Austratirnicw Zcalend (EOOI6) Fine Arrs icss, PO Box 480, Roscvillc, NSW 2069, Australia
Tel: +6129417 1033 Fax +61 29417 1045 (JOURNAIS) see Asia abovc. Jrpaa Yohaa (lvcsrcm Rrblicadons Disaibutiou Ageocy), !t+9, Ol$bo,
Shinjuhr-kq Tokyo 169, Japan



Summer/Foll 1997 poge 13

Internotionol Lineor Algebro society (lLAs) symposium on
for Control, Signols ond lmoge Processing

Monitobo, Conodo: June &8, lggT

Report by P. N. Shivokumor
This International Liaer Algebra Society (ILAS) Syqrosium was orgmized by the Iastitute of Itrdustial 14ath€oarical Sci-
ences (IMS) at the University of lvlmitoba Cmada The Symposium was a Futicipating Institgtions Confer,enoe of the In-
stinrte for lvlathematics ild its Applications @,IA) md was co-sponsored by &e FieJds tnstinrrc, the C-cnhe de Recherches
Math€matiques (Montr€al) md the ldanitoba IIVDC Reseach Ceoter. The Principal Symposium Orgmizers werrq p. N. Shiv-
akuna(IMS,Univ. of I\4mitoh),DianeP O'I.ery (Univ. ofl\4aylmd),HmsSchneider(Univ. ofWisoonsi*-ldadisolr),
ad Robert J. Plemmons (Wake Forest University, Mnston-Salem).

The thee-day nceti4g brought together reserchers from the areas of Control Tbsuy, Sienal ad Inage hoesing, md
Computational tiner Algebra to discnss recent advmces, trends, md futrne dircctions forrcscacn on fast algcithms. This
interdisciplinry gathering emphasizal modern methods in scientific computing aod relevat liner algebra On tt" fi"rt A"y,
tbree twohour shqt courses we,re giveo. St€ph€n Boyd (Stafcd) spoke on Conyex Optinizafimin C,mtrol, Sigrals ad
Image Ptocessing; Raymond Chm (Hong K-g) discrxsed Iterative Methods fu Toeplitz Systems; Tom lGila6h lSmf"tay
gave a inmductim to Fast Algorithms for Sructured Marices. These alks are available on the agthors' websites. Ilenry
t'lke w€ne given by C. C. Paige (Mccill), G. W. Stewat (Mrylmd), Haesun Pak (Minnesota), LKarfmm (Bell Iabs), M.
Ilake (I(alsruhe), E Chu (Guelph), md S. Qiao (Mclvlaster). In ddition there were gia mini$qosia ad three contributed
ryr sessions. In all, thene werre about 80 prticipmts in the Symposium.

An iryortmt feature of the mectiug was the overlry with the Cmadim lvlarhcmaticat Society (CMS) Sgmmer ming
(June G9). A spccial Session on linea Algebra at the CMS Meeting (Jrme 9) was orgmized by IIMS a{ft rndn speakers
Roger Horn (Utah) ad Paul vm Doore'n (Iouvain). This was a rmique experience with the sessims of each meering op€o to
the other ad having ommoa coffee brrealss, hquet and exctrsions. Several members of the Sympoaium also took pct in
a Graduate Snrdelrt Senrin:rr of CMS, organized by IIMS. The speakers were IIms Schneid€r md Pnrl vm Docen. 

-So.i"f

occasims included the bmquet, a 'Dinnerin the City', md a CMS/II-AS barbecue. After the meeting there were meny letters
of pnaise regading the scientific content md the friendly atmosphere of the meetings. A special issge of. knen Algera arrd
Its Applicatiorrs will be devoted to papers presented at this Symposium.

#J

Fost Algorithms

Winnipeg,

Sixth Internotionol Workshop on "Motrix Methods for Stotistics"
istonbul, Turkey: August l6-1 7 ,1997

Report by Hons Joochim Werner
The Sixth Intemational Workshop on "Matrix Methods for Statistics" was held m the top floor of The 1vlanra Hotel ia
istmbnl , Turkey, on Saorday-Srmday, Augus t lGlT ,l 997, the weekend inmediately preceding the 5 l"t Session of tbe /nrer-
,tdiot d Stdistical Instittrtc (lS\. This Worlsshop was co-sponsored by the Turkish Scientific ad Tecbnical Research Cormcil
grtlrirerl, theTurkishStatistical society,md theInternationalunearAlgeb'raSociety (ILAS). TheIncal orgaizingcm-
miueeconPrisedHkiAkdeniz(Universityof Qukrnova,Turkey;chair), OmerL Gebizlio$u(UniversityofAntrraTutey),
md C€mil Yryr (Kradeniz Ttxhnical University,Turkey). The International Progrmme Cmmittee comprised R. Witlim
Fmebmother (VictoriaUniversity of lvlmchester, Enslmd), Simo Rmtmen (Univcrsity of Timpcre, Hnlmd), Creorge p. H.
Stym (Mccill University, Caada; vice-<hair), md Hms Jo*him Werner (University of Bmn, Germmy; chair). This lVork-
shop was tbe sixth in m ongoing series. The previous five Wckshops were held as follows: (1) Iirye, Finlad: August
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1990, (2) Aucklmd, New Zealmd: December 192, (3) Tartu, Estonia May 1994, (4) Montr€al, Qu$ec, C-.aada: July 1995,
md (5) Shrcwsbury, Fnglxa( July 1996. The Seventh Internxional Wortshop on lvfatie md Statistics, with Spedal Em-
phasis on Mr:ltivariateAnalysis inCelebrationof T. W. Anderson'sS0thBirthdaywill beheldin fts gr'mrn€r 19!A; forfgrther
details contact George Stym at styang[ath . uc€i].I. cA.

Thepurposeof this Wortshopwas to stinulatereseachad,inainformal sering,tofost€rtheint€ractionof reseachers
in the interface between matrix theory ad statistics. Participants ceme from Ausuia, Bdgiun Bulgruia C ada Czech Re-
public, Estoni4 Hnlmd, G€rmay, Japm, The Netherlmds, Portugal, Sweden, Switzertmd Turkey, United Kingdm, a"d
the United States. Frmding for sme travel and local e4)erurcs w:ls suppo,rted in part by the Trukish Scientific md lbchnical
Reseach Cormcil CfUeiTAKl.

The Wodcshop bega with a talk by the President of the Tu*ish Statistical Associatim: Omer L Gebizlio$ra htkna
Univosity, on: 'The Tuttish Statistic€l Association, Satistics in Turtey, ad Sanisticims in Trutey''. This was followod by
35 p4ers preseated in person in 8 plenry sessions; thsre were also 3 pryers preseirted 'ty title-'- Th€se 38 pryers we,re

l. Abdul Sauar Rashid Salim ALKHAtiDi (Dobu EyM University, Ionbl. Global Minimum Soluions of Nooparamerric Escimatioo problems for
Trurcated Disributions

2. T. W ANDERSON (Srdrlad University[ Asympotic Distributions of Charactcrisic Ros and Vectots with Dlferent Rates of Convergence
3. Tsuychi ANDO (Hofusei G'&un Untvcrsity, Sryml, Eigenvalue lnequatities for lladrnard Products
4. OIcayARSLAN(fuonU*ersily,Adaa)andNcdrraBfi,t0R'(Qtthovvallaiveniv,/tda,ralRobustliuEstimarorforRegcssionBascdon

M-Escimaror

5- Geo€i N. BOSHNAKOV (Univcrsity of London eild Bulgarian Acadart of Scicrces, SolwJ. Mutti-companion matrices
6- N- Rao CIIAGANTY ' (OId Donbbn Untuersity, Norfolk),John J. SWETTIS (Otd Donbion llnivcrsity, Norfuft)ard Akbil IC VAISH (Uzocrsiry

of North Catditta, Chutottcr. Spectral Value Type Decoryosition of a Positive Dcfnirc Matrix
7. Mirclav FIEDLER @cdany of Sciaces of tlu Cztch Rqublb, Ptagre| ultramctric Matriccs ard Cluscr Analysis

* 
ffi" 

GEBULIO6LU' (Ankoa lJniversity) and FaaI A. ALiEV (Ankoa llnivasity): or the Robust E*irnatior for Discrere Space Spatial p1o

9. Gcne H. @LVB (St4nM Universily): Ef6cient Algorithms for Lcast-squaras Type Prroblems

l0' Ubitc GROMPING (Unitcrsty of Dormdl. Om-sidcd Utetihood Ratio Tcss for Lircar Inequalitics on tbc Panmercrs of Normal UrcarModels
f 1. Patrick J. F. GROENEN' $eillcn University), Willerr J. HEtrSER (Lcilten Unitersity) and Jacquelinc J. MEULIvIAN (Icddcz lhd,vetsityl, ftcntive

Mairrization in Disance Smootiing for Multidincnsional Scalbg to Avoid Locat Miniga

12. Ali S. HADI' (Condl Uzwersiry) and tbns IIYQUST (University of Uncd): Fr6chet Disance as a D[agnostic Tool for Diagrosing Ellipically
Symetric Multivariarc Daa

13. Selahanh KAQIRANLAR' (QttlwovaUniversity,Ar'azc), Sadullah SAKALUOGLU (Qulatmvallaiversity, Attana), Fiki AKDENIZ (Qularova
Unitersity,,Mau) aad Geotge P. H. STYAN (McCd, Ihhersity, MontrCal): A Ncw Biased Esimator in Liacar Regression and C.omparisons with
Some Oher E*imators

14. An&€ KLEIN. (Itniversity of Amstcda n), Guy MfiARD (Ilntversid librc fu Brunltcs) adToufk ZAIIAF ( Ilniversid lfrre dc Brttxc;kg: C-on-
struction of the Exact Hsher Information Matrix of Time Serics Models bymeaasof Matrix Dfrercntiation Rules

15. T6nu KOLI,O' (Univcrsity ofTtu) andMaia 4LTSER (University ofTarattr. Fauem Marix and lts Generalizations

16. AIexanderKOVAdEC @nivcrsityofCoinbraX,OnsomeOccunencesaadCharactcrizationsoftheBnrhatOnderof thesymmerricGroup

17. WolfgaagPOLASEK(Unitersity o/Bascl)andShuaagzhel-lU* (Unirersityof Ba*t): MANOVAModcls: ABayesianAaalysis

18. Song-Gui S'ANG (Chitusc Acadary oJ Scienccs, Beifufl, Erkki P LISKI (Uniucrsdy ofTonpere) and,Tapio NUMMI' (tlniv*sity of Tnpere):,
TWGWAY Selcccion of Covariables in Multivariate Grcwth Cun e Modcls

I 9. Fiki OZTURK' (Univcrsiry of ,An,,oa) and Fikri AKDENZ (Qutwova lJniversity, Mou): Ill-Conditioning and Multicollincarity

20. Albert W. MARSHAII (17tc Uriveaitt ol Britilth Cohonbi4 Varcanver) atdlngam OIXIN' (Sta{ord Univcrsity): Fuactioual Equation Charac-
terizations of Non-normal Digributions

2 I . Muoafa Q. PINAR (Eilltczt University, ,4nkaraf,. Oa the Fiaitc C-ompuration of the 11 Estinator from Huber's M-Eginrator in r inear Regrcssion
))

23.

24.

Vlastimil YIAK (Acadenry of Scicrccs of tlu Cztch Rcpttblic, Pragtz): Gcomcrric Mcans of Opcraton

Simo PTJNIANEN (U*ersE of Torpae): Gomparing Estimarors in Rcduccd Lincar Modcls

SiEo PLJNf,ANEN' (University of @cre) atdGcolgc P H. STYAN (McGt lJnivcrsity, Mon riat) A Second Guide to Books on Matrices and
Books on lacqualitics, with Stati$ical and OtherApplications

C. Radhakrhhna RAa (TIc Pcntsylvuia St* Univcrsity,llniversity Puftl, Statfutical Solutions to Somc Matrix Problems
Bu*tard SCIIAFFRIN 6frt Ohio Statc Uaivcrsity): Softly Unbiascd Esinatior - Fart I: Thc Gauss-Martov Model
Gulhar ALPAROV (Mcciil Unirersity, Montcal) afr Gcorge P H. STYAN' (Mccitt lJniversity. Montea+, Some Conmenrs on the Wielardt
Iaequality and Its Connection to the FruchrKantorovichlnequatity

25.

26.

27.
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28. GEIhaTALPARGU(McGillUnivcrsity,Mottrful)aadGorgepH.STYAN. (McGillllnivasity,MontCattr,AFurtherBibliographyootheFrucht-
Kantorovich Inequality and on Somc Related hequalities

29' S' W DRURY (McGillUnivctsity,Montaat)a\d,GenrgeP H. STYANT (Mc?illltnivcrsity,Motteay.AnExtensioaofanlncqualityofBloomfcld-'WatsonaDd 
lfuott

30' Yoshio TAKANE' (McGrIl llnivcrsity, Mor$eaU ann Hanlo Yy'.J.Iy'.J (NatioruI Cettcr fut Ilnivcrsity E ,tGEe E a,Lhntion, Tokyotr, on Oblique
Projectors

31. Ene-Margit TIII (University otfarul, Boudary Corrclation Marriccs
32- Imbi rRAif, (universfi ofrant): A Note on Mauix Mmcnts and ctmulang
33. Yimh WEI (Fttdot Univcrsity, Shmghail The Wcigbtcd Moore-pcnrosc lnvcnc of Modificd Matriccs
34. IIaosJoachimWER.NER (Uzocrsiry of Eoml soocMdixMethodsfc0eGcaentGauss-MartovModel
35- simoPtlMANEN (uaivcrsityofranpen),Gcorgep IL sryAN(rr'ccil university,Mot*Eal)andllrnsJoachimwERNERr errbastrofBarr,x.Two NcwAcccssiblc Pr,oofs thatthc Lincar E*ioatu Gg is the Besr linearUnbiascd Esinator
36' YiEin wEI (Fndanllntuersity, Sllallryrl,ai)afrHalsJoachim WERNER' (IJnivasity of Bottr|, Some Furrher Rcsults on {2}-Iwerscs
37' Kcnichi KII0CIfl (N1@ Cey|r fut LJniversity Entonce bmnirution, Tokyo) afiHanto YI{NN. (Ndit rrsl Ccrrta fur Unbasity Ennarcckanbrdon,Toklotr Orthogonal hojcrrcrs olto tbe totersectio,n of Subspaccs ald Thcir Applications to Multivariatc Lincar Models
38' c-cmilYAPAR'(KodenvTeclnicallJttitasity,?iaDear),ir'"aniir.ivER(Ifuader&Tcctmicalutivasity,Tlabzor.)ad*hhanbMADEN(ra-

rdcaLTechnicalUabenity,Trabaofi onUsiaglacqualitycomraiacdl*astsquarcstoDcti&arcthcEffesof Misspccification inLircarModcls

Please visitthe website http z / / eos.ecE.uni-bonn. de/werner.htnl forthe cmplete Workshop Ihogroncbook-
let' with abetracts (in p"glish) of all 38 pap€rs. Nicely printed (hmd) copies of the two biltiogr4ties fz+l ia [2g], bound
together(80pp.),ad/orsoftcopiesinlf$,reavailablefromGeorgeSiya: 

"tyanenattr.ncailr.cA.Itisexpectedtbatseleted fully-refereed pryers from this Sixth Int€rnational Wckshop will L puttisrca in the Seventh Special 1rr* * r ;ne''
Algebra md S taisde d linm Alg&ra and lts Applicatiora, edited by Simoh-t-.a, G"ong" p II. Styan md Has Joachim
werner-the Sixth speial hsue has just been ptrblished: vol. 2& (octobq l9g7).

A delicious Wutshop Dinner (fe*uring gipura = gilt-head bre@) was served at the Siiper Ktigem Restarrat by the edge
of the Bosphorus, followed by m enjoyable Belly Dmcer Show. Since mmy prticipts were *o"npmi"a by their spouses,
Siiheyla Akdeniz (Ad"na'1*1"t) ad Magdala Weiner (Meckenheim, Germany) orgmizec spontmeousty two tolni a visit
of the Topkapr Palace on the sat'rday, md a Bosphcru cnrise on the srmday. Mmy ir'a,,t, goto both of tbem! without their
enormons help these torus would not have been possible.

In Imag€, No. 15, Summer L995,p. 24,we challenged reilders to iden-
tify a certain gentle,mm and asked 'Ts his book on Unear Algebra, published
in 1882, the first book ever pubtished on Linear Algebraf In Image,No.
16' Winter 1996 ,p. 29, we ideirtified the geirtleuum as Htiseyin Tevfik pu$u
(1S2-1901) and the book as Linear Algebra. published (in trngtish) by A.
H- Boyqiian in Constantinople in 1882. Guided by Fikri Akdeni z, wevis-
ited the tomb of Hiiseyrn Tevfik Pa$a in the Enrp cemet€ry in istmbul on
Tuesday, Augrrst 19, lW7. The tomb (photo by Simo Rntanen) is tocated
on the right-hand side of Beybaba Street on the way from the tomb of Fer-
hat Paga to the tomb of Feridun Bey. The inscriptionon the tomb, hanslated
into English, is "He is etenral. hay for the soul of Htiseyln Tevfik paga from
Vidin, member of the High Military Inspection Comminee and one of the
High Marshals."

"In the rmpublished Me,moirs of the noted Ottomm mathe,maticim Salih
Zf;ls' Hiiseyin Tevfik Paga appears as a man of exceptional ability md hon-
est character who ev€rywhere €ncour4ged sci€ntific research. He reached
as high a point in his scientific endeavours as permitted by his sterile en-
vironment. This remarkable man in the history of science in Trukey was
later almost entirely forgotte,n and alt his works written in Turkish were re-
grettably lost! Of his ven€rable memory only a street bearing his name in
Vezneciler (a quarter of istanbul south of the Golden Horn and west of the
Sultan Ahmet Square or Hippodrome) and a mute tombstone in the Eygp
cemetery remain." -Kazm eog€n (l%s) ,Hiisqin Terfik pa$ave *bnear

Algebra", istanbul Teknik Universitesi Bilim ve Teknoloji Tarihi Aragtgma
Merkesi Yayrn, no: 5, 1.988, p. 15.
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Internotionol Colendor of Events in Lineor Algebro & Reloted Topics

I 998
Jouory 5-* l{oib, l$oel. l0th Haifa Matrix Theory Conference. Dept of Mathematics & Institute forAdvanced StuGies in Mathematics, Technion. lDept of Mathematics, Tecnnion-Is.ael l*titute of Technology, Ilaifa 32000; ner-shlcctrr€ tx. tecbnion. ac . iI, http : //mttr. tecbnion. ac . illiicl
June l-2: Ilio€fison, \illsc'onstn. Fourth Workshop on Numerical Ranges and Numerical Radii. Dept of Mathematics,univ of wisconsin. [Chi-Kwong Li, Dept of Mathimatics, College of Mlliam and I\{ary, williamsburg, yA 231t7;http: //wvw.uatb.m.edu/-ckli/sonra. htofl
Jur 3'{: I|/loclson, Wleconsin. 7th Intemational Linear Algebra Society (ILAS) Conferencs Th ..Hans SchneiderUnearAlgebna'Conference. Univ of Wisconsin-Madison. tRrcrrara Brualdi, Dept of Mathematics, Univ of Wisconsin, vanvleck Hall' 480 Lincoln Drive, Madison, WI5370GI388;bmatdi€uatlr.wisconsia.eduJ
Doies qnd tocoti'on IBA:7th International Workshop on Matrices and Statistics, with Special Ernphasis on Multivari-

ate Analysis in Celebration of T' W. Anderson's Sfth Birthday (Summer 1998). [George Styan: styane'ath.uccilr.ca]
Jtily 24-25: Wftrnpeg, ironfbrbo- 2nd International Conference on Mauix-Analytic Methods in Stochastic Models. [A.S' Atfa Dept Mechanical & Indusnid Engrg, univ of Manitoba, winnipeg, Manitoba R3T 5v6; alf,a€cc.rmnitoba.cal
Jufy 3G€l: Mciorio, Bdlish Columbb. 4th Western Canada Linear Algebra Meeting. [Steve Kirkland, Dept of Mathe-matics and Statistics' Univ of Regina, Regrna, Saskatchewan S4S 0A2; kirkrand€natb.Legina.cal
Augtlsl3-7: lslhMdge, Allteilo. Mini'course on coding, crypography and computer Security. Univ of I-ethbridge.

tHadi Kharaghani; http: //www. cs. uleth.calworlshop/]
Augtst 8-13: Zhongflogye, lluncn Plovlnoe, Chlno. 3rd China Matix Theory Conference. Chinese Mathematical So-

g"ty & Xangtan Polytechnic Univ. [Bit-Shun Tam: bsolenair.der.edu.tn, Dept of lvlathematics, Tamkang Univ,
Tamsui,Taiwan 25137l

I 999
Jt'ily lF22: Bolcalcno, spoin. 8th International Linear Atgebra Society (ILAS) Corf,erence. Univenitat politocnica de

Caalrurya [sabel Garcir.a-Planas, Matqu€s de Sentmenat 63+i,E-08029 darcelona; igarcia€nal.upc.es]
AugFJsf 7{: Tonrperc, Ffiilond. 8fh Inlemational Worlshop on Mafices and Statistics. [Simo puntanen, Dept of Math-

ematical Sciences, Univ of Tampere, P.o. Box 6(D, FIN-33101 Tampere, Frnland; sjpeuta.rit
A€usf l0'lE: Hehlnkl, Finbnd. 52nd Biennial Session of the International Sratistical Institute (ISD. tllkl€ Melliru

Satistics Finland, FIN-00O22 Statistics Fintand; isi99€stat.fi, htrp://www.stat.filisi99/l
Augtlsf 19-23: Tqfu' Esionb. 6th Tartu Conference on Multivariat€ Statistics. Univ of Tartu. [Ene-Margit Tiit, Inst.

Math. Statistics, Univ of Tartu, Liivi2,Eil2mTartu; etiiteut.eel

2000
Mqy l$AL euonofuoilo, ltlldixbo. 5th World Congrcss 2000. Cenho de Investigaci6n en Marematicas. [V p6rez-

Abreu, CIMAT, AP N2, Qrransjuslo, Gto. 36000; lnbreu€hrzon.nain.conaolru.m<l

200r
Doles IBA Hoh' lsroel. fth International Linear Algebra Society (IL-AS) Conference: Challenges. [Richard Brualdi,

Dept of Mathematics, Univ of Wisconsin, Madison, WI 5370G1388; barraLcti0nath.wisconsia.edul
hlss tBA seoul, KoI€o- 53rd Biennial Session of the Intemational Staristical Imtiturc GsI). IISI permanent Ofhce,

428 Prinses Beatrixlaan, Postbus gso,Nl-znoAZ voorburg; isi€cs.rm. nll

2002
Dofeo IBA Aubum, Alobqtno. l0ttr International UnearAlgebra Society QI-AS) Conference: Challenges. tFrank Uh-

lig' Dept of Mathemalics, Auburn Univ, Alabama, AL 36849-53t0; .tnigta€r.il.auhr:m.edulsee Innge 162g.

see also : http: //wnw.natb. technion. ac. il/iic/conferences. btmr;
http://ww.netlib.org,/conf,db/conf list.bttrrl, http:.//www.ans.orglnathcal/,

rad httP: //wwmrath.uni-urrenster.delnath/inst/statistik/prb1/icse/irdex.htrnl.
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fnternotionol Lineor Algebro Society
The "Hons Schneider Lineor Algebro' Conference

Modison, Wisconsin, June 3-6, 1998

The 7th C-onfemce of the International Linea Algebra Society: The "Hms Scheidcr Liner Algebra- Confereoce will pro-
vide m opportuuity to bdng togeth€r reserchers ad educators in alt aspocts of pure md ryflied linea algebra and marix
theory in order to allow fq a broad exchmge of ideas md dissemimtion d reoeat developmots and results. The cmfer-
e,nce will be dedicated to IIms Sfueider in reoognition of his enonIrrr$ cmtrib,utions to linea algebra ad tr€ lirctr algeha
€mmuuity.

THEMES: Algebraic, malytic ad ombinatodal matrix thooy, numerical liner algebra matrix perturbations, matrix sta-
bility md ryplications in errgineering,linean algebra in contnol ad systems thpffy, splines md tiner algebra ryplications of
Iinea algebra to statistics, liner alge.bra education

ORGANUING COMMTTEE R. A. Brualdi (chair), B. C-ain, B. Dan4 J. Dias da Silva S. Friedlmd, M. Goldb€rg, U.
Rothbhm, J. Stutrt, D. Szil4 ma R. Vqga

INVTIED SPEAKERS: R. Bamish, Madison (USA), R. Bbatia, Nery Delhi (India), G. Ililel,lV'est Lafayette (USA),
D. Hershkowitz,llaifa (srrel), N. Highm, Machester (Englad, UK), T. Idey, Dublin (Irelmd), P. I-mcaster, Calgay
(Cmada), R. Loewy, Ilaifa (Isnel), J. McDonald, Regina (Caada), V. Mehmmn, Cheonitz (Germay), U. Rothblum" Ilaifa
(Israet), md F. Silva, Lisboo @ortugal). The ILAS-LAA Lecturer will be C. de Boc, Madison (USA).

INVTIED MIMSYMPOSIA: Topological methods in linea algebra (M. Coldberg), Iinea algebra n€fhods in st*istics
(H. J. Werner),Grahtheorymdlinearalgebra(R. Merris), Numerical lineaalgebra(M. Oveilm),lfatixinertiamdstability
(B. N. Dalta), md Blucational issues in lirea algeha @. Calsm & F. Ilhlig).

CALLFOR PAPERS: Contributedpqen fronallaeas of lineaalgebramdits4plicationsaesolicited. PT€rs thatfall
wi&in the scope of the confenence $'ill be scheduled for 15 minurc preccntations (with 5 minurc intervals between talks) in
pdallel sessions. In order !o be assured of getting m the pnogrm, m abetr*t (at most me page) must be submiued by Mmjh

Mirim md IIms Schncidcfi Photo by llaold V. Henderson in Dmedin" Nes, 7nld" Angnst 1995.
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1' 199E: By e-mail (preferred) to: irasgsenath.wiec.edu or to: ILASg&Madison, Dept. of ldathematics, University
of Wismsin, lvfadison, Va Meck Hall,480 Linooln Drive, I\dadison, WIs37OGlfAS, USi. Abstracts shouldmention all
authors md their affliations, specify key words, md identify the speaker ad give her or his e-mail ddress. A E$-template
for abstracts is available on the weboite: http: //wwr.nath .wiEc . edu/-brualdi/tenplate. It cm also be obtained
bymonlmousftptobruatdi.nath.wise.edu. The6$-te,nplateisalsoavailablefromtheILASlnformationC-enter.
Speakers ae rqged to use the abstract template if at all possible.

CONFERENCE PROCEEDINGS : A special issue of the journal lirwo Algebra and lts Apptiations (LAA), with special
editomB- Cain'B. N- Datta M. Goldberg,U. Rothblum,andD. Szyld. TheissuewiUbedodicat€dto1las Schneider. Speakers
who wish to have &eir pqer considered for publication in tbis special issue of I-AA should submit their pryer to one of the
special editors. Only those pryers that meet the stmdards of I-AA md that ap q*o"ed by the normal refereeing proes wifl
be Frbtishd in the special issue. Mline for submission is september 30, 1998.

HoUSING: An entire (air-conditimed) dormitory, Chadboume Hall, a trro-minute w3lft 19 thg marh€rnatics building Vm
Vleck Ilall' bas becn reseivedfor confencnce prticipmts. A special floor will ammmodate cor4ples. Brealdast is included in
th-eroomrated$4osinglemd$2Tperpersminadoubleroom. Codenencepaticipmtsaeencouragedtostaydcbadbourne
Ilall. To rcselse a rom in Chadbornne llall rylete ad then rehrn the enctosed form to the address indicated m the form.
Full payment will be drre at check-in- Roms have also been set aside at a neaby Howrd Johnsm's Hotel. lassc wirhing to
stayattbeHowa'dJobnson'sHotelshouldmaketheirreservationsdirectlybyottiog,60s-251-5511. Mentiontheoonf,e,reoce
ad UW to get the conference rate of $74 single *6 ggd per person in a double roon.

- lANatry: A bmqrrcr will be held on friday, June 5, 1998, stating at7 pm.,in the Great llall of the Me,oorial Union(the Union on the Terrace overlooking Iake M€ndota) of tIw-I\dadison. Dinner choioes will be Boneless Conish Grrne H€n,
snffd Rainbow Trout, mt Eggplant & Pasta (vegetarian). Dessfft witl be the world fmous tIW fudge-bonm pie. Afto
dirmer, several people will offerreininiscences md vignettes about IIas scheid€r.

E(cURsIoN: An excursim is sche&iled fc Sannday afternoon, Jrme 6, 1998, to the fmous"House on the Rock- in
neaby SFing Cil€€lL This is mme thm a fascinating house; it is a veritable lrge museum of reorkable mechmical and
electical contrrytims with m incredible indoor caousel. Not to be missed! The cost of the excursim is $20.

FINANCIAL SUPPOM: The conference has been ryproved md patially funded by tbe Paticipating Institutions of the
Instiure for lvlathenratics ad its Applications (IlvIA) in Minneapolis. ep,pno"a i.pties tiat a meinber of a university which is
allvlAPaticipatinglnstinrtioncanrequ€stfiomherorhisDept. ChairtousePlfundsheldatthelMAroauendtheconference.
Other sources of srryport ae orrrently being investigated.

NUMERICAL RANGE WORKSHOP A workshop on the numerical rmge will precede tbe conferenoe on June l-2, 1991.
Forinformationcontactchi-KwongLi, Dept. of lvlathe,matics, The Collegeof lvilli*m mdMry, Willimsburg ,vy'-ir,lg7,USA;ckli€math.nm.edu,orvisitthewebsite: http://uww.nath.wm.edu/-ckli./wonra.htm1.

REGISTRATTON FEES: $60: Eaty registratioo for ILAS members (by Apnl l, 1998); $7o Eaty registrarion for non-
ILAS mem&s OyAprd l, 19!8); $70: r ate registrationforll-AS members tftereprif t, tggE); $gd, Irt" registrationfor
non-ILAS members (drer April l, l99B); Sbd€nt (n€istatiofee waivd).

WEAf,IIER: Iheonm. The sun will be shining, a ool brqe will be btowing ovq Lake Mendota, and the tenprature
will be in tlv 7os (Fahrenheit). hroof: To be given during the conferene.

Fourth Western Conodo Lineor Algebro Meeting
Victorio, British Columbio, Conodo: July 30-31, I99g

The Westem caada un€a AlgebraMeeting (w-cI-AM) Fovid€s a opportuity formathematicims in w€stern candaworkinginlineaalgebra adrelatod felds tomeet, pres€nt ac@rmts of theirreceirt research, ud tohaveinformal disc'ssions.
Whilethemeetinghasaregionalbase,italsoattractspeoplefromoutsidethegeographicalaea. prticipationisqnntoayone
whoisinterestedinattendingorspeakingatthemeeting. heviousw-cI-AMr*ln"h"ldioRegina(lgg3;,Lethlridge(lggt
mdl(maaskis (199O.

The fourth W-CI-AM will be held in Victoria 8.C., July 3L31 , lggS- Frticipants ae invited to oontribgte a rotk on lfo-
$.{gPb* gj| rypl*dons (30-45 minutes, depeoding on the number of prticipmrs). Abstracts should be senr to steve
Kirklad or Michael Tsatsomeros; tb deadline for atstracts is Jrme 15, 1998. A semd arrnouocen@t will cotain details cou-cerning mnodations. Up'io-dale information on this 1998 Western Coia.ra tiner,Ctg.b* Moti"g (W€LAM ,!E) co
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befbmdafi http://www.rnath.uregina.cal-taat./t,clan.html/. TheW-CI-AlvlOrgmizlngCmitteecoryrises:
IfadiKhragbili: hadi€cs. uleth.ca; StephenJ. Kirklmd: kirkrand0math. uregina.ca; peterl-mcaster lancaste€
ace.ucalgary.ca; Dale Olesky: dolesky€csr.csc.uvie.ca; Michael Tsatsoneroa: tgat€uath.uregiaa.ca; ad
Pa{irc vm den Driesschg pvdd8nath. uvic. ca.

FollowingW{LAM'gE,theUniversityof lrthbridgewillbeofferiaglmini4pslsseirtitlod'Coding,Cryptographyad
C-@puterSecudty"onAugust3-7,19'118. Forfintherinformationon themini-course, please contact lladi fCiaaglmi orfor
tpto-darc infcmation visit trttp : / lwew. ce .uleth . calrortrshop/ .

Third Chino Motrix Theory Conference
Zhongjiogye, Hunon Province, Chino: August 8-]3, lggg

The 3d Clina Marrix Theory Conference will be held in Thng$agye,Hunm hrovince, China frrom Augrrst &13, 1998.
Sryponed by tbe Chircse N,Ia&einatical Society ad with the collaboratim of a natioal c@iueq this conferene is being
o'rgaoizd by Ximgtm Polytefuic University. There is no frmding to support paticipmrs. ha1gji6syeis ner the nofih-
north-west boder of Hunm hovinoe, northwest of its cryital city of Chmgsba A cderence p"""red"gr 1in nngltsll 6n
be published. Deadline for submission of titles md abstracts is Febnray 8,1996.. For fgr&er inf66natig|r fl"asr amtactt
Bit-ShunTim: bsnol€nail.ttu.edu.trt, orwriteto: Prrof. Humg Uping,Instinrteof Mathematics, XiagtaPolyteclnic
University, Ximgtm 4ll20l, China

SIAM Lineor Algebro Prize: 
.|997

\k lgyl SIAM Activity Crtoup on Liner Algebra Prize wil be awrded jointly to Ming Gu (UCLA) ad Stmley Es€o-
stat (Yale University) for their pqretr, "A Divide-and-C-onarer Algorithn for the Syrrrmeaic Tridiagonal Egeqnoblem," md
to Crercd Sleijp€n md Henk Va Der Vorst (both of the Mathematical Instinrte at University of Utnecht, The Nethertods)
for tbeir pqer, "A Jaobi-Davidson Iterarion Me&od for liner Eigenvalue Pr,oblems." The aw&d cer€mony will take plaoe
on November l, lgyl, &ring the Sixth SIAM Confercace m Applied Linean AlgBbra at Snowbird, Utah- Citsd for bmor-
able mention was the paper, 'lA Formula for Computanion of the Ral Stability Radius," @-authored by L Qui (IImg Kong
University of Scieoce), B. Bernhrdsson md A. RmE€r (hmd Institurc of Technology, Sweden), E J. Davism (University of
Tumto), P M. Youg (MT), md J. C. Doyle (C-alltxh). The selection ommittee was chaired by Biswa Nath Dama (Northern
Illinois University). Other members of the o'rrmicee Tirny Cha (UCLA), Ildwig Elsner (Universitiit Bielefel4 G€romy),
AnneGreenbaum (New YorkUniversity),mdJimVrah (Universityof BritishColumbia).

A Quototion About Lineor Algebro

We looked up "Iinea Algebra" at http : / /math . funan . edu/ -nrcodard/rnquot. htnl, the lvlathemarical Quoations
website naintain€d by Mark Woodtrd in the Dept. of Mathematics at Furman University (Greeoville, South Caolina) md
formd this eotry: '"9V'e 

[he ad Halmos] shtre a philosophy about linea algebna: we think basis-fr€e, we write basis-free, but
whe,n the chips ae down we close the office doorand cmprte withmaties like firy.- Panl Hahnos Cel.ebrating 50 Yws
of Mathenntics Uoh H. Ewing & F. W. Gehring, eds-, Springer-Verlag, New Yort, viii + 320 pp., 19911."

Image Publicotion Schedule: 1998

Weexpecttbatthstwoissues of Imagefor l99SwillbepublishodinApil 1998(No. 20)adOctober 1998 (No. 21). Please
sendallmaterialfcindusi@intheseissuesbye-nailin6$(orplainAsCtr)toCreoryeSt'rm: styanggath.trccitl.ca
to rrive, respectivdy, by Februay 1, 1998, md August l, 1998.
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.  Useyourcreditcard(AMEX,MasterCard,andVISA):Call  rol l  frccirr .  ShippingandHandling
USA 800..+.[7.SI.A,M; Outsidc USA call 2li.l829ttt'10; Fas 2li.]t167999; USA: Add 52.75 fortlre first btxrk and S.50 forcaclr atltlitional lrrxrk.
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Numerical Linear Algebra
Lloyd N.  Trefethen and David Bau,  l l t
" A ltanttti iullv writttrr fc.tf lrr nk oiiarilg n tl ist irrct izta nrtd oririrrrr I trant-
, t tc,t t .  l t  i t ' i l l  bt:  of r/sc fr) nl l  wlut tenclr ()r 'sfrrr/r1 t l tc 511lt ject."

Nicholas J. Higharn, University of iVlanchester.

" ,.. c(7ra.f ullry ltrings fo tlrc rentlar tlrc irttprltySll,l rf issrres c(),r rtcctcd Tuith
tha ctttrtlnttntittnn/ issrres irr rrtntrix corrtl.tttrlf iorrs. Tha nuthttrs slutru n
brttnd kttttiulctlga of this t,itnl firafl nrttl rtutkc rLtonllct' iul conttcctittrts lo n
t, t tr iat!  of ptroblel ls of currertt  i r t tcrcst. . . ."

Certe Colub, Starrforcl University.

Nrnncricnl Litrcnr Algaltrn is a concise, insighti tr l ,
ancl elegant introcJtrct ion to the f ielc' l  of rrumerical l inear algeLrra. Designed iclr

use as a stand-alone textbtltlk in a oue-senrester, gradLrate-level crrurse in the topic, it
has alreaciv beelr class-tested by MIT ancl Cornell grarluate students. Thc authors' clear,
inviting style arrci evident love of thc' fielcl, along rr'ith their eloclrrcnt presentation of
the nrost fundanrerrtal ideas in numerical l inear algcbra, make it propular rr ' i th teachers
atrd stttcietrts alike. Nttrncricnl Lincnr Algeltrn ainrs to expancl the'reacie'r's vievv of the
field anci to present the core, stanclarcl material in a novel n'av. Tret:ethen anci Bau offer
a fresh perspective on all of the most important topics in the fielcl, inclucling iterative
methods for systems of equations ancl eigc,nvalue problems and tlre underlving prin-
ciples of conditioning anci stability.
191)7 / xii + 361 pa.qes o Soitcover. ISBN 0-ti9ti7l-361-7
List Price 53+.50 o SIAV! iVte'nrber Price 527.60 o Order OT50

ScaLAPACK Users' Guide
L. S. Blackford, l .  Choi,  A. Cleary, E. D'Azeved o, l .  Dernmel,
f  .  Dhi l lon, f  .  Don garra, S. Hammarl ing, G. Henry, A. Peti tet,
K. Stanley, D. Walker, and R. C. Whaley

ScaLAPACK is atr acronym ior Scalable Linear Algelrr.r Pack-
age or Scalable LAPACK. It is a l ibrarv oi high-peric)nnance
lirrear algebra rolrtines ior clistribr-rtecl nteut()r)/ ntessage-pass-
irrg MIMD computers flncl neturorks of rn'orkstations sllpporting
parallel virtual lt lachine (PVM) i lnc'l / or n'lessage passins inter-
iace (MPI). t t  is a c() l l t i rruation of the LAPACK proiect, r ,r 'hich c{esigrl€cl arlcl
produceci analogous software for workstations, vector supercomputers, antl sharecl
tremory parallel computers. Both libraries contain routines tbr solving svstenls of lin-
ear equations, least squares problems, and eigenvalue prreblgm5. The goals of both
projects are eificiency, scalabilitv, reliability, portability, flexibilitv, ancl casc oi trse.

Each Users '  Guide i r rc ludes a CD-ROM couta in i r rg the HTML vers i t rn of  the
ScaLAPACK Users' Guicle, the source cotle for the package, testirrg antl tinring pro-
gran'ls, prebuilt t,ersit>rrs oi the librarv for a nunrber oi courputers, exanrple p()granrs,
ancl  the fu l l  set  o i  LAIACK Wcrrk ing Notes.
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Applied Numerical
Linear Algebra
fames W. Demmel
"...n rLr(nrdct'fit l tcxt blcruling hr{cfllc,r tlu:
n mthartutt icnl bnsis, go(nl n r(nrcricnl sttftiLtnrc,
nrul prncticnl knttztlcdga fot'solui,rg rcnl prrttb-
Ierns. . .  .dcstir ted to l te n clnssic. "
-Jack Dongarra, Uni\fersitv

oi Tenrressee', Krroxvil le.

" , . .  / f  is  nsforr is / r ing to zuhnt  cxtarr t  th is
book, by rrtenns of sysfc,,r tttic 0rtd
ansilry ttrtderstnrrdnble c.rlrosif ittn ,

/rns sttccaedad in nmki,tX clcnr tlrc
stntc-o.f-nrt o. i  nut,tericnl l i r tcnr nlgcltrn

tlrcttrry, trrctlrcds r?,trl nnnlysis ztthich zlL, nrt-
nrcricnl n,tnlvsts corrsir lar t l rc l iuclry . frortt icr
of ottr crtrrcnt lLtork."

-Zhaoujun Bai ,
of Kentuckv.

"T I t i s  i s  t t n  c r ca l l a r r t
{rndttnta lat,al fc.rf boctk

i l r  prcpla zt ' lut i(tnttt t t t

l ( f l r r r  tn '  tenc l t  tha  s f r? lc ' - t r  i - tha-nr t  o i
trunrt ' t ' icnl l inanr nl{ebrn.. .  ."
-  Xiao-Chual ' l  Cai ,  Univers i tv

oi Ctllrlraclo.

Desisnecl for use bv first-),ear graclu-
a t e  s t u d e r r t s  i r o m  a  \ r a r i e t y  o i
engi l leering ancl scienti i ic cl iscipl ines,
this conrprehelrsirre textbook corrers the
solut ion of l inear svstents, least sc' luare.s
problen'ls, eigenrralue prclblems, ancl the
sirrgular value decolnposit ion. The au-
thor; n'ho helpecl c'lesign the rvidelv-usecl
LAPACK anc'l ScaLAPACK linear alge-
bra libraries, drarn's on this experiencer
to presen t sta te-of-the-a rt tech rr iclues ior
these problems, includ ing reconlmenda-
t ions o i  r , r 'h ich a lgor i thms to use in a
\/ariet\ /  () i  practical si tuations.

Atrgust 1997 . Approx. {50 pages
Soitcover ISBN ()-Sc)871 -3ti9-7

l- ist l)r ice 5{5.(X) . SlAivl ! [enrLrcr
I)r icc S36.(X) o Order OT55
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de Gruyter Textbook

Peter Deuflhard o Andreas Hohmann

Numerical An al ysis
A First Course in Scientific Computation

Translated from the German by F.A.Potra and F. Schulz

1995 . xrzi + 355 pages . With 62 figures and 14 tables
Hardcover $69.95 ISBN 3-11-0t40gt4. paper $39.95 ISBN 3-11-013882-4

The complexity of solvable.problems has been expanding
continuously due to the rapid development of both
computers and algorithms. This textbook on Numerical
Analysis is a first introduction to the fundamentals of
efficient algorithms. The selection of topics and the
presentation of the material has been made with strict
attention to the needs of Computational Science.
Important concepts of modern numerical analysis are
illustrated with the simplest type of problem to which
they are applicable. The main aim of the book is the
development of algorithmic thinking and intuition. The
book is written for students of mathematics and natural
sciences, as well as applied mathematicians and
computational scientists in academia and industry.
Prerequisites are a basic knowledge of undergraduate
Linear Algebra and Calculus.

Contents: Linear Systems o Error Analysis . Linear Least Squares Problems . Nonlinear Systems and
Least Squares Problems ' Symmetric Eigenvalue Problems . Ttuee-Term Recurrence Relations .
Interpolation and Approximation . Large Symmetric Systems of Equations and Eigenvalue problems .
Definite Integrals

Pries afuject to crange

for North AnteriarWalter de Gruyter Walter de Gruyter, Inc.
200 Saw Mill River Road
Hawthorne, NY 10532

Berlin o New York

Tel: (91,4) 747-0110 . Fax: (91,4) 247-l,g26
World Wide Web: www.deGruyter.de
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Imnge Problem Corner

We present solutions to four of the six problems in our previous hoblem Comer: Image,no. 18 (Winter/Spring
1997),p.32, nd we in8oduce fve new problems. We invite readers to submit solutions, as well as new problems, for prU
lication in lzage' We look fonuad paticularly to receiving solutions to Problens 18-1 and 18-4! Ptease send all material to
Geoqge Stym in E$ md by e-mail to Etyaneuath . r.rccill . ca.

Problem L&1: 5 x 5 complex rradarnard Matrices
Proposed by S. W. Dnunv, Iilccill University, Montreal Quebec, Canafu.

The &linr has not yet re@ived a sohttion to this ptoblanrindeed even the Proposa lns rct yet Jornd a sohttion!

Show that every 5 x 5 marrix [/ with complex e,ntries u;,3 of constant absolute value one that satisfies (J*(J = 5f cm be
realized as the matrix (ri * 

) i ,, where c.r is a omplex primitive fifth root of rnity by rylying some sequence of rhe following
(l) A rearragement of the rows, (2) A rerrmgement of the colwrms, (3) Multiplication of a row by a complex nrmber of
absolute valueone, (4) Multiplicatieasf a 6slnmn by a oomplex numberof absolute value one.

Problern lE-2:7 x 7 Complex Hadamard ltfiatrices
Proposed by S. \M. Dnunv, Mccill Univqsity, Monteal, Qu€bec, Canada.

$fus$,therthereexisttwo7 x7 nonzerocomplexmatrices U andV withthefollowingbzareproperties.

1 .  Fora l l  j , kw i th l  s  j  S  Tand l  <k<T,e i ther lu i , r l  -  1adu i , r  =  0or l t i , * l  =  1ad u i , *=0 .

2. For every complex number z of abnolute value 1, the matrix W = U * aY satisfies W*W = 71.

Solufion l:&2-l by S. W. DRURy, M&iVUniversity, Montrdal,QuZbec, Carradn.

Irt the matrioes

U_ and  v -

wherer,r is aprimitivesixthrootof rmity (e.g. u = e*;13). Then, oneeasily checks that (J*V = V*IJ = 0 ardtl*U *V*V =
71. Itfollowsth:rif z isacomplexnumberofabsolutevalueltfu,W =U *zVisaTx Tmarrixwithentriesofabcolute
value I and yet W*W = 71. tr

Problcm 1&3: A Fulher Mafix Yelsion of the Caucly-Sctrwan Inequality
Proposed by SgueNczup Llv, Univqsitiit Basel, Basel, Switzerlattd-

hove that (X'eX1+ < X+ A+ Xt+, where,4 > 0, R(XX| A) gn@);here fr'(.) deirotes rage (column space) md (.)+
the Moore-Pe,nrose inverse.

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0  0  1  0  O u s  0
0 u s u z u 2 0 1 e 4
0 0  0  0 0 0  0
0 u 2 u 3 u 5 0 u s u
0 0 u 5 0 0 u 2 0

1 1 1 1 1 1 1
1 u u 4 u 2 1 u 4 e 3
1 u 3 0 u 2 u 4 0 1
1 0 0 0 u 3 0 0
1 u 3 u 2 u s 1 u 2 u ) 4
1 0 0 0 u 3 0 0
1 c , ' , 5  0  @ 4  u 2  0  u 2
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Solution 1&3.1 by Snao PuNTnNEN , (Jnivqsity of Tarnpere, Tampere, Finland.

lmage; l.lo.l9

According to Theorem I in Baksalary & Rmtmen (1991) f,Aeqtntiones Mathemaricae4l: 103-1101, if ,4 ) 0 then

X'PaX(X'AX)- Yr PeX S X'A+ y (1)

with equality if md only rf R(Ax) = R'(Pex); here Pa is the orthogonal projector onto rhe column space of .a *d (.)-
refers to m abitrry generahzd'inverse. The matrix inequality (11ls a specih case of Theorem 2.1 in peEari6, prmtmen &
ryT (19ry) llinear Algebra Appl. B7tB8:4554777. To prove (X',e,X1+ < X+ A+ Xt+, we frst note rhar assunptim
ryqf!) g R(A) is equivalent w Pnxx'A = xX'A. He,nce, in view of ? 1x1x,eiy x,) = n1x1x,eij1 -
R(xx'A),we cm delete the orthogonal projocrors pa from (1) and thus obtain

X'X(X'AX|+ X'X < Xt A+ 79.

Pre- md post-multiplying(2) with (X,X)+ yields

P7 ' (X 'AX)+Px,S(X 'X7+* 'O+X(X 'X)+  -  X+A+X+.  (3 )

In (3)' the orthogonal projectors Pyt wbe deleted since R ((x',lx1+1 c R (X') and th's the proof is completed. tr

solution 1&3.2 by HaNs Joncsnra wnnxen , Ihniversitiit Bonn, Bowt, Gema ny.

In this solution we wish to demonstate how the claimed matix inequality cm be established by meas of a powerful res'lt
from st"tistics. For the sake of claity, we stfrt with stating the Gauss-Markov model. Their we review trleny the fornous
BLIIE aproach md show how the well-known BlUBConditions gen€rate a myriad of matrix inequalities beiween c€rtain
positive semidefinite matrices. It is interesting that our ryroach reveals, at the same time, also a t""hnique which enable,s us
to v€rify matry conjectured inequalities such as the clained one.

The general Gauss-ldakov model
L= (y, xB, v)

chracterizes a observable rmdom vector gf by requidng t(V) = XB mdD(d = V (t and2 deirote expectation md
dispersion,respectively),wherethemodelmatricesX € Rnxm-mdV € R'xt -"n""a-aknownandwhereI/isass'med
to be positive sernidefnite. The linear trmsformation 1 := Lg,with .L € Rpx- fxed md known, is linearly unbiasedly
estimable if md only if R(r') g R(x'). In what follows, let 7 - L P belinealy unbiasedly estimable. The linear estimator
Cy is the'n defned as the traditional BLIJE (best liner ubiasea estinator; of 7 rmder the model .C whenever

Cy € argminDsecc D(Dg);

herc Cc t- {Dv I DX = ,L} md minimization is with respect to the Iiiwner ordering. observe that all the statistics Dy with
DX = .t re linean rmbiased estimators for 7 = Lg wder the model L. We- ooi in the position ro quote rhe fo6wing
powerful result from statistics; see, e. g. (18) in P Schiinfeld ad H. J. Werner (1987) [ A note on C. R. Rao's wider defni-
tion BLUE in the geire'ral Gauss-lvlakov model", Sanlltya Ser. B 49:1-81; 

"o.p." 
Aro Theorem 3.1 in C. R. Rao On3)

f'Represe'ntations of the best linea rmbiased estimators in the Gauss-Makoff model with a singular dispersion matrix", /.
Multiv u i au Anal. 3 :/7 6-2V21.

Theorcrn lt Let Q be oty mdrix srch thafu(Q)- , {(x'); N(.) tndicaes the null sprce. Theni := CE is arqresen-
tdionfor tlw trditional BLUE of 7 - LB in the modcl L ij a* onty'i|

c(x, vQ) _ (L, o).

The conditions (4) ae the so'called BlllEConditions. Recall rhat fts dispersion of any statistic Bgr is always grven byo(By) = BV B' ' From Theorem 1 and the defnitim of the ditional BLLJE we therefore directly get the following result
betwee,n positive se'nidefinite matrices.

(2)

(4)
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CorollarT lz For given mdrices X € IR"- a.dv e IR"', withv positive semifufinite,la Q be ory mdrix such tlw
R(Q) = N(X'). Moranter,ta C be otabitrtybutfixedmarixwithCVQ -- 0. Forerchmatrix D saisfying DX = CX
we then harc tlrc follwving marix t eryality

CVC' < DVD"

with equality in (5) if atd only if DV Q = 0.

We cm obviously generate a lot of matrix inequalities by mems of this result. Conversely, howevetr, this result also pro-
vides us with a simple tecbnique which, in verl'm'ny cases, enables us to verify that a oqietured (u claimed) matrix ia-
e$ality is indeod correct. The claim that under the assumption

the matrix inequality

xx'R(A) gR(A)

(X'AX)+ < X+ A+ X'+

holds can serye as a simple example.

For that purpose, obse,rve first that the inclusion (6) implies

Af (X') - W(X' ) n R( A)) CI [,Ai(X') n J'f (A)], (8)

whene@ indicates adirectsum; see, fcinstmce,Theore,m5.5alongwithTheorcm 53inH. J. Wemer(19!12) fG-inverses of
matrix pmoducts", in DataAnalysis md Satistical Inference (S. Schach md G. Trenkler, ds.), pp. l3l-5/6,,Verlag Josef fuL,
BergischGladbachl. NowputV ;= A+ andC:= (X'1,X1+7'A.Byassumption,/4 > 0. NotethatAA+ - A+A=
Pa($; here P21,ay denotes the orrthogonal projecror mto R(,a) along //(A). In view of (8), therefore XtAA+Q = A,
where 8 is defined as in Corollry 1. Consequently, CVQ = 0. Check thatcvct = (X'AX)+. Rrt D :- X+ A+A.
Clealy, DVD' - X+A+X'+. AccordingtoCorollry l,itisnowevidentthat(nholdswhcnevq DX = CX. Sine
CX = Pn(x'ex),wethereforetrytoprove DX = Pn(x,tx). Clealy, DX = X+A+AX.Inviewof (6)md A+A =
Pa,(q,A+AXXtA= XX'A. SinceX+XX' = X',thereforeX+ A+AXX'AX = X'AX. Moreover,.Af(X+A+AX) =
N(A+AX) - N(AX) = N(X'AX). As"A/(X'AX) istheorthogonalcomplementof R(X'Ax),itnowfollowsthatDX
coincides with the orthogonal projector Pn(x, nx ). Hence, as desired, D X - C X .

CotvtMeNr. We conclude this small note with me,ntioning thx, acording to Corollary 1, we have equality in (7) if md only
if X+ A+Q = 0 otr, equivalently, A+N(X') g N(X'). It is left to the reader to fnd other coditions, such u A+R.(X) E
R(X) or AR(X) g R(X), which are equivalent to 1+ A+ Q - 0. tr

A solutionwas also received from the Proposer.' SuunNczgE LIU, Universitcit Basel, Basel, Swi4erland.

Prcblem 1&4: Bounds for a Ratio of Mstrix Traces
Proposed by SnUINGZHE Ltu , Univqsifit Basel, Basel, Switzerland.

(s)

(6)

a,

Irt t > 0 be ur n x n matrix with eige,lrvalues )1
that

Z Ir., X bemn x kmatrixsuchthat X'X - I mdn> 2&. Show

1 ,, vxtE2 X -, EI=r()i * )r, -i+)2
r \ t r (  \

The only solution that the fulitor lns received so far is from the Proposa!
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Pnohlem l&5: Eigenvatues and Eigenvectors of e pattemed Ivrerrix
hoposed by I. S. Aurcur & K. BnrNpa M.a,cGlssoN , Universitd du QtEbrc d Monfieal, Montrfual, A&fuc, Canada-

Hndtheeigenvaluesmdeigenvectmof the n x zpatternedmatrix A={a;i}= {i_ j} (i, j =L,2,...,n).

Solution 1&5-l by JUncrN GnoB & Gdrz TnrNxLEn, Univqsitiit Dortuwd, Dortmwd, Gennany.

ThepattemedmatixA = { f  -  j } for i , i  =7,. . . ,nw,bewri tre,nas

A = ab'-ba'

- l lerea-= (1,. . - ,n) '  adb - (1, . . . ,1.) ' .  Wederivetheeigenvaluesandeigenvectorsof Awhenaadbaeahitrry
linerly independeirt vetorc:

The matrix A is skew-symmetic and therefore has purely imagina.y eigenvalles. Moreover, the algebraic mlltiplicity of
0 as an eigewalue of A is n - rak(A) due to normality of A. But G*. and b are linearly independeirt, the rmk of the
matrices ab' md -ba' is additive, cf. Theorem 3.6.1 in Rao & Bhimasanrkam Qgg.z) lUrlei Urebrq Tata McGraw-Hill,
New Delhil,i.e.,rak(A) - rak(ab'- b",) - rmk(ab,) *rak(-ba,) = 2.

OnseRvArroN l- ThezxnrealmatrixAhasn-2zsosadmecmjugarcpairofamzeroimagina'ynumtrersaseigenvalues.

Straighforwardoompuations show that [3 - -gA,where p = arabrb - ("rb), is strictly positive due to the Carchy_
l*t- inequality,cf. Theorem 5.1.4 in Hqn & Jobnson (1985) lMatrix Amiysis, CamUriagaUniv. hessl. The identity
A"= -sAmayeqrivalentlybewrittenas(A-t.[IXA+i&T)A - oadthusthepolynomialq(r) - (t-i{d!+i\nt
ennihilabs A. In view of Observation I we have

OBSERVATIoN 2. The polynomials g(t) ad q(t) /t sp fte minirnel pol5momials of A in case n ) B md n - 2, respectively.

Noq from Observation2 the eigenvalues of thematrix A a,e

{0,+i\ft,-ir,fdl, i = t/-L, g = a'ab'b - ("'b)'.

Of conrse 0 is not m eigeirvalue of A when n = 2. For the special case which is ad&essed in the problem we obtain

n  /  t  \ 2

e -, f ,* ,  -  ( i*)  =n2(n!=-t)  .
?- \H- ) 12

Fron the identity C(A) = O md the commltativity of A - irftIad A + i\/A\we easily see rhar ay vector

x= (A *i.1/Ql)Az, zabitrryn x lsuchthatxl0,

is an eige'nvector corresponding to the eigenvahrc tirft respectively. Moreover, the identity A3 = -gA shows tbat the
matrix A- = (-t I dt is a ge,ne,ralized inverse of A (in fact it is the uique Moore-Penrose inverse). Since the uull spa.ce
of A equals the range of I - A- A, any vector

x= z +LA,OI, zabitrryn x I suchthatx t' 0,
a

is a eigenvector oonespording to the eigenvalue 0.

Solution 1&5.2 by EucrNr A. HpnulN , Grinell Cotlege, Grirull, Iowa, I-ISA.

7--etoismeigenvalueof multiplicityn-2forthen x nmatrix A- lo;il = ti- j],ascabeseenfromthefactthatthe
between ay two cmsecutive rows of .4 is the vector of all 1's. To fnd thl nro complex onjugate eige,nvalues,

we frst note that every row of .4 is m eige,nvector of ,42 with eigenvalue -ca = -n21nz - \JtZ,^ rry t" 
"oin"a 

by 
"

tr
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dircct calculation. Thereforc, selecting any row .R of ,4., we check that A has the eigenvetors /.R * a \6;gwith eigenval'es
tirfc": A(An+i\Gil = A2R+i\EAR= -cnR+i\6AR_ i\6(i\FR+ An) 

- 
o

Soludon 1&53 by PRZEMYSI"AW KosowsrI, Poftsll Acadatl of scierces, Warsaw, potand.

Weshowthattheeige,nvaluesof then x npatt€,rnedmatix.4 = {c;i} = {i_ j} (i,,j = L,2,...,n)aeeqgalroll,2 =
+:\reYls = '.. - ),, = 0. Toprovethisweoonsiderthemoregeneralcase.4 - c{ -yx, = {x;yi -uiai},
wherec, y € Rn aeassmedtobelinealyindependeirr Fintweorthogonalizethevectorsr,y. Wefnd u,w Eqpan{c,y}suchthatl l" l l  = l l . l l  = rndu'u = Q;herellr l l '= u'u.r-etu = ff iandu 

- 
ff i,wh; (t= s-(r'u)u. The,n.a

ff"::#5^1,*.tff : :!:, ; u,u/)'.where r = llvll-. llq.ll - \f @'t)(!y) - (rl,nf Denoteby sL,Q2,. ..,sn
T:.:.1.:,P"_",sTl*tT.j {f'*p"."ang tothe eigenva;;') i,'ir, . .Y.1". f}"-# ,h;;;, :;-;;i";;2 ;;',i;

;;':;;,r:-=-j;:,;where )1,2 = *i'r,)e = '.. - )," = 0. Now weconsiderthecase of thisprobl err, t '= 11,2,...', 'o1' ;!, =(t, i, . .., i;;.
Th€n,A = ay' -yr' = {i -j}. Thusweobte;nxtx = '(,'+rl(z',+r) 

,/, : 
n,x,g = ry,sor = 1pp Vtor*n.",

for the vectors u = (rr,
#, * i  =  , f r ( i -  + ) / r fo r  j : 1 , . . . ,n ,sowe

ff*:j$,];i:,:-T oj = 
"t 

-uiu-wiwfori - 8,...,',,*rd'r,-a&"toitnl"it"&#. Th;{r,1..,il;;-".the set of eige,nvectors of A.
tr

Solution l'&5.4 by Cnt-KwoNc Lt, Tle College ofWillianand Mary, williamsbwg,vrginia, USA.

I * ts  =  (L ,2 , . . . ,n ) ' , . ,d l=  (1_ ,  . . . ,1 ) , .  T*4  
-  x {  -ys '=  BC'  w i thB =  ( t ,_y )adc  =  (y ,c ) .  I t i sc tea tha ttheeigenspaceof thezero.eig*ni*"q;ls{",y}a a"dLd;;;; -2.Tbenonzqoeigenval,es of A= BCt tet'-s:me as those of thenonsingularmatrix

whichcanbeeasilycheckedtobe*f{(n- 7)n2(n*l)/L?Yl2.Moreover,if u € rD2 ismeigenvector of c,Bthengzisaneigenvector of BC'' Hence one ft *; the eigenvectors of c' P to get the eigeirvecton of 85, of the 2 nonzm eigenval'es.
Forexm'p le 'onecauseu=, ( , ,@+l )_ , , f f i l ) , fo , i "e igenva lue ' { (n_7)n2(n+7) /72 IL t2 ,anduseg=

!2,t"+t1+trt@'1tz)'f*th""ig.orrlue-z{(z 
-1)n2(n+t)/t2}L/2..\[easfsfharthisproofwor*sforayrak

2 skew -symmetic matrix.
tr

solution l&55 by Canr D' Msvrn' J*. North carolina state (Jniversity, Raleigh, North carolina, (JsA.

The eigenvalues arc 0 (repeated a - 2 times) ',dJt1iwhere 6 = !^ lF
isaneigenbasisoorrespondingto0,and"r*;.Tl:;T;;AlFirTffi:tJ,i"1H,"i',lf:.'*'

DenlvertoN' since A= ce' -e-c'withc = (1,2,.-.,n)',stadrdrakresultsinsurerank(.4) = 2.Ftrrthermore,-4isskew-symmetric(adhencenormal),sotherearc-rvtto""orooJg*"alues,mdtheymustbeofthe 
formtpi.ToevaluareB, set )6 = 0, )r - Bi, nd )2-= -Bi,md userre spectral a**i-ir{ = f{,\s)p6 + f(rr)pr + fo)pzwhere p* isthe orthogonal projector onto N(A - .\p r). The r"gr-g" fornula pr I 

n, *J;:-i 4 I ii, *r1lr_ )i ) yretds

es= S + 1,  pr= - ! : ,  - , i4.  md p,  =E :  -A'  -14uo 
-W -'W, ed Pz = Pt = -;b * ufu,
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so, by using I Q) = z2 along with c' e = n(n + l) /2 nd C c = n(n + L)(2n + l) / 6, we have

-292 =ttace(A2)=tra.ce(ce'-"c)2 =z(ce)2 -2nc'c- -n2(n2--t) ,  mdrhus B -

lmoge; No.l9

All eigenvectors oorresponding to *Bi mustbe of the form Plgr nd P1y, so you cm judiciously vary y to geNr€rate pa$ffned
eigenvectors to suit your tastes. For ex'm,ple, setting A = 2e yields eigenvectors [f a ;@/fi]e by noting thatfot z =
( 1 , - 1 , 0 , . . . , 0 ) "

e = Az =::+ e e R(A) - N(A)t =,Af(Po) I !2s = -92 
" 

+ h(2e) = e - i(Ael B).

With z = (2, -L, 0, . . ., 0)', vector e cm be replacd by c in the previous s€,!rte,!rce. Finally, all vectors in,/\/(A) are of the
form Psy, md a basis for ff(,A) is obtained by extrcting my subset of n - 2 columns from Po (independenoe is grrrateed

by the fact that Pse = 0 = Poc). Frntbermore, by verifying that AB = 0, one sees thx aotber simple basis fon,A/(A) is
gtven by the set of columns in

B- [

(:-'l
\t)

and, provided n > 3, the n - 2 additional n x 1 vectors

1  2  ( n - 2 ) \
-2  -3  . - -  - (n-1) l

loo l
o 1 - . -  o I
: : :
0 0  1 /

tr

Solution 1&5.6 by HANS JOACHIM WERNER, Universitrt Bonn, Bonn, Gannany.

The case z = 1 is trivial: since now A = 0, it is clea that 0 is the only eigenvalue of A. An associated eigeirvector is 1. Next,

l e t n > 2 . P u t

wheref isthepurelyim4inarynumbersuchth:ni2 = -1. Definethen x L vectors

f:l
d t : = r  r  dn-z  : :

Inwhatfollows,weinterpretallstate,m€ntsconcerning di U = 1,2,-.-,n-2) asabsentwhenevern= 2' Since Adi =0

(j = I,2, . . .,n - Z), Li, = Jncr md Acz = -jniz,iitotto*r that.4 has the two non-null eige,nvalues 1n {td -?n md'

i-"iAu6" 2'f,"ooiiAg*nalueof ngltiplicityn-2.Itisfurttrercleathatcl, c2, dr, dz, . . ., do-2arelineaindependent

right eigenvectors associatea with the eigenvalues 7r, , -'ln , 0, 0, . . . , 0, respectively' tr

Solutiorc were also received.y'oz CuntstopnER W. NoRMAN , Royal Holloway and Bedford New Coll,ege, Eghon, Swrey,

Engtand., Ur( & Wtt t teu F. Tnrucn, Divide' Cobrado, USA-
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Pnoblem 1&6: Two ImaginarJr Sisters of the Vctor Cross.product
hoposed by GOtz Tng,urLER, (Jnivqsitcit Dortrmtnd, Dortmund, Gamany.

poge 3l

Let a be a non-zeao vec0or fnm R3. Show that thene rc just two squtre maties A with purely imnginay enties which
satisfy

A2x = a x (a x x) for all x € RB (e)
mdi&ntifythem!

Note- As pointed out (zubsequatly) by G6rz TRENTnR, the problem statement should have r€ad 'End two squae ma-
trices .4 with purely imaginzry eotries which satisfy ..." We apologizefor tlw inanrct (origilnl) wording. -&1.

Solution 1&6.1 by Cut-KwoNc Lt, The College ofWiiliona.nd. Muy,Williamsbtrg,Vrginia, USA.

Itiscleathatthem4pingc H c x (c x c)islinea. Considerd2c = o x (a x c)forthethrcestmdadbasicvectorsinRs.
Oneseest}EltAz-oo':(ata)Is.Alternatively,onecmgettheconclusionUy* iaoi"g A2xf.orx=a,b,c,where{D,c}
ismonthonsrmalbasisforcr. Let A = iB forarealmatixB. The,n 82 = (a,o)p witUp - ,I3 - (aia1-roo' =VVi,

whereV - (b,") .Asaresult ,Bcmbechose,n totr-*t f f iP,oramatr ixof the farmrFapt s-t  ( i  _9r)tU,t-
some2x2realinvertiblematrix.S. \ / 

tr

Solution 1&6.2 by Wrllrerra F. TnENcg, Divide, Colorafu, USA.

We will show that there ap infini6ly mrny matrices C in R3x3 such that _C2 x = (o x c) x a for
a matrix then.4 = ic satisfies the requirements of the problem. If a = (or,oz,a3)t md x = (or,.E2

/ al+a! -ato,z -otor \
( o x c ) x a = - B t ,  w h e r e  B = l  - a 2 a r  a 2 r + a !  - s z a s  I

\  -orot -asa2 al+a| |

We wat matrices C in lRsx3 srrch ftat C2 = B. Since

( o x c ) x a ,

a l l c € R 3

, Es)' then
.If C is such

(10)
l lo l l '

( o '  r )- x - 
lt'lit"

is the projection of o on the subspaoe of IR3 orthogonal to o ad lloll-'B is the marrix of this projection, it follows that
(ll"ll-'B)' = llall-28, which implies thatif C = *lloll-18 t^C, = B. To see where tntritrclymany otherchoices
of C cone from, note from (10) that.l = 0 is m eigeavalue of B anrd o is an associated eigenvector, while llall2 is am eigen-
value of multiplicity 2 and any nonzero vector orthogonal to c is m associated eigenvector. The matrices *llall-lB have
the szme eigenspa.ces as B. However, there are infini6ly many other solutions of C2 = B that do not have this property.
For example, let C = (a,p, c)diaC(0, ll@ll, -llollxa ,p, e)-t , where p ad g ae linearty independent md orthogonal to o. If
u = ee+ 9p * 79 ismabitrryvectorinlRs tben c2x = ll"ll'@p+ :'c) = -(a x x) x a, md soc2 -- B. tr

Solution 1&6.3 by HaNs JoecgIIra Wgnxgn, lJniversitcit Bonn, Bonn,Gernany.

IrtabeanonzerovectorfromR3. Sinceax(cxe) - -(atals-aa')a,clwly A2t = ax(axn) forall c € R,3iff,4.2 -

- (a'als - aa'). observing (: - #)' = I - #shows that 24. ca be chosen as *itffi (, - *). Notice, however, that
thereexistinfnirclymanyfurtherpam{gffiiceswiththedesiredp,rcperty. For,if pismy matrixwith
PP'= I - #,thenthematriw+it/ffi.P.FP'alsosatisfypltune"ooFissuch that-F2 = Iz. tr
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New Problems

Problem 19.1: Eigenvalues
Prorposed by J0naeN GnoB & Gotz TnsNrLEr., Univqsitiit Dortmund, Dortnamd, Gqmarry.

Let a ad b be two nquzero z x 1 real v€ctors and oonsider the matrix

A. = an' + I aV * rba' + 6bb',

where a, 0, 1, 6 are real scalas such that B - -1 nd 72 = -a6 . Find the (nonzero) eigeirvalues of A.

hoblem 19-2: Non-nqative Definite ltflefriccs
hoposed by HllNs Joacsnra WrnNnR., Univqsitiit funn, funn, Gana ny.
Amatrix AeCn'o issaidtobenon-negativedefniteif Re(f Ac) 2 0forallvectorsc € C'. Provethat, isnon-negative
defnite if md only if its Moore-Penrose inverse "r4,t is non-negative defnirc.

Pmblerr l9-3: Characterizations Associated with a Sum and Prroduct

Proposed by RoesRr E. Hnnrwla , North Cuolina State Univosity, Rateigh, North Canliln, USA,
PETER SsIunL, Univasity of Maribon Maribor, Slovenia & HeNs JolcutM WERNER , Ilniversitcit Bonn, Bonn, Germatry.

1. Chracterize sqtrae matrices .4 md B satisfying ,4 B = pA * qB, wfure p ed q are give,n scalas.

2. More geirerally, chara lerizn liner operators A nd B acting on a vector space .t satisfying .4Be € Span(,A t , Bx) for
evqy a e Z.

koblem 19-4: Eigenvalucs of Non-nqative llefinite lVlatrices
Proposed by FuznrN ZHaNc, Nova Southeastern University, Fort Landerdalc, F'torida, IISA.
ShowthatthenetrecmstmtsT € (0, |lade € (0,+) suchthat,if .4r,-..,A,.aenm-negativedefniter x rmatricesof
rank one satisfylng

L. Ar + " '*  4" -  I"  and

2. trrce(Ai)  < 7foreach' i=I , . . . ,n,

then thereis a subset o of {1,2,...,n} zuchthat theeigenvalues of Ao =Drro At all lie intheintelral (e, 1 - e).

Problern 19-5: Symmebized Pmduct Defniteness?
@osed by lNanau OrrrN, Stanford University, Stntford, California, USA.
Let A nd B be real symmetric natrices. Then prove or disprove:

I. If A and I are both positive defnite (non-negative definite) then AB * B A is positive definite (non-negative definite).

2. If A anrd' AB * B-4 are both positive definite (non-negative defaite) then I is positive definite (non-negative defnite).

Please submit solutions, as well as new p'roble,ms, to George Stym in EIEK ad by e-nail to styan€l.rath . uccill . ca. We
lookforward particulaly to receiving solutions to Problems 18-l ad l8-4!


