
The Opinion column offers mathematicians the opportunity 
to write about any issue of interest to the international 
mathematical community. Disagreements and controversy 
are welcome. An Opinion should be submitted to the Ed- 
itor-in-Chief, Sheldon Axler. 
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Editor's note: During the International Congress of Math- 
ematicians at Berkeley in August 1986, a panel discussion 
on military funding of basic scientific research, particularly 
mathematics, was organized by Linda Keen, Keith Miller, 
ahd Barbara Simons, under the sponsorship of the Peace and 
Conflicts Studies program of the University of California, 
Berkeley. Although the discussion focused on the United 
States, the issues raised would be applicable to most other 
countries. What follows is a lightly edited transcript of the 
discussion, with some deletions of less relevant material. 
Richard Karp, professor of computer science at the Univer- 
sity of California, Berkeley, was the moderator of the discus- 
sion. 

RICHARD KARP. For many decades the scientific re- 
search community of the United States has drawn a 
grea t  deal  of its s u p p o r t  f rom mil i tary fund ing  
agencies.  The mathematics  community ,  while pri- 
marily dependent  on the National Science Foundation 
(NSF), has benefited greatly from the support of such 
defense  agencies as the Office of Naval Research 
(ONR). The greatest benefactor of computer science re- 
search over the past two decades has been the Defense 
A d v a n c e d  Research Projects  Agency  (DARPA), an 
agency whose purpose is to promote research in areas 
relevant to military problems and to make advanced 

technology accessible to the military community.  
Physics research has drawn much of its support from 
the Department of Energy, the agency that operates 
the enormous weapons laboratories at Livermore and 
Los Alamos. It is clear that science in the United States 
could not have reached its present level of develop- 
m e n t  w i t h o u t  the  s u p p o r t  of mi l i t a ry  fund ing  
agencies. 

In recent years the role of the Department of De- 
fense (DOD) in the funding of research and develop- 
ment has grown steadily. Between 1970 and 1980 the 
DOD was responsible for 50 percent of the federal re- 
search and development budget; by 1986, that figure 
had grown to 72 percent. If we restrict attention to 
basic research the percentages are smaller, but DOD'S 
role is very substantial and growing fast. 

As the importance of DOD funding of basic research 
has expanded,  disaffection against the Defense De- 
partment's policies has steadily mounted within the 
scientific community. There are numerous reasons for 
this disaffection, and, in order to set the stage for our 
discussion, I would like to briefly state what  some of 
these reasons are. 

First, some within the scientific communi ty ,  al- 
though u n d o u b t e d l y  a minority, feel that all DOD 
money is tainted. They believe that our military-indus- 
trial complex has a vested interest in the continued 
escalation of the arms race, and they simply want no 
part of it, preferring to work for arms reduction and 
eventual disarmament. 
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Others do not make a blanket condemnation of our 
defense policies, but feel that specific programs such 
as the Strategic Defense Initiative (SDI) a r e  not in our 
national interest. They see SDI, with its vision that de- 
fensive technologies can be developed to the point 
that  they  can el iminate the danger  from nuclear  
weapons,  as a dangerous technological fantasy that 
deters us from more realistic efforts to achieve peace in 
the world. And, even though they may grant that an- 
tiballistic missile research should be pursued at some 

The U.S. seems to be a society in which large 
projects for the common good can be mounted 
only in the name of defense. 

level, they feel that the proposed levels of funding for 
SDI are grossly excessive. 

Others do not contest the basic mission of the De- 
fense Department, but do object to its massive size 
and budget,  especially at a time when all other sectors 
of the government have tightened their belts. There is 
a sense that the Defense Department, in league with 
the many companies that depend  on defense con- 
tracts, has been excessive in its appetite for money and 
cynical in concocting justifications for its projects. 

A related objection is that the channeling of research 
funding through DOD distorts the distribution of scien- 
tific efforts in the United States. The U.S. seems to be 
a society in which large projects for the common good 
can be moun ted  only in the name of defense.  As 
Pamela McCorduck points out in her interesting book, 
The Universal Machine, this tradition goes back at least 
to the presidency of Thomas Jefferson. When Lewis 
and Clark proposed to explore the new Louisiana Pur- 
chase, Congress, beset by Revolutionary War debts, 
refused to appropriate the necessary funds. Jefferson 
took matters into his own hands by promising that the 
army would  contribute $15 to $20 for every civilian 
dollar raised. Our national practice of depending on 
the military to provide support  for worthy national 
goals has persisted to this day. By comparison with 
the Defense  Department ,  the contributions of the 
Commerce Department and the Department of Educa- 
tion to the support of basic research are minimal, even 
though it would seem that those agencies should also 
have a stake in the health of science and technology. 
The situation in Japan is quite different: the defense 
establishment is minimal there, and the Ministry of In- 
ternational Trade and Industry, their equivalent of the 
Commerce Department, is a major sponsor of research 
in engineering and computer science. 

The imbalance in funding sources leads to distor- 
tions in the kind of basic science that gets done, the 
kinds of technology that get developed, and the kinds 
of skills and interests that our young scientists de- 

velop. As a rebuttal to this point, it is often argued 
that technology and expertise developed with military 
funding are easily adaptable to civilian purposes. This 
spin-off theory may be valid in some cases, but it is 
unlikely to be true for highly targeted projects such as 
SDI. Developing 5-megawatt lasers to be used as space 
weapons is certainly not a cost-effective way to pro- 
mote the medical applications of lasers. 

Yet another objection is that military and intelli- 
gence research cannot be conducted in the universities 
without restricting academic freedom. In general the 
defense agencies have been sensitive to this concern 
and have negotiated a reasonable modus vivendi, al- 
lowing university faculty to publish freely, to employ 
foreign s tuden ts ,  to interact wi th  scholars from 
Eastern European countries, and to exercise their po- 
litical rights. But there have been a few unfortunate 
episodes in which the SDI office and the National Secu- 
rity Agency have attempted to restrict the dissemina- 
tion of unclassified research results obtained under 
their sponsorship. And there was one infamous case 
in which an undersecretary of defense stated that sci- 
entists who oppose SDI should not receive federal re- 
search support. I'm happy to say that the statement 
was quickly repudiated by other Defense officials. 

In the interests of even-handedness ,  it must  be 
mentioned that another kind of abridgement of aca- 
demic freedom occurs when scientists opposed to cer- 
tain military projects exert pressure to inhibit their col- 
leagues from participating in those projects. This use 
of peer pressure to tyrannize one's colleagues is also 
unacceptable, and it deserves to be repudiated. 

Another objection to military funding in the univer- 
sities arises from the mission-oriented nature of mili- 

DARPA by itself has the ability to make or 
break a computer science department. The top 
computer science departments are, wi th  one 
or two exceptions, precisely those that have 
large DARPA grants. 

tary research and the power that is concentrated in the 
hands of those who  set the goals and dispense the 
money. In my own field, computer science, the Infor- 
mation Processing Techniques Office of DARPA has 
been the dominant funding source for experimental 
computer science in the universities. DARPA by itself 
has the ability to make or break a computer science 
department. The top computer science departments 
are, with one or two exceptions, precisely those that 
have large DARPA grants. 

Many of the DARPA program directors have had 
great vision, and DARPA-Sponsored research has led to 
great advances in fields such as computer networking 
and the automatic design of very large-scale digital in- 
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tegrated circuits. Nevertheless, one must realize that 
negotiating a grant with DARPA is quite a different 
matter from making a proposal to NSF. A DARPA pro- 
poser  must  establish the relevance of the proposed 
work to rather specific goals dictated by the military 
through DARPA, and must  make a commitment  to 
reach those  wel l -def ined miles tones  by specif ied 
dates. If these milestones are not achieved then, re- 

At  a time when NSF budgets are frozen and 
large pots  of DARPA money are available, 
there wi l l  inevitably be a strong temptation 
for investigators to dance to DARPA'S tune. 

gardless of the intrinsic merit of the work, the project 
may abruptly get the axe; this was the case with the 
speech-understanding projects that DARPA supported 
at several universities about a decade ago. 

In the case of DARPA'S recently announced Strategic 
Computing Initiative, the general goal is to advance 
the state of machine-intelligence technology through 
the fulfillment of certain specific military tasks: the de- 
velopment of an autonomous land vehicle, a pilot's 
associate, and an aircraft-carrier batt le-management 
system. In the case of DKRPA'S new mathematics pro- 
gram, the research areas are less linked to military 
tasks, but  still fairly tightly defined. They are: dynam- 
ical systems, harmonic analysis, computational algo- 
rithms, data compression, and neural networks. At a 
time when  NSF budgets are frozen and large pots of 
DARPA money are available, there will inevitably be a 
s t rong  t emp ta t i on  for inves t iga to rs  to dance  to 
DARPA'S tune.  Whether  this mission-oriented ap- 
proach will promote the health of basic science and 
mathematics remains unclear. 

I will now turn the floor over to our panelists, who 
will state their own views on some of these complex 
issues. 

I would like to begin with Bill 
Browder. Bill is the youngest of three 
mathematician brothers; he gradu- 
ated from MIT in 1954, and earned a 
Ph.D. in Princeton in 1958. After a 
year at Rochester and five years at 
Cornell he returned to Princeton in 
1963, where apart from visiting ap- 
pointments he has been ever since, 

serving as department chair in the early 1970s. Bill has held 
a number of posts in the American Mathematical Society, the 
National Academy of Sciences, and other organizations. He 
works in various areas of algebraic and differential topology 
and probably is best known for his contributions to surgery 
theory. He is a member of the National Academy of Sciences 
and the American Academy of Arts and Sciences. 

WILLIAM BROWDER. The involvement of defense 
agencies in funding of scientific research dates from 
the end of WWII when the Office of Naval Research 
began a program of contracts or grants for basic re- 
search in many branches of science, including mathe- 
matics. For some years it was the only governmental 
source of research support, but with the establishment 
of NSF in the early 1950s the major civilian source of 
funds entered the picture. 

In the early 1960s, the spectrum of core mathemat- 
ical research supported by DOD narrowed considerably 
to areas in and around applied mathematics. This 
basic research support  was justified by program of- 
ricers by scenarios of mission relatedness. Great pres- 
sures existed to divert more funds to specific mission- 
oriented research and less to mathematical areas. 

This tendency is now modified partly because of 
DOD interest in broader  areas of mathematics and 
partly because of closer relations between pure mathe- 
matics and areas of applied mathematics and compu- 
tation. The DOD budget  in core mathematics is now 
the same order of magnitude as the NSF mathematical 
budget, around $50 million, but covering a narrower 
area of mathematics. There's little prospect politically 
of major congressional increases in the NSF appropria- 
tion. So even with the friendliest disposition in the NSF 

administration, which in fact seems to exist, any major 
increases in mathematical funding must be found else- 
where. 

If the disastrous erosion of mathematical research 
support of the last 20 years is to be repaired, DOD must 

If the disastrous erosion of mathematical re- 
search support of the last 20 years is to be 
repaired, DOD must play a major role. 

play a major role. The conditions of DOD grantees in 
mathematics are not significantly worse than those of 
NSF grantees- - in  fact, significantly better. Budgets are 
more generous,  restrictions more flexible, and no 
onerous restrictions, such as prior review, have been 
imposed. Attempts at such restrictions in other areas 
have been successfully repelled. Strong and indepen- 
dent-minded grantees should have a good chance of 
resisting any possible such future attempts. 

At a time when  the cutoff level for NSF grants has 
reached an alarmingly high level with productive 
people being refused grants in greater numbers, these 
n e w  DOD funds can play an important role in pre- 
serving and enlarging support  for mathematical re- 
search if people will look without prejudice at these 
possibilities. The DOD after all is spending our tax 
money. It is an institution of the United States govern- 
ment, and whether  we approve of its policies or not, 
we must deal with the government agencies to keep 
mathematical research healthy. 
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If one does not approve of many ways in which DOD 
money is spent or the government policies it supports, 
it seems rational to welcome and encourage instances 
where  the money is well spent. In a word, if DOD 

agencies will fund the research you want to do with 
no strings attached, I say, take it. 

KARP. The next speaker is Michael 
Shub. Mike received his A.B. degree 
from Columbia College in 1964 and 
his Ph.D. from the University of 
California at Berkeley in 1967 with 
Steve Smale. His research has been 
in dynamical systems and geometric 
complexity theory. He has just left 
his position of 13 years at the City 

University of New York for IBM'S Thomas J. Watson Re- 
search Center. He has been elected to the council and the 
nominating committee of the American Mathematical So- 
ciety. He wants me to mention that he represents no one but 
himself today. 

MICHAEL SHUB. I have no doubt that mathematicians 
can use a lot more support  for their research. But I 
think that a certain amount of cynicism and dishon- 
esty is being encouraged for the sake of dollars avail- 
able from the Defense Department agencies. I will not 
apply for those funds, and my reasons are both polit- 
ical and professional. 

First the political. The Reagan government has been 
escalating the arms race enormously through pro- 
grams such as the Strategic Computing Initiative and 
the Strategic Defense Initiative, which we know as 
Star Wars. Moreover, I think that, in fact, all DOD 

funding, even basic research, is part of the arms race, 
and I'm going to try and justify that by a few quotes 
from the things I have been reading in the Notices of the 
American Mathematical Society and a few other places. 

Admiral J. B. Mooney, Jr. writes in the March 1985 
issue of the Notices. He is Chief of Naval Research at 
the ONR. He says: "I am hopeful. I am looking forward 
to better things in our immediate future, not only for 
the mathematical sciences but for all the scientific ac- 
tivities within the Office of Naval Research." And 
then he says: "In return, I ask for your assistance. For 
you  as citizen scholars play a vital role. First, the 
mathematics and university communities can play a 
vital role in increasing congressional understanding of 
the ONR role. ONR funds basic academic research. This 
fact is not always unders tood in the halls of Con- 
gress." 

Well, what  is this basic research Admiral Mooney of 
the ONR would have us lobby for? SDI is limited to re- 
search, people say, and in Physics Today in July 1985, 
we have this report: "On the shopping list also are su- 
p e r c o m p u t e r s  that far exceed the capabilit ies of 
today's fastest Crays and Cybers as well as software 

that contains 10 million lines of error-free code. 'We 
don't  want a few lines of bad code mistakenly setting 
off a nuclear w e a p o n  or causing a laser to miss a 
target,' said Edwin Redman, Chief of the Mathemat- 
ical Sciences Division of the Office of Naval Research." 
I was wondering if this is the research, these 10 mil- 
lion lines of code, that Admiral Mooney wants us to 
lobby for? 

Then there's DARPA. DARPA is probably even worse. 
This Strategic Computing Initiative is theirs. One of 
their accomplishments is the Butterfly, a multipro- 
cessor machine that is supposed to work fast. 

There 's  one thing wrong  with these  mult ipro-  
cessors. They want to use them, first of all, for the fol- 
lowing purposes (this comes from a report prepared 
by the Advisory Committee to the Undersecretary of 
Defense for Research and Development):  "auton-  
omous vehicles, air, land, and sea; battle assessment, 
battle management ;  intelligent adapt ive electronic 
warfare; ballistic missiles defense; warfare simula- 
tion." There's only one problem with all this. They 
don't  know how to program these machines. So, one 
of the main recommendations of this report to the un- 
dersecretary is university involvement. "The academic 
community should be encouraged to participate in 
basic and applied research which is directly applicable 
to military programs. To accomplish this, research 
projects must  be given the minimum classification 
level possible." 

I would hope that my colleagues would join me and 
decide not to apply for DOD money. Even if people's 
political evaluations differ from mine, I would  still 

I would hope that my colleagues would join 
me and decide not to apply for DOD money. 

hope that the harmful  effects of funding,  and I 'm 
going to get to that now, would cause our professional 
organizations to reverse their call for ever more de- 
fense money. 

Military funding poses danger to basic research. I'm 
not the only person who says that. I just thought I 
would  read you a couple of quotes from the David 
committee report. They studied these problems at 
some greater length and they have a lot of experienced 
people. "Much (but not all) mathematical research has 
long-term payoffs. Thus, the field will be strongly af- 
fected by federal policy shifts which emphasize mis- 
sion relevance of immediate applicability to technolo- 
gies." 

The David committee quotes Senator Mansfield on 
his 1969 amendment.  "Senator Mansfield said: In es- 
sence it (the amendment)  emphasizes the responsi- 
bility of the civilian agencies for the long-term basic 
research. It limits the research sponsored by the De- 
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fense Department to studies and projects that directly 
and apparently relate to defense needs." 

Helena Wisniewski, at DARPA, seems to understand 
this very well. From the SIAM News of March 1986, we 
have: "According to Dr. Helena Wisniewski, who has 
a Ph.D. in dynamical systems, the overriding objective 
of the program is to provide significant mathematical 
results to solve critical scientific problems in the De- 
partment of Defense." And more. "In addition, spe- 
cific areas of application have been established. Ac- 
cording to Wisniewski, NIMMP [National Intelligence 

M i l i t a r y  funding  poses  danger to basic re- 
search. 

Mathematics and Multiprocessor Program] sponsored 
mathematics research will lead to new and improved 
capabilities for radar processing, crystallography and 
aircraft design. Also, the program will provide the 
methodology to solve currently intractable problems 
in turbulence, robotics, and will aid in the design of 
high-speed memory devices for optical computers." 
And, maybe, I don't  know, God help them, if they 
don't;  funding will disappear.  The article says that 
Wisniewski believes strict direction and goal orienta- 
tion, while a departure from the traditional approach 
to support  of mathematics research within the govern- 
ment  agencies, will enhance the new program's effec- 
tiveness. 

I think that's just simply the opposite of anything 
that we 've ever believed about theoretical mathemat- 
ical funding. We say: we fund people, they're good 
mathematicians, we want to give them the money so 
that they can follow where they think the research is 
best going. You are not supposed to be told what to 
do. And that's the question. Do we want, as a mathe- 
matical community, to accept Helena Wisniewski's di- 
rection and orientation for 9% of all the money? More- 

over, these grants are large, and the recipients are 
likely to exert a force in their departments and an in- 
fluence in their universities. 

The programs certainly will include some theoretical 
core m a t h e m a t i c s - - g o o d  mathemat ics ,  excellent 
mathematics without question. Lots of the results will 
undoubtedly be of interest to the theoretical mathe- 
matics community. But, unfortunately, we're going to 
have new criteria for success in mathematics. That's 
because the funding agencies are defense agencies, 
and any reasonable accounting that they will give of 
how they spent their money has to be that the money 
is being spent on defense. It is just reasonable; it is 
almost impossible to think that it's not like this. 

Here is another quote from the David committee re- 
port: "'An example of the possible enormous payoffs 
of improved statistical methods is the test-firing pro- 
gram for the MX missile. With conventional statistical 
techniques a minimum acceptable confidence level of 
72% would require 36 test firings in phase one, and 
the total sample size in all phases would have to be 
greater than twice the planned deployment size. With 
a new and different  statistical approach based on 
Bayesian techniques in reliability, the phase-one test- 
firing size has been reduced to 25, with an increase in 
reliability from 72% to 93% and an estimated direct- 
cost saving of 250 million dollars." That's a really new 
criterion for mathematics. And in fact, in the long run, 
these types of military applications will govern DOD 

funding. 
There's one more issue that I would like to consider. 

Is this m o n e y  for DOD research really addit ional  
money  for basic research? I say, in the short run, 
maybe it is. But I don't  think it really is. 

One reason is that already you can see in the Notices 
of the American Mathematical Society that there is a 
budget for all federal support of basic mathematical 
sciences. 

There is one budget. How it's divided up between 
the agencies will vary from year to year, but I think 

Federal Support of Basic Academic Research in Mathematical Sciences (FY) 
(in $rnillions) 

1982 1983 1984 1985 1986 a 

NSF b 34.2 37.2 45.6 52.7 57.2 
DOD c (AFOSR, ARO, ONR, DARPA) 23.3 26.5 29.9 32.3 42.4 
Other c (DOE, NASA, NIH) 4.3 4.8 4.9 5.5 5.9 

Total 61.8 68.4 80.4 90.5 104.5 

a These are pre-Gramm-Rudman,  SDI, and University Research Initiative figures. 
Their eventual effects may cancel each other. 
b Division of Mathematical Sciences represents about 90%. 
c This is based on estimates of the mathematics extramural component of some 
programs. 
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you can see that there's a total on the bottom, and 
anybody that has to allocate funds will watch the pro- 
gression of the total. Right now, the division of the 
funds is NSF 58%, DOD 35%; it doesn't quite add up to 
100%. There are some other agencies involved in 
funding of mathematics, but by comparison I want to 
tell you what happened to computer science. 

In 1976 the computer science breakdown was 61% 
NSF, 30% DOD. In 1985 it was shifted to 37% NSF, 53% 
DOD. The initial figures in 1976 were a little bit more 
toward the civilian side than we now see in mathe- 
matics; where do you think we're going to be in 1994? 
In short, far from being good, more defense money 
seems bad to me. 

KARP. Robert Williams received his 
Ph.D. in mathematics at the Univer- 
sity of Virginia in 1954 with G. T. 
Whyburn. He has had positions at 
Florida State University, the Uni- 
versity of Wisconsin, Purdue Uni- 
versity, the Institute for Advanced 
Study, Princeton, the University of 
Chicago, and has been at North- 

western University since 1963. He has given invited ad- 
dresses at the International Congress of Mathematicians in 
1970 and at the AMS meeting in Las Vegas in 1971. He was 
one of the original group supported by Helena Wisniewski at 
DARPA. 

ROBERT WILLIAMS. I'm talking for myself, like Mi- 
chael Shub. And I'm talking only about my involve- 
ment with DARPA. I have not been involved with SDI, 
Star Wars, and I wouldn' t  want to be. 

I have been involved with Helena Wisniewski now 
for some two-and-a-half years since she first phoned 
me and told me that there was money available and 
that DARPA wanted for the first time ever to support 
mathematics research. 

Now DARPA is something we've all heard of as 
ARPANET. DARPA was called ARPA at one poin t - - the  
Advanced Research Projects Administration. Now as 
the Advanced Research Projects Administration arm of 
the Defense Department, ARPA has supported basic 
research in computer science for many years. 

On the one hand  that 's  good, because we need 
computers. But on the other hand, that's bad. It's been 
attacked by distinguished computer scientists tonight. 
It's interesting that we're finally starting to talk about 
this subject. If it has been bad for these 20 years, I 'm 
glad that we're finally starting to talk about it. 

DARPA has been supportive in supplying us with a 
computing machine. Two members of my department 
are involved in our grant. We asked for a certain 
amount  of money, which amounts to a lot. If you say 

$200,000 for three years, that sounds like a lot. Now, 
of that, approximately $80,000 has gone for a com- 
puting machine, something like $40,000 spread over 
two people for three years for academic support~then 
on top of this you add overhead. Now, the National 
Science Foundation has been willing to buy computers 
for some of us, but my university would much rather 
have 40% overhead than pay 20% up front. The Na- 
tional Science Foundation has been unwilling or un- 
able, and I'm sure it's unable, to give computers to 
mathematicians. 

Computers have gone more or less to those other 
people who need them. In the other sciences they've 
been able to get computers. Mathematicians have not. 

I would like to say that there's no peer review at 
DARPA. When I first heard the DARPA pep talk on the 
lack of peer review, I was quite surprised. I was 
stunned. There was a period to ask questions after- 
ward, and I didn' t  ask any questions, I was so dumb- 
founded .  But I 've though t  about  that  since, and 
perhaps I've found rationalizations, if you wish. It 
seems to me that it's not bad to have several different 
ways of deciding upon things. Maybe after all that's 
not as bad as having a complete monopoly on how 
these things are decided. I know that peer review, 
when it works well (and I personally think that it 
works very well in the mathematics section of the Na- 
tional Science Foundation), is still a little bit conserva- 
tive. 

Now with this I come to three institutions that we 
deal with: the universities, the American Mathemat- 
ical Society (AMS), and the NSF. I think of the three, the 
National Science Foundation is the most progressive. 

Our universities, because of the need for tenure, are 
very conservative, slow-moving outfits. Now, tenure 
is a fairly good thing. Those of us who have it like it, 
and those who don ' t  would like to have it; at least 
some would. But with the National Science Founda- 
tion there is no tenure, and since there is no tenure I 
think they're more capable of moving and changing 
and doing different kinds of mathematics. They are 
more receptive to new subcorners, subfields of mathe- 
matics than universities are. I t h ink  that our society, 
the AMS, lies somewhere in between, as being less 
conservative than the universities, but more conserva- 
tive than the National Science Foundation. 

I want  to close with remembering when my col- 
league and I decided to apply for our DARPA grant. All 
of us worried about the DARPA grant. As you know, or 
perhaps will understand better toward the end of the 
evening,  DARPA does not write contracts.  DARPA 
money must be contracted through other agencies. 
The ONR is one example, the Air Force, the Army. The 
agency we got our money through first, the agency 
that Helena Wisniewski was working for, was the 
Central Intelligence Agency (CIA). 

I think that all the initial group of people that got 
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these contracts were concerned about this. We talked 
together; our friends like Michael Shub phoned us and 
talked to us. All of us thought about it and worried 
about it a lot. But I would just like to remember that 
the day that my colleague and I decided to apply for a 
contract was the day we heard from our sponsor, Dr. 
A1 Thaler from the NSF. 

Northwestern University, my university, has been 
involved many years with young people in dynamical 
systems. I've made a list of 20 people whom we have 

O u r  u n i v e r s i t i e s ,  because  o f  the  n e e d  f o r  
tenure, are very  conservat ive ,  s l o w - m o v i n g  
out f i ts .  

suppor ted  in their beginning careers in dynamical 
systems. These are good people. We had applied for a 
special year: some funding for a special y e a r - - n o t  
very much money, $25,000--and we didn't get it. I'm 
sure A1 Thaler would have given it to us, but instead 
there are pressures. The NSF has been very good in 
deciding these things, but there are pressures. North- 
western University in the guise of algebraic topology 
had gotten such a grant the year before. Therefore, 
there were pressures for us not to get it. 

I know something about one of the institutions that 
got it and they got it primarily because there were five 
people, they are people I know and like because they 
are friends of mine, but they are big shots who came 
to the university each for about a week. Well, I just 
wanted to share that thought with you. 

These 20 people in dynamical systems have been at 
Northwestern for mostly a year or two, and I think 
that's a good way to support  research in mathematics. 

KARP. Morris W. Hirsch received 
his Ph.D. from the University of 
Chicago in 1958 with Ed Spanier. 
He also studied with Steve Smale. 
He has been at the University of Cal- 
ifornia at Berkeley since 1960 and 
was chair of the mathematics depart- 
ment from 1981 to 1983. He is the 
author or coauthor of four books in 

topology and dynamical systems, which have been translated 
into Spanish, Russian, Japanese, and, without permission, 
into Vietnamese and also pirated in Taiwan. 

MORRIS HIRSCH. I think two things happened almost 
at the same time. One: the United States mathematical 
community formally and publicly made a very strong 
case for increased federal funding of mathematics. The 
other thing that happened was that Star Wars became 

the official policy of the United States. As a result, 
much of the new funding for American mathematics, 
computer science, and in fact all science, is coming 
from military agencies, and I think this has changed 
things. I don' t  think that things are going to go on ex- 
actly as they have up to now; if I thought they were, I 
wouldn' t  be here. 

Mathematics  is in a very unusual  position right 
now, because  we have traditionally relied on NSF 

funding  or no funding,  rather  than (as in many  
b r a n c h e s  of sc ience  and  e n g i n e e r i n g )  mi l i ta ry  
agencies. So we have very strong tradition of civilian 
funding. But I think what looks like an avalanche of 
military money  coming to the scientific community 
may change that. And that's what I'm worried about. 

I would agree that up to now nothing bad has hap- 
pened from military funding of mathematics. I was 
militarily supported once. I had a post-doc 26 years 
ago, I forget  w h e t h e r  it was Air Force or Army, 
through the Institute for Advanced Study, and I even 
had military orders. To get on the military air trans- 
port system when I went to Europe, I had orders: You 
shall, it said, you shall proceed to Bonn, Germany, 
where you shall contact Prof. F. Hirzebruch for the 
purpose of discussing topology. I had 30 copies of 
that. One of them was my ticket on the airplane, an- 
other was a ticket for my hotel room in Frankfurt or 
someplace. It was very nice. But I don' t  think the situ- 
ation is the same now as it was then. I don' t  think it is 
the same now as it was before Star Wars. Because 
money is not only a good thing, money can be a bad 
thing. It can greatly deform the agencies and the insti- 
tutions that it strikes, and I'm very worried about that 
happening in mathematics. 

To say that it hasn't  happened up until now is not 
an answer to my concern, because I agree it hasn't  
happened.  But I think a lot of things may happen. 
Here are some of the things that might happen. I think 
our scientific and academic f reedom will be con- 
stricted. If not de jure, then de facto. These agencies, 
military agencies, have the duty to consider whether 
publication is in the security interest of the United 
States. By law, they must consider that, and then if 
they decide that it's not in the security interest of the 
United States, by law, they must  so inform the re- 
searcher .  N o w ,  I don ' t  th ink they  can p reven t  
someone from publishing, except perhaps in very spe- 
cialized areas, but  imagine the effect it will have on, 
say, a young research scientist who is worried about 
whether his or her grant will be renewed, and is told 
by the head of the agency giving the grant, "We really 
don't  think you should publish this research; you can 
if you want to, you're free to do that." But that's not 
exactly the kind of freedom that we're used to, and I 
worry about that. And, today, everything is security. 

With the new cryptography methods involving fac- 
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toring of large numbers ,  I suppose  it would  be a 
"breach of security" to publish the factorization of cer- 
tain large numbers! Or to invent a fast method for 
testing for primality. You would immediately destroy 
all these codes if you can do that. This is a very serious 
matter. So, that is one of the bad things that might 
happen. 

Another bad thing that might happen is that the di- 
rection of scientific research, especially of mathe- 
matics, will inevitably be distorted. Now, I really can't 
argue that that is necessarily bad, but I don't  think it's 
good. 

If you ' re  faced with a choice of applying to one 
agency or another,  and the one doesn ' t  have any 
money and the other has oodles of money, and the one 
with oodles of money is interested in possible military 
applications, and you have already been turned down 
by the other agency: which one are you going to ap- 
ply to? 

Suppose you want to support  a number of graduate 
s tudents ,  or you want  to buy  a computer ,  or you  
merely want to get your papers typed by somebody 
else. The NSF is very stingy on those things. The other 
agencies are not. If you think about applying to dif- 
ferent agencies, as I've thought, it goes through your 
head: "Well, maybe I should think a little more about 

With  the new cryptography methods in- 
volving factoring of large numbers, I suppose 
it would be a "'breach of security" to publish 
the factorization of certain large numbers! 

pract ical  app l ica t ions  of this.  Maybe  dynamica l  
systems are useful for tracking missiles?" These things 
go through people's heads. So, that's one of the things 
that might happen. 

Another thing that will happen is that universities 
will be increasingly reliant on military research pro- 
grams for their funding. In many fields of science and 
engineering, a professor at a university must bring in a 
contract. They say when you apply for a job, "Yeah, 
we'll hire you, but you have to get 20% of your salary 
from a federal contract." This hasn't happened yet in 
mathematics. It's happened in many other fields. Why 
should we think it's not going to happen in mathe- 
matics? 

The fourth thing that will h a p p e n - - m a y  happen, is 
h a p p e n i n g - - i s  that absolutely crazy research pro- 
grams, and I use the word crazy in a precise sense, will 
be legitimized by our association with them and will 
be funded and will be relied on by the military; I am 
thinking, of course, of Star Wars. 

Why  is DARPA suddenly  investing in dynamical  
systems and mathematics? They didn't  do it before 

Star Wars. It's because Helena Wisniewski convinced 
the CIA that dynamical systems could contribute to 
Star Wars. That's why  they are doing it. 

Now,  people  say, "Well, so wha t  if this money  
comes from military agencies. If they are crazy enough 
to pay me to do the same research I'm doing anyway, 
if I can get a computer, increase my salary, support 
my students, why  should I care who pays? Take the 
money. I would gladly take NSF support,  but if they 
aren't support ing my work, and DARPA does, why  
should I care where the dollar comes from?" 

Well, there are a couple of answers to that. One an- 
swer is a parab le - -and  I apologize for the inherent 
sexism in it, but  this is the way  it goes - - abou t  the rich 
man who asked the young woman if she would marry 
him, if he gave her one million dollars in her own 
name. She said, "At once!" He said, "Well, how much 
do you charge for one night?" She said, "Sir, what do 
you think I am?" And he said, "We've already settled 
that; now we're haggling about the price." 

So that's one answer. 
Another answer  is that the heads of the military 

agencies that are supporting our research and the con- 
gressional commit tees  who oversee them are not  
stupid. They are much more experienced in giving out 
money than we are in accepting it. They have to see 
where  this money  goes. They're not  going to go 
around for many years saying, "'Oh, yes, this guy has 
convinced us that research in large cardinals is very 
useful for military application." 

It's very naive to think that we can just take the 
money and nothing will happen. They will inevitably 
want to know what  are we contributing to national 
defense. They must ask that by law. And if that's a 
few years down the road, what will happen if we're all 
relying on that money  for supporting our graduate 
students,  buying our computers,  paying the rent? 
We're going to worry about the direction our research 
takes. 

I think it does matter what agency our money comes 
from. I don't  think this is primarily a question of indi- 
vidual responsibility or morality. I think it is very un- 
fortunate that so many of us are faced with a choice of 
mathematical poverty or accepting funding from mili- 
tary agencies. 

But if we say only that the correct thing to do is just 
to refuse such funding, then a lot of people will refuse 
such funding and will never be heard of again in this 
discussion, if that's the end of our reaction. 

In fact, this is a question for our scientific organiza- 
tions, and right now is a very crucial time within 
mathematics, more so than other organizations, be- 
cause we are relatively new to this game. 

The K s  and other math organizations in the United 
States have hired a full-time lobbyist to lobby Con- 
gress for more money  for mathematics. Apparently 
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Kenneth  Hoffman was instructed: get the money,  
don' t  worry about where it comes from, don't  worry 
that it's going to deform mathematics, which they 
have said publicly. 

Relying on military funding is insufficient for the fu- 
ture development of mathematics. What we have to 
do is tell the AMS and the Society for Industrial and 
App l i ed  Mathemat ics  (SIAM) and wha teve r  o ther  
agencies are relevant that they are to instruct their lob- 
byist, they are to instruct their staff members who tes- 
tify before Congress, to tell Congress: We want  ci- 
vilian funding of mathematics, not military funding; 
we don't  want prior review; we want freedom to con- 
sult with any colleague in the world in mathematics, 
to offer them the use of our computers, to invite them 
into our offices to discuss our projects, and to read our 
papers .  Our  mathematical  societies must  say that 
mathemat ics  can p rospe r  only with this kind of 
funding. Thank you. 

KARP. Our next speaker is Jag 
Chandra. He received his Ph.D. in 
1965 from RPI. He is adjunct pro- 
fessor of mathematics at Duke Uni- 
versity and director of the Mathe- 
matical Sciences Division of the 
Army Research Office. His area of 
personal research is non-linear anal- 
ysis. 

JAGDISH CHANDRA. I have heard this evening that 
there's a lot of money in defense research, and when I 
go back Monday morning to my office I'm going to 
look for it. There have been several statements made 
here, some of them may be correct, but on the whole I 
don ' t  think they make total sense, and I'll tell you 
why.  

Here  we have discussion going on, on military 
funding and basic research. We heard some of the 
speakers giving their personal experiences about the 
support  that they got and what  they know about de- 
fense research. They have also indicated the fact that 
something like 30 to 40% of basic research is being 
funded by DOD agencies. They did not, however, give 
any appreciation of what  kind of work is being sup- 
ported. 

I think one has to go back to basics. The funding of 
basic research, for that matter research of any kind in 
this country, is fortunately or unfortunately done in a 
certain way.  Namely ,  there  are mult iple federal  
agencies involved in this enterprise. NSF is one such 
federal agency, and the Defense Department is an- 
other; they have specific responsibilit ies for sup- 
porting research, both applied and basic research, in 
several areas, and there's no secret about it. 

The Department of Defense, by definition, and also 
by the will of Congress, is supposed to support re- 
search which has potential relevance to DOD's mission. 
The Department of Agriculture has the same responsi- 
bility and so does the Human and Health Services. 
There is nothing secret about  that, and nobody is 
forced to do anything against their will. 

The Department of Defense has been in the busi- 
ness of supporting research for a long time, it is not a 
new phenomenon that you are discussing here. The 
Defense Depar tment ,  in fact, was the first federal 
agency of the U.S. government after the Second World 
War to initiate research programs. It was in subse- 
quent years that the National Science Foundation was 
born for the purpose of supporting research. The De- 
fense Department supports only that part of science 
for which it can establish potential relevance to de- 
fense needs. 

Now that word potential is a very important one. The 
question is, what  is potentially relevant? The only ex- 
planation I can give in this regard is what  kind of 
people have been supported, what  kind of research 
has been supported,  and what has been the outcome. 

Statements have been made about certain areas of 
research being relevant to one kind or another of tech- 
nology and so on, and I would like to go back to cer- 
tain historical facts. 

Even before the National Science Foundation de- 
cided to establish large mathematical activities like the 
Berkeley center or the Minnesota center, it was the 
Defense Department through the Army Research Of- 
fice which established and continued to support a very 
large activity in mathematical sciences at the Univer- 
sity of Wisconsin, which now has moved to Cornell 
University. The Defense Department  considers the 
support  of basic research, and in this case mathe- 
matics, physics, chemistry, and other basic sciences, 
as a necessary step because it believes that DOD is the 
user of the knowledge of these basic disciplines and 
n e e d s  to m a k e  the  n e c e s s a r y  i n v e s t m e n t s  to 
strengthen these areas. I wish the large industrial or- 
ganizations in this country could see things in a sim- 
ilar way. 

The question that comes up is: has this support of 
research distorted the funding of research? That's a 
very good question. As far as the Defense Department 
is concerned, I am somewhat familiar with the three 
agencies, Army, Navy, and Air Force. I don't  know 
much about DARPA; it's something that is new on the 
scene in mathematical sciences. The principal criteria 
used by these agencies for support  of research are as 
follows. 

First, the necessary  condition for suppor t  of re- 
search is quality. You can determine quality in dif- 
ferent ways. In the case of the Navy and Air Force, 
they have their own ways. In the case of the Army, we 
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have a peer  review system which is in many ways 
much superior to NSF because the majority of the pro- 
posals are not only subjected to peer review; they are 
also subjected to a blind peer review system. The pro- 
gram managers  do not  pick the referees; they are 
picked by an advisory panel appointed by the Na- 
tional Academy advisers. So whatever may be the me- 
chanics, the first criterion that these Defense agencies 
use is the quality of the research. 

Not all the proposals will be funded because there is 
not enough money despite all the statements about 
huge funds. Other considerations are brought into ac- 
count,  namely certain areas we wish to emphasize,  
because we are not in the business of supporting all 
branches of sciences--this is the business of the Na- 
tional Science Foundation. So one has to look at the 
programs of the National Science Foundation, the De- 
partment of Defense, and the Department of Energy 
(DOE) as contributing to the total support of scientific 
research in this country. 

The second thing which is very important from our 
point of view, and I can vouch for it with my experi- 
ence for many years in the Defense agency, is that we 
do not force anyone to do a particular thing. In other 
words, there is nothing in support  of basic research by 
DOD that  will direct a pe r son  to solve a specific 
problem. It is your ideas submitted to us as unsolicited 
proposals that we respond to. I agree, only one in six, 
or one in ten, proposals may be funded because we 
don't  have that much money. 

A third factor, which is very important for support  
of basic research, and we pursue it religiously, is to 
give stability to support  of research. This you can see 
through the pattern of support  that we have provided 
to a variety of places. 

There's one more point that has not been brought 
up so far, I'd like to bring it up, namely, the nature of 
support.  Since most of the audience here is in mathe- 

The Defense  D e p a r t m e n t  suppor t s  on ly  t h a t  
p a r t  o f  science f o r  w h i c h  i t  can es tabl ish  po -  
t en t ia l  relevance to defense needs. 

matics and mathematical sciences, we tend to think in 
very small terms, specifically individual investigators, 
summer support,  etc. 

We are going through a phase where we may have 
to make some hard choices. Certain areas of research 
need much larger investments of resources. We need 
to consider newer  modes  of support ,  especially in- 
volving interdisciplinary groups. 

But that does not mean that everything should be 
done in large projects. It is an important topic for dis- 
cussion, therefore, to consider what  should get the 

most  support .  Should there be individual  investi- 
gators, or should there be large contracts? I think there 
should be a good balance of support  for both indi- 
vidual and group activities. And I think these are-the 
kinds of issues that should be discussed more thor- 
oughly. 

There have been some statements made here about 
the support  by the Defense Department. Like the re- 
view process, there is some misinformation about the 
right to publish.  There are no such restrictions. I 
would like to challenge here, especially with respect to 
my agency: is there any mathematician who was sup- 
ported with the Army Research Office who was at any 
time stopped from publishing any paper? Tell me if 
there was any mathematician who was stopped from 
collaborating with any scientist, whether  from the 
Eas tern  E u r o p e a n  bloc or a W e s t e r n  Eu ropean  
country?  Or, was  there any time that we  sort of 
s t opped  a n y o n e  from hiring a part icular  faculty 
member or supporting a particular faculty member? If 
there are any such instances, I would like to know, 
and I am pretty sure that my sister agencies have a 
similar story to tell. 

KARP.  James Melcher is the 
Stratton Professor of Electrical Engi- 
neering on the faculty of the Depart- 
ment of Electrical Engineering and 
Computer Science at MIT. He serves 
as the director of the Laboratory for 
Electromagnetics and Electronic 
Systems at MIT; he is a Fellow of the 
Institute of Electrical and Electronics 

Engineers and a member of the National Academy of Engi- 
neering. 

JAMES MELCHER. In the background in all of our dis- 
cussions is a very much larger issue than the one we 
have so far brought up. It is not just the issue of math- 
ematics and the funding of mathematics, but whether 
or not the human race is going to be around in a de- 
c a d e . . ,  or two d e c a d e s . . ,  or three decades. 

I would like to make a further point. What we are 
doing economically won' t  go on forever, either. There 
are trends afoot that make our situation today very 
different than ever before. 

Recently, I have been a member of a faculty com- 
mittee reviewing MIT's Lincoln Laboratory. This has 
given me the opportunity to see this trend from the 
perspective of the past  forty years. The laboratory 
began with the end of the Second World War. At the 
end of that war we were comfortable with military 
funding of research. However,  we had warnings from 
fars ighted  peop le  like E i senhower  that  p rob lems  
would evolve. And indeed they have. Now we have 

THE MATHEMATICAL INTELLIGENCER VOL. 9, NO. 4, 1987 61 



reached the point in this evolution where we have to 
contend with Star Wars, of all things. I use the word 
crazy often to describe the political thrust of Star Wars. 
In this context, it is not a description of someone who 
is mentally sick. It is the description of a state where 
fantasy and fact are thoroughly confused. 

What are we  coming to? Just how long will this last? 
Is SDI any more a solution to the problem of obtaining 
long-term support for mathematics than it is to pro- 
viding a meaningful defense for my country? Mathe- 
matics will not go very far on a horse that is going to 
be dead. (Better the horse than us.) 

Many of us are academics. Our students watch as 
we deal with this matter.  If they learn the wrong  
lessons, our problems are compounded.  After all, they 
are our future. At MIT, we have a committee (resulting 

Perhaps for the mathematician the answer is 
to also grow up, to recognize that the times 
demand that the right to do basic mathe- 
matics should be earned by taking part in the 
processes that justify the use of resources. 

from an initiative led by Vera Kistiakowski, bless her 
soul) that was established to provide a faculty review 
of the influence of the military on the campus. During 
the past two terms I have been a member of that com- 
mittee as it has reviewed the attitudes of faculty and 
students toward matters concerning the military pres- 
ence on campus in general and SDI in particular. By 
way of emphasizing our responsibility to our students, 
let me share just a couple of findings from that review. 

First, in regard to the strategic, economic, and polit- 
ical desirability of SDI, the faculty was asked if they felt 
it would  be an asset to the strategic position of the 
United States: 16% agreed, 58% disagreed, and 26% 
were unsure. Asked if they felt it would have a good 
effect on the U.S. economy, 13% agreed, 57% dis- 
agreed. 

Even though one-third of our students at MIT are 
currently choosing electrical engineering and com- 
puter science as a major, 73% put  "intellectual excite- 
ment"  as their main criterion for choice of department. 
Far fewer indicated that their choice was made be- 
cause of their ability to make money. When asked to 
rate (one to five) the influence on their career choice of 
their desire to make contributions of "social value," 
34% indicated the highest rating of a five, while 4% 
indicated a one. We found that students really do not 
want  to be involved with making weapons. 

By way  of emphasizing the contrast between these 
preferences  and the available job opportunit ies,  I 
brought along an issue of Spectrum, a publication of 
the professional society to which I belong. Open the 

advertisement pages and see the world through the 
eyes of a student seeking a job. Examples that you can 
see are advertisements from Lockheed, MIT'S Lincoln 
Lab, and General Motors (GM). The last is in three 
pages, featuring a tracked military vehicle. That one 
really hurts because I do research aimed at improving 
the painting of GM automobiles, to help them be more 
competitive. I even own a Cavalier. GM is one of the 
biggest SDI contractors. Is that really the way  to get 
better at making automobiles? Given U.S. government 
policies, can GM be faulted for responding to our gov- 
ernment's guarantees of quick returns on investments 
aimed at military markets? 

These are questions akin to the one we face here. 
How can we keep our professional commitments and 
not promulgate policies that lead toward economic 
disaster and the ultimate insecurity? For me, the pro- 
fessional commitment is to the advancement of engi- 
neering science. For many of you, it is to mathematics. 
For many of us, it is also to the education of the next 
generation. We cannot keep our commitments  and 
meet  our responsibilities without undergoing some 
change. 

What changes am I experiencing? As a laboratory 
director, I am trying my damnedest to find industrial 
support  from industries that, like the electric utilities 
and automobile manufacturers, want to keep people 
warm, to clothe people, to feed people, and maybe in 
the process  to balance our payment s .  Don ' t  tell 
anyone, but I am now so frustrated as to be willing to 
take on the most applied of problems if it will help 
some industrial group be viable and competitive in the 
private sector. Indeed, as an engineer and educator, I 
find it professionally fulfilling to attempt to meet prac- 
tical demands and in the process make progress with 
the basic engineering science. 

Perhaps for the mathematician the answer is to also 
grow up, to recognize that the times demand that the 
right to do basic mathematics should be earned by 
taking part in the processes that justify the use of re- 
sources. 

William Browder 
Department of Mathematics 
Princeton University 
Princeton, NJ 08544 USA 

Jagdish Chandra 
Mathematics Division 
U.S. Army Research Office 
Research Triangle Park 
NC 27709 USA 

Morris Hirsch 
Department of Mathematics 
University of California 
Berkeley, CA 94720 USA 

Richard Karp 
Department of Computer 

Science 
University of California 
Berkeley, CA 94720 USA 

James Melcher 
Department of Electrical 

Engineering and Computer 
Science 

MIT 
Cambridge, MA 02139 USA 

Michael Shub 
Thomas J. Watson Research Center 
IBM 
Yorktown Heights, NY 10598 
USA 

Robert Williams 
Department of Mathematics 
Northwestern University 
Evanston, IL 60201 USA 

62 THE MATHEMATICAL INTELLIGENCER VOL. 9, NO. 4, 1987 



I 

f 

Cartoon Contest 

The ~latljemattcal ~ntellNcrtcer announces a contest 

for original  car toons re la ted to mathemat ics  or 

mathematicians. Cartoons will be judged on the basis of 

interest to our readership, humor, and artwork. First prize 

is a Springer-Verlag book of the winner's choice, up to a 

value of $75. The winning cartoon and some honorable 

mentions will be published in the ~attlemattcal 
~rttr162162 Entries should be sent to: 

Sheldon Axler 

Department of Mathematics 

Michigan State University 

East Lansing, MI 48824 USA 

Entries must be received by December 31, 1987. All 

entries become the property of the 9)lattlematteal 
~ntell~encer. 
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