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Does Industry Want Mathematicians? 
(Does Academia Care?) 
By Robert Styer 

Does business want or need mathema
ticians? Experts in the field-John 
Hamilton (Computational Science Labo
ratory, Eastman Kodak Company), Aaron 
Owens (Modeling and Simulation Group, 
Dupont Central Research and Develop
ment Group), Linda Banecker and Tho
mas Pratt (Technical Operations, 
Lockheed-Martin Management and Data 
Systems), and Robert Borrelli (Harvey 
Mudd College)-presented their per
spectives on this question at the second 
annual Mathematics and its Applications 
Throughout the Curriculum Workshop 
at Villanova University in June 1997. In 
spite of the different backgrounds of the 
individual speakers, one common thread 
wound through the discussions: When 
using the term "industrial mathemati
cian," we must put the emphasis on "in
dustrial," not on "mathematician.'' This 
perspective ·appeared in many guises, 
hinted at many conseqt1;ences, and pro
vided some thought-provoking sugges-

tions for academia. 

The Value of a Model 
The industrial mathematician works 

• toward the goals of industry, not the 
goals of mathematical elegance or com
pleteness. Nothing illustrates this more 
clearly than a story that Robert Borrelli 
shared with workshop participants. 

Many years ago, when he was work
ing at Philco Ford, Borrelli explained, 
the company was working on satellite 
stabilization problems for the govern
ment. The company was using massive 
computer runs to optimize the stabiliza
tion design parameters. On his owi:i ini
tiative, Borrelli found an exact formula 
for the optimum parameters; his solution 
would have even saved massive amounts 
of computer time. However, ·his boss 
was not happy with this achievement. 
Why? Because Philco Ford was receiv
ing large sums of government money for 
those computer runs; Borrelli had opti
mized the wrong variable! 

Today, Borrelli guides the Mathemat-
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ics Clinic at Harvey Mudd College-a 
program that he helped found more than 
20 years ago. The clinic supervises teams 
of senior mathematics majors who con
sult on industry problems and learn first
hand the nature of industrial mathematics. 

Businesses are also reinterpreting tra
ditional academic categories to reflect 
these industrial goals, reported Dupont's 
Aaron Owens. When he was hired by 
Dupont, he explained, the company had 
four people who held the job title of 
mathematician. That title no longer ex
ists. Even the names of the groups in 
which mathematicians work hav~ 
changed: The former Applied Mathemat
ics Group is now the Modeling and Simu
lation Group, the Applied Statistics 
Group has become the Quality Manage
ment Group, and the Operations Re
search Group has acquired the goal-01i
ented title of Supply Chain Optimization 
Group. "I don't do problems that interest 
me," said Owens. "i work on problems 
important to Dupont.'' 

See Industry on page 8 
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SIAM's E-Journals 
To Banish Backlogs, 
Speed Publication 

Worst-case scenario: A faculty mem
ber is denied tenure on the grounds of 
insufficient publications; a paper describ
ing highly regarded work by the candi
date is languishing in the files of a re
spected journal. 

The unfortunate faculty member's 
paper is part of what's known as ajour
hal backlog-papers that have been ac
cepted for publication but will not ap
pear in print, or even go into production, 
until all papers accepted before them 
have gone through the production pro
cess; for SIAM's ten research journals, 
current backlogs range from an issue's 
worth of papers to a year's worth of 
papers and are responsible for publica
tion delays of various durations. 

In the past; the editorial boards of the 
SIAM journals were routinely asked to 
take time out from their main concerns
the quality of the papers published, edi
torial direction and policy-to brainstorm 
about the backlog problem. The vice 
president for publications ( currently 
Linda Petzold of the University of Cali
fornia, Santa Barbara) has communi
cated regularly with the editors-in-chief 
and the SIAM office about the problem. 
It has appeared many times on the agenda 
of the SIAM Board of Trustees. And in 
April 1997 ·an ad hoc committee ofvol
unteers interested,. and experienced in 
this area, including Petzold and several 
editors-in-chief, met with SIAM staff 
members to discuss the problem in detail 
and formulate a solution. 

At the SIAM 45th Anniversary Meet
ing at Stanford University this summer, 
the board approved a carefully designed 
plan that, building on the existing elec
tronic versions of the journals (SIAM 
Journals Online), will attack the backlog 
problem and put in place a new editorial/ 
production process for the journals. For 
journal authors, the plan will have one 

. highly beneficial result: After an initial 
catch-up phase, a paper that has been 
accepted for publication will be copy 
edited and published electronically within 
approximately four months of the accep
tance date. The electronic version will be 
the final form of the paper-it can be 
cited in the litefature and included in the 
author's list of publications. SIAM will 
continue to maintain the standards it has 
set for the journal peer review, editorial, 
and production ·processes. 

Subscribers will benefit from the plan 
as well-new. research results will be 
disseminated to electronic journal sub
scribers far earlier than with the tradi
tional system; during the catch-up phase 
mentioned earlier, the papers that are 
now part of the print backlog will be 
published electronically, in their final 
form, months to years before they would 
have appeared in print. 

Is this the end of print versions of the 
journals? No, says Linda Petzold, SIAM 
will continue to produce print versions 

See E-Joumals on page 3 
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Industrial goals affect the way math
ematicians work in several ways. These 
goals often dominate the mathematical 
modeling process. "Often, the question 
is which way to adjust a process," said 
Owens. "You have a 50-50 chance of 
getting the answer right! Accurate and 
elegant models are fine, but what really 
matters is how rapidly you can answer 
yes/no, up/down." 

"The model does not have to be per
fect to be useful," said Kodak's John 
Hamilton. "The value ofamodelis mea
sured by the importance of the question 
it answers.'' He argued that simple mod
els are more tractable and easier to verify. 
And while industrial models are not de
tailed enough to replace experimenta
tion, they should be able to predict effi
ciently fruitful ranges for experimental 
parameters. 

Industrial goals also affect where math
ematics is most useful in industry. For 
example, Hamilton outlined two distinct 
goals of business: (1) to reduce product 
development time and (2) to achieve 
robust manufacturing processes. Indus
trial mathematicians can reduce product 
development times significantly when · 
their models specify more fruitful 
experimental ranges, he said. 

The closer one gets to produc
tion, however, the less mathemati
cal models contribute. Manufac
turing managers rightly abhor tink
ering with tried and true processes, 
added Hamilton. "An ill-advised 
change in the process can literally 
cost millions of dollars in lost pro
duction/' he explained, "so they 
are cautious and slow to change.'' 

"Job#! inproductionistomain
tain production," asserted Owens. 
"All that counts is throughput." 
Consequently, matheffiatical _ re
search focuses on rapid product 
development. In today's business 
climate, a product needs to be de
veloped quickly; research then 
switches to a new product line. 

Hamilton discussed several ar
eas in which he has worked: medi
cal x-ray intensifying screens, 
blood serum analysis (fluid flow 
in a porous medium), stockroom 
analysis, quantum chemistry and 
dye design, color interpolation for 
digital cameras, and phase noise 
blur filter design. Thomas Pratt of 
Lockheed-Martin identified math
ematical models of the turbine 
blade loss that results from colli-
sions with birds, blade design, fan 
blade ordering, and single crystal 
growth as areas in which he and 
other mathematicians are inter-
ested. As these diverse lists sug-
gest, the industrial mathematician 
must be flexible and willing to 
digest plenty of nonmathematical 
material. According to Owens, 
mathematical flexibility is criti-
cal: Owens earned his degree in 
theoretical astrophysics, yet he uses 
tools from numerical modeling, 
parameter estimation, systems of 
stiff ODEs, neural networks, par-
tial least squares, and exploratory 
data analysis. In fact, he claims to 
have gone through several career 
changes-all within Dupont. 

Part of a Larger Team and 
A Bigger Picture 

Industrial mathematicians do not 
chart the course of industrial re
search. Rather, they function as a 
small but integral part of a larger 
team, and their mathematical train
ing is but one element in a bigger 
picture. Owens described the math
ematical practitioner as an internal 
consultant, providing small parts 

need to keep checking to see if 
you are still working on the right 
problem (talk, talk, talk!). The 
problem-solving process is itera
tive ... The learning never ends.'' 

In order to be an effective mem
ber of this team, the speakers ob
served, the industrial mathemati
cian must have good computing 
skills. According to Owens, 
spreadsheets, the universal form 
of communication, are ubiquitous. 
Almost all statistical functions are 
computer-based; almost all mod
eling projects end with a compu
termodel; and almost all mathem
atics in industry is done on com
puters. All results come out of a 
computer even when much of the 
work is analysis, said Hamilton. 

The mathematics he uses in his work at the Eastman 
Kodak Company might be mostly at the undergradu
ate level, says John Hamilton, but it's "applied with 
a graduate perspective." Elaborating on his comment 
from the MATC workshop, Hamilton takes another 
look at problem solving in industry: "By the time the 
computations are being done, it just looks like linear 
(ho-hum) algebra, but by then the problem has 

·already been defined, the level of approximation has 
already been set, and the alternative methods have 
already been evaluated. Misjudge the problem there 
and all the linear algebra in the world won't fix it. ,r 

Hamilton reported on his infor
mal survey of 50 recent Kodak 
hires who had listed a degree in 

. mathemfitics on their resumes; more than 
half were hired into jobs that included 
the word "software" in the job title, and 
many were hired because of specific 
software experience. 

information technology; this year, her 
company has hired less than two-thirds 
of its quota for technical personnel. And, 
according to Banecker, a conservative 
estimate of unfilled information technol
ogy positions nationwide is 190,000; 68% 
of IT companies cite the lack of skilled 
workers as a barrier to future growth. To 
attract talented recent college graduates, 
Lockheed-Martin offers an impressive 
Engineering Leadership Development 
Program and a Technical Development 
Curriculum. The training _curriculum be
gins with a hefty dose of mathematics 
and then quickly moves to a variety of 
comJluting and business and engineer
ing topics. · 

Owens also stressed the dominant role 
of statistical tools for industrial math
ematicians. Observation errors, system
atic and_ random, are always factors in 
the industrial setting, he explained. The 
data quality from research is often un
even, and the quality of production pro
cess data is even worse. At Dupont, he 
reported, a large portion of the work is 
carried out by bachelor's degree techni
cians, who have a great need for numeri
cal computing and visualization and 
spreadsheet skills. 

to larger projects. As would any consult
ant, the industrial mathematician has a 
vested interest in finding promising pro
ject ideas, selling these ideas to the team, 
and ensuring that the results are used. 
Thus, communication skills are essen
tial; intemalmemos and progress reports 
serve as industry's ''publications.'' Hamil
ton concurred with Owens, adding, "You 

Linda Banecker corroborated these 
anecdotal observations. As a hiring man
ager for Lockheed-Martin, she is acutely 
aware of the lack of people trained in 

Owens pointed to the large amounts of 
See Industry on page 10 
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In science, technology, engineering, 
finance, medicine, research, education 
-over a million professionals and sru~ 
dents now rely on Mathematica to do 
their work. 
For proiects large and small, from initial con
cept to final report, Mathematica has 
defined the state of the art in technical com
puting for nearly a decade. 

NUMERICAL COMPUTATION 
World's mos! complete collection of mathe
matical functions • Unlimited numerical 
precision • Matrix and tensor operations • 
Ordinary and partial differential equations • 
Fourier transforms • Datq manipulation, fit
ting, and statistics • Root finding • Opti
mization • Number theory 

SYMBOLIC COMPUTATION 
State-of-the-art computer algebra algorithms 
• Simplification • Polynomial factoring and 
manipulation • Symbolic integration • Alge
braic and differential equation solving • 
Symbolic matrix operations • General list 
and string processing 

ADVANCED LANGUAGE 
Award-winning intuitive symbolic language 
• Procedural, functional, list-based, rule
based, and obied-oriented programming • 
Uniform symbolic expression representation 
of all objects • Fully scabb!e from small to 
large programs 

GRAPHICS AND SOUND 
2D, 3D, contour, and density plots • Gener
al 3D object visualization • Animation • 
Sampled sound • High-level symbolic 
graphics description language • Resolution
independent PostScript output • Export and 
imporl of standard graphics formats 

PROGRAMMABLE INTERFACE 
Customizable palettes ! Free-form 2D input 
• Complele math notation • 700+ math 
and other characters • Programmable 
notation rules 

NOTEBOOK DOCUMENTS 
Interactive documents wilh text, graphics, 
sound, and math • Publication-quality 
editable typeset formulas and tables • Full 
range of formatting options • Automatic 
optimization for screen and print • Export 
capabilities in TEX, HTML, and more • Fully 
programmable symbolic representation • 
Free MathReader 

Information and purchases: http://www.wolfram.com/v3/smn 
or call 1 •800•416•8063 All Mathemaliroproductsare ava~able fur Microsoft Windows, Macintosh, und most Unix~a~orm,. 

Wolfrom Research, Inc.: http://www.wolfrom.com; i11fo@wolfrom.com; + l-2 \7-398-0700 
Wolfram Research Europe Ltd.: h11p://www.wolfrom.co.uk; inlo@wolfrom.co,uk; +44-(0) 1993-883400 
Wolfram Research Asia Ltd.: littp://www.wolfrom.co.jp; info@wolfram.co.jp; +81-(0)3-5276-0506 
~- 191/ ',',',lkom R,seorch, int. /lll1h,m,,,'mond {io;!U1l or, ;egi,1rnd 1drnmks of Wolfrom R,sec"h, I,, ad '" nol """~'od 'l.'itl 1,1,1\,rnoliro Mcy Rmorc\, Inc." M□tllech, In, 

THE WORLD'S ONLY FULLY 
INTEGRATED ENVIRONMENT FOR 
TECHN OMPUTING 

SYSTEM FEATURES 
100% platform independent • Microsoft Win
dows, Macintosh, Unix/X • Unicode support • 
General Mathlink® API • Distributed computing 

APPLICATIONS LIBRARY 
Over 30 products now available in data 
analysis, wavelets, time series, optics, 
astronomy, control systems, mechanical 
systems, structural mechanics, electrical 
engineering, finance, education, ~md more 

FULL SERVICE 
3000+ pages of award-winning 
on-line documentation • Three 
levels of technical sup
port and consulting • 
200+ books available 
• Volume discounts • 
Flexible academic site 
programs • Versions for 
students and teachers 

WOLFRAM 
RESEARCH 

LEADERS IN ADVANCED COMPUTING 
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time wasted by naive researchers ana
lyzing two-point experiments with large 
error bars. "They run an experiment with 
the parameter first moved up then down, 
and make a decision based on these two 
data points, only to find that a bad prod
uct results," he explained. "The simplest 
observation that there is noise in obser
vations is not getting through to gradu
ates. The statistical education of engi
neers and scientists is sorely lacking, at 
least at the institutions from which 
Dupont hires!" 

Reading between the lines, one might 
conclude that business goals do not cor
relate to academic mathematical goals, 
that computer skills and statistical skills 
are much more important than classical 
mathematical academic training, and that 
mathematicians are only a minuscule 
part of the industrial scene. To add insult 
to injury, each speaker cited other prob
lem areas: Hamilton said that in most of 
his work at Kodak, he uses mathematical 
tools taught at the undergraduate level; 
Owens reported that three of the four 
mathematicians working at' Dupont on 
his anival are now doing computing or 
experimental work; Borrelli pointed to 
the difficulty of finding suitable indus
trial problems for the Mathematics Clinic 
student teams; and Banecker acknowl
edged that the mathematics component 
of the training curriculum acts like a 
filter to weed out those who would not 
survive the later portions of the training. 

Proof Is in th!! Hiring 
Does mathematical training per se have 

any value for industry? Each speaker 
provided some insight into this question: 
After completing a master's degree in 
mathematics, Linda Banecker began her 
industrial.career as a programmer, typi-

Lockheed-Martin hiring manager Linda 
Banecker, like many of the company's new 
hires, began her industrial career as a pro
grammer. Programming can be a way sta
tion that allows a new employee to adjust to 
the corporate environment, she believes, 
although she welcomes applicants who 
have mathematical backgrounds: "It is much 
easier to teach a mathematician to program 
than to teach a progfammer some math
ematics." 

cal of many of Lockheed-Martin's new 
hires. Programming is actually a way 
station that allows time for a new em
ployee to adjust to the corporate climate, 
she said; it often takes a couple of years_ 
for a newcomer to learn enough about 
the company's goals and structure to be
come productive in a design and devel
opment role. Once an employee is work
ing in development, computing skills 
alone are simply not sufficient. Banecker 
welcomes applicants who have skills in 
mathematics: "It is much easier to teach 
a mathematician to program than to teach 
a programmer some mathematics." 

Although much of the mathematics 
used by John Hamilton is at the under
graduate level, it is applied with a gradu
ate perspective. It is this perspective that 
provides the mathematical flexibility re, 
quired by industry. Mathematicians are 
thought to have good analytical skills 
and can carry out all sorts of computa
tional tasks without getting bogged down 
in the equations, Hamilton explained; 

therefore, the PhD mathematician has a 
genuine edge. "Mathematical maturity 
is an intangible but critical asset," he 
added. "It lets you wade into places you 
might otherwise avoid." 

For Robert Borrelli, the absolute proof 
that industry values mathematicians is 
that they hire them. Borrelli considers 
the Mathematics Clinic to be an educa
tional success: The students learn to work 
in teams, they see the need for constant 
communication with their clients, and 
they gain respect for the modeling pro
cess. The clinic also benefits industry: 
Several companies have brought project 
after project to the clinic. In fact, Borrelli 
said, companies occasionally make at~ 
tractive job offers to the entire stu
dent team (and sometimes the faculty ad
viser!). 

Always Room for Improvement 
So there is value in a mathematical 

education! The recognition of this fact, 
however, did not prevent the speakers 
from offering suggestions for improve
ment. Linda Ball.ecker stressed the in
ability of new graduates to apply their 
skills to real-world problems. She reiter
ated the recommendations of the Infor
mation Technology Association of 
America: Emphasize more . internships 
and other business-world experiences; 
hire university instructors with indus
trial experience; provide such experi
ence to current instructors; and, of course, 
increase the number of graduating tech
nical majors. 

Aaron Owens closed his talk with sev
eral deliberately controversial and 
thought-provoking suggestions to the 
academic community: All college gradu
ates should study economics·, comput-:
ing, quantitative numerics, and applied 
statistics; technical graduates should have 
at least a year in each subject. Faculty 
members should emphasize applications 
in all mathematics courses; better still, 

they should integrate mathematics and 
computing fully with subject-matter 
courses. All math/science/engineering 
courses should include assignments in 
technical writing and presentations. 

Can academia change so dramatically? 
"Just as production managers are con
cerned with throughput and hate to tamper 
with a process that works, why should a 
university upset its current system and 
risk losing its throughput?" asked one 
skeptical workshop participant. Clearly, 
tension exists between those who advo
cate the novel educational developments 
showcased at this MATC workshop and 
the average professor who is producing 
in the trenches. Even MATC workshop 
participants. could not agree on all of 
these points, but everyone did agree that 
the speakers from industrial mathematics 
stimulated both thought and discussion. 

A further discussion of these and other 
educational issues is available in the SIAM 
Report on Mathematics in Industry, which is 
posted on the Web at http://www.siam.org. 

Robert Styer is an associate professor in 
the Department of Mathematical Sciences at 
Villanova University. 

NSF Offers Graduate and 
Minority Fellowships 

The National Science Foundation invites 
applications for graduate fellowships and 
minority graduate fellowships in the math
ematical sciences for 1998. 

For information on eligibility and the ap
plication process, including deadlines, con
tact: NSF Graduate Research Fellowship Pro
gram, Oak Ridge Associated Universities, 
PO Box 3010, Oak Ridge, 1N 37831-3010; 
(423) 241-4300; fax: (423) 241-4513; nsfgrlp@ 
orau.gov; http://www.ehr.nsf.gov/EHR-/ 
DGE/grf.htm. 

Additional information on federal agency 
programs can bef0und at http://www.siam. 
orglsiamnewS.htm. 
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Linear Algebra 
A First Course with Application to 
Differential Equations 
Tom Apostol, California Institute of Technology, 
Pasadena 

For students of mathematics as well as laypersons, this text 
includes accommodations for the non-calculus treatment of 
linear algebra, discussion of useful applications after theory 
is developed and coverage of differential equations and the 
method of successive approximations. New exercises are 
incorporated. 
0471-17421-4 1997 368 pages $64.95 

Groups and Characters 
Larry Grove, University of Arizona, Tucson 

This book combines group theory and ordinary character 
theory for students and practicing mathematicians, chemists 
and physicists. Covers some computational aspects such as 
the Schreier-Sims algorithm, Todd-Coxeter coset enumera
tion and other various character table algorithms. The pre
sentation is succinct yet lively and includes many examples. 
0471-16340-6 1997 224 pages $54.95 

Logic of Mathematics 
Zofia Adamowicz, Polish Academy of Sciences, 
Warsaw, Poland and Pawel Zbierski, Warsaw 
University, Poland 

This introduction to mathematical logic is written mainly 
for advanced students of mathematics and computer sci
ence and offers an introduction to the subject and goes on 
to discuss proofs of some of mathematics most important 
theorems. Careful organization and selection of exercises 
ensure this book as an excellent training and referenoe text 
for students and practicing mathematicians. 
0471-06026-7 1997 260 pages $59.95 

Roger Cooke, University of Vermont, Burlington 

Selected according to their impact on the development of 
mathematics, this book provides a narration of the field's 
major -aspects and th(:ir relation to society and physical 
science in a challenging fonnat, encouraging the reader to 
think about important academic and social issues. Covering 
the origins of mathematics, its dependence on the various 
cultures in which it develops and the unified modern world 
of mathematics, this book is an excellent beginning to the· 
study of mathe1Ilatics as well as a historical reference. 
0-471-18082-3 September 1997 552 pages $59.95 

Boundary Integral 
Equations Methods 
Marc Bonnet, Laboratory of Solid Mechanics, 
Palaiaseau, France 

This book presents the mathematical basis of the bowidary 
element method method and its computer implementation. 
Numerous applications to fluid mechanics, mechanics of 
solids, acoustics and electromagnetism are developed. 
0-471-97184-7 December 1997 315 pages $84.95 

Function Theory of One Complex 
Variable 
Robert Greene, University of California at Los 
Angeles and Steven Krantz, Washington University, 
St. Louis, Missouri 

Rather than using the traditional approach of presenting 
complex analysis as a self-contained subject, this text 
demonstrates how it can be connected with calculus, alge· 
bra, geometry, topology and analysis by emphasizing how 
complex analysis is a natural outgrowth of multivariable 
real calculus. 

The text relates the subject matter to concepts that stu
dents already know and motivates these ideas with numer
ous examples. Special topics in later chapters deal with cur
rent research including the Beiman kernel function and the 
Bell-Ugocka approach to proving smoothness-to-the-bound
ary of biholomorphic mappings. Features ample exercise 
sets and illustrations, 

0471-80468-1 1997 496 pages $69.95 

An Interior Point Approach 
C Roos and T. Terlaky, Delft University of 
Technology, The Netherlands and J.0Ph Vial, 
University of Geneva, Switzerland 

Linear Optimization (LO) is one of the most widely taught 
and fast developing techniques in mathematics, with 
applications in many areas of science, commerce and 
industry.This book provides a unified presentation of the 
field by way of an interior point approach to both the theo
ry of LO and algorithms for LO ( design, Convergence, com
plexity and asymptotic behavior).Th.e comprehensive and 
up-to-date coverage of the subject, together with th~ clarity 
of presentation, ensures that this book will be an invaluable 
resource for researchers and professionals who wish to 
develop their understanding of LO and IPMs. 

0471-95676-7 1997 JOO pages $69.95 

Fractional Graph Theory 
A Rational Approach to the Theory 
of Graphs 
Edward Scheinerman,Johns Hopkins University, 
Baltimore, Maryland and Daniel Ullman, George 
Washington University, Washington, DC 

This book explores the ways in which integer-valued graph 
theory concepts can be modified to derive nonintegral val
ues. Based on the author's extensive review of the litera
ture, it provides a unified treatment of the most important 
results in the stOdy of fractional graph concepts. Is supple
mented with many challenging exercises as well as refer
ences and bibliographic material. 
0-471-17864-0 September 1997 232 pages 

To Order Call: 1 800-879-4539 

John Wiley & Sons Inc. 
605 Third Avenue 
New York, NY 10158 

$49.95 
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