CompruTtING RESEARCH NEWS

The News Journal ofthe Computing Research Association

November1992 Vol. 4/No. 5

Fiscal 1993

By Fred W. Weingarten
CRA Staff

allotted NSF infiscal 1992.

$1.875hbillion.

likely will suffer the largest cuts.

and program activities.

NSF’'sresearch fundingcut

Although the National Science Foundation requested an overall 17% increase
forresearch fundingin fiscal 1993, Congress appropriated less than it had

Instead of the $2.212 billion requested for research and related activities,
NSF received $1.859 billion, down slightly from fiscal 1992’s estimated total of

The Computer and Information Science and Engineering Directorate
(CISE), whichwas to get the largest increase [March CRN, Page 6], most

The Senate Appropriations Committee tried to maintain some commit-
ment to the High-Performance Computingand Communicationsinitiative by
mandatingan increase. That type of protection can cause problems, because
NSF Director Walter Massey would have to make significant cuts in other
research programsin order to free funds to increase HPCC.

The reportaccompanying the Senate appropriationsbill, HR 5679,
includedacontroversial attempt to revise NSF’s mission and strategic plan.
The committee said NSF should only support research that promises economic
benefit. This sweeping directive was followed by detailed instructions for grants

The committee directed NSF to “take amore active role in transferring
the results of basic research into the marketplace.” The committee also said it
“believes the foundation will play akey role inmaking the nation’s research
infrastructure more accessible to those endeavoring to build America’s
technology base and improve US economic competitiveness.” The report listed
several steps NSF should take to achieve this goal.

Reps. George E. Brown Jr. (D-CA), chair of the House Committee on
Science, Space and Technology, and Rick Boucher (D-VA), chair of that
committee’s Science Subcommittee, sharply criticized the language in the
reportinalettertoRep. Bob Traxler (D- Ml), chair of the House Appropria-
tions Subcommittee on VA, HUD and Independent Agencies. They said the

Continued on page 2

Subcommittee reviewing
federal science policy

By Joan Bass

CRA Staff

A Senate subcommittee isspending the
nextyear reviewing federal science
policy todetermineifitshould be
changed. Aninitial hearing on the topic
was held in late September, and a series
of hearingsare planned for 1993.

“Research policy designed 40 years
ago may no longer be suitable for
addressing the problems of today’s
world,” Rep. George E. Brown Jr. (D-
CA) said ata press briefing where he
released the Report of the Task Force on
the Health of Research. “Traditional
disciplinary and agency boundaries,
unsophisticated models of innovation
and economic benefit, and ideological
approachesto federal involvementin
the research process must be reconsid-
ered.”

Thereportwasdrafted by the
House Committee on Science, Space
and Technology, which is chaired by
Brown. Rep. Rick Boucher (D-VA),

chair of the committee’s Science
Subcommittee, is overseeing the Task
Force on the Health of Research.
Theearliest that the task force
would release any recommendations
would be next October, but Boucher
saiditis more realistic to expect the
recommendationsinJanuary 1994.
Boucher stressed that university-
based researcherswould not be left
behind ifscience policy is reshaped.
“We are not starting with the premise
that basic research hasserved usbadly,”
he said, adding that one of the out-
comes of thisre-evaluation of policy will
not be adiminished role for universities.
However, the federal science
agendaneeds to be more closely linked
to the commercial use of research
findings; and science and technology
funding must be used to help meet
national goalsand must benefit society,
the reportsaid.
Congressshould strengthen priority

Continued on page 4

Inside CRN

PAGE 2: Who will build our new
information systems?

PAGE 3: Interdisciplinary degree
has it advantages

PAGE 4: Commission studies the
future of NSF

PAGE 6: Japan’s approachto CS

PAGE 7: Gigabit testbed may be
part of proposed Canadian network

PAGE 8: Workshop explores
experimental CS research

PAGE 9: Two researchers honored
PAGE 10: Job opportunities
PAGE 12: Federal R&D is important

Controversyover NRCreportresolved,;
NRC, petitionersissue jointstatement

By Joan Bass

CRA Staff
Bothsidesinvolvedinacontroversy
over aNational Research Council
report have resolved their differences
andissued ajointstatementregarding
thereportandapetition that called for
withdrawal of the report.

Thejointstatementwas signed by
two of the petition’ssponsors—Robert
Boyer of the University of Texasand
John McCarthy of Stanford Univer-
sity—and by William Wulf, chair of
NRC’s Computer Science and Telecom-
munications Board, and Juris Hartma-
nis, chair of the committee that wrote
thereport.

NRC released Computing the
Future: ABroader Agenda for Computer
Scienceand EngineeringinJulyat CRA's
Snowbird Conference '92 [September
CRN, Page 1]. Shortly after that, a
petition calling for the withdrawal of
thereportsoitcould be rewritten was
sponsored by John Backus, Boyer,
Barbara Grosz, Donald Knuth,
McCarthy, Jack Minker, Marvin Minsky
and Nils Nilssonand was circulated via
E-mail. By early October, more than
900 people inthe computer science and
engineeringfield had signed the
petition.

Astatement from the sponsors of

the petition, whichwas included with
the petition when it was sent over E-
mail, said thatalthough much of the
reportwas useful, the sponsors “con-
sider it misleading, and even harmful, as
anagendafor futureresearch.”

Allofthe documentsassociated
with the petitionare in the directory
“pub/jmcatsail.standford.edu”andare
available byanonymous FTP A
moderated bulletin board setup to
conduct the debate can be accessed at
CTF-DISCUSS@CIS.UPENN.EDU.
Sendadministrative requests, suchas
addinganame, to CTF-DISCUSS-
REQUEST@CIS.UPENN.EDU. At
presstime, a Usenet newsgroup with
the name “comp.org.cstb.discuss” was
being created.

Inmid-September, the Committee
to Assess the Scope and Direction of
Computer Science and Technology and
Frank Press, the president of the
National Academy of Sciences, each
issued aresponse to the petition. The
petitionersthenissued aresponse to
those two statements.

In late September, McCarthy met
with Pressand members of the CSTB.
Inresponse to petitioner’sconcerns,
Hartmanisand McCarthywill “develop
astatement on the nature of computer
science, itssubdisciplinesand specific

opportunitiesfor basic research,” the
jointstatement from McCarthy, Boyer,
Hartmanisand Wulfsaid. “Theseare
different mattersthanwere intended to
be includedin Computing the Future.”

CSTBdid agree to make some
clarificationsinthereportwhenitis
reprinted, toavoid “further confusion
and misunderstanding,” the statement
said. “The principle change would be to
make clear that the misunderstood
table in the executive summary simply
constitutesalimited illustration of
potential linkages between some
computer science subdisciplinesand
selected applicationarenas.”

The petition’ssponsorsjointly
made their pointabout the issues raised
in the petition, the statement said, and
CSTBofficials will talk individually
withanyone who has other problems or
commentsrelated to the report.

Attendees of the September
meeting agreed there are communica-
tions problems between NRC and the
computerscience and engineering
community that need to be identified
and considered.

Noteveryoneinthe CS&E
community fully understands how the
research environmentischanging, the
statementsaid.

Continued on page 5
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Opinions

Who will build our new systems?

By Philip M. Lewis

Thiseditorial isadapted from an article
titled, “Information Systemsisan Engineer-
ing Discipline,” which appearedin
Communications of the ACM, vol. 32,
no. 9, September 1989, pp 1045-1047.

Theindustrializedworld is
significantly enhancingitsinformation
systeminfrastructure. New information
systemsare being designed and builtin
such diverse areasasair traffic control,
hospital patient monitoring, military
command and control, stock transac-
tions, manufacturingand engineering.
During the next decade and beyond,
the livesand safety of our citizens, as
well as the competitiveness of our
country, will depend on the correct
functioning and efficiency of these new
systems.

Whoisgoingto be responsible for
building these new systems that are so
importantto our national economy? To
make the issue specific, suppose you
were responsible for developing one of
these systems. Your boss reminds you
that the proposed systemwill operate in
anenvironmentinwhich human lives
and property are at stake. He also
remindsyou of the many failures of such
development projects—systemsthatare
late, grossly over budget, orincorrectly
designed. Your careerisontheline.
Whowould you select to be the
manager of the system development
project?

Atraditional computer scientist?
Not likely. The computer science
community has, by and large, ignored
the entire area ofinformation systems.
Most computer scientists view people
who implementinformation systemsas
rather low-tech Cobol programmers
who were not smartenough togeta
computerscience degree. Many
academic computer science depart-
mentsactively brainwash their under-
graduatesintobelieving thatitisbelow
their professional dignity toworkin
information systems. Ifyou couldfinda

computer scientistwilling to do the job,
you might find someone who hasthe
technical skillsto design and implement
the internals of the system—the
database, algorithmsand communica-
tions—butisweakin the engineering
skillsrequired toplan, organize and
manage the project.

Wouldyou pick an electrical
engineer? Quite likely, if the application
isinmilitary or engineering systems.
You might find that the engineer has
technical knowledge inthe application
area (forexample, radar systems); the
ability todesign and build to specifica-
tions; and, if the person isasenior
engineer, the skillsto plan, organize and
manage the project. However, you also
mightfind that the engineerisweak in
the computer science skillsneeded to
designand implement the system
internals. Thus, the project might be
completed ontime and budget, but
might not use up-to-date computer
science technology (asituation that
often occursinmilitary systems).

Would you pick an information
systems professional? Quite likely, if the
applicationisinbusiness or manage-
mentsystems. Unfortunately, you might
find that the information systems
professional—particularly one educated
inexistingacademicinformation
systems programs—isweak in both
technical and engineeringskills.

Who thenwould you select to
manage your information systems
developmentproject? Inthe broader
context, which technical discipline will
take the lead in designing and building
the information systems our country
needstosupportitsinformation
infrastructure?

Onesource of confusionisthe
name “information systems” itself. The
academicand industrial information
systems community commonly uses the
terminarather narrowsense to refer
only to management or business
information systems. Yet the technology

underlying information systems has
applicationsin many other fields. A
military command and control system s
not unlike afactory management
system, and an air traffic control system
isthe ultimate material tracking system.
Inthe past, there have beensignificant
differencesin scale. Businessinforma-
tion systems often were relatively small
(systemsthat could be built by a person
who had taken only one Cobol course),
while military and related systems were
significantly larger, sometimes requiring
millions of lines of code.

Thatscale difference, however, is
disappearing. Many modern business
information systemsare quite large and
rival their military counterpartsin
complexity. We have to broaden our
perspective as to what constitutesan
information system and the technical
challengesinvolved in the implementa-
tion of such asystem.

I believe we should view informa-
tion systemsasan application area of
computerscience. The technologies
underlying information systems come
largely from computer science. The
design of mostinformation systems uses
database, communicationand user-
interface technologies, which are at the
core of computer science. The skillsand
techniquesrequired to specify, design,
code, validate and manage large
information systems projects come from
software engineering—also a part of
computerscience. Indeed, information
systems can be viewed as the applica-
tion of computer sciencetolarge
systems.

Each year, more than 30,000
studentsgraduate with abachelor’s
degreein computer science. Many of
those studentsget jobs building
software. About the only “application
areas” for computer science we coverin
ourundergraduate curriculumare
compilersand operating systems. But
thereare notenough compilersand

Continued on page 3

Funding from page 1

report’s language was “unprecedented
and inappropriate” and that the “degree
of micromanagement...iscounterpro-
ductive to the efficient management of
NSFE” Brown and Boucher demanded
that the language be removed from the
conference report, butthey did concede
that there should be alegitimate debate
overwhether NSF’s mission should be
expanded.

The conference committee report
was non-committal on the Senate
language, although itdid remove some
of the specific spending floors that had
beenimposed, giving the NSF director
greater flexibility inaccommodating the
budget cuts. Passage of the conference
bill wasaccompanied by a discussion on
the House floor between Brown and
Traxler. During this dialogue, which
established aclearer record of congres-
sional intent, Brown obtained assur-
ancesthat the report language did not
alterinanyway NSF’s existing statutory
role. He also was assured that the grants
specifically mandated in the bill would

be subject tostandard NSF peer review.
(Brown s particularlyadamant that
NSF’sresearch budget does notbecome
apork-barrel attraction.)

Thiswas not the firsttime during
thissession that Senate appropriations
has takenaim at NSFand its priorities.
Earlier thisyear, in what was interpreted
asapolitical counterattack to the
president’sattack on congressional pork
barrel, several NSF grantswere
identified by name as “administration
pork,” and $2 million was rescinded
from NSF’sfiscal 1992 appropriation. In
conference, the specific grants—all for
social and biological science—were
removed from the bill, although the $2
million cut remained and the report
language suggested the grantsas
possible cuts. The reportlanguage in
the recision bill also said NSF should
directitsresearch support toward
economically useful topics.

Otheragenciesare experiencing
money problems. The Defense Ad-
vanced Research Projects Agency'’s
(DARPA) high-performance computing
program has been attacked twice. The

House Armed Services Committee tried
toremove $45 million of DARPA's
high-performance money intended for
computer systemsresearch [September
CRN, Page 10]. Recently, $68.6 million
of Defense’s HPCC money was
removed from thataccountand added
toaspecial $2 billion defense conver-
sionaccountdirected toward commu-
nity transition assistance and develop-
ment of dual-use technology. The
money will be controlled by the Defense
Conversion Commission.

Although HPCC mightseemto
qualify for money from thataccount, it
would be directly competing for funds
with politically popular programssuch
asjob trainingand community develop-
ment. To date, attempts to remove
HPCC from this program have failed,
and the issue remainsunresolved.

AtNASA and the Energy Depart-
ment, science budgetsalso are being
squeezed. Bothagenciesare dealing
with external budget constraints, but
also face budget problemsfrominternal

Continued on page 3
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By Thelma Estrin
Aninterdisciplinary master’sdegreein
computerscience (CS) would provide
CSacademicswithan opportunity to
supportinterdisciplinary researchin the
university. Although the National
Science Foundation hassponsored
interdisciplinary research for the last
decade, the strategies of universitiesare
based on single disciplines, and most
departmentsdo not encourage young
faculty to pursue interdisciplinary work
ifthey are interested in obtaining
tenure. Thisin turn discourages
students from pursuing advanced
degreesin cross-disciplinary subjects,
especiallyif they wish to pursue
academic careers. (Interdisciplinary,
cross-disciplinary and multidisciplinary
areequivalentin thisdiscussion.)

lamadvocatingsuchaprogramin
this column because the large number
of women obtaining undergraduate
degreesin the natural scienceswould
provide alarge base for increasing the
number of womeningraduate CS
programs.

Physicists, chemists, mathemati-
cians, astronomers, biologists, psycholo-
gistsand computer scientists frequently
collaborate on complex projects
involving such fieldsas neuroscience,
environmental hazards, geneticand
medical engineering, cosmology and
artificial life. Scientific computation has
become abasic tool for R&D, and many
researchers have learned computer
science skillsasan additional field of
expertise so they can solve their
scientific or technological problems
more economically or quickly. Scientific
computation advancesare pushed by
the contributions of computer experts
asresearch partners, and pulled by
encouragementtoimprove US com-
petitiveness for high-technology salesin
global markets.

Theavailability of amaster’s
programininterdisciplinary research
could attract many more science and
engineering studentsto CSdisciplines.

Expanding the Pipeline

Interdisciplinarydegree hasitsadvantages

NSF reported that, in 1990, women
received 72% of the undergraduate
degreesin psychology, 48% of the
degreesinbiology and 15% of the
degreesin computer science. Computer
science isyounger than other scientific
fieldsand should be expected to have
morewomen and minorities, based on
both the breadth of application areas
and the typically less hostile work
environments.

Theattitudes toward women
“moving up the ladder” are not as
extreme asin the more traditional

paradigm for dealingwith interdiscipli-
nary-based promotionsand often
cannotagree onwhat constitutesa
contribution. Thisresearch cannot
always be judged by one scientist’'swork;
results frequently are ateam effort.
Interdisciplinary resultsoften are
published with several authorsandin
non-traditional journals, or inrefereed
conferences, which typically are viewed
asdisincentives by traditional faculty.
Some professors believe that people
involved in interdisciplinary work are
trying to succeed without abiding by

Some professors believe that people involved in

interdisciplinary work are trying to succeed

without abiding by more rigorous standards of

quality in the existing disciplines

physical sciences of physics, mathemat-
icsand chemistry where “old boy”
networksstill are strong. Inthe
biological sciences, advancesin
biomedical research based on computer
technology, plus the large number of
women with biology majors, should
make computer science an attractive
discipline for female graduates.
Challenging research on complex
systems is based on the synthesis of
methodologies, databasesand experi-
enceinseveral disciplines. Yetthe
departmental structure of universities
hindersthe rapid advancement of
interdisciplinaryfields. Large-scale
interdisciplinary research creates
problems on the campus, based on “turf
issues” ingrained in each department’s
competitive need for fundingand
intellectual esteem. The promotion of
young faculty to tenure and then to
more advanced positions, often is
controlled by academicswho cannot
achieve consensuson judging
multidisciplinary work.
Academicsdonothaveaclear
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more rigorous standards of quality in
the existing disciplines. Some critics
believe diversity iseroding the quality of
university research. Suchresearch s
vital to the economy and should be
encouraged. The need for greater global
competitivenessand technological
integration requires synthesizingand
integrating the skills of various disci-
plines.

CSprofessorsshould createan
academic pipeline for interested science
andengineering undergraduatesand
help them pursue an interdisciplinary
CSmaster’sprogram. The master’s
thesis can contribute to the candidate’s
trainingandto thefield. The master’s
programshould begin witharigorous
summer course in CS fundamentals, to
place studentswithouta CS under-
graduate degree onmore of an equal
footing. Program supervision should
include sympathetic instructorswho
developafriendly and supportive group
atmosphere. Instructorsshould
encourage studentsto ask questions.

Aninformal overview of the field

ofinformation technology, including
discussions of ethics, societal valuesand
future trends, should accompany this
course. Followingsuch an intensive
summer course, the program should
include typical courses offered to
traditional CS master’sstudents, plusan
interdisciplinary thesisin the discipline
the student had committed toasan
undergraduate. The thesisshould be
performed inacampusinterdisciplinary
center orinanindustrial setting.

Thisprogramwould add astrong
emphasisinapplicationareasto CS
graduate seminars throughout the
academic year. Graduates of this
master’s program would have achoice
to proceed toward adoctorate or move
toindustry or government positions.
Suchaprogramwould attract women.

Behavioral studies in the past 20
years have shown thatwomen prefer
integration rather than separation,
prefer collaboration over competition,
and prefer dealingwithacomplete
problem rather than focusing on narrow
aspects. Cooperativenessisone of
women's hidden sources of power. It
sometimesis called “cooperative
individualism,” aform of association
that does not pitindividuals against
each other, but merges the individual
self-interest with that of the group.

A master’sdegree in computer
science can offer afemale student
workingonacomplextechnological
problem the opportunityto thrive on
the “cooperative individualism” ofan
interdisciplinary research team. Witha
largerfemale enrollmentin an interdis-
ciplinary master’s program, the propor-
tion of women interested inearninga
doctorate in computer science should
increase.

ThelmaEstrinisaProfessor Emeritaatthe
University of California, Los Angeles. From
1960-1980sheorganizedand thendirected
the Data Processing Laboratory ofthe UCLA
Brain Research Institute. Sheisa Fellow of the
IEEEand AAAS.

Lewis from page 2

operating systemsbeingbuiltin the
world toemploy 30,000 more computer
scientistseach year. Hence, anincreas-
ing number of our graduates are getting
jobsbuilding information systems
(particularly if we use our broader
definition). We need to recognize that
inour curriculumand in the culture of
ourfield.

Traditional information systems
programsin business schools have
emphasized the importance of knowl-
edge of the application area—in their
case, businessand management. Such
application knowledge isimportant; we
allknow examples of systems that do
notmeet the real needs of their users.
Part of the culture of our field should be
that computer scientistswork invarious

applicationareasand thatevery student
should getapplication knowledge in
one or more such areas. For example, a
minor in businesswould be important
forsomeone interested in business-
oriented systems, and electrical
engineering courseswould help
someone interested in systems that
interactwith hardware.

We are beingencouraged to
broaden the agendain computer
science. Inthe case of information
systems, | would state the situation
somewhat differently: Information
systemsisapart of computer science;
we need to enlarge our view of com-
puterscience so thatit correspondswith
thatreality.

Philip M. Lewis is chair of the computer
science department at the State University
of New York at Stony Brook.

Funding from page 2

demands, including rapidly growing “big
science” projects—the supercollider
and the space station.

Theinadequate funding for

researchinthefiscal 1993 budgetisbad
news. And unlessthere isasignificant
change in prioritiesand budget
constraints, the fiscal 1994 budget will
notlook much better.
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Attherequest of NSF Director Walter
Massey, the National Science Board
(NSB) hasestablished a Special
Commission on the Future of the
National Science Foundation. Massey
said that because the political and
economicenvironmentfor science and
engineering research ischanging, NSF’s
mission and programs mustbe re-
examined. NSBisNSF’s policy-making
organization.

The commission is co-chaired by
William Danforth, chancellor of the
Wiashington University in St. Louis, and
Robert Galvin, chair of the Executive
Committee of Motorolaand former
chiefexecutive officer of that company.
The commission isplanning three
meetings to examine the national
research climate, models of research
excellence,and NSFanditsrolein
funding research. The commission also
may form subcommittees or hold other
meetings.

Policy News

Commission on the Future of NSF is established

Jacqueline Barton

California Institute of Technology
Lindy Boggs

Former US Representative from
Louisiana

LewisBranscomb

Harvard University

Peter Eisenberger

Princeton University

Marye Anne Fox

University of Texasat Austin

C. Peter Magrath

National Association of State
Universitiesand Land-Grant Colleges

Members of the special commission

Ruben Mettler

Retired from TRW Inc.
Percy Pierre

Muichigan State University
Frank Rhodes

Cornell University
EarlRichardson

Morgan State University
lan Ross

AT&T Bell Laboratories
William Rutter

Chiron Corp.
DonnaShalala
University of Wisconsin at Madison

The processisdesigned to be open
to comments from the community.
“The commission’sreport, duein late
November, willincorporate the views of
scientists, industry leaders, university

administratorsand educators,” said
NSB Chair James J. Duderstadt. “Once
the commission’srecommendationsare
received, the board will continue to
seek extensive and constructive

participation from the scientific
community indetermining future
directionsof NSE”
Thecommission hasinvited
written comments on two issues:

< NSF support playsanimportant
roleinthe health of the nation’s
academic system, whichisthe source of
new ideasand human resourcesin
science and engineering. How can NSF
maintain and enhance thisvital
national resource?

= In light of the many changesin
both science and world affairs, should
NSF build onits traditional mission by
pursuingabroader array of research and
education objectivesand doing more to
linkacademiaandindustry? Ifitshould,
what strategies could the agency adopt?

CRA’sboard of directors will
respond to these questions and submit
commentson the commission's broader
agenda.

NSB study: Strengthening
Industrial investment is key

Strengthening US industrial competi-
tiveness may become animportant
responsibility of the National Science
Foundation, said areport prepared by
thatagency.

Thereport, The Competitive
Strength of US Industrial Science and
Technology: Strategic Issues, waswritten
by NSF’s National Science Board
Committee on Industrial Support for
R&D.

Some observers have said the
report may be used in the ongoing
debate over NSF’s future mission and
role. Inthe report, NSB said industrial
R&D and competitivenessisimportant
and that NSF may play asignificantrole
inimproving these areas.

Thereport highlighted some
alarming trendsin overallindustrial
R&D investmentsand included four
major findings:

= “The real rate of growth in US
industrial R&D spending has declined
since the late 1970sand early 1980s.”
Thereportalsosaid that “since 1985,
US growth in both total and non-
defense R&D expenditures has been
less than that of many of its major
industrial competitors.”

= “Theallocation of USR&D
expendituresis notoptimal.” The report
said “the balance between defense and
non-defense expendituresisdisadvanta-
geous compared to that of foreign
competitors.”

= “USexpendituresare notas

effective asthey should bein producing
needed results.” Thiscountry’sonce
strong competitive position hasbeen
deteriorating during the last 10 years.

= “Thecurrentinformation base
onindustrial science and technology is
inadequate: It hasgaps, is questionable
in partsand does not provide enough
detail to meet the needs of policymak-
ers.”

Thereportshowed ssignificant
variations between industrial sectors,
which means more sector-specific
analyses may need to be done. The
computer industry experienced steady
growthin R&D expendituresand now
leadsall other industriesin company-
funded R&D asa percent of sales (more
than 8% in 1990, compared to an
overallrate of slightly more than 3%),
the reportsaid.

Thereportrecommended several
actionsforgovernment, industry and
NSF. Several of the recommendations, if
adopted, would move NSFfurther
along toward making the improvement
ofindustrial competitivenessamajor
mission of the agency. Recommenda-
tionsfor startingand expanding
programsdid notinclude cost estimates
orindications of whether the funds
should be added to NSF’sbudget or
reallocated from other NSF programs.

Thereportisavailable from Forms
and Publications, National Science
Foundation, Washington, DC 20550;
tel. 202-357-7861. Document #NSB-
92-138.

Attention CRA Members:

plouis@cs.umd.edu.

CRA hasassembled a package of federal policy information. The package
includes the Report of the Task Force on the Health of Research [See Page 1 of this
CRN], the NSB report, The Competitive Strength of US Industrial Science and
Technology: Strategic Issues, documents from NSF and the statement CRA
submitted to the Special Commission on the Future of NSE

The package isavailable to CRA membersonly. The designated organiza-
tion representative can contact Phil Louisat tel. 202-234-2111 or E-mail:

Page 4

New HPCC coordinator named

The White House has selected Donald
A.B.Lindbergto head the new
National Coordination Office for High-
Performance Computingand Commu-
nications. Lindbergisdirector of the
National Library of Medicine.

Under Lindberg, the National
Library of Medicine hasbecomea
leader in developing very large on-line
textretrieval systems. The National
Institutes of Health hasbeen an active
participantin HPCC since the
program’sinception.

Theadministration selected
Lindberg for several reasons. He isa
well-known and respected scientistand
administrator who has credibility within
Congressand the administration.
Because he isnot associated with one of
the “Big Four” agencies that started the

program (the National Science
Foundation, Defense Advanced
Research Projects Agency, Energy
Departmentand NASA), heisless
likely to be viewed as biased on some of
the more contentious interagency
squabbles, particular those over the
National Research and Education
Network.

Lindbergalso has the perspective
ofan experienced user of high-perfor-
mance computers, which strengthens
HPCC’sgrand-challenge rationale.

Lindbergtold CRA thatamajor
role for his office isto serve asaliaison
and contact point for the communities
concernedwith HPCC. Hesaid heis
seeking publicinputon HPCC pro-
grams.

Task force from page 1

setting for S&T funding and use
legislative mandatesand other measures
toperformevaluations of federally
funded research programsand to link
performance tofunding, Brown said.

Currentscience policy assumesa
“linear relationship between basic
researchand societal benefits,” Brown
said. “We don'treally know if the
structure of the federal research system
isideally suited toaddress national
objectives.” During the 18 monthsthe
Science Subcommittee studied the US
research system, senators saw much
evidence of stress on the system.

The US high-technology market is
notascompetitive globallyasitonce
was, and mission-oriented research
programs at many federal agenciesare
not producing resultsrelevantto society
or meeting statutory goals, the report
said.

Anincreasing number of research-
ersand research universitiesare
competing foralimited pool of funding.
Funded research projects often must be
“carried outin aging laboratories, which
due to severe federal fiscal constraints,
are notbeing modernizedatan

acceptablerate,” Bouchersaid. The
national laboratories, once geared
toward defense-related research, now
are struggling to redefine their missions.
And industrial sponsorsare decreasing
theamount they spend on R&D.

Otherstresseson the research
systeminclude the neglect of under-
graduate science educationand the
changingpublic attitudesabout the
scientific establishmentbecause of
widely reported instances of scientific
misconduct.

The task force made two general
recommendationsto helplink the
research agendaand societal needs:

= The Federal Coordinating
Council on Science, Engineeringand
Technology should be used to improve
the ability to develop programs that
respond to the national needs.

= Performance assessmentsshould
be part of the research process, and
programs should be evaluated on the
progress they make toward achieving
specificsocietal goals.

If Congress could measure
performance better without constrain-
ing the freedom of the research
community, Brown said, “\We may help

Continued on page 5
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Debate from page 1

Presssaid the basis for public
supportof science isbeing challenged.
Asenior congressional staffer said
science fundingwill notincrease in the
nextfiscal year,and may notincrease
the year after. “The need to nurture
basicresearchinall disciplines, in spite
of these trends, isan issue for the whole
community,” the statement said.

NRC’smissionalsois notclearto
everyoneinthe computer scienceand
computer engineeringcommunities.
Some of the petitioners seemed to think
NRC isagovernmentagency. However,
NRC isanindependent, non-profit
organization thatisthe operational arm
ofthe National Academies. The council
“advisesgovernmentand often delivers
advice that the governmentwould
prefer notto hear,” the statementsaid.

Atapublicsession following the
meeting between McCarthy, Pressand

Policy News

CSTB members, Michael Nelson, a
Senate Commerce, Scienceand
Transportation Committee staff
member said CongressfindsNRC
reports useful because independent
senior members of the scientific
community generate the reports.

The changing environment for
science means the science community
needstoact collectively,and members
of thevariousdisciplinesneed to
exchange informationand ideaswith
each other. “Toward thisend, an
intellectually substantive, non-polemi-
cal debate over the issuesraisedin
Computing the Futureand in the petition
foritswithdrawal will benefit thefield,”
thessigners of the joint statement said.

NRC officials said they would not
commenton the petition, beyond what
waswrittenin the joint statement.
McCarthysaid the joint statement
addressed the issuesraised in the

Task force from page 4

tobolster the integrity of thiscommu-
nity by discouraging it from making
overzealous promisesto gullibleand
impressionable Congress people.”
Boucher said his subcommittee will
be talking with national science policy
experts, university-based researchers,
users of research and other interested
parties. He said he issettingup an
external advisory group composed of
high-ranking membersfrom industry

and academia, andscienceand
technology policy experts.

Thereportalso calls for “more
judicious oversight of the White House
Office of Science and Technology Policy
[OSTP].” The goal of the oversight
over OSTP “isto help move science
policy-making fromthe current, ad hoc,
agency-by-agency, OMB-dominated
process that exists today, toamore
strategic process oriented toward the
conduct, goalsand users of research,”
the reportsaid.

petition, but that he had other problems
with the report that may not reflect the
views of the other petitioners.

Merging the two disciplines of
computer science and computer
engineeringintoasinglediscipline
called CS&Eisnotagood idea,
McCarthy said. Scientists make
discoveriesabout phenomenaand
engineers make useful artifacts. “While
science andengineeringare closer
together in computer science thanin
otherfields, the distinction isimpor-
tant,” he said.

Identifying basic research with
theory, and program developmentwith
applicationsisamistake, McCarthy
said. “Artificial intelligence, for ex-
ample, hasalarge component of
experimental research, where experi-
mental programs are written for what
theywill teach us,” rather than for how
directly useful they will be, he said.

Linking computer science and
engineeringwith large, short-term
projects, suchasthe High-Performance
and Communications (HPCC)
initiative, alsoisamistake, McCarthy
said. “When HPCC ends, the long-term
research inscience orengineering
supported under itsumbrellagoesinto
limbo,” hesaid, adding that if the
initiative fails, basic research supported
by the project “isin additional bureau-
cratictrouble.”

McCarthy said he is not opposed to
encouraging computer scientists to
learn about computational problems
outside of their disciplines. However,
some of the methods proposed in the
report to broaden computer science
“seem rather heavy handed, though not
quite so drastic asthe Chinese Cultural
Revolution practice of sending the
scientiststo the fields to learn from the
peasants,” hesaid.

CRA board of directors to hold
December meeting in Chicago

The CRAboard of directorswill hold its next meeting Dec. 10-11in Chicago
atthe O’Hare Hilton, whichislocated in the airport complex. The board
meeting tentatively will be from 2pm—10pm on Dec. 10 and from 9am—2pmon

Dec.11.

Observerswill be charged the cost of adinner and a lunch if they plan to
eatwiththeboard. Ifyou areinterested in attending, please contact Kimberly
Peaksof CRA attel. 202-234-2111 or E-mail: kimberly@cs.umd.eduassoon

aspossible, but no later than Dec. 7.
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By David Notkin and

Richard D. Schlichting

The followingisasummary of anarticle
titled, “Computer Science in Japanese
Universities,” which has been accepted by
IEEE Computer. Thearticle isscheduled to
runin May.

Despite the association of Japan
with high technology, most Western
scientists know little about computer
scienceinJapan. Many factors contribute
tothisphenomenon, including language
and cultural differences, ashortage of
readilyavailable informationanda
degree of technical chauvinism. Our goal
isto provide aninformal portrait of
computer science in Japanese universities
in the hope that thiswill lead to en-
hanced awarenessand increased
interaction.

Our observationsare based on
sabbaticalswe tookinJapan. In 1990-91,
David Notkin spent three monthsat the
Tokyo Institute of Technology and nine
monthsat Osaka University. Richard
Schlichting spentseven monthsatthe
Tokyo Institute of Technology in 1989—
90; he recently spent two more months
there. We each visited several dozen
Japanese universitiesand companies.

Japanese universities

Themajor public universitiesin
Japanare sponsored by the government.
Among these, the top tier are considered
tobe the University of Tokyo, Kyoto
University, Osaka University, Nagoya
University, Kyushu University, Hokkaido
University and Tohoku University. In the
engineering disciplines, the Tokyo
Institute of Technology oftenisadded to
thistop tier. Of the many private
universities, perhaps the two best known
are Keio University and Waseda Univer-
sity. Computer science iswell-repre-
sented atall of these schools.

The Japanese university systemis
distinguished in part by the strong
central control exercised by the Ministry
of Education (Monbusho). Monbusho
provides the primary funding for both
teachingand research at national
universities, and regulatesstaffing levels,
pay rates, degree programs, numbers of
studentsand building construction and
maintenance. Monbushoalso has
significant control over private universi-
ties, despite its lack of formal govern-
mentaffiliation.

Several new programsrelated to
computer science recently have been
initiated despite Monbusho’sgenerally
conservative bent. OneisKeio
University’senvironmental information
engineering program. Two othersare the
newly created Japan Advanced Institutes
for Science and Technology (JAIST),
funded by Monbusho, with support from
industry and local governments. These
institutesare oriented exclusively toward
graduate education and research, which
isasignificantand potentially risky
departure fromthe currenteducational
structureinJapan.

The primary faculty ranksare joshu,
koshi, jokyoju and kyoju. All positionsare
tenured onappointment. Thejoshu
position isakin toapostdoctoral or
research associate position in the United
States. Koshi, jokyoju and kyoju usually are
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translated as assistant, associate and full
professor, respectively, although the
equivalenciestothe Americanranksare
notexact. Progression through the ranks
dependson the availability of openings,
aswell asonseniority and age.

Each departmentinJapanisdivided
intorelatively autonomous laboratories
(koza).Each laboratory isheaded by a
full professor who actsas the administra-
tive head of the unit, performing many of
the same functionsasadepartment head
in the US system, aswell as the leader
who sets the tone and style of the
laboratory. He—and they are virtuallyall

Students

The Japanese student populationis
highly homogeneous. The populationis
overwhelmingly male, especially at the
graduate level. There arerelatively few
foreign students; Western studentsarea
rarity.

The Japanese governmenthas
recognized thisasaproblemand recently
instituted aprogram intended to increase
the number of foreign students. However,
given the number of obstacles encoun-
tered by such students, it remains to be
seen how successful the program will be.

Thegraduate student population is

A high level of publication activity is not widely

recognized outside of Japan, in part because few

publications are in English

male—servesasamentor to the junior
faculty, graduate studentsand advanced
undergraduate studentsin the laboratory.

Thisrole even extendsto the point
of being responsible for finding positions
for graduating studentsand sometimes
evenarranging marriages for students
and staff. Consistent with Japanese
culture, thiscontrol isexerted to turn the
laboratoryintoacohesive group inwhich
individual achievementsare downplayed
and overall productivity isstressed.

Full professors have all but complete
control overwhomthey hire. Professors
select former students—whom often are
inamore junior positioninthe labora-
tory—for openingswhenever possible.
Whenafull professorship opens, itis
common for the associate professor to be
promoted.

Other common candidatesare
former members of the laboratory or the
department. These candidates may come
fromanother university or fromindustry.
(In contrast, moving from academiato
industryis highly unusual in Japan.)

Thekozasystem tends to narrow the
focus of the laboratory’s members.
Research collaboration between mem-
bers of different laboratoriesisrare at
many universities, and even formal social
activities tend to be associated with a
single laboratory. The resultis that there
issomewhat less breadth of vision than
there would be inatypical US depart-
ment.

Thisproblemisinpartbalanced
because the Japanese seem less plagued
by the “notinvented here” syndrome:
They are less likely to be aware of a key
conceptor technology. Butwhen they
learnaboutit, they are far more likely to
take full advantage of it.

Women hold fewer than 10% of the
computer science faculty positions. With
few Japanese women matriculated in
Ph.D. programs, no affirmative action
programsand no societal or university
pressuresto change, thisis unlikely to
changeinthe nearterm.

Therealso are few foreign faculty.
Asof1989, there were seven non-
Japanese tenured faculty in all disciplines
inall Japanese national universities
[Geller90].

proportionally smallerin Japan: Only
“eight out of every 10,000 citizensenroll
ingraduate school [in Japan], compared
with 71in the United States, 29in
France and 22 in Britain [Shi92],” an
article in the Japan Timessaid. The same
article reportsthat only 4.8% of the total
student population are graduate stu-
dents, compared with 15.6% inthe
United States.

Onereason that students shy away
fromgraduate school isthereisno
tradition of or mechanism for awarding
financial aid. Another reason is that the
Japanese labor shortage leads companies
togotoincredible lengthsto hirerecent
graduates. Inaddition, many Japanese
companies have their own training
programsto give employees the rough
equivalent of amaster’sdegree. Finally,
the added salary that master’'sand Ph.D.
recipientsreceive does not come close to
compensating for the lost years of
earningduringgraduate school.

Research

There are many professional
organizationsand associationsrelated to
computer science inJapan. These range
fromgeneral societies like the Informa-
tion Processing Society of Japan (IPSJ)
and the Institute of Electronics, Informa-
tionand Communication Engineers
(IEICE), to those with amore specialized
mission like the Robotics Society of
Japan (RSJ) and the Japanese Society for
Actificial Intelligence (JSAI). These
societies sponsor publicationsand
regularly hold technical meetings.

There are more than two dozen
regular journals and transactions
produced by Japanese computer science
professional societies and associations
[Jacoby91]. Thishigh level of publication
activity isnotwidely recognized outside
of Japan, in part because few publications
arein English. The availability of these
journalsinother countriesis limited. As
oneexample, in 1989 the Journal of
Information Processing, an English-
language IPSJ publication, was carried by
onlyabout 25 US libraries. Only the
library of the Patent and Trademark
Office receivesthe Japanese-language
Transactions of the IEICE (D-1).

Many Japanese choose to publishin

their own outletsinstead of internation-
ally. Onereasonisthat language is less of
ahurdle. With promotionsand salary
based almost entirely on seniority, there
islittleinthe reward structure to
encourage themto choose international
outlets. A consequenceisthat foreign
researchers often lack the big picture
aboutcomputer science in Japan because
foreignerstend to see the small fraction
of the results publishedin international
conferencesand journals.

General-purpose computing facilities
devoted toresearch aresimilar towhat
onewould find inmany US universities.
Sun Microsystems Inc. workstationsand
Xterminalsare widespread. A line of
Unixworkstationsfrom Sonyalso are
popular, in part because they include
hardware supportfor written Japanese.
Thefacilities, while generally adequate,
still seem to be a notch below that of
many top US departments. Many of the
technical support functionsthat US
university researchers take for granted
are performed in Japan by professors or
students, because of a lack of support
staff. Thisleadsto computingfacilities
that are more ad hoc than in most US
departments.

Special-purpose equipment, suchas
parallel machinesor high-end graphics
engines, isscarcer inJapan thaninthe
US. Perhaps the main reason isthat
individual laboratories generally do not
have the resources to buy such equip-
ment.

Network connectivity betweenssites
inJapan, and between Japanandthe
United States, hasimproved greatlyin
the pastdecade. A high-speed linkin
Hawaii connects key Japanese networks
with the Internet, providing excellent
supportfor trans-Pacific networking.

Monbusho provides most of the
research money to national universities.
Base funding is low, supporting the basic
functioning of each laboratory. One of
Monbusho’sgrant programsis for directed
research onspecific, although widely
drawn, topics. Incomputer science, these
topicscurrentlyinclude decentralized
and autonomoussystems, parallel
systemsand concept developmentand
knowledge acquisition. In 1990, acrossall
disciplines, Monbusho’s total research
grantbudgetwas55.8 billionyen,
roughly $400 million.

Anothersource of fundsisthe
Ministry of International Trade and
Industry (MITI), well-known outside of
Japan as the sponsor of such large
projectsas the Fifth Generation Project
and Sigma. Because the primary purpose
of MITI'sprojectsistoenhance the
industrial sector, the little money that
doesflowtoward universitiesistiedtoa
specific projectand involves cooperating
withindustrial partners.

In 1990, directfinancial support
from companies totaled 42.6 billionyen
(about $300 million). In 1989, the
average contractwas for lessthan 5
millionyen (about $45,000), whichis
small relative to industrial grantsinthe
United States. Companies often give
small grants to the professor to ensure
accessto hisgraduating students.
Companiesalso occasionally contract

Continued on page 7
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By Douglas Powell

Advocates of high-speed networkingin
Canadahave received strong endorse-
ments from anumber of communities
for changingaproposed T1 (1.5 mbits/
sec) national backbone toagigabit-per-
second network.

Onthe provincial level,an Ontario
telecommunicationssector report,
which hasgarnered serious government
attention, advocatesahigh-speed
network, starting with afiber-optic
testbed connecting Ottawa, Toronto
and Waterloo. The movescomeas
industry leaders, politiciansand
researchersrealize that the fiber future
may be passing by Canada.

Lessthanayear ago, the Canadian
Network for the Advancement of
Research, Industry and Education
(CANARIE) was proposed asa
successor to the existing national
backbone, CAnet. Under that proposal,
the networkwould firstoperateat T1
speedsand move to T3 by 1995. But
withstrongindustry backing from
Stentor, analliance of Canadian
telephone companiesand Unitel
CommunicationsInc.,the CANARIE
proposal hasbeen altered toincorporate
agigabit testbed along with the planned
upgradesto CAnet.

Thefinal CANARIE business plan,
whichwas expected to be submitted in
October, callsforanimmediate upgrade
of CAnetto T1 speedsand for the
establishment of alaboratory by Stentor
and Unitel, in partnership, to provide
gigabit testbed facilities. Phase 2 would
upgrade CAnetto T3, continue
development ofapplicationsand
servicesand have the carriersestablish
showcase and demonstration facilities.
Phase 3would represent the move toan
operational gigabit network by the year
2000. Government officialswarn that to
date, money hasonly beenallocated for
thefirst phase. But nevertheless, they
are optimistic.

“l expectannouncementsaround
the turn of the year,” said Pat Sampson,
director of technology applicationswith
Industry, Science and Technology
Canada. “We're currentlyinawater-
shedsituation, where an awful lot of
work has beendone in the planning
phases. Itisall about to come to a head
withaformal proposal about to come
in, basically from industry. Itis now very

International News

Proposalfor Canadian network
Includes a gigabit testbed

much led by industry.”

Tess McLeanisasenior consultant
intheinformation technology practice
of Toronto-based Ernstand Youngand
she hasworked on the project for three
years. She said the final business plan
for CANARIE hasbecomea*“strong
private sector document. We've created
something that makes good business
sense, something that people can
recognize isgood for networkingin
Canada.”

At the same time, a special
advisory committee to the Ontario
Minister of Cultureand Communica-
tions has recommended that Ontario go
ahead and upgrade the regional net—
Onet—asaway to jumpstartinnova-
tioninthe telecommunications sector.
Thereport, Telecommunications—
Enabling Ontario’s Future, recommends
the Ontario governmentshould:

= Accelerate the developmentin
Ontario of specialized information
networks, includingan Ontario
Research and Education Network,
whichisknitinto a network of net-
works thatare based oninteroperability
andwidespread access;

= Define networksasresearch and
education networks, libraries, environ-
mental networks, community informa-
tion networksand others;

= Strike apartnership with existing
and planned network groups, the
telecommunications carriers—including
cable—and other directly involved
interests, to develop an effective
development plan by mid-1993; and

= Launchaninvestigationintothe
feasibility of establishing by this
December a“virtual university” to
provide specialized trainingand degree
programsin the workplace, or at other
locations.

Thereportalso notes that
Ontario’suniversitieshaveacrucial role
toplayinthe implementation of any
such strategy as developers of the
telecommunicationsinfrastructure and
technology testbeds, educatorsin
information technology, sources of
information technology, and sources of
intellectual capacity, including highly
trained human resources.

Douglas Powell iswith the Information
Technology Research Center at the
University of Waterloo.

IEEE Technical Committee on
Parallel Processing is created

The IEEE Computer Society has
createda Technical Committee on
Parallel Processing (TCPP). The
committee ischaired by Viktor K.
Prasanna of the University of Southern
California, and participantsinclude
CRA board members Mary Jane Irwin
and H.T. Kung, who also will be chairing
the Seventh International Parallel
Processing Symposium (IPPS).

IPPS 1993 servesasthelead
activity of the TCPR and Prasannawill
chairthe event's program committee.

The symposiumwill include workshops
on heterogeneous processingand real-
time distributed processing.

The formation of the TCPP
acknowledges the importance of parallel
processing technologiesto the chal-
lenges of the coming decades and seeks
tosupportadvancesinthe toolsand
techniqueswhich, when optimally
combined, will enable high-performance
parallel computing. For more informa-
tion on the committee, contact E-mail:
tcpp@halcyon.usc.edu.

Informationtechnology sector
generated more than $40 billion

By Douglas Powell

The Canadian information technology sector generated more than $40 billion
in total revenue in Canada during 1990, employed more than 280,000 people
and accounted for 35% of all industrial R&D expenditures.

These were the primary findings of the Information Technology Statistical
Review, released earlier thisyear. The reviewwas prepared by Industry Science
and Technology Canada (ISTC) and based on data from Statistics Canada,
private research companiesand IST C estimates.

Communications Canadaand the Information Technology Association of
Canada (ITAC) were consulted in the preparation of the document. The
numbersshow that the information technology sector grew at three times the
rate of the national economy between 1986 and 1990. Expenditureson
computersand peripherals more than doubled to $5.1 billion (Canadian

dollars).

Canada’simportsand exports of information technology productsalso
increased. Asaproportion of Gross Domestic Product, the value Canadians
add to productsand services, the information technology manufacturing sector
now equals that of the pulp and paper industry, one of Canada’s traditional

economicengines.

Statistics Canadarecently released industrial R&D numbers for 1982 to
1992, which also point to a continuing increase of R&D within the informa-
tion technology sector. Among the highlights:

= Total R&D expendituresin Canadian industry are expected to exceed
$5.2billionin 1992, anincrease of 1.6% over 1991.

= Thisincrease iscomparable toa1.5% increase in 1991, butis much
lower thana6.9% increase in 1990. In real terms (after taking into account
inflation), growth for 1991 was-1.1%, compared to 3.8% for 1990 and -1.0%

for 1989.

= Telecommunication equipmentis the leading industry with 15% of all
intramural R&D expenditures, followed by aircraft and parts (8%), engineering
and scientific services (8%), other electronic equipment (7%) and business

machines (6%).

= Funding of industrial R&D from foreign sources was equivalent to 18%
of the total industrial R&D, while the federal government’s contribution was
8% and other Canadian sources accounted for 10%.

= Most of the industrial R&D in Canadawas performed in Ontario and
Quebec, with56% in Ontario in 1990, where electrical and electronic

productsindustriesare prominent.

Japan from page 6

specific projects to professors.

Overall, there seemsto be much
lessinteraction between Japanese
industrial research and Japanese
academic laboratories than between the
USequivalents. Thereislittle technol-
ogy transfer fromuniversities to
industry, and there are few joint
research projects between Japanese
academiaand industry. Indeed, itis
often observed that Japanese industry
has stronger ties with top US computer
science departments than with the top
Japanese laboratories.

Comparing the quality of computer
science research done in Japan versus
thatin the United Statesis tricky and
subjective. Ouropinionisthat, onthe
whole, computer science isstrongerin
the United States. We did, however, see
anumber of credible research effortsin
Japan, including those insuch diverse
areasasobject-oriented systems,
documentrecognition, software
engineeringand complexity theory.

Lessonslearned

Probably the mostimportant lesson
we have drawn from our experiences is
thatitisdifficult to overestimate the
influence of culture in distinguishing
the structure of American and Japanese
approachestoteachingandresearchin
computerscience. Thereareseveral
noticeable differences between USand
Japanese universities.

= Thetendency of Japanese faculty
tostayinadepartment, orevena

laboratory, from the last year of
undergraduate study throughrretire-
ment differs from the more mobile
approachinthe United States.

= The narrow focus of most
Japanese computer science research
programs contrastswith generally
broader US research programs.

= Thestructural leveling of
resources, ingeneral, contrastswith the
wide variationacross US departments.

= The marked absence of women
and foreignersamong faculty and
graduate students contrastswith the
more heterogeneous nature of US
departments.

= The small number of faculty and
Ph.D.studentsin top-tier Japanese
programs contrasts with the much
larger programs found in comparable
USuniversities.

These differencesstill do not
adequately capture the “feel” of
academic computerscienceinJapan.
Theinfluence of Japan on computer
science, asin other political, socialand
scientific realms, isgrowing. Itis
essential for usto learn about Japanese
computer science in order to benefit
from the work that goes on there and to
improve our ownwork.

Foracopy of the full article,
contact David Notkin, Department of
Computer Science and Engineering,
FR-35, University of Washington,
Seattle, WA 98195; E-mail:
notkin@cs.washington.edu. Or contact
Richard D. Schlichting, Department of

Continued on page 12
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By Barbara Liskov
Thisisthefirstof twoarticles.

The Office for Naval Research spon-
sored aworkshop last fall in Palo Alto,
CA, onimproving research inexperi-
mental computer science. The overall
goal of the workshop was to identify
problemsand issuesin experimental
computer science and propose solu-
tions. The workshop consisted of two
partsand was cosponsored by the
National Science Foundation, the
Defense Advanced Research Projects
Agency (DARPA) and other science
agenciesthat participate in the Federal
Coordinating Council on Science,
Engineeringand Technology
(FCCSET).

Attendees metasagroup for the
firstday and a half to identify problems
and issuesthat required more detailed
discussion. The remainder of the time
was spentin small working groups that
proposed solutions to specific problems.

Thesession summariesare
documented inatechnical report.
Session leadersreported onthe
discussionsat the final session.

General sessions

A panel opened the workshop with
brief presentations by Robert Taylor of
Digital Equipment Corp.’s Systems
Research Center; Anant Agarwal of the
Massachusetts Institute of Technology
Laboratory for Computer Science;
Richard Selby of the University of
Californiaat Irvine; Susan Owicki of
DEC; and Paul Cohen of the University
of Massachusettsat Amherst.

Taylor said that eventhough the
state of computer science researchasa
whole hasimproved during his 30-year
career, the number of university
departments capable of doing first-class
experimental research hasincreased
only modestly. He said he believes that
good experimental work requires that
people build what they design and use
what they build.

Creditdue

Agarwal said we should learn to
reuse each other’swork and replicate
each other’sresults. Researchersshould
getcredit for making theirwork
available to others, because the
competitive advantage represented by
the tools produced by agroup may be
compromised by their early dissemina-
tion. Researchersalso should get credit
for using someone else’swork, support
for distribution of toolsand support for
theinfrastructure needed to make reuse
practical.

Selby said artifacts must be built
and evaluated, but their construction
requiresalarge amountoftime-
consumingengineeringwork. The work
can bereduced by reuse, butonly well-
engineered and well-supported toolsare
worthreusing.

Owicki said the goal of perfor-
mance measurementis not just to get
numbers. Instead, performance
measurementshould identify the affect
of particular approaches or techniques
on performance to make informed

Research News

Workshop focused on experimental CS research

decisionsonitsvalue. Because technol-
ogy ischanging rapidly, researchers must
either get resultsquickly or abstract
away from technology so results will
survive changes, she said.

Cohendiscussed the resultsofa
survey of papersin AAAI-90, which
said artificial intelligence needs more
sophisticated experimental methodol-
ogy. He said the conclusion can be
made about all fields of computer
science.

Experimental work
The second session focused on

structure of the projectand what was
needed to make itwork, rather thanon
theresearch content of the work.

Richard Anderson of the Univer-
sity of Washington described hiswork
on using parallel algorithms to see how
they performin practice. He needed to
access state-of-the-art multiprocessors.
But because he had not used such
processors often, he wanted to be able
toshare hiswork with others. In
addition, he needed good measurement
facilities; good infrastructure support
such as programmersand systems
experts; and knowledgeable colleagues

Good experimental work requires that people

build what they design and use what they build

experimental work outside of computer
science.

Jim Plummer from Stanford
Universityworksonsolid stateand IC
applications. Itisexpensive to build
devicesin hisfield, sosimulationisused
extensively before adeviceisbuilt.
Plummer said all experiments measure
something, and all theoriesare wrong if
pushed far enough. Simulationsare only
as good as the models on which they are
based, and adequate models always
arrive too late to simulate state-of-the-
artdevices, he said.

Publication of researchinsolid
stateand IC applicationsis centered
aroundsmall experimentsthatare
components of large projects. A few
experimentsmightbe packagedintoa
thesis.

The capital cost of equipment is
extremely high, so laboratoriesand
infrastructure mustbe shared, Plummer
said. Butevenwith sharing, the costs
almost are more than can be borne by
university faculty.

Jack Owicki, ascientistat the
University of California, Berkeley, is
workinginaninterdisciplinary areathat
includes chemistry, biology and physics.
Performing experimentswellinvolves
more than just taking measurements;
one also must figure out how to
interpretthe data, he said.

Owicki described the difference
between hypothesis testingand “fishing
expeditions”—premises that researchers
hope will eventually raise hypotheses
that can be tested. Model systemsare
useful for experimental work because
they simplify reality when it getstoo
complicated, butthe modelscreatea
tension between scope and fidelity.
Owicki said the style of research varies
in the different scientific disciplines. No
field isbroadly similar to computer
science, although there are limited
analogiesin variousareas, he said.

Case studies

Workshop sessions were devoted to
case studies of experimental projects.
The presentationsfocused onthe

Technical Report MIT/LCS/TR-540, MIT Laboratory for Computer Science, Cambridge,

MA,June 1992.
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tohelp himunderstand anomalies.

HansBerliner of Carnegie Mellon
University discussed the HiTech chess
machine. Thissmall projectbeganasa
student’sidea. The amount of work
required wasgreatly underestimated,
butthe project team had support from
several staff membersin the hardware
laboratory atthe university. The
research focused on getting a particular
programto work quickly, asopposed to
studying specific techniques toidentify
their contribution to the projectasa
whole.

David Cheriton of Stanford
University discussed the way the V-
system project hasserved asavehicle
for systems research. He said asubstan-
tial research vehicle isneeded toenable
sophisticated experimental systems
research. Suchavehicle brings prob-
lemstoresearchers’ attentionand
allowsthem to tackle problems more
easily than could be doneinamore
conventional setting.

Although many studentsworked
simultaneously on the V system, the
studentstended towork one-on-one
with Cheriton, rather than on group
projectswith other students. Cheriton
found that there isatension between
thework needed to maintain the
environmentand make progress, and
the need to free students to pursue their
ownresearch objectives.

M. Satyanarayanan of Carnegie
Mellondiscussed the differences
between runningaprojectusing
professionalsand running one using
students.

Professional staff put the needs of
the projectahead of individual needs to
doresearch, and they have fewer
qualmsabout working together or
reusing techniques they did notinvent.

Studentsmustdo research and
accomplish original techniques, and
they have problemswith taking credit
for jointwork (decidingwhatwork goes
into whose thesis). They do not fully
appreciate simplicity, and theirtime s
fractured because they have to take
classesand exams. Their resultswill
progressslowly, sostudents need to
choose problemsthatare farther into

the future.

Systemsresearch

Hank Levy of the University of
Wiashington discussed systemsresearch
atthe university. Thistype of research is
unusual amongacademicinstitutions
because of the large amount of faculty
collaboration. Jointwork isencouraged
for the students: All papers have several
authors, and the content of individual
thesesisworked outinadynamic and
flexible fashion. New projectsbuild on
theartifacts developed for older ones.
The research methodology was to
choose aproblem, designasolution,
choose the most efficient path to
demonstrate that the solution works
and analyze the results. Quick turn-
aroundin buildingaprototype s
important. Sixmonthsisanacceptable
completion period; three yearsisnot.

The Spur projectat the University
of Californiaat Berkeley was discussed
by Randy Katz and David Patterson
(the project’s principle investigators)
and Susan Eggers, James Larusand
David Wood (project studentswho now
are on the faculty at the University of
Wiashingtonand the University of
Wisconsinat Madison). Fromthe
beginning, the goal of this broadly
scoped projectwas a high-performance,
working system.

Studentswere broadly educated.
They understood systems, not just
isolated components. Developing
working prototypes gave studentsmore
knowledge insome areas than would
have been possible using functional
analysis. Studentsalso gained valuable
experience and broad exposure outside
the university.

However, the studentsfelt that
they spent more timein school (up to
2.5years) because of the need to
complete the overall project. The use of
professional staffwas vital, because they
provided continuity, had skillsstudents
lacked, freed studentsto concentrate on
research and suffered less from personal
andgroup tension.

The project might have progressed
fasterifthe deliverables had beenideas
rather than systems, and there might
have been more chance toinvestigate
alternative designs. None of the former
studentsis doing research now onsuch
alargescale.

When commercial RISC machines
became available partway through the
project, it might have beendesirable to
redirect the project away from the goal
of producing a deliverable system.
However, doing sowould have caused
problems because some students’
research was contingent on continuing
alongthe original path.

The role of simulation

Douglas Clark of DEC discussed
the benefits of simulation versus
experimentation. Clark said simulation
should be considered the primary tool
for evaluation of adesign, and hardware
should be builtonlyasalast resort.

Simulation hasanumber of
advantages: Itischeap; it provides
results quickly; itallows one to evaluate

Continued on page 9
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Al, expert systems researchers

By Douglas Powell
Thetwowinnersof thisyear’s Canadian
awards for computer research excel-
lence areresearchersin the fields of
artificial intelligence and expert
systems.

The Awards for Academic
Achievementwere presented by the
Information Technology Association of
Canada (ITAC) and the Natural
Sciencesand Engineering Research
Council (NSERC) to Geoffrey Hinton
of the department of computer science
atthe University of Toronto, and Ching
Suen, professor and past chair of
computerscience at Concordia
University in Montreal [September
CRN, Page5].

Hinton, 44, was one of three
authors of the seminal 1986 paper that
introduced backpropogation, atech-
nique for learning in neural networks
thatautomatically constructsthe
features required for difficult tasksin
patternrecognition. “Backpropogation
isaparticularalgorithm for figuring out
how to change the connection strengths
inaneural network, so as to make the
output of a network more similar to the
required output,” Hintonsaid. “What's

Research News

sointerestingisthatit'srelatively
efficient for complicated networks, such
asthose that have many layers between
the inputand the output.”

Backpropogation is now the most
commonly used learningalgorithm for
neural networks used to control
manufacturing processes, target business
markets more precisely, guide vehicles
and design medical devices.

A graduate of the University of
Edinborough and formerly at Carnegie
Mellon University, Hinton also is
applying neural networks to recognition
of speech, handwritten charactersand
even medical imagessuch as pap
smears, which typically contain about
500,000 cells. To determine if any of
these cellsare cancerous, an observer
must decide whether anindividual cell’s
nucleusisenlarged. Hinton devised
“papnet,” which usesabackpropogation
network to pick out the 128 most
suspicious looking cellsfromthe
500,000.

“Ahuman operator makes the final
decision about whether these are really
cancerouscells. Notonly is thissystem
faster, butit makes fewer mistakes
because a person inevitably overlooksa

few cellswhen facing such ahuge
number,” Hinton said. “The
backpropogation network can compute
veryfastonce it has learned, soit can
afford to look at all of the cells. Asa
result, the error rate in diagnosis has
decreased by afactor of 10.”

Hinton and his co-workersalso
have created aportable state-of-the-art
neural network simulator called Xerion,
firstreleasedin 1991, thatisavailable to
industry free of charge, withno
restrictionsonitsuse in productsand
with full access to the source code.
More than 100 university and industrial
research groups have received copies of
Xerion. “The bestway to transfer results
frommy research lab to Canadian
industrieswould be to give them the
software,” Hinton said. “Make itall free.
Then they can do what they want with
it.”

Hinton isthe Noranda Fellow of
the Canadian Institute for Advanced
Researchand servesasaconsultantto
Apple Computer Inc.,E.I.duPontde
Nemours & Co. and Synaptics Corp.
Hisessay, “How Neural Networks Learn
From Experience,” was published in the
September 1992 Scientific American’s

honored in Canada

single-topic issue devoted to the mind
andbrain.

Ching Suen, anelectrical engineer
trained in bioelectronicsand human/
computer interaction, isarecognized
leader in patternrecognition, expert
systemsand computational linguistics.
Asfounderand currentdirector of
Concordia’s Center for Pattern Recog-
nitionand Machine Intelligence
(CENPARMI), Suen leadsa40-person
research teamwith anannual research
budget of more than $500,000.

Based on the concept of multiple
expertsystems, Suen hasdevelopeda
sophisticated technique torecognize
handwritten (and totally uncon-
strained) characters by combining
human expertise with structural,
morphological, neural and statistical
methods.

“Because thisisan areathat
mimics the human communication
process—in this case, vision—it has
something to do with expert systems. It
tries to make use of human expertise,
whichissomething very difficult to
specify, in order to recognize patterns,”
Suensaid. “Admittedly, itis hard to

Continued on page 12
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many different sampleswithina
benchmark suite; itallows results to
easily bereplicated; itisflexible; and it
can measure any aspect of the system.

Butsimulationalso has disadvan-
tages: Simulation always will be slower
than the real machine; it is too slow for
usersto experimentwith it; some
workloads may be too small (because of
the speed); it may not be accurate
enough; and it mightbe wrong. Building
asystem may still be essential to
overcome these problems. You must
build something ifyouwanttosell it,
and students need to learn how to build
boards.

However, simulationsallowyou to
getyour resultssooner thanifyou
actually builtsomething only iffabrica-
tionistime-consuming. Ifthe design
takes most of the time, which is the case
in many areas of computer science,
simulation may be less helpful.

Commonthemes

Several common themesarose
during the workshop. Supportis needed
forseveral activities that aid research
butare notdeemed research by today’s
standards. We need helpin building
artifactsthatare sufficiently robustand
can be used with confidence. We need
tofind away toencourage replication of
results. We need infrastructure, such as
shared equipmentand professional staff,
and money to buy tools. Support
includesboth funding and ways to give
certainactivities, suchasreplication,
academic respectability.

Itis clear that we have much to
learn about doing performance mea-
surements. Too often the numbers
themselvesare the goal, but numbers
alone do not tell enough. We need to be
able toevaluate and compare tech-
niquesinaway thatisolates or neutral-

izesas many of the non-critical aspects
aspossible.

Thereare two distinct styles of
experimental research. Oftenwe
experimentto prove or disprovea
hypothesis. Sometimeswe do explora-
tioninstead. Itwould be amistake to
rule outexploratory research on the
groundsthatitisnotscientificenough.
Experimental projectsdifferin other
ways, too, such asin scale or in how real
the result must be.

The primary task of studentsis
learning how to doresearch, as opposed
todoingresearch, or building, maintain-
ingand distributing systems. Students
need individual projectsand unique
solutions. There are many demandson
their time, so progressisslower than it
couldbe. Projects of any size need
professional staff—not just to provide
support for infrastructure, but to help
buildartifacts.

Simulationisavaluable tool, butit
hasanumber of problems. A simulation
runstooslowly to provide an artifact
that others can use. The lack of such an
artifact means that unexpected uses
cannotbe explored. Simulationsare
models, which may be incorrect or omit
details that will beimportantifthe
system really were built. For certain
areas it may be as fast to build the
systemastosimulateit.

Finally, itisunclear howfartogo
when building asystem. To provide a
tool with good performance requires
tremendous effort, more than seems
justified inmany casestoachieve
research objectives. However, good
performance sometimesisrequiredto
achieve other goals, such asadoption or
technology transfer.

Barbara Liskov is a professor of computer
science and engineering at the Massachu-

setts Institute of Technology and was chair
of the workshop’s program committee.
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North Carolina State University

Department of Computer Science
Applicationsand nominationsare invited
for the position of department head.
Candidatesshould have strong leadership
skillsto organize and focus teaching and
research efforts within the departmentand
towork constructively and creatively for
the department within the College of
Engineeringand the greater community.
Because the position carriesan appoint-
mentas tenured professor, candidatesare
expected to have adoctorate in computer
science or related field and a strong record
inresearchandscholarly achievement.

The Department of Computer Science
has 25 tenure-track faculty membersand
150studentsin an expanding graduate
program at the master’sand Ph.D. levels.
There are 450 studentsin the CSAB-
accredited undergraduate program. The
department hasrecognized research
programsin the areas of artificial intelli-
gence, computer communicationsand
performance, graphics, parallel architecture,
real-time systems, software engineeringand
theory.

The computer science faculty is
involved in collaborative research in several
NCSU centersincluding the Center for
Communicationsand Signal Processing, the
Precision Engineering Center, the Center
for Researchin Scientific Computation and
the Integrated Manufacturing Systems
Engineering Institute.

Aland-grantinstitution with 27,000
students, NCSU isthe largest university in
North Carolina, located in Raleigh, the
state capital. With Duke University and the
University of North Carolinaat Chapel
Hill, North Carolina State University forms
the Research Triangle, which hasat its
centeralarge industrial park of high-tech
companiesand research laboratories,
including the Microelectronics Center of
North Carolinaand the North Carolina
Supercomputing Center. Thisaffords
unique opportunities foracademicand
industrial collaboration. North Carolina
State University isranked sixth nationally
inindustry-sponsored research.

Raleigh liesin the North Carolina
Piedmont, just a few hours east of the Blue
Ridge Mountains and west of Atlantic
beaches. The Research Triangle area boasts
a high quality of life and moderate cost of
living.

Applicantsshould send vitae,
includingalist of publications, and the
names of four references to Chair, CSC
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Search Committee, Box 7901, North
Carolina State University, Raleigh, NC
27695-7901.

Full consideration will be giventoall
applicationsreceived by Dec. 31. Informal
inquiries may be directed to E-mail:
search@csc.ncsu.edu.

NCSU isan affirmative action, equal
opportunity employer.

University of lllinois, Chicago
Electrical Engineering and
Computer Science Department
Instructorshipsand tenure-track faculty
positionsin electrical engineeringand
computer science atboth the juniorand
senior level are available at the University
of Illinois at Chicago. Rank and salary are
commensurate with qualifications.
Applicantsfor tenure-track positions should
have an earned doctorate in electrical
engineering or computer science by date of
appointment. The instructorships do not
requireadoctorate degree. Demonstrated
teachingand research abilities are highly
desirable.

Forfull consideration, please send
resume, list of publications, and the names
of at least three references before April 30
to Dr. Wai-Kai Chen, Head, Department of
Electrical Engineeringand Computer
Science (M/C 154), University of lllinois at
Chicago, PO Box 4348, Chicago, IL 60680.

The University of lllinoisisan
affirmative action, equal opportunity
employer.

Concordia University
Department of Computer Science
We are looking for a new faculty member
with eitherastrongresearch record or
excellentresearch potential tofill atenure-
track position at the assistant or associate
professor rank. Applicants must be able to
teach effectively at both the undergraduate
and graduate levels. The successful
candidate will be expected to carry out
independent research and other academic
dutiesassociated with our bachelor’s,
master’sand doctoral programs. Priority will
be given to the following specializations:
software systems, programming languages
and parallel computing. However, truly
exceptional candidates inall computer
science areasare encouraged to apply.
Theuniversityislocated in Montreal,
which iswell-known for its cultural diversity
and beauty. The departmenthouses about
600 undergraduate, 90 master’sand 35
doctoral students. While the undergraduate

program emphasizes both fundamental and
practical skills, our graduate research
focusesonartificial intelligence, combinato-
rics, computer algebra, databases, distrib-
uted computing, large-scale scientific
computing, patternrecognition, program-
ming languages, software engineeringand
VLSl architectures. There are 28 full-time
faculty positions supporting these activities.

Thedepartment has established
CENPARMI (the Center for Pattern
Recognitionand Machine Intelligence),
which specializesin pattern recognitionand
related expertsystemsresearch. The
research groups in mathematical computing
and VLSl architectures also are members of
two interuniversity research centers:
CICMA (Centre Interuniversitaireen
Calcul Mathématique Algébrique) and
GRIAO (Groupede Recherche
Interuniversitaire en Architecture de Haute
Performance et VLSI). Inparticular,
CICMA promotesresearchinalgebraic
computing, combinatoricsand computa-
tional group theory.

Thedepartmentrecently established a
small parallel computing facility asastart-
up platform to develop and focusinterestin
thisarea. We expect to upgrade this facility
in the coming years. To promote the
development of new faculty members, the
university hasaprogram to provide seed
grantsfor their research during thefirst
threeyears.

Interested applicantsshouldsend a
resume and the names of at least three
references to Chair, Department of
Computer Science, Concordia University,
1455 de Maisonneuve West, Montreal,
Quebec H3G 1M8, Canada. Fax: 514- 848-
2830; E-mail: hiring@cs.concordia.ca.

ConcordiaUniversity iscommitted to
employmentequity and encourages
applicationsfromwomen, aborigines, visible
minoritiesand disabled persons. All things
beingequal, priority will be given to female
candidates.

Inaccordance with Canadian
immigration requirements, priority will be
given to Canadian citizensand permanent
residents of Canada.

University of Wisconsin

at Madison

Computer Sciences Department
The Computer Sciences Departmentat the
University of Wisconsin—Madison invites
applicationsforone or more tenure-track
positions beginning August 1993. Appli-
cantsshould have adoctorate in computer
science, oraclosely related field, witha
demonstrated ability in relevantscholarly
research. Of particular interestare
applicantswith research interestsin
operating systems, networks, parallel and
distributed systems, artificial intelligence,
and numerical analysis. Applicantsin these
areas will be considered for a position at the
assistant professor level.

Thedepartmenthasactive research
projectsinabroad number of areas,
includingartificial intelligence, computer
architecture and VVLSI, database systems,
mathematical programming, modelingand
analysis of computer systems, networking
and distributed systems, numerical analysis,
operating systems, parallel processing,
program development environments,
programming languages and compilers, and
the theory of computing.

Thedepartmenthasreceived three
National Science Foundation Coordinated
Experimental Research (Institutional
Infrastructure) grants. The previous two
projectsemphasized loosely and tightly
coupled parallel computing. Our new
project, PRISM, addresses parallel
processing on machines that offer credible
pathsto teraflop computing.

Research computing equipmentis
plentiful. The department has several
hundred DEC, HP, IBM and Sun worksta-
tions, plusnumerousfile serversand

special-purpose devices for computer vision
and computer architecture. Equipment for
research in parallel computing currently
includesa Thinking Machines CM-5, three
Sequentshared-memory multiprocessors,
an Intel iPSC/2 Hypercube and a Tandem
CLX multiprocessor. An Intel Paragon is
scheduled to arrive early next year.

Applicants should submitavitaeand
the names of at least three references to
Chair, Faculty Recruiting Committee,
Computer Sciences Department, University
of Wisconsin—Madison, 1210 W. Dayton
St., Madison, W153706. Toensure full
consideration, material should be received
by March 15.

The university isan equal opportu-
nity, affirmative action employerand
encourageswomen and minorities to apply.
Unless confidentiality isrequested in
writing, information about applicants must
be released on request. Finalists cannot be
guaranteed confidentiality.

University of Massachusetts
atAmherst

Department of Computer Science
The Department of Computer Science
invitesapplicationsfor up to three tenure-
track faculty positions at the assistantand
associate levelsand several research-track
faculty and postdoctoral positionsatall
levelsandin all areas of computer science.

Applicantsshould have adoctorate in
computerscience or related areaand should
show evidence of exceptional research
promise. Senior-level candidates should
have arecord of distinguished research.
Salary iscommensurate with educationand
experience.

Our department has grown substan-
tially over the past five years and has 30
tenure-track faculty and eightresearch
faculty, about 10 postdoctoral research
scientists, and 160 graduate students.
Continued growth is expected over the next
five years. We have ongoing research
projectsinrobotics, vision, natural language
processing, expert systems, distributed
problemsolving, person/machine interfaces,
distributed processing, database systems,
information retrieval, operating systems,
object-oriented systems, persistent object
management, real-time systems, real-time
software developmentand analysis,
programming languages, computer
networks, theory of computation, office
automation, parallel computation,
computerarchitecture, and medical
informatics (with the University of
Massachusetts medical school).

Thedepartmentrecently established a
national center (CRICCS) for research on
real-time, intelligent complex computing
systems. We also have a major project
(Project Pilgrim) with Digital Equipment
Corp.ondistributed, heterogeneous
networks, an NSF/Cllaward in the areas of
computer vision, distributed Al and real-
time systems, and afive-year DOD/URI
Center of Excellence in Artificial Intelli-
gence.

Tosupport our research, we have an
extensive research computing facility,
including more than 200 Sun, Digital
Equipment Corp. VAXstationand
DECstation, and Texas Instrument Explorer
workstations, numerousservers, two
Sequent Balance multiprocessors, a4,096-
node Connection Machine, avariety of
graphicsdevices, both Salisbury and Utah/
MIT robotic hands, a Denning mobile robot
andareal-time testbed.

Send vitae, along with the names of
four references, to Chair of Faculty
Recruiting, Department of Computer
Science, University of Massachusetts,
Lederle Graduate Research Center,
Amherst, MA 01003. E-mail:
facrec@cs.umass.edu. The deadline for
applyingis Feb. 1. The University of
Massachusetts at Amherstisan affirmative
action, equal opportunity employer.
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University of California,
SantaBarbara

Department of Computer Science
The Department of Computer Science at
the University of California, Santa Barbara,
invitesapplicationsfor several juniorand
senior tenure-track faculty positions. Senior
applicantsshould possess distinguished
research recordsand the ability to attract
research funding, while junior candidates
must demonstrate exceptional promise. The
College of Engineering and the department
have embarked on a multiyear planto
strengthen the departmentin experimental
computer science.

We are seeking applicants primarily in
parallel and high-performance computation
and communication. We also are interested
in candidates in software systems. Responsi-
bilitiesinclude conducting strong research,
supervising graduate students, teaching
graduate and undergraduate coursesand
participating in departmental and university
committees. The departmentispart ofan
expanding College of Engineering, which
encompasses more than 100 faculty in
variousdisciplines. Excellentinstruction
and research computingfacilitiesare
available.

Applicantsshould hold adoctorate in
computerscience or related field. Appoint-
mentsare scheduled to beginin 1993-94.
Positionswill remain open until filled. Send
resume and names of at least four referees
to Recruitment Committee, Department of
Computer Science, University of California,
SantaBarbara, CA 93106-5110.

Theuniversity isan equal opportunity,
affirmative actionemployer.

Pennsylvania State University

Department of Computer Science
The Department of Computer Science at
the Pennsylvania State University isseeking
qualified candidates for expected tenure
track positions. Applicationsinall areas of
computerscience will be considered, with
applicantsin the areas of networking,
operating systemsand programming
languages especially desired. Salary and
rank will be commensurate with experience.

Applicants must have completedall
requirementsforadoctoral degreein
computerscience oraclosely related area
before assuming duties. Excellence in
research and teachingis required. Candi-
dates for senior positions must have an
established research reputation supported
by asubstantial record of publications.
Openingsare expected for September 1993.

The Department of Computer Science
maintainsa Computer Systems Laboratory
consisting of adistributed system of Sun
and DEC workstations and file servers
running Unix.

Applicationsshould be received by
March 31, but will be considered until
suitable candidates can be identified.

Please send resume and the names of
three or more referencesto Chair, Faculty
Search Committee, Pennsylvania State
University, Department of Computer
Science, BoxJ, Whitmore Laboratory,
University Park, PA 16802.

Theuniversity isan affirmative action,
equal opportunity employer. Women and
minoritiesare encouraged to apply.

University of Tennessee

Department of Computer Science
The Department of Computer Science
seekstofill one tenure-track faculty
position at the rank of professor, associate
professor or assistant professor, as creden-
tialswarrant, beginning Fall 1993.

For afull professorship, astrong
research record in the areas of operating
systems, scientific computing or software
engineeringissought, butall major fieldsin
computer science may be considered.
Experience directing doctoral studentsis
especiallyimportant.

Professional Opportunities

Applicantsforassociate professor
should have astrongresearch record,
preferably in the aforementioned areas;
experience directing doctoral studentsis
desirable. Applicants for assistant professor
should have astronginterestinresearch,
preferably in the aforementioned areas.
Applicantsforall positionsshould have a
doctoral degree in computer scienceora
related area. Applicantsshould specify the
rank for which they are applying.

Fully networked departmental Sun
Microsystems, IBM and DEC workstations
abound for studentsand faculty. The
departmenthasacquired a Thinking
Machine CM-5. The departmentand the
Mathematical Sciences Section of the Oak
Ridge National Laboratory jointly operate
the Advanced Computing Laboratory,
which hasseveral fully networked systems,
includingan Intel iPSC/860 with 128
processors, an iPSC/2 with 64 processors,
two Sequent Balancesand a Sequent
Symmetry, a Stardent Titan with four
processors, a Cogent,an N-Cube, a Kendall
Square Research machine with 32
processors, and various file servers. Oak
Ridge National Laboratoryisacquiringan
Intel Paragon. The university operatesan
IBM 3090 and a large VAX cluster.

Thedepartmentrecently receiveda
National Science Foundation Small-Scale
Infrastructure Award. The departmentis
part of the NSF Science and Technology
Center for Research in Parallel Computing.

Please respond to Search Coordinator,
Department of Computer Science, 107
Ayres Hall, University of Tennessee,
Knoxville, TN 37996-1301. E-mail:
search@cs.utk.edu.

The University of Tennessee isan
equal opportunity, affirmative action, Title
1X/Section 504/ADA employer.

Oregon State University
Department of Electrical and
Computer Engineering

The Department of Electrical and
Computer Engineering continuestoinvite
applicationsfor faculty positionsin
computer engineering. Associate and full
professor positions require adistinguished
teachingandresearch record appropriate
for the title. Candidatesshould have an
earned doctorate in electrical or computer
engineeringorinarelatedfieldandare
expected to have astrong commitmentto
high-quality undergraduate and graduate
teachingand tothe developmentofa
sponsored research program.

Applicants must have adistinguished
teachingandresearch record appropriate
for the title. Preference will be given to
senior-level applicants with astrong
research record and the ability to provide
leadership in the computer engineering
area. Areasof interestinclude high-
performance computer architecture, parallel
processing, VLSI array processing, perfor-
mance analysis and data flow computing.

With afaculty of 25, the department
enrollsabout 425 undergraduate and 120
master’sand doctoral students. The
department offers ABET-accredited
programsin electrical and computer
engineering. High-technology corporations,
including Hewlett-Packard, Intel, Mentor
Graphicsand Tektronix, have major
operationsin the areaand provide support
for the electrical and computer engineering
programs. The department has modern
facilities housed inanew building. Located
in the Willamette Valley 80 miles south of
Portland, OSU and the city of Corvallis
offerabeautiful and unspoiled environment
and many cultural activities.

Applicationsmustinclude acompre-
hensive resume, alist of three to five
professional referencesand a letter of
interest that clearly indicateswhich position
the candidate isapplying for. Please send
material to Chair, ECE Search Committee,
ECE Department, Oregon State University,

Corvallis, OR97331-3211. Review began
Nov. 1and will continue until the positions
arefilled.

Oregon State Universityisan
affirmative action, equal opportunity
employer and complies with Section 504 of
the Rehabilitation Actof 1973.

University of Florida
Department of Computer and
Information Sciences
The Computerand Information Sciences
Departmentat the University of Florida
invitesapplicationsfor tenured or tenure-
track positionsat the senior and junior
levelsin the areas of software engineering,
programming languages and parallel
processing. Applicants must possessa
doctoral degree in computer science or
equivalentand show astrong record ofand
commitmenttoteachingandresearchin
these areas. The positionsare available at
the start of the 1993-94 academic year.
Applicantsshould send their resumes
and the names and addresses of four
references to Professor Sartaj Sahni, Chair,
Faculty Search and Screen Committee,
Computer and Information Sciences
Department, 301 CSE, University of
Florida, Gainesville, FL 32611-2024. Tel.
904-392-1200; E-mail: sahni@cis.ufl.edu.

The closing date is Dec. 1, or until the
positionsare filled. The University of
Floridaisan equal opportunity, affirmative
action employer. Women and members of
underrepresented minority groups especially
areencouraged toapply.

Thisfaculty search will be conducted
in compliance with Florida’s Governmentin
the Sunshine Law.

University of Rochester

Department of Computer Science
The Computer Science Departmentinvites
applicationsfor tenure-track positionsat
the rank of assistant professor. Outstanding
candidates will be considered in any area of
computer science, although applicantsin
systems particularly are desired.

Candidates must have received, or be
abouttoreceive, adoctorate in computer
science or arelated discipline, and must
demonstrate exceptional potential for both
research and teaching.

Our departmentissmall (13 faculty),
withastrong record of research publication
and external funding. We offer an outstand-
ing research environment, with excellent
studentsand facilities, and an unusually
close-knitand collegial atmosphere.
Research interestsincludeartificial
intelligence (vision/robotics, natural
language/knowledge representation),
parallel systemsand theory of computation.

About40studentsare enrolledin the
Ph.D. program. Thereis no professional
master’s program. The departmentis
planning to establish a selective under-
graduate major.

Applicantsshould sendacurriculum
vitae, copies of relevant papersand the
namesand addresses of at least three
references to Faculty Recruiting Commit-
tee, Department of Computer Science,
University of Rochester, Rochester, NY
14627-0226.

Theuniversity isan equal opportunity,
affirmative action employer, and it
encouragesapplicationsfromwomenand
minorities.

California Institute of
Technology

Department of Computer Science
Caltechinvitesapplicationsforatenure-
track position from candidates with promise
forinnovative research and teaching.
Exceptionally well-qualified applicants may
be considered at the associate or full-
professor level. Initial junior faculty
appointment normally is for four yearsand
iscontingent upon completion ofa
doctorate.

The Department of Computer Science
seekstostrengthenand broaden itsresearch
and teaching program from its present
strengthsin concurrent computation, VLSI,
computer graphics and formal methods of
programming into complementary areas.

Please send aresume, list of publica-
tions, copies of your best publicationsand
names of at least three references to Alain J.
Martin, Chair, Computer Science Search
Committee, Caltech 256-80, Pasadena, CA
91125.

Caltechisan equal opportunity,
affirmative action employer. Women and
minoritiesare encouraged to apply.

= Digital libraries; and

position papers.

Computing Research Association
Staff Policy Associate

The Computing Research Association (CRA), anonprofitassociation in Washing-
ton, DC, seeks a motivated staff policy associate with acomputer science or
engineering background and an interestin public policy.

In conjunction with the Association for Computing Machinery (ACM), CRA
will be significantly expanding its coverage of public policy issues affecting the
computing community. Thisentry-level position offers an exciting opportunity to be
involved in policy-making, as it relates to computers and information technology.

Issues CRA currently is following include:

« Long-term changes in the way government supports R&D;

= The High-Performance Computingand Communicationsiinitiative,

including the National Research and Education Network (NREN);

= Information policies, including privacy, security, intellectual property and

public access to governmentinformation.

Theassociate will track the development of issues, perform research, attend
meetings and communicate with expertsin thefield. Through written and oral
communications, the policy associate and the executive director will inform the
computing community aboutimportantissues. The associate will work with CRA
and ACM committees toset priorities and strategies for further action, suchas
drafting letters and testimony, convening workshops and seminars, and developing

Inaddition to acomputer science or engineering background, the associate
must have excellent communication skills. Knowledge of the legislative processand
public policy experience are aplus. A bachelor’sdegree isrequired.

Thesalary for thisentry-level position iscommensurate with that of similar
policy jobsin the Washington area. CRA offersagood benefits package.

Send cover letter, salary requirements, resume and three appropriate writing
samplesto Fred W. Weingarten, Executive Director, Computing Research Associa-
tion, 1875 Connecticut Ave. NW, Suite 718, Washington, DC 20009.
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The following isan edited version of
testimony given by David C. Nagel, the
senior vice president for advanced
technology at Apple Computer Inc., before
the House Science, Space and Technology
Subcommittee on Science.

lam honored to appear before this
subcommittee to offer Apple’sviewson
therelationship of federal R&D
activitiesto the private sector. Although
I appear for Apple, I will draw heavily
onresearch and analysis done by
members of the Computer Systems
Policy Project (CSPP), an affiliation of
the chief executives of 13 leading US
computer companies.

In1991, CSPP companies had
worldwide revenue in excess of $140
billion, 60% of which was derived from
outside North America. Perhapsmore
than any other industry in the United
States, computer systems producers—
and the high-technology industry of
which theyare a part—are highly
integrated into the global market
system. There is possibly no other sector
of the US economy that contributes so
much to, and depends so heavily on,
international markets for itsdomestic
and international success.

The rapid pace of technological
advancementsand the computer
industry’ssuccessin domesticand
global markets makesitamong the most
fiercely competitive of USindustries. In
this highly competitive environment,
the speed with whichany given
company can bringanew product to
the marketincreasingly determinesthe
success or failure of multimillion dollar
investmentsand the maintenance or
loss of thousands of jobs. Typically,
computer systems manufacturersderive
half their revenue from products that
did not exist two years earlier. Asa case
inpoint,in 1991 Apple derived almost
85% of its revenues from products
introduced in that fiscal year. These
incredibly short product life cycles
demand that the computer industry
continuously develop new products
based oninnovative technologies.

Thesynergy betweeninvestmentin
R&D and the success of high-technol-
ogy inindustriesis recognized by our
international competitors. US compa-
nies compete with foreign companies
that receive support from their coun-
tries’ governments.

Thissupport typicallyincludes
financial supportand governmental
commitments to setting national
technology prioritiesand identifying
important technologiesthatare
strategically important to the economic
well-being of the country.

Each company must take the
primary responsibility for meeting the

Policy News

Nagel: Gov't needs to refocus its R&D spending

challenges posed by the current
domesticand international environ-
ment. In response to a highly competi-
tive global market, US computer
companies: (1) invest steadilyand
substantially in R&D; (2) focuson
commercial products; (3) emphasize
quality; (4) compete enthusiasticallyin
the most competitive and rapidly
growing foreign markets; and (5)
continually train and educate their
work force.

The computerand semiconductor
industriesinvest heavilyin R&D; they

2% of its R&D budget to such R&D.
Our major competitorsmaintained a
greater balance between publicand
private computerand communication
industry investments.
CSPPisdevelopingaset of
recommendationsto helpimprove
national economic performance. CSPP
believes that governmentand industry
should work togetherto (1) increase the
allocation of funds to commercially
relevanttechnologies, (2) improve
federal R&D budget review mecha-
nismsand increase industry involve-

It seems clear that government and industry

should work together to increase the nation’s

return on the federal R&D investment.

account for more than 24% of all US
industrial R&D spending. According to
the June 29, 1992, issue of Fortune
Magazine, six CSPP companies cur-
rently account for more than 13% ofall
exportsgenerated by the country’stop
50 exporters. More than 90% of these
companies’ R&D activitiesare con-
ducted inthe United States. CSPP
companiesspend more than $2.24
billionayear toeducateand traintheir
employeesandtoreach out tofuture
generationsofemployees.

While the primary burden for
competingsuccessfully restswith
industry, the federal governmenthasa
clearroletoplay. In 1991, total US
R&D spending, both publicand private,
was $151 billion, of which the federal
governmentspent $66 billion, or slightly
less than half. This latter sum represents
more than that of all of our major
competitors’ governmentscombined.
Despite thisfact, the United States
needsto refocusfederal R&D spending
tobetter reflect new global realities and
torealize abetterreturn oninvest-
ments.

Since the mid-1980s, more than
60% of the government'sR&D
spending has been devoted to defense
research. Historically, the splitin US
governmentspending between defense
and non-defense research was 50%. It is
time to beginshifting back to the
historical balance, or even beyond.

Italsoseemsclear that government
and industry should work together to
increase the nation’sreturnonthe
federal R&D investment. For example,
while 24% of private industry spending
was devoted to computer-related R&D
in 1991, the governmentallocated only

Japan from page 7

Computer Science, University of
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rick@cs.arizona.edu.
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ment, and (3) improve government
incentivesfor USR&D.

CSPPstrongly supports basic
research. We also believe the federal
governmentshould work with industry
toreallocate, over the next four years,
up to $10 billion per year of its total
R&D budget tosupport the develop-
ment of pre-competitive, generic
technologies. CSPP hasapplauded the
recent High-Performance Computing
and Communications (HPCC)
initiative asasignificantand critical
undertaking by the governmentin this
direction.

We have offered specific recom-
mendationsfor strengthening this
initiative and for increasing the focus of
the program to better bring the benefits
of the research and technology develop-
menttoindividual Americansand US
industry.

CSPP, forexample, hassuggested
that the HPCC initiative should be
enhanced and expanded to provide the
foundation foraninformationand
communicationsinfrastructure of the
future and to bring the benefits of the
HPCC technology toindividualsin
areassuchashealth care, education,
lifelong learning and manufacturing.

Inaddition to science and engi-
neering, CSPP believesthat HPCC, and
future programslike it, can play an
importantrole by providing aframe-
work of challenging national goals, goals
which can catalyze, focusand direct the
individual efforts of governmentand
industrial R&D activities.

Toexamine how governmentand
industry mightwork more effectively to
achieve these goalsand to maintain and
enhance the health of American

industry and our economy, it may be
helpful to examine successful practices
for commercialization of basicand
applied research and technology
development.

Ina1990article publishedin The
McKinsey Quarterly, the technical
journal ofaninternational consulting
company with a history of working with
the high-technology industry, the
commercialization practices of the most
successful companieswere compared
and contrasted with those of poor
performers.

The bestcompanies view commer-
cializationasa highly disciplined system
and establish itasatop priority; set
measurable goals for ongoing improve-
ment; develop the necessary organiza-
tional skills; encourage managersto
take aggressive action; and bring their
products to marketin less than half the
time of poor performers. The develop-
mentof superior commercialization
skills, then, are viewed asamong the
mostimportantcompetitive challenges
managers face.

I believe asimilarset of principles
could improve the returnonfederal
R&D investment. Although support for
basic research should remain among the
top priorities of federal R&D managers
for those programs with the greatest
immediate potential for commercializa-
tion, the transfer of technology from
governmenttoindustry should be given
more emphasisand attention.

Inmany cases, legal barriers
impede thistransfer. CSPP recently
negotiated with the Energy Department
amodel Cooperative Research and
Development Agreement, which goesa
long way toward removing some of
these barriers.

The best method for transferring
technology liesin linking those who
performthe research and develop the
enabling technologieswith those who
convert these technologiesinto
products. Better methods must be found
toencourage the interplay of scientists
andengineersinuniversitiesand the
national laboratories with companies
attempting to harvest the results.

Thefederal government must play
anincreasingrole in the scientificand
technological health of America. Ifit
doesnotdevelop more effective policies
and programs, the US will lose more
ground to aggressive and increasingly
competitive foreign economies.

The companies of the CSPP, have
demonstrated both awillingnessand
the ability towork closely with the
governmenttoimplement the required
changes. The result canbeamore
competitiveand vital America.
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make acomputer act like an expert.
This happens because computerscan
get the specific knowledge fromthe
expert but not the common knowledge.
Despite this limitation, thishas become
the new focus of research in the area of
patternrecognition.”

A graduate of the University of
British Columbia, Suenalso helped

introduce verification and validation
techniquestoexpertsystemsin
telecommunications.

Hisresearchin thisareabegan four
yearsagowhen Concordiawas awarded
afour-year, $800,000 contract by Bell
Canadatodevelop aunique set of
guidelinesto evaluate expertsystems for
diagnosing problemsincommunication
networksand related applications.



