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PUNCH CARDS TO COLOR GRAPHICS:
The Story of Educational Computing at Cornell

by Christopher Pottle
Twenty years ago, students with a com-
puter assignment punched their data onto
cards, carried them to a central facility for
processing, and came back maybe a day
later to pick up a printout. We have come a
long way since then. Today students use
conveniently located terminals for assign-
ments that include not only calculation, but
the very latest techniques, such as interac-
tive color graphics for engineering design
and analysis. Similar progress has no doubt
occurred at leading schools everywhere.

A frequent result of the rapid techno-
logical changes has been a confusion of
overlapping and incompatible facilities
and programs. But at Cornell, and espe-
cially its College of Engineering, the story
has a special twist. It is primarily a story of
how many separate efforts to provide edu-
cational computing to students and faculty
members are coming together to form a
single coherent policy.

THE ANCIENT HISTORY
OF EDUCATIONAL COMPUTING
In the old days of card readers and line
printers, the facility that engineering stu-
dents were most likely to use was in the
basement of Upson Hall. That facility and

others located here and there on campus
were all serviced by one central computer
and staffed by Cornell Computing Services
(CCS), now Cornell Information Tech-
nologies (CIT).

With the arrival of a time-shared operat-
ing system in the early seventies, the card
readers and punches gave way to display
terminals and on-line computing. One
central machine continued to handle all
educational computing, except for a little
done by a few minicomputers that were
directly connected to experiments in de-
partmental laboratories at the College of
Engineering.

MEETING THE NEEDS OF
COMPUTER SCIENCE STUDENTS
In the mid-seventies, the Department of
Computer Science persuaded CCS to pur-
chase a number of Terak microcomputers
for use in introductory courses in computer
science, and a new Terak facility was
opened in the basement of Carpenter Hall.
These machines were the forefunners of
personal computers and provided the impe-
tus for CCS to go into decentralized com-
puting. The computer science department
facilitated the use of the Teraks by building

an educational PASCAL compiler, a leader
in the field at the time.

When the Apple Macintosh computer
was announced in 1984, the computer sci-
ence department immediately recognized
that a successor to the now obsolete Teraks
had been found. By the fall of 1984, the
entire introductory course work had been
switched to Macintoshes provided by CCS
and set up in the Carpenter Hall facility,
and this move was followed shortly by the
installation of more units in the Upson Hall
facility to serve the sophomore courses.

By 1982, upperclass instruction in
computer science required access to com-
pilers for LISP, C, and other applications
usually associated with a UNIX environ-
ment. CCS responded with the installation
of a VAX (later several) running UNIX,
whose use was given over primarily to
computer science students. These ma-
chines served the needs of computer sci-
ence students for six years, until it became
obvious that the VAX machines were no
longer adequate—that the era of the power-
ful workstation had arrived.

Again CCS responded: in the fall of
1988 it purchased twenty-five NeXT work-
stations. The order was almost the first the 2



company received. The rededication of the
Upson facility, where the new machines
are located, was a major campus event that
included a visit by Steven Jobs, the presi-
dent of the company. This summer the
facility will be completely refurbished.

A point to be made about this part of the
story is that the university's central com-
puting organization, CIT, has always been
responsive to the massive, and somewhat
specialized, needs of computer science
students, at least half of whom are regis-
tered in the College of Engineering. For
other course work, however, the CIT offer-
ings have been less useful. CIT has pro-
vided a succession of ever-more-powerful
IBM mainframes and, since 1984, a VAX
running the proprietary VMS operating
system, all with terminal access from the
Upson facility. Unfortunately, this method
of computing has become progressively
less appropriate to the needs of engineering
students. During the 1980s, therefore, the
college has tended to provide its own facili-
ties at its own expense. This situation is
now changing: the college was consulted
during the NeXT acquisition, and that fa-
cility is expected to be used for courses in
many areas of engineering.

THE ADVENT OF THE COMPUTER-
AIDED DESIGN FACILITY
The next chapter in the story begins with an
initiative by Professor Donald P. Green-
berg, who had established Cornell's im-
mensely successful Program of Computer
Graphics and its state-of-the-art research
laboratory. In 1979 he persuaded Thomas
Everhart, then the dean of the engineering
college, to establish a facility with similar
hardware for instructional use. Advances
in computer graphics for educational pur-
poses would come primarily from the re-
sults obtained in the research laboratory.

Historical photographs show (at left) students
punching computer cards in the original Upson
Hall facility, and (below) a tour of the CADIF
laboratory by Engineering College Council
members before the equipment had even been
set up.

In the CADIFphoto, Donald P. Greenberg,
the founder of the laboratory, is talking to the
group, which includes John Dill (center fore-
ground), the first manager of CADIF.

Greenberg, who is now the Jacob Gould
Schurman Professor of Computer Graphics,
teaches in the College of Architecture, Art, and
Planning, and in the College of Engineering,
and he continues as director of the Program of
Computer Graphics. He holds two Cornell de-
grees—a B.S. in civil engineering and a doctor-
ate in structural engineering—and has been on
the Cornell faculty since 1969.



"Increasingly, new
courses require

access to sophisticated
computer-aided

design tools"

Gifts from corporate and private
sources provided the start-up funding for
the Computer-Aided Design Instructional
Facility (CADIF). Accounts of the early
development appeared in this magazine*,
and an article by Kate Mink in this issue
brings the history of CADIF up to date.

The use of computer graphics in under-
graduate classes was an innovation, and at
first it was mostly faculty members associ-
ated with the Program of Computer Graph-
ics who took advantage of what CADIF
had to offer. The spotty use by the rest of the
engineering faculty aggravated budget
problems when the initial funding ran out
in 1983. It was becoming clear, however,
that such a facility was badly needed, since
the CIT mainframe approach is incompat-
ible with intensive use of the color graphics
displays. Increasingly, new courses require
access to sophisticated computer-aided
design tools.

The direction taken by CADIF in the
past three years has changed significantly.
The purpose is the same, but a much greater
emphasis on service to students has drasti-
cally increased its use. Because of grants
from both government and industry, the
college has had to spend very little money
on equipment. And funding from the De-
partment of Education has supported,
through Project SOCRATES, the develop-
ment of portable educational graphics soft-
ware based on the latest research in the field
(see the article in this issue by Sari Lynn
Goldbaum). CADIF's main problem has
been to keep up with the exploding demand
for service to undergraduate courses.

*See the Winter 1981-82 issue, "The Advance
of Computer Graphics", and the Winter
1986—87 issue, "Keeping on Top in Under-
graduate Education".

PROJECT EZRA AND A NEW
DEANSHIP FOR COMPUTING
The year 1983 ushered in the era of the
personal computer with the arrival of the
IBM PC. Between 1984 and 1988, Cornell
received $8 million worth of IBM equip-
ment under the IBM-sponsored Advanced
Education Project, which at Cornell was
called Project Ezra.

At the College of Engineering, the job of
coordinating and writing the proposal for
Project Ezra facilities fell to Professor
Kenneth Torrance, who at that time was the
associate dean for research and graduate
studies. This experience was the principal
reason for the creation in 1984 of the new
position of associate dean for computing.
Professor Mark Turnquist was the first
person to hold this position, and I have held
it since 1986.

Distribution of the college's share of the
IBM donation was the primary responsibil-
ity of the associate dean for two years. A
decision by the college faculty mandated
that the entire Project Ezra grant be used to
support instruction rather than research,
and accordingly the associate dean placed
the computers (mostly PCs) in various
units of the college on the basis of propos-
als from faculty members for the innova-
tive use of computers in instruction.

By the end of 1986, the college's allot-
ment of about one hundred PCs had been
placed. Two-thirds are in some half-dozen
undergraduate laboratories operated by the
schools and departments of the college; the
largest is a public facility of twenty-two
IBM PC/ATs that took over the browsing
room of the engineering library in Carpen-
ter Hall in 1985. The rest of the Project Ezra
computers were allocated to faculty mem-
bers for the course-development work that
provided most of the software used in the
laboratories.



The success of Project Ezra led to an
immediate demand by students that soon
could not be met, particularly in the public
facility in Carpenter. Fortunately, a dona-
tion of twenty-five Vectra personal com-
puters by Hewlett-Packard in 1986 made
possible another facility in Hollister Hall.
These two facilities have more or less met
student demand for this level of equipment.

One result of all this expansion is the
curious circumstance that of the college's
four public-access centers, two are super-
vised by CIT, and two are operated by col-
lege personnel. All must be staffed and
maintained in similar fashion, and all have
similar problems; the reasons for the sepa-
ration in supervisory responsibility are
purely historical.

THE ADVENT OF NETWORKS
AT THE COLLEGE OF ENGINEERING
The installation in 1984 of a completely
new wireplant for Cornell's telephone
system provided the opportunity to install
at the same time a modern fiber-optic back-
bone computer communication network.
This network reaches all the units of the
university and has sufficient capacity to
meet the needs for some years to come.

The library catalog has recently become
available on this network, and other library
functions will be added as time and funds
permit. The new wireplant also makes
possible high-speed network connection
for computers in every student room and
faculty or staff office, and pilot projects
utilizing these connections are in progress.
The exact impact on educational comput-
ing is not yet clear, but it will be substantial.

In 1984, with the help of CIT and the
Digital Equipment Corporation, the col-
lege installed an Ethernet cable connecting
all the buildings on the engineering cam-
pus. A gateway device connects this col-

lege Ethernet with the Cornell backbone
and, through it, with the outside world.
More than four hundred computers con-
nected to the college Ethernet are used for
research (about 70 percent), education (15
percent), and administration (15 percent).

A LOOK INTO THE FUTURE
OF EDUCATIONAL COMPUTING
What does the associate dean for comput-
ing see in his crystal ball? Clearly, the de-
mand for instructional computing is going
to grow rapidly; the direction of growth is
not so clear.

Our installed base of IBM-type and
Macintosh personal computers is probably
as large as it needs to be. The growth will be
in applications that require more comput-
ing power than is provided by these ma-
chines. In addition, the networking of the
campus is likely to mean that students who
own their own personal computers will
need access to larger machines.

The use of computer-aided design tools
in course work is an area of rapid growth,
and fortunately, more powerful and less
expensive graphics-intensive color work-

Christopher Pottle, a Cornell professor of elec-
trical engineering, is also the associate dean for
computing at the College of Engineering.

He received his undergraduate education at
Yale University and did his graduate work at the
University of Illinois at Urbana. He joined the
Cornell faculty in 1962 after receiving his Ph.D.
degree. His research specialties are computer-
aided design, power-system simulation, paral-
lel computer processing, and network theory.

Pottle has been a Fulbright scholar at the
University of Erlangen-Nur ember g, Germany,
and a visiting professor at the Carnegie-Mellon
University, and he has spent sabbatical leaves
at IBM' s Watson Research Laboratories and at
the General Electric Company's Electric Utility
Systems Engineering Department.

stations are appearing. But there is also a
move afoot, based on long-term proved use
of our PC facilities, to introduce sophisti-
cated symbolic mathematics applications
into large underclass calculus courses.
These applications do not require color
graphics, but the number of students who
will need high-level service is staggering.

Who should run these facilities and how
will they be paid for? It seems clear that
except for specialized facilities such as ex-
perimental laboratories, the provision of
new facilities for instructional computing
should not be the responsibility of individ-
ual departments (although many units are
very successful in obtaining equipment
through donations or deep discounts).
Whether the new facilities should be pro-
vided by the college, as in C ADIF, or by the
university, as in the CIT-operated NeXT
facility, is not so clear.

However that particular issue is re-
solved, and whatever solutions to new
problems are found, instructional comput-
ing is here to stay. We are at the beginning
of a new era in engineering education.



THE COMPUTER-AIDED DESIGN
INSTRUCTIONAL FACILITY
198O's Radical Experiment is Today's Solid Success

by Kate Mink
A place on campus that all Cornell engi-
neering undergraduates become familiar
with is the Computer-Aided Design In-
structional Facility, centrally located right
off the engineering quadrangle on the
ground floor of Hollister Hall. CADIF, as
everyone calls it, is an entirely modern
computer graphics laboratory that is used
for course work in almost every school and
department of the College of Engineering.
Just as computer graphics has become a
basic tool in the engineering profession, it
has permeated the engineering curriculum.

The establishment of CADIF as a cen-
tral facility has made it possible for the
college to incorporate computer graphics
into undergraduate education in a substan-
tial way. CADIF provides the necessary
hardware and the equally necessary exper-
tise in how to make use of it. Professors in
all the different disciplines can work with
CADIF staff members on computer-graph-
ics assignments that augment classroom
instruction. Students have someone there
in the lab to provide help if they need it.

The benefits are clear. Working with
computer graphics helps the students un-
derstand basic concepts and gives them a
sense of how engineering design becomes

practical reality. In the process they also
acquire techniques they will need as pro-
fessional engineers. And besides, the as-
signments are fun. The combination adds
up to a remarkable component of engineer-
ing education today.

HOW CADIF GOT STARTED
AND HOW IT HAS DEVELOPED
CADIF was founded in 1980 as an instruc-
tional "clone" of Cornell's Program of
Computer Graphics. Donald P. Greenberg,
who is now the Jacob Gould Schurman
Professor of Computer Graphics, had
started the original program to facilitate
research in the new field, and he realized
the importance of providing all engineer-
ing students, particularly undergraduates,
with access to the developing technology.

CADIF is not a public-use facility; it is
reserved for doing course work and related
software development. It is open to any
faculty member who wishes to use interac-
tive graphics in teaching, and part of the
mission of the CADIF staff is to craft pro-
grams that are suited to specific courses. It
is also possible for individual students to
use the facility for work that is related to
their classes or special projects.

To get CADIF started, a funding pack-
age was assembled, mostly from corporate
and private sources, for site preparation,
equipment acquisition, and operating ex-
penses for several years. The original hard-
ware consisted of VAX computers (a 780
and a 750) driving special-purpose graph-
ics hardware—vector refresh displays and
frame buffers. All the software and graph-
ics libraries were custom-written and
nonportable.

Program development, staffing, and use
of the facility grew for several years.
CADIF staff members were instrumental
in the creation of the college's Ethernet.
Then, as the original funding ran out and it
became apparent that the equipment was
becoming obsolete, a crisis point was
reached. The facility drifted for a while
with a succession of interim directors and
no clear purpose or direction for growth.

In 1985 a concerted effort to revitalize
CADIF was begun. I was involved in this
with Professors Anthony Ingraffea and
Mark Turnquist (who was then the col-
lege's associate dean for computing). We
began by writing a proposal for a project,
which we called SOCRATES, for software
development and subsequent distribution



"Our expectation is to make interactive graphic computing
a universal educational resource within a few years/'

to other colleges and universities. We also
negotiated a major discount on worksta-
tions (then a very new technology) with the
Digital Equipment Corporation.

With new staff and computers, new and
exciting programs could be developed and
support services could be provided for
more courses and the faculty members who
taught them. We adopted the HOOPS*
graphics library as a standard, a change that
gives us much more flexibility in support-
able hardware than was possible with the
original special-purpose code. In the
course of converting applications to use
HOOPS, we have also expanded them to
use color, motion, 3D, and windows.

Since then, we have conducted a vigor-
ous program of building on this initial
support. Our goals include:
• ongoing upgrading of equipment;
• development of new courseware (even-
tually for every department in the college);
• maintenance of a high level of program
development and support staff without any
substantial growth in operating expenses.

•HOOPS is a software graphics library created
and sold by Ithaca Software, Inc., Ithaca, New

7 York.

All of this requires a continuing effort to
identify and work with potential spon-
sors—those who have an interest in sup-
porting interactive graphics for education.
These include not only foundations and
government agencies, but companies that
can use both advanced graphic engineering
software and graduating engineers who are
familiar with it.

THE FACILITIES TODAY,
TOMORROW, AND BEYOND
CADIF started with a single central com-
puter, a VAX 11/780, rated at 1 MIPS
(million instructions per second) process-
ing speed and serving six fast and twelve
slow graphics screens and twelve termi-
nals. It now offers a network of thirty-two
workstations (seven for the staff and
twenty-five for students) which have a
combined rated speed of 114 MIPS ac-
cessed by thirty-two graphics screens and
an additional eight terminals (see Figure 1).
And all of this is being kept busy—demand
is more than keeping pace with the supply
of workstation hours we can provide.

Figure 2 projects a "maximum-configu-
ration" network that could be supported
comfortably in the present CADIF facility.

Expansion after that will be in the form of
higher-performance nodes (replacing to-
day ' s workstations with tomorrow' s super-
workstations), and the establishment of
similar "satellite" facilities elsewhere on
campus. We hope to put these new work-
stations into every building and every un-
dergraduate laboratory. Our expectation is
to make interactive graphic computing a
universal educational resource within a
few years.

CADIF and the college's three public-
access PC facilities are under the jurisdic-
tion of the associate dean for computing,
Christopher Pottle. As computing coordi-
nator, I oversee these operations, and also
the activities carried out for Project
SOCRATES, which is directed by Profes-
sor Anthony Ingraffea (see the following
article on SOCRATES in this issue).

A support staff of nine keeps CADIF
running, sets up classes, and writes new ap-
plications. In addition, there are thirty stu-
dents who serve as room monitors for the
PC facilities and fifteen who are room
monitors at CADIF. This student staffing
allows us to stay open at least eighteen
hours a day and sometimes, when the
demand is heaviest, around the clock.



Figure 1. The current CADIF network.
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Figure 2.The "maximum-configuration" network for the present facility.
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MEASURING THE HEAVY USE
OF THE GRAPHIC COMPUTING LAB
Students using or developing programs as
part of their course work are the major users
of CADIF, as can be seen from Figure 3.
Most of the remaining usage is by staff
working on the next generation of instruc-
tional applications.

CADIF supports work in more than fifty
courses with an aggregate enrollment of
almost two thousand. (This is not to say that
two thousand different students work at
CADIF simultaneously, or even over the
course of a year; the aggregate counts sepa-

rately each student, in each course, for each
semester. I have no doubt, however, that
we have reached our early goal of provid-
ing some exposure to computer graphics
for every student.)

A good measure of the service CADIF is
providing is to count user contact hours:
one user, running one process on one
machine for one hour of logged-in time
constitutes a user contact hour. This
doesn't correspond exactly to the number
of hours that users physically sit before a
screen, since typically students work in
groups (which makes the number low) and

run more than one process at a time (which
makes the number high). Another factor
that tends to raise the number of user con-
tact hours is that the total includes time
logged by "overhead" processes such as
BACKUP and NETWORK. Since these
processes have to be running in order to
service the users' processes, CADIF has
always included them in the accounting.

User contact hours (see Figure 4), which
hovered around 30,000 per term before the
workstations were brought in, have been
going up steadily; the 200,000 level was
exceeded in the spring 1989 term.
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Figure 3. The uses of CAD IF.

Figure 4. The use of CAD IF by Cornell engi-
neering students. User contact hours, as defined
in the text, are plotted for spring and fall terms
of each year.

The demand for access to workstations
seems almost insatiable: I alternately look
forward to having enough computers to
allow students to get their work done with-
out having to come in during late-night
hours, and ruefully decide that no foresee-
able increase in the number of display
screens or computing horsepower will
have that effect. Why not? Because of what
interactive graphics in education is all
about—student enthusiasm.

It's not just that computer graphics can
be whiz-bang, high-tech, video-game fun
—though I'd be the last to deny that. And
it's not just that corporate recruiters are
pleased to see graphics programming and
interactive design courses listed on
resumes—though both students and the re-
cruiters themselves have assured me that
they are. Something else captivates most of
the students who use CADIF, putting in
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long hours and turning in work of excep-
tional quality. Something else accounts for
the scramble to get into project courses.

We believe three factors are at work:
students can see what they're doing (visu-
alization); they know that what they are
doing is realistic, meaningful, and often
breaking new ground (significance or chal-
lenge); and they have the opportunity to do
it extremely well.

CADIF is unusual in providing these
rewards, as we can see by comparing typi-
cal CADIF assignments with their text-
book counterparts.

VISUALIZATION AND HOW
IT HELPS STUDENTS LEARN
The limitations of what can be described on
the printed page are painfully obvious to
anyone who has worked with computer
graphics. (I recognize the irony of pointing
this out here, on a printed page.) A textbook
presents a limited amount of graphic mate-
rial in small, static, essentially two-dimen-
sional, black-and-white drawings. Text
and mathematical notation must carry most
of the burden of communicating. But the
usefulness of graphics—the inadequacy of
words and equations alone—is attested to



In addition to CADIF, the educational
computing service at the College of Engi-
neering maintains several computing cen-
ters that are open to all students. They are
used for assignments in some courses and
for independent programming, and al-
most all the students use them to produce
accurate and readable graphs and to pre-
pare papers. These centers are:
• The Hollister Hall PC facility, which
has a network of fifteen HP Vectras, plus
printers and plotters.
• A facility in the Engineering Library in
Carpenter Hall, which has twenty-two
IBM PC/ATs networked to a server. The
equipment was obtained through Cor-
nell's Project Ezra.
• A facility in Kimball Hall that belongs
to the Process Control Laboratory but is
also used by other students on an "as
available" basis. CADIF provides room
monitors for this facility, which consists
of eight IBM 3270 PCS.
• A PC facility in Uris Hall that is oper-
ated by Cornell Information Technolo-
gies (CIT). A cooperative agreement al-
lows the College of Engineering to install
software and send students there.

In a typical term, these PC facilities
provide services for about thirty courses
in many departments. Some assignments
call for commercial software such as
Lotus 1-2-3 (spreadsheet), MatLab
(mathematics package), X-CELL (fac-
tory layout), and AutoCAD (drafting).
Some use custom educational packages
written by Cornell faculty members and
students; these include FLOOD (to help
predict the effects of new reservoirs),
SIGMA (to simulate industrial processes
and systems), and an Electronics Toolkit.
Some users write their own programs on
FORTRAN, BASIC, or Turbo Pascal.

At the college's general-access computing center in Hollister Hall, Professor Daniel P. Loucks
stops by to see how his students are coming along with a class assignment.

USE OF THE PC FACILITY
IN HOLLISTER HALL
Fall 1988

Independent
student use

(38%)

Support (25%)

Operations Research and
Industrial Engineering (7%)

General Engineering (6%)

Materials Science
and Engineering (5%)

Civil and Environmental
Engineering (9%)

Electrical Engineering (3%)

Computer Science (7%)

10



by the universal tendency of engineers—
almost a reflex—to reach for a pencil and
start sketching when they are discussing
anything technical.

At the workstation, concepts and meth-
ods can be examined under a wide range of
conditions and geometries, using color and
motion, with viewpoint and magnification
under the user's control. The student who
best grasps a principle by abstracting from
many related examples can use that ap-
proach, while the one who finds examples
tedious and unnecessary can proceed with-
out delay. Whereas a textbook presents the
same material to every reader, good educa-
tional software can introduce more detail
or streamline the information, as the stu-
dent chooses.

On a workstation screen, the effects of
every step of an analysis or design process
can be made visible and explicit. Most
people who have done engineering compu-
tations have had the experience of leaving
out an important piece of information be-
cause there was no visible signal that some-
thing was missing. And there are some
people who have difficulty understanding
the implications of a mathematical model
unless they can see it pictured in a physical
system (as in the HOTFLOW display on
page 24). The numerical and the pictorial
representations present the identical infor-
mation, but we respond much better to the
pictorial. After all, what do we say when we
think we understand something? "I see!"

Even within the realm of text, the com-
puter has some subtle advantages over the
printed page: it allows material to be exten-
sively cross-indexed and so explored in
any desired order, and it can make huge
volumes of peripheral information easily
available. (Many of the most recent
SOCRATES programs include an on-line

11 user's manual, GUIDO.)

THE STUDENTS' EXPERIENCE

"When I saw what they were doing at CADIF, I knew this was where I had to be."

"It's basically done, but we've got some more neat stuff we want to put in."

"They said in class that if we asked you d stay open over Break"

"I lose track of time completely"

"I've decided I want to stay for my M.Eng., if I can keep working on this. There's a lot
more I can do with it, and none of my job offers are for anything this interesting."

"The stuff! did at CADIF was the best part of my undergraduate career. No question."

"I have to close down the class projects early, or they'll keep working on them all
through finals."—Professor Dean Taylor

The purpose of education is to commu-
nicate ideas—to give students access to
concepts and methods, and to enable teach-
ers to monitor their students' progress.
Increasingly, students and professors are
discovering that in many fields, notably en-
gineering, computer-aided visualization is
an essential supplement to and sometimes
a substitute for the traditional learning
modes of reading, writing, and discourse.

CHALLENGE AND OPPORTUNITIES
FOR EXCELLENCE
In most engineering curricula there aren't
many opportunities for open-ended crea-
tivity. Problem sets and exams, and even
lab exercises, generally have only one right
answer or outcome, and if you get it there is
nothing to be gained from going further.

In the real world, however, that is not the
way things are. Engineering problems can
have many right answers, or none at all, and
the possibility of devising something a bit
more elegant or cost-effective than what
has been done before engages and moti-
vates many engineers. And this is what we
see happening among students working at
CADIF. They know that what they're
working on is a realistic problem, and even

if it has been solved before (which isn't
always the case) they might be able to
improve on that solution. In any event, their
project designs reflect their individual
ideas and approaches; unlike problem sets,
computer-aided design assignments can
turn out to have vastly different solutions.
Professors are often thoroughly, and pleas-
antly, surprised to see how their students
interpret and solve the problems.

This is, of course, most apparent in the
higher-level project-oriented classes that
are the biggest users of CADIF. These are
the ones we stay open twenty-four hours a
day for, in part because students regularly
get so involved in their projects that they
keep working, at all hours, to improve
designs and add features well past the point
at which they would earn an A grade.

A visit to CADIF reveals how the stu-
dents get really caught up in their projects.
Working as they do in a common lab, they
share the frustrations of debugging, the
fatigue of late-night hours—and the exhila-
ration of finally making something work.
They are all well aware of what the others
are doing, and there is competition to im-
plement more and niftier features in their
programs and designs.



"CADIF changed everything in this course:
content, scope, and teaching and learning styles"

But unlike most high-pressure, com-
petitive experiences, working on CADIF
assignments actually seems to foster coop-
eration. By working in small groups, the
students learn to communicate, as they will
have to do in professional design teams.
And they readily exchange hints and help,
and cluster around to admire advances in
each other's programs.

The following examples of CADIF
projects illustrate the kinds of computer-
graphics work the assignments entail.

THE PIONEER COURSE
IN COMPUTER GRAPHICS
The Computer Science course 418: Com-
puter Graphics, taught by Donald P. Green-
berg, is one of the very first courses in the
theory and practice of the technology, and
one of the best. It is greatly in demand, and
the students put tremendous amounts of
work into it.

Each of the projects involves the devel-
opment of a complete application, includ-
ing a fully graphic user interface, on-line
HELP, and its own viewing transforma-
tions. Students have displayed and ani-
mated wonderfully detailed planetary sys-
tems, merry-go-rounds, games of skill and
chance, cartoons of Snoopy playing vari-
ous sports, and olives dropping into martini
glasses, complete with sloshing liquid.

In the spring 1989 term they wrote a
simple solid modeler and their own ray-
tracing programs, which let them create an

object and then display it (as shown in the
photograph on the opposite page) with
near-photographic realism. Since very few
computers are fast enough to provide real-
time ray-tracing of images, one group actu-
ally developed a parallel processing
scheme that let them speed up their proc-
essing by using any spare compute cycles
anywhere in the cluster: a technique that is
at the cutting edge of computer science!

TRANSFORMING COURSE WORK
IN CIVIL ENGINEERING
In 673: Advanced Structural Analysis, a
course taught by John Abel, seniors and
graduate students first use and then add to
interactive programs for analyzing and
designing structures such as buildings and
bridges. This combination of using and
modifying programs prepares the students
for advanced study or professional work:
by using the programs to do analyses, they
extend their understanding of the struc-
tures, and by debugging and integrating
their own routines, they learn the program-
ming techniques and computational me-
chanics they will need to implement new
techniques.

Anthony Ingraffea offers 770: Finite
Element Analysis, and 772: Fracture Me-
chanics, which attract students in structural
mechanics, mechanical and aerospace
engineering, theoretical and applied me-
chanics, and geotechnical engineering.

In the finite-element course, they learn

how to predict stresses and deformations in
continuum, as opposed to skeletal, struc-
tures. These predictions are fundamental to
the design process in such diverse fields as
automotive, biomechanical, and oil-explo-
ration engineering. They are also funda-
mental to the understanding of why things
stay together or fall apart.

When he began teaching this course a
decade ago, Ingraffea says, most of the
time was spent on study of the theory; only
one or two actual computer analyses were
tacked on at the end of the semester, since
there wasn't enough time for any substan-
tial amount of computing experience. Stu-
dents had only shared access to the campus
mainframe, and communication with it
was a trial that most students chose not to
write home about.

CADIF changed everything in this
course: content, scope, and teaching and
learning styles. Today the students at their
workstations have individual access to
more computer power than was shared by
hundreds of students just a few years ago.
The user interface is graphical, dynamic,
and adaptable; it is exciting and enticing.
As a result of this evolution, students are
learning by doing rather than purely by
studying the theory, and they are working
on many problems of exacting realism. The
capstone experience is a project, selected
by each student, that involves realistic
analysis or design or both. These projects
have included, for example, work on hip 12
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Left: In the CADIF laboratory students usually
work in groups on class assignments.

and knee prostheses, aircraft and automo-
tive components, applications of new ma-
terials, and oil-well simulation.

A two-term sequence required for Mas-
ter of Engineering students—501 and 502:
Civil and Environmental Engineering
Design Project—is unique in that student
teams carry out different aspects of one
large, real-life structural design. Prelimi-
nary planning is done during the fall term,
and the final design is put together during a
three-week period in January. Visiting
engineers present actual projects their
firms are working on, and confer with the
students from time to time. CADIF is used
extensively for design and verification, and
the college's PC facilities are used for
computer-aided drafting during the inten-
sive January intersession. (An article about
this course appeared in the Summer 1987
Quarterly.)

Another advanced course that uses
CADIF is 779: Design of Steel Frame
Structures. This addresses the job of the
structural engineer in designing steel-
framed buildings that are inexpensive, effi-
cient, easy to build, and unquestionably
safe. Virtually all modern buildings of any
size are of this type. They can be extremely
complex—a 70-story building is made up
of thousands of individual members, each
of which must be specified to demanding
standards from an encyclopedic array of
available shapes, sizes, and compositions.

Until recently there was simply no way
to learn much about such a job in the

Left: A student in Computer Science 4IS
created this screen using a program for the re-
alistic modeling of solid objects. At this point,
the student was testing the final design.



classroom. Any problem that could be
solved during a term, even by a group of
students working intensively, had to be so
reduced and simplified as to be completely
unrealistic. Now, however, using pro-
grams developed at CADIF, students can
specify, analyze, and redesign full-scale
steel-frame buildings in a matter of hours.
These programs, CU-PREPF and CU-
STAND, don't in any sense do the design;
they simply remove the drudgery and some
of the possibility for human error, and
when the design is completed, they com-
pute and display its behavior under load.
The programs, which incorporate United
States and Canadian construction stan-
dards, were developed under the supervi-
sion of Professor William McGuire, one of
the leading authorities in the field.

The course is taught by Peter Gergely,
an expert in earthquake engineering, and is
currently being expanded to cover the prin-
ciples of engineering for earthquake resis-
tance. With the most advanced of the steel-
frame analysis programs, CU-QUAND
(still under development), the students will
be able to analyze the response of a struc-
ture to the shocks and rapidly varying loads
characteristic of earthquakes.

The School of Civil and Environmental
Engineering also uses CADIF for courses
in the areas of transportation and fluid
dynamics.

COMPUTER-AIDED DESIGN
IN M&AE COURSES
Courses offered by the School of Mechani-
cal and Aerospace Engineering include
several that incorporate interactive com-
puter graphics. They include 489: Me-
chanical Computer-Aided Design, and
589: Advanced Mechanical Computer-
Aided Design. Both are taught by Dean
Taylor.

Keg8il3 Lontrol Panel

Sail Control

In these courses the students, usually
working in pairs, solve a number of realis-
tic problems using either prepared interac-
tive graphics programs or programs they
have written themselves.

In 489 the problems are related to the
design, construction, and operation of 12-
meter yachts. The students compute a hull
shape in three dimensions, build a rigging
data base, and finally write detailed simu-
lation programs in which the user "sails"
the boat using an interactive control panel.
The climax is a regatta in which the teams,
positioned at their workstations, race their
simulations in real time, with weather
conditions and overall monitoring pro-
vided by a Race Controller Program.

The follow-on course, 589, focuses on
biomechanical applications. A typical

I Rudder Control

From their CADIF terminals, two-person teams
of mechanical engineering students wind up the
semester by "racing" their sailboats in the
annual regatta of course 489: Mechanical
Computer-Aided Design. This printout is from
the program written by Nathaniel Jarvis and
Stephanie Jensen to sail the boat they had
designed.

exercise involves modeling extremely
complex solid objects such as custom-fit,
computer-designed prostheses for human
hip joints.

CIRCUIT DESIGN: A NATURAL
FOR COMPUTER GRAPHICS
Cornell's courses in the art and theory of
integrated-circuit design are very popular
among seniors and students in the Master
of Engineering (Electrical) program. 14



These courses, taught by Lov Grover, are
539: VLSI Circuit Design, and 593: RISC
Circuit Design (which is also a computer
science offering).

In the two-term VLSI course the stu-
dents use Berkeley design tools to lay out,
rule-check, and simulate circuits which are
then manufactured as real ICs over winter
break and tested in the spring term.

Some of the projects for these courses,
especially the one on RISC (Reduced In-
struction Set Computers), are very ambi-
tious: two students may design and pro-
duce a complete single-chip processor.

Below: This layout, part of a project on the
design, layout, and simulation of a digital
watch, was designed at CADIF by students in
the course VLSI Circuit Design. The printout
shows the structure of a memory cell that can
hold one bit of information. The members of the
team that worked on this project are Ivan
Bachelder, Salil Deshpande, and Tony Su.

THE RANGE OF COURSE WORK
CARRIED OUT AT CADIF
Assignments at CADIF are or soon will be
part of more than sixty courses.

So far, two schools—Civil and Envi-
ronmental Engineering, and Mechanical
and Aerospace Engineering—have used
the facility most extensively; they each
offer fourteen courses with CADIF assign-
ments. Electrical Engineering, Materials
Science and Engineering, and Geological
Sciences are not far behind, and Chemical
Engineering, Computer Science, and Op-
erations Research and Industrial Engineer-
ing are represented with several courses
each..

Three general introductory engineering
courses—in drafting, structures, and
manufacturing—entail work at CADIF.

Eventually, all the engineering units are
expected to participate, and courses will be
added across the curriculum.
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WHERE DO WE GO
FROM HERE?
Teaching engineering with interactive
computer graphics has been a solid success
at Cornell. It would be tempting to conclude
this piece with a few self-congratulatory
remarks about a job well done and a solid
foundation for the future, and leave the
reader with a satisfying sense of closure.
But that would be wrong. The fact is, we are
just getting started, and the possibilities for
improvement and expansion are greater
than they have ever been. This potential,
more than anything else, accounts for the
excitement that surrounds educational
computing.

There are obvious possibilities for im-
proving the college's hardware, software,
and networking as computer technology
advances and becomes less expensive, but
the really interesting opportunities come
from entirely new areas of endeavor that are
now opening up. High-performance com-
puting and interactive graphics have
proven their worth in the limited, special-
purpose CADIF environment; now it is
time to throw open the doors. The students,
the faculty, and the curricula of the 1990s
will all demand pervasive, high-level com-
puting support. Workstations (and the
applications, tools, documentation, and
instruction that allow them to be useful)
belong anywhere and everywhere that they
can effectively assist the learning process.
We are now investigating and planning for:
• educational computing facilities located
throughout the college;
• new instructional software designed
specifically for use in each of the under-
graduate testing labs;
• workstation-based applications that will
give students transparent access to the
Cornell supercomputer;
• an expanded program of training, with



TYPICAL TARGETS

The following laboratory subjects and exercises illustrate the kinds of material that can
benefit from the use of interactive computer graphics.

Chemical Process Control: wastewater neutralization
Chemical and Mechanical Engineering: unsteady-state heat transfer; heat transfer with fluid

flow
Mechanical Engineering: exploring assumptions, constraints, and design efficiency in

student-constructed refrigeration systems
Geotechnical Engineering: subsurface fluid flow
Structural Engineering: nondestructive testing; lab work with structural models
Electrical Engineering: circuit design and analysis
Materials Science: visualization of crystal geometries and properties; kinetics; phase trans-

formations; materials processing

the use of undergraduates as research assis-
tants and programmers;
• next-generation textbooks-in-software
that will use the computer for complex
visualization, real-time simulation, and
natural, nonlinear information retrieval;
• the implementation of a true electronic
classroom/conference room;
• a substantial, permanent program of
software distribution, building on Project
SOCRATES;
• increased collaboration between pro-
fessors and CADIF staff members, who
can serve as a resource, encourage interdis-
ciplinary activities, and make it easier to
bring new research results into teaching.

INTRODUCING WORKSTATIONS
INTO UNDERGRADUATE LABS
The idea of computers in teaching labora-
tories is nothing new; even small commu-
nity colleges now have labs with some
automated test or data-acquisition equip-
ment. What is new is the idea of comple-
menting and extending the experiments
by using high-performance workstations
right in the laboratories for full-fledged,
theoretically rigorous simulations of the

phenomena that are being investigated
experimentally.

Even as physical experimentation is
being emphasized in the curriculum, its
limitations are painfully obvious:
• Conducting thorough, realistic studies
is prohibitively expensive and time-
consuming.
• Even with complex, costly instrumenta-
tion, there are many phenomena that can't
be observed directly.
• In most exercises, the students collect
very little data because more would be too
difficult to organize and interpret.
• Many students have trouble making any
connection between the few, concrete data
collected in the lab and the theoretical,
mathematical models presented in class.

Our idea here is to use the visualization
and simulation capabilities of workstations
to help the students make the most of their
laboratory experiences. They should be
able to do serious data reduction and proc-
essing as the experiment progresses, and to
directly compare their results with what
they can see in a computer model of the
process. This will not only give them a
deeper understanding of what is happening

in the experiment, and what it has to do with
the mathematical model they have studied,
but also show them where and how the
models diverge from physical reality. This
is essential—engineers need to have a
healthy "professional skepticism" about
computer modeling, yet students today can
make it through their entire undergraduate
careers without ever realizing that there are
limits to mathematical and computer mod-
els of reality.

Figure 7 is a schematic description of
the solution of engineering problems as a
process of going from the real, concrete,
physical situation out through several lev-
els of abstraction to a mathematical
model—and then, it is hoped, coming back
with a meaningful, workable solution. The
places where people get hung up in this
process are those where good computer-
based tools can help. By providing clear,
detailed visual pictures of objects and proc-
esses, and by removing the mechanical
drudgery of calculations, interactive
graphics programs can keep students from
losing sight of the physical world, where
friction can't be be neglected and where not
everything that can be designed can really
be manufactured.

We also want to use simulation so that
problems and cases that can't be included
as laboratory work can be studied by means
of interactive computer graphics. Once the
students have physically worked on and
understood a simple experiment, they can
run "what i f simulations to see how the
concepts can be extended.

STUDENT ACCESS
TO SUPERCOMPUTING
A common misconception is that heavy-
duty computing is irrelevant to what under-
graduates are supposed to learn and do.
Actually, the most basic concepts in every 16
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engineering field describe the behavior of
extremely complex systems—heterogene-
ous solids, moving fluids, interacting mix-
tures of chemicals—and what the students
find, over and over again, is that just as the
trivial cases have been covered and things
are getting interesting, the course is fin-
ished. In essence, they are told that "beyond
here be dragons" and, well, they can go
further in graduate-level courses if they so
desire. A much richer treatment would be
possible if they had the tools to deal effi-
ciently with things that can't be expressed
in simpled, closed-form mathematics.

Interactive workstation graphics has
allowed us to make great strides in this
direction. But now we are finding that
faculty members and students who use
these systems can formulate, become inter-
ested in, and attack problems that require
more computational power than they can
get from a workstation.

At this point, there is once again a limit
on what can be accomplished in course
work. But this limit, too, can be passed if
students can gain access to supercomputers
transparently—that is, through instruc-
tional applications programs similar to

Figure 7. Solving problems in engineering. The
process involves a series of steps from reality to
abstraction and back again. Manx people have
dijficulty making the necessary translations and
mental leaps. Interactive, graphic programs
help bridge those gaps.

The three steps labeled in italics can be
accomplished entirely in the computer.

those they are now using so effectively in
CADIF.

At the current state of the art, however,
a supercomputer is an unusable resource
for students without considerable special
training. It is certainly not accessible
through any available workstation-based
tools. A student who becomes interested in,
say, thermodynamics, can study problems
up to a certain level of complexity on a
multi-window workstation display, in
near-real time and with the help of full
color. But to go any farther with the sub-
ject—to explore turbulence phenomena,
for instance—the student would need a
supercomputer, and this would entail
learning new computational techniques
and laboriously hand-coding and debug-
ging algorithms. Even then, the program
would only calculate numbers; still more
work would be needed to render the infor-
mation graphically. Not surprisingly, this
doesn't happen.

We are now planning, and seeking fund-
ing for, a joint CADIF/Cornell National
Supercomputer Facility project in which
our workstations will be used as "win-
dows" to the supercomputer. To do this, we
will develop the techniques required to
allow seamless connection to a wide vari-
ety of powerful, but remote compute serv-
ers, and restructure our applications to use
those techniques. We hope to have students
using the results of this project in their
course work by the spring of 1990.



The "Swamp", where staff programmers for
CADIF and SOCRATES carry out their work, is
a headquarters with a distinctive character.
Pictured on site, left to right above, are:

Back row: Brian Mathews, Jim Merry,
Glenn Shen, William Krauss, Tasha Hender-
son, Mike Jackmin, John Carlucci, and Naren
Shankar.

Middle row: Derek Jean-Baptiste, Bob
Covey , JeffKowalski, and Kate Mink.

Front row: Juggling Spider (on worksta-
tion), Jake the Red-Bellied Piranha (in tank).

Not pictured: Paul Meehan.
Shen, Krauss, Jackmin, Carlucci, and Jean-

Baptiste are applications programmers. Covey
is a systems programmer. Mink is the comput-
ing coordinator. The others are student appli-
cations programmers.

Right: William Krauss gets some exercise while
waiting for a large program to link. 18



UNDERGRADUATES AS
PROGRAMMING ASSISTANTS
The employment of undergraduates as
programming assistants—by departments,
research centers, on-campus projects, and
perhaps even outside companies—can be
beneficial for both the students and the
employers. The students have the opportu-
nity to make a creative contribution and
further their professional development,
and the employers can acquire intelligent
and well-educated assistants at minimal
cost. In practice, however, such an arrange-
ment is unlikely to be successful without
the right kind of supervision.

We have been very successful in em-
ploying student programming assistants at
C ADIF, and I believe the reason is that they
work closely, on a one-to-one basis, with
professional programmers who assign
them tasks, help them with technical prob-
lems, and monitor their progress. After a
term or two of working and learning this
way, the students are ready to take on
autonomous projects. In other words, a sys-
tem of apprenticeship to one master pro-
grammer, conducted in a busy, supportive
professional environment, is well suited to
the training of programmers. This ap-
proach is seldom used in academia, how-
ever, and is all but unheard-of in industry.

We hope to expand our training pro-
gram to support more projects, benefit
more students, and perhaps generate
enough data for a systematic comparison
with other programmer-training methods.

DIRECTIONS FOR THE FUTURE
ON CAMPUS AND BEYOND
Some of the work being done at CADIF
may also be useful to research projects on
campus. The first such cooperative effort is
with the multidisciplinary BioAcoustics

19 Research Project, which exists to pool the

resources and serve the common needs of
investigators who are interested in various
aspects of human and animal sounds. Its
participants are faculty members and
graduate students in a wide range of fields,
including music, neurobiology, ecology,
linguistics, and electrical engineering.

One of these researchers, Thomas Parks
of the electrical engineering faculty, is
collaborating with Project SOCRATES in
the development of digital signal process-
ing (DSP) software for workstations. The
programs will be used both for teaching
DSP at CADIF and as a tool in research
laboratories all over campus. This is a good
example of the kind of mutually beneficial
relationship between education and re-
search that universities try to foster.

CADIF began as a unique experiment.
Using computer graphics to teach engi-
neering is no longer experimental, but a
proven success, and the facility is no longer
unique, but has been copied by other insti-
tutions throughout the world.

Meanwhile, we have gone on to lead in
the art and science of developing high-
quality educational software and support-
ing interesting and challenging student
projects.

What next? The goal is to make interac-
tive graphic computing available through-
out the college and the curriculum—in
labs, in electronic classrooms and text-
books, in collaboration with research
groups—wherever it can contribute to the
education of Cornell engineers.

Kate Mink is the coordinator of educational
computing at Cornells College of Engineer-
ing. She manages the operation of the college's
Computer-Aided Design Instructional Facility
(CADIF), the PC facilities, and the SOCRATES
program for the development and distribution
of software. She also participates in long-range
planning for educational computing at the col-
lege, and in an ongoing fund-raising campaign.

Mink was graduated from the Massachu-
setts Institute ofTechnology in 1974 withaB.S.
degree in electrical engineering. Since then she
has worked as a scientific applications pro-
grammer, done graduate work at Cornell in the
field of animal behavior, and run a printed-
circuit design company. She joined CADIF as a
programmer in 1983 and assumed her present
position in 1986. She is now working on an
M.B.A. at the Johnson Graduate School of
Management under Cornell's employee degree
program.



SOCRATES — COMPUTER-AGE TEACHER
AT CORNELL'S ENGINEERING COLLEGE
A Unique Program Offers Educational
Graphic Software to Other Engineering Schools

by Sari Lynn Goldbaum
Students and professors at engineering
schools around the world have the opportu-
nity to benefit from some remarkable edu-
cational software developed at Cornell.
Through Project SOCRATES they have
access to interactive graphic software that
has been created for use in courses in a wide
range of engineering subjects.

This unique project, now in its third
year, is funded by the U.S. Department of
Education. It is under the direction of
Anthony Ingraffea, professor of civil and
environmental engineering, and is oper-
ated by the educational computing staff of
the College of Engineering, in conjunction
with the Computer-Aided Design Instruc-
tional Facility (CADIF).

In the SOCRATES program, staff and
student programmers work with professors
to develop software for use in Cornell
courses, and then this is made available to
faculty members at other institutions. They
receive high-quality, affordable, worksta-
tion-oriented software, along with advice
on how to use it. Annual workshops are
offered in the United States and abroad.

The first workshop, in the summer of
1987, focused on structural engineering.
Eight educational programs were pre-

sented to the thirty-three participants, who
sent back enthusiastic evaluations.

The second workshop, in 1988, concen-
trated on mechanical engineering applica-
tions; forty-two participants were intro-
duced to courseware on dymamic systems,
fluid flow and heat transfer, biomechanics,
and finite-element analysis.

This summer four new applications for
use in electrical engineering classes will be
presented. The programs are on circuit de-
sign, digital-signal and image processing,
and electromagnetic phenomena (involv-
ing fields, antennas, waveguides, and
transmission lines).

SOCRATES has been invited to set up
centers for software development and dis-
tribution at other engineering schools in the
United States, and to conduct workshops at
remote sites, notably in Europe.

What Project SOCRATES has to offer
other engineering colleges is help in inte-
grating computing into their curricula,
saving time, money, confusion, and risk. It
allows the faculty members to start teach-
ing with computers knowledgeably, inde-
pendently, and creatively, and will utili-
mately result in a general improvement in
engineering education.

The first beneficiaries, though, are Cor-
nell students: the software is crafted to
meet the needs of particular courses taught
by particular Cornell faculty members. Our
students are the first to use the programs, to
test them, and to offer suggestions for im-
proving them.

It was also largely on the strength of the
SOCRATES project that the college re-
ceived a $664,000 equipment grant from
the Digital Equipment Corporation in
1988—a grant that is allowing us to further
expand and upgrade the students' com-
puter facilities.

A COOPERATIVE VENTURE OF
FACULTY, STAFF, AND STUDENTS
One of Project SOCRATES' strongest
points is that it fosters interaction among
faculty, professional programming staff,
and students.

Any professor may come to Kate Mink,
the college's educational computing coor-
dinator, with an idea for a program that
would make teaching some course easier
and more interesting to the students, and
Kate will try to match her or him up with a
staff member or qualified student program-
mer to work on the project. In some cases, 20
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The initial SOCRATES summer workshop in
1987 was led by Anthony Ingraffea (standing),
who is the director of SOCRATES and a Cornell
professor of structural engineering. This work-
shop presented interactive computer graphics
programs that had been developed for courses
in structural engineering.

we have "sold" the idea of using computer
graphics to particular faculty members,
drawing on what we have learned from
students about their courses.

Any new approach to teaching is most
likely to be successful if it is easy to imple-
ment and promises to be an improvement
over existing methods. This is what the
SOCRATES program is designed to ac-
complish. The programmer assigned to
work on a program for a specific course

begins by meeting with the professor to
learn about the course and suggest possi-
bilities. Then, as a program is developed,
the professor can work closely with the
staff member, or simply check on the prog-
ress from time to time.

Not everyone realizes how easy it can be
to introduce an interactive graphics assign-
ment into the course work. This was
pointed out by John Belina of Electrical
Engineering, who has been working with
Project SOCRATES since the fall semester
of 1988. "Some professors are hesitant
because they don't understand how easy it
is to tell the programmers what they want
and have it happen," he said.

Many people on our staff are alumni of
the college. Often the programmer chosen
for a project has already taken the course.

"Our students are
the first to use the
programs, to test
them, and to offer
suggestions for
improving them."



A guiding principle of CADIF and Project
SOCRATES is that staff members need and
deserve a comfortable working environment.
This photograph shows a corner of the space
they have created for themselves.

and may have a better idea of the students'
needs than the professor has!

Once a program has become functional,
in the opinion of its author and the supervis-
ing faculty member, it is made available for
demonstration and student use at CADIF.
Preliminary bugs are reported to the pro-
grammer and fixed before the program is
released to professors at other colleges and
universities. Further error correction and
improvement continues throughout the
useful life of the program.

A KEY TO SUCCESS:
TEAM WORK IN THE SWAMP

Although only one programmer is formally
assigned to each project, the SOCRATES
staff works in many ways like a "think
tank" design team. Routines written by one
programmer are available to be used by
others, so there is no need to reinvent the
wheel with each program.

This attitude is illustrated in the devel-
opment of SPIN, an interactive circuit-de-
sign program that is described later in some
detail. The author, Brian Mathews, used a
windowing system that came from John
Carlucci's IMPSS (one of the 1988
SOCRATES programs), output from the
graphic program GRAPHITTI that had
been written by Mike Jackmin and Jeff

RECENT SOCRATES APPLICATIONS

1987—Structural Engineering
GISMA: 2D structural analysis (beams,

frames, trusses)
GISMO: 2D structural analysis with

animated matrix arithmetic
PREPF, STAND: specification, loading,

and analysis of 3D steel frames
SELS2: simple 2D finite-element theory
FRANC: advanced finite elements,

fracture mechanics

1988—Mechanical Engineering
HOTFLOW: heat transfer/fluid flow

simulation
IMPSS: moving mechanical systems
BOEF: beams on elastic foundations
PADL: a graphical interface to a para-

metric solid modeler

1989—Electrical Engineering
SPIN: interactive, graphic interface to

SPICE circuit analysis
EWOK: electricity/magnetism visualiza-

tion tool
AQUA: visual programming system, par-

ticularly for digital signal processing;
incorporates MATLAB, FIPS, MINT

FIPS: fast image-processing system
MINT: interactive digital filter designer

(uses METEOR algorithm)

1989—Physics
GRIN: optical workbench

Ongoing—Utility Programs
MENU: interactive menu creator
GRAPHITTI: data graphing and curve-

fitting

Proposed—Materials Science
CRYSTAL: 3D crystal-structure visualizer
FORMSIM: design/simulation software

for forming laboratory
PHASE: 3D chemical phase diagram

visualizer
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Kowalski, and Derek Jean-Baptiste's 3D
graphing routines.

Another example of adaptable systems
is Tse-Hwa Glenn Shen's implementation
of eleven different color maps based on
color-perception theory. Many of the
SOCRATES programs display results us-
ing color contours, and the ease of viewing
is facilitated by these color maps. As work
progresses, more and more generally use-
ful "building blocks" like this become
available for the overall effort.

Kate Mink is fond of saying that "90
percent of solving any problem is getting

good people to work on it; the other 10
percent is getting them what they need to do
the job, and getting out of their way."

The programming activity for CADIF
and SOCRATES takes place in a crowded,
locked office known as the Swamp, where
most of the staff (see page 18) seem to
spend most of their waking hours.
CADIF's system manager and resident
wizard, Bob Covey, is there to deal with
intractable problems and arcane issues of
system behavior, and amazing amounts of
good C code are the result.

What the staff needs is working space,

GRIN, an optical workbench
appropriate to course work in
physics, is a recent Project
SOCRATES application.

state-of-the-art equipment, access to tools,
and camaraderie. The college can provide
these, even though we can't compete with
the salaries paid by computer companies.

SOCRATES SOFTWARE IN USE
AND UNDER DEVELOPMENT
Since 1986, when Project SOCRATES
was begun, ten programs in structural and
mechanical engineering subjects and two
for general use have been developed or
ported by the staff and student program-
mers working under the supervision of the
course instruictors.



HOTFLOW

HOTFLOW is a Project
SOCRATES program used
for course work in mechani-
cal engineering. It simulates
heat transfer and fluid flow.

Now in preparation, for fall 1989 re-
lease, are five programs for courses in
electrical engineering. Three applications
in materials science and engineering are
being planned for next year.

Since electrical engineering is the larg-
est field in the college and one of the first in
which computer-aided design software
became widely used in industry, it was ap-
propriate for Project SOCRATES to de-
vote its third year to this discipline. Educa-
tional applications were developed for
several electrical engineering courses. The
new programs—AQUA, MINT, FIPS,

EWOK, and SPIN—are discussed here,
and representative displays from some of
them are reproduced here. These examples
demonstrate not only the educational use of
the programs, but the unique system of
cooperative effort by professors, staff
members, and students that makes them
possible.

PROGRAMS FOR COURSES
IN DIGITAL SIGNAL PROCESSING
Digital signal processing is one of the fast-
est-growing and most promising areas of
electrical engineering, with applications in

many engineering and scientific studies,
including neurobiology, phonetics, lin-
guistics, and music. It is very popular with
students, and since it is computer-oriented,
it is an especially good candidate for
graphic educational programs.

A generic signal-processing work-
bench, called AQUA, was designed by
Project SOCRATES staff member John B.
Carlucci (a 1986 Cornell graduate in me-
chanical engineering who is currently
working toward a master's degree in elec-
trical engineering through Cornell's em-
ployee degree program). 24
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AQUA allows students to build and ana-
lyze complex signal-processing algo-
rithms using simple visual models, without
having to program in C, FORTRAN, or any
other command-oriented language. The
user selects operations from a menu and
connects them on-screen, much as she or he
would connect signal sources and proces-
sors on a hardware bench. The AQUA
software bench is fast and easy to use, it
makes very sophisticated design and analy-
sis affordable (and portable on magnetic
media!), and it lets the user look at signals
with 3D, dynamic, full-color display

"devices" that show far more of what is
happening than a standard oscilloscope can
possibly show. Audio output is planned for
appropriately equipped workstations.

Thomas W. Parks of Electrical Engi-
neering plans to use AQUA in his course
526, Advanced Signal Processing, as an
interface and extension to MatLab* for
simulations using realistic data. Now stu-
dents have to learn an advanced program-

*MatLab was developed and is owned by Cleve
Moler, John Little, and Steve Bangert, The
Math Works, Inc., of South Natick, Mass.

PADL, another program used
in mechanical engineering
courses, is a graphical inter-
face to a parametric solid
modeler.

ming language in order to use MatLab, and
according to Parks, they feel they are
spending too much time programming and
not enough working on actual problems.
With AQUA, they will be able to simulate
more complex and difficult problems—
problems that up to now have been dis-
cussed in class but not worked on because
of the time required. The students will have
more experience in choosing the appropri-
ate signal-processing methods for more di-
verse problems, and will be able to delve
further into the theory of what they are
studying.



MINT
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MINT is an interactive digital
filter designer. It can be used
independently or as part of
AQUA, a programming system
for general signal and image
processing.
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Parks also envisions using AQUA in his

senior-level course 425, Digital Signal
Processing, which has an enrollment of
about one hundred fifty, and in courses in
control theory and communications theory.

Another program for digital signal proc-
essing is MINT, which stands for Meteor
INTerface. It was designed by student pro-
grammer Paul Meehan to Professor Parks'
specifications. Meehan, who was dubbed
the "Prince of DSP" by his admiring col-
leagues, graduated this spring with a major
in electrical engineering.

MINT is an interactive, graphic "front

end" for METEOR, a digital-filter design
program written by Parks, J. F. Kaiser, and
Professor Kenneth Steiglitz of Princeton
University. METEOR uses the "limit de-
sign" method, which Parks claims is a
much more direct approach to filter design
than earlier methods were.

Students use MINT to specify the re-
sponse of a digital filter in the frequency
domain, in terms of the acceptable upper
and lower bounds for the "pass" and "stop"
bands, which are those frequencies that the
filter either lets through (passes) or attenu-
ates (stops). MINT sends the bounds infor-

mation and a selected optimization crite-
rion to METEOR, which computes a set of
filter coefficients. MINT then provides
immediate feedback in the form of time and
frequency graphs of the exact response of
the computed filter.

The filter so created can be used as a
device in AQUA, which can accept a signal
as input and then send its output to a display
device to show the resultant waveform.
MINT can be run simply as a "black box"
within AQUA or the user can go deeper to
take a closer look at the design. Eventually,
MINT will be one of several filter-design 26
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systems available within AQUA; students
will be able to compare filters designed by
the various methods.

SOCRATES SOFTWARE
FOR IMAGE PROCESSING
FIPS—the Fast Image Processing Sys-
tem—is a library of subroutines for ma-
nipulating images and related data in a fast
and efficient way. It will be available as a
set of tools to be used within AQUA.

FIPS was written by Jeffrey Kowalski, a
student programmer who earned a Cornell
B.S. degree in electrical engineering in

1988 and is now a graduate student in com-
puter science. William D. Philpot of the
civil and environmental engineering fac-
ulty supervised.

Philpot's classes have been using the
image-processing system VISIX, which is
largely the work of Anthony Reeves of the
electrical engineering faculty. Being
UNIX-dependent, VISIX is not portable,
and it has been called "user belligerent".

Philpot admits that 'TIPS does nothing
that we couldn't already do," but he points
out that it is faster, portable, and not limited
to UNIX. FIPS will allow students to read

This display is from the pro-
gram EWOK, a visualization
tool used in the study of
electricity and magnetism.
EWOK is one of the five
SOCRATES programs that
will be released in the fall of
1989.

an image into memory and manipulate it in
that form, maintaining spatial relationships
by using an ordered array. Also, the linear
combination of data will be easier to use.

FIPS will be used in the civil and envi-
ronmental courses 615, Digital Image
Processing, and 616, Digital Image Analy-
sis. Philpot doesn't think FIPS will speed
up the learning process, but he hopes it will
help the students to better understand what
they are doing at any particular point. He
believes that FIPS will also be helpful in
programming exercises because it simpli-
fies error-checking, an area in which stu-



SPIN

SPIN is an interactive,
graphic interface to SPICE, a
commonly used program for
circuit analysis that was de-
veloped in the early 1970s at
the University of California at
Berkeley.

dents have gotten lost in the past. Students
will be able to focus their attention more on
image processing and less on operational
problems and details.

A WORKBENCH IN
ELECTRICITY AND MAGNETISM
A program used in the electrical engineer-
ing courses 303 and 304, Electromagnetic
Waves and Fields I and II, is EWOK, the
Electricity and Magnetism Workbench.
The first course, 303, is required for all
junior electrical engineering majors and
has an enrollment of about one hundred

twenty students; 304, which is not re-
quired, generally attracts about forty
students.

EWOK was designed by Donald T. Far-
ley and Charles E. Seyler, the faculty
members in charge, and by Derek Jean-
Baptiste, a Project SOCRATES staff pro-
grammer. (Jean-Baptiste is a Cornell
graduate in mechanical engineering; he re-
ceived the B.S. in 1986 and the M.Eng. in
1988.)

The program has four modules: (1) the
Poisson Solver, which permits the student
to set a charge anywhere inside or on the

edge of a circle, rectangle, or triangle, and
see what electrical field pattern results; (2)
the Square Wave Simulation, which looks
at six associated fields for the TM and TE
(Trans-Magnetic and Trans-Electric)
waves, inside and outside of a square
waveguide; (3) the Circular Wave Simula-
tion, which displays the same fields as the
Square Wave Simulation but uses a differ-
ent geometry so as to simulate the fields
surrounding a wire (it includes Bessel
functions); and (4) the Antenna Pattern
Simulation, which allows the student to
view the field pattern around an antenna of 28



arbitrary shape, and to click off parameters
for dipole elements and check the resultant
patterns immediately.

EWOK will be used in group demon-
strations and for individual study. Seyler
regards EWOK as an experiment to be as-
sessed by students: can graphically depict-
ing the results of mathematical formulas
make the subject matter more interesting
and help students to understand it better?

TAKING THE TEDIUM OUT OF
CIRCUIT ANALYSIS
SPIN is an interactive pre- and post-proc-
essor for SPICE, the premier circuit-emu-
lation program used in education. During
his senior year in electrical engineering this
year, Brian Mathews worked on SPIN
under the supervision of faculty member
John Belina.

SPICE performs nonlinear circuit
analysis, modeling transistors and substi-
tuting simpler components for complex
ones. It works well, within limits, but as
Belina explained, it is "tedious, not very
user-friendly, and requires not-obvious
syntax. It takes two to three months for
senior-level engineering students to be-
come familiar enough with the format to
use it." SPIN not only cuts out this training
time, but is much more like the tools that
electrical engineers use in industry.

A first step toward SPIN came when
Peter Del Vecchio, a graduate student,
wrote a program to format input into SPICE
statements, so that students could get
SPICE to generate output within one labo-
ratory period. Now, with SPIN, students
can create a circuit diagram pictorially
from schematic icons, mimicking what
they are physically building in the labora-
tory. The operating parameters of each
component may be specified explicitly or

29 from a library of common components.

SPIN is more natural to use than SPICE
alone: the students draw on the computer
what they would normally draw in their lab
notebooks. It is easy to make changes and
see the output change. The resulting cir-
cuit, displayed schematically, can be laser-
printed, making SPIN useful for drafting as
well as for input to SPICE. "SPIN helps
students develop gut feelings," Belina
claims. "If you can see it, you will remem-
ber more of it."

A complete electronic workbench,
SPIN also simulates power supplies, wave-
form generators, and oscilloscopes, so that
waveforms can be viewed at any point in
the circuit. And multiple windowing al-
lows students to compare the outputs of
several different circuits at once.

SPIN will be used in 315, Electrical
Laboratory I, a junior-level required course
with an enrollment of up to two hundred.
Currently the students in the class are using
simple hand calculations. SPIN will also

be used by about one hundred students in
415, Circuit Design. SPIN would also be
helpful in courses that have never included
any kind of computer lab work. In 301,
Systems Theory, for example, it could be
used to enhance network analysis; in 425,
Signal Processing, it could be used to simu-
late analog filter design.

MAKING A CONNECTION BETWEEN
CONCEPT AND REALITY
In every field of engineering, a basic chal-
lenge is to make a connection between
something in the real world—a part, a cir-
cuit, a structure—and a meaningful,
useable abstract representation of it—an
equation or a simulation—that can help
solve a problem. Interactive graphics is the
best tool yet invented for helping people
make that connection.

Project SOCRATES exists to adapt that
tool to classroom use. The aim is to make it
available for every subject in which visu-
alization can aid understanding and for
every course in which fast computation can
save time that could be better used for
learning. It has turned out that in imple-
menting this program, SOCRATES has
also created a unique cooperative structure
in which faculty, staff, and students all con-
tribute and from which all benefit.

Sari Lynn Goldbaum is an applications pro-
grammer in educational computing at the
Cornell College of Engineering.

She has had a long and varied undergraduate
career during which she studied philosophy,
psychology, secondary English education, and
physics; she received a B.A. degree in liberal
arts under the Regents External Degree Pro-
gram of the State University of New York. Be-
fore joining Project SOCRATES a year ago as
workshop coordinator, she worked as an engi-
neering technician for more than a decade .
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National Academy of Engineering
Elects Seven from Cornell
• With seven members of the faculty
elected this year to the National Academy
of Engineering, Cornell has the most new
members of any organization in the nation.

Ninety Americans and seven foreign as-
sociates were elected, bringing the totals to
1,484 from the United States and 122 from
other countries. Fifteen Cornell faculty
members, including one who is an emeritus
professor, now belong to the academy.

"We are very pleased that these faculty
members are receiving the national recog-
nition they deserve," commented William
B. Streett, dean of the College of Engineer-
ing. "Election to the academy is evidence
of considerable accomplishment that their
colleagues at Cornell and elsewhere have
long appreciated."

Informal photographs of the new Cor-
nell members, taken in their offices or labo-
ratories, are presented here along with
excerpts from the academy citations.

Right: Juris Hartmanis, the Walter R. Read
Professor of Engineering in the Department of
Computer Science, was cited for "fundamental
contributions to computational complexity
theory and to research and education in
computing:9

Above: Keith E. Gubbins, the Thomas R. Briggs
Professor of Engineering and director of the
School of Chemical Engineering, was cited for
"pioneering development of computer simula-
tion and perturbation theory for extending
statistical mechanical techniques to systems of
engineering interest."

Below: John E. Hopcroft, the John C. Ford
Professor of Computer Science and chairman of
the department, was honored for 'fundamental
contributions to computer algorithms and for
authorship of outstanding computer science
textbooks."
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Right: The{N EA' honored Edward J. Kramer,
professor of materials science and engineering,
for "pioneering investigations of the funda-
mental aspects of fracture and diffusion in
polymers."

Below: A professor of civil and environmental
engineering, Daniel P. Loucks, was cited for
"worldwide leadership in the application of
systems analysis to the fields of water resources
and environmental engineering/'
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Above: Kuo-King Wang, the Siblex College
Professor of Engineering, was cited for his
"outstanding interdisciplinary research, teach-
ing, and writing, contributing to a broad spec-
trum of processing technologies, benefiting the
manufacturing industry worldwide." Wang is a
faculty member of the Sibley School of Mechani-
cal and Aerospace Engineering, and director of
the Cornell Injection Molding Program.

Left: Michael L. Shuler, professor of chemical
engineering, was cited for "pioneering devel-
opment of engineering principles for plant cell
tissue culture, membrane bioreactors, E. coli
protein excretion, and cell models."



Three Professors from Three Cornell
Engineering Schools Retire in 1988-89
• Three long-time members of the Col-
lege of Engineering faculty retired during
1988-89 and were elected emeritus pro-
fessors. Robert E. Bechhofer of the
School of Operations Research and Indus-
trial Engineering completed the spring
term. William McGuire of the School of
Civil and Environmental Engineering, and
Raymond G. Thorpe of the School of
Chemical Engineering, retired in January.

Robert E. Bechhofer, a member of the
faculty since 1952, is a leading authority in
the field of statistics. His research his in-

cluded work in ranking and selection pro-
cedures, the design of experiments, and
medical statistics.

He served as chairman of the Depart-
ment of Operations Research from 1967 to
1975, and then became the first director of
the School of Operations Research and In-
dustrial Engineering, a post he held until
1977.

Bechhofer holds A.B. and Ph.D. de-
grees from Columbia University. Before
receiving his doctorate in 1951, he worked
for four years at the Aberdeen Proving
Ground in Maryland, and for the Carbide

Bechhofer

and Carbon Chemical Corporation in Oak
Ridge, Tennessee. After receiving the
degree, he taught for a year at Columbia.

He has been a visiting professor and a
National Science Foundation Science Fac-
ulty Fellow at Stanford University, and has
been a visiting professor at Cambridge
University, England, and at Imperial Col-
lege, London.

He has published extensively in profes-
sional journals and is a co-author of a book
on sequential identification and ranking
procedures.

Bechhofer is a fellow of the American
Association for the Advancement of Sci-
ence, the American Statistical Association,
the Institute of Mathematical Statistics, the
Royal Statistical Society, and the Ameri-
can Society for Quality Control, and he is
an elected member of the International Sta-
tistical Institute. In 1981 he received the
first Samuel S. Wilks Award for Contribu-
tions to Statistical Methodologies in Army
Research, Development and Testing.

The Cornell OR&IE Ph.D. Conference
held June 4-6 was in honor of Bechhofer.
He plans to continue his research at Cor-
nell, to write a book, and to teach a course
in the fall 1989 term. 32



McGuire

William McGuire was graduated from
Bucknell University in 1942, during World
War II, and deferred his engineering career
to serve in the Navy. Before joining the
Cornell faculty in 1949, he earned a mas-
ter's degree in civil engineering here and
spent two years in structural design prac-
tice. He is a registered professional engi-
neer in New York.

A specialist in structural engineering, he
specializes in the fields of steel structures,
structural analysis, and computer-aided
design. He is the author or co-author of two
textbooks in these areas.

McGuire has been a consultant to struc-
tural engineering firms, steel companies,
utilities, an architectural firm, and the
National Bureau of Standards. He was one
of the planners of the world's largest radio-
radar telescopes, built by Cornell in Puerto
Rico. He has lectured in New Zealand,
Australia, Thailand, and Japan.

His honors include the Norman Medal
of the American Society of Civil Engineers
and a Special Award from the American
Institute of Steel Construction. He is a
fellow of the American Society of Civil
Engineers.
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He is continuing his research and writ-
ing, with a focus on computer-aided design
using nonlinear methods—an area in
which he has done pioneer work.

Raymond G. Thorpe has had excep-
tional success as an educator at Cornell, as
well as professional achievement in his
speciality field of phase equilibria and
separation processes. He won the annual
Excellence in Engineering Teaching
Award twice, and for four years in a row
was named by Presidental Scholars as the
faculty member who had the greatest influ-
ence on them as students at Cornell.

Chemical engineering alumni have es-
tablished the Ray Thorpe Fund, which will
enhance undergraduate education by
bringing industrial and academic visitors
into classrooms.

Thorpe received the B.Ch.E. degree
from Rensselaer Polytechnic Institute in
1942 and the M.Ch.E. from Cornell in
1947. He spent two years as a research
engineer at the Monsanto Chemical Com-
pany and then returned to Cornell as an
investigator for the American Foundry-
man's Society. He joined the faculty in
1951. Recently he served for several years
as director of Cornell' s Division of Unclas-
sified Students.

Thorpe has served as a consultant to a
number of major chemical companies, and
at one time spent a year's leave as a staff
consultant at Monsanto.

Left: At a retirement dinner for Raymond
Thorpe, guests included (left to right) his
daughter Kim; Thorpe; his grandson Garrett
(whose father is Thorpe*s son Mark); Nancy
Morris, the school's coordinator for external
relations; and Professor George Scheele.
Garrett, taking a turn at the microphone,
pleased everyone with his one comment: "I love
you. Grandpa."



Awards to Cornell Engineering Professors Include
Eight PYls and Local Prizes for Excellence in Teaching

• Eight assistant professors on the college
faculty received Presidential Young Inves-
tigator (PYI) Awards from the National
Science Foundation this spring. They were
among eleven winners from Cornell.
Twenty-nine PYI awards have been given
to Cornell engineering faculty members in
the six years of the program.

The awards provide, each year for five
years, $25,000 in research funding plus
$37,500 to match any outside funding, for
a total value of up to $100,000 per year.

The winners and their schools or depart-
ments are Hsiao-Dong Chiang, Electrical
Engineering; Richard C. Compton, Elec-
trical Engineering; Bruce R. Donald,
Computer Science; Daniel A. Hammer,
Chemical Engineering; Thanasis Pan-
agiotopoulos, Chemical Engineering;
Keshav K. Pingali, Computer Science;
Mary J. Sansalone, Civil and Environ-
mental Engineering; and Frank W. Wise,
Applied and Engineering Physics.

Chiang, who came to Cornell in 1987,
Chiang

holds B.S.E.E. and M.S. degrees from Na-
tional Taiwan University and a Ph.D. from
the University of California at Berkeley.
His research interests include nonlinear
control systems, electric power systems,
and optimization theory.

Compton joined the Cornell faculty in
1987 after receiving a Ph.D. from the Cali-
fornia Institute of Technology. He did his
undergraduate work in Australia, at the
University of Sydney. He is interested in
developing high-speed millimeter and
microwave integrated circuits.

Donald earned a B.A. degree at Yale
University and after completing a doctor-
ate at the Massachusetts Institute of Tech-
nology, joined the Cornell faculty in 1987.
His research interests include robotics,
computational geometry, spatial reason-
ing, and artificial intelligence.

Hammer, whose research speciality is
the study of biochemical and biophysical
interactions between cells and their envi-
ronment, holds a B.S. degree from Prince-

Compton

ton University and M.S. and Ph.D. degrees
from the University of Pennsylvania. He
first came to Cornell as a postdoctoral asso-
ciate in veterinary medicine, and joined the
chemical engineering faculty in 1988.

Panagiotopoulos received his first de-
gree from the National Technical Univer-
sity of Athens, Greece, and earned a Ph.D.
from the Massachusetts Institute of Tech-
nology in 1986. He came to Cornell after a
year of postdoctoral research at Oxford
University, England. He studies the physi-
cal properties of complex mixtures, using
both experimental techniques and com-
puter simulation.

Pingali joined the Cornell faculty in
1986 after earning a doctorate at the Mas-
sachusetts Institute of Technology, and
serving as a postdoctoral researcher there.
He received his undergraduate education at
the Indian Institute of Technology in
Kanpur. His research program is in multi-
processor computer architectures and pro-
gramming languages.
Donald Hammer
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Sansalone, whose research is on the use
of transient stress waves for nondestructive
testing of structures, earned her B.S. degree
at the University of Cincinnati and her
Ph.D. at Cornell in 1986. In addition to the
PYI, she received two awards at Cornell
this spring (see the article below). She
joined the faculty in 1987 after spending a
year and a half with the Structures Division
of the National Bureau of Standards.

Wise joined the faculty in 1988 after
completing his doctorate at Cornell. He
earned the B.S. degree at Princeton Univer-
sity in 1980 and the M.S. at the University
of California at Berkeley in 1982, and
served as a technical staff member at Bell
Laboratories before coming to Cornell. His
research is centered on the study of ultra-
fast transient phenomena in solids, mole-
cules, and electronic devices.

• The Presidential Young Investigator
Award was just one of three awards re-
ceived this spring by Assistant Professor
Mary J. Sansalone.

In the same week the PYI was an-
nounced, Sansalone was chosen as the
recipient of the annual Excellence in Engi-
neering Teaching Award at the college,

Panagiotopoulos

and as one of four Cornell faculty members
to win grants under a new education-re-
search program funded at the university by
the Sears-Roebuck Foundation.

The Excellence in Engineering Teach-
ing Award is given on the basis of student
nominations in a survey conducted by the
honorary society Tau Beta Pi. It is accom-
panied by a $2,000 prize provided by the
Cornell Society of Engineers.

The Sears grants are in support of re-
search to test the effectiveness of methods
the professors are using or considering
using in their classrooms. Eleven more
winners will be named over the next two
semesters. Sansalone will evaluate teach-
ing techniques she uses in an introductory
course in structural engineering; they in-
clude the use of case studies of actual struc-
tures, computer-graphics structural analy-
sis, and competitions in which the students
build structures such as paper columns and
balsa-wood bridges.

Sansalone received her Cornell M.S.
and Ph.D. degrees in structural engineer-
ing, working with Professor Richard N.
White. Her Ph.D. research was conducted
at the National Bureau of Standards, where
she worked with Nicholas J. Carino (who

Pingali

holds Cornell B.S., M.S., and Ph.D. de-
grees in civil engineering). Later Sansa-
lone worked as a research engineer at the
NBS, and was recognized with a Special
Act Award "for outstanding contribution to
the field".

In current research, Sansalone is col-
laborating with Carino on an investigation
of the use of transient stress waves for flaw
detection in prismatic concrete structures.
This project is sponsored by the National
Science Foundation. She is also collaborat-
ing at Cornell with Professor Anthony
Ingraffea on a study of the fatigue strength
of severely bent high-strength steel plates.
This research is supported by the General
Dynamics Corporation.

As part of her initiatives in teaching,
Sansalone is working with the college's
recently formed Writing Program in Engi-
neering to improve the communication
skills of undergraduates and help them
understand the content of upperclass
courses through verbal expression.

"Mary Sansalone has already achieved
unusual success in both research and in
teaching," White commented. "We are
very proud of her as a Cornell Ph.D. and a
Cornell faculty member."

Sansalone Wise
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• This spring Juris Hartmanis received a
teaching award at Cornell in addition to
being elected to the National Academy of
Engineering (see page 28). He was one of
three professors chosen as recipients of the
annual John M. and Emily B. Clark
Awards, which recognize distinguished
teachers of undergraduates in the College
of Arts and Sciences. (Computer Science is
an intercollege department, in both the Col-
lege of Arts and Sciences and the College
of Engineering.)

In nominating Hartmanis, John E.
Hopcroft, the department chairman, wrote
that "many undergraduates have said that
his teaching ... has changed their lives. His
excitement for the material, his caring atti-
tude and his genuine interest in the students
have influenced undergraduates at Cornell
for twenty-four years."

• The same week that K. K. Wang was
elected to the National Academy of Engi-
neering (see page 29), he was also named a
fellow of the Society of Manufacturing
Engineers. In 1987 the SME awarded him
its Frederick W. Taylor Research Medal.

Wang is also a fellow of the American
Society of Mechanical Engineers and has
received awards from ASME and the
American Welding Society. He is a spe-
cialist in manufacturing processes, numer-
ical control, computer-aided design and
manufacturing, and polymer processing.

• Richard V. E. Lovelace, professor of
applied and engineering physics, has been
awarded a Guggenheim fellowship. He
plans to spend the 1990 spring term con-
ducting research on astrophysical plasmas
at the University of Texas at Austin, the
University of California at Los Angeles,
and the Los Alamos National Laboratory.

Lovelace joined Cornell's Laboratory

Todd

of Plasma Studies in 1970 after earning a
Ph.D. in physics here. He was appointed to
the engineering faculty in 1974.

In 1980 he received the annual Excel-
lence in Engineering Teaching Award at
the college.

His research in astrophysics concerns
the physical processes that take place in
active galaxies and quasars. This work is
currently focused on the magnetohydrody-
namic flows generated by rotating accre-
tion disks. These flows are thought to give
rise to the narrow jets observed in many
galactic and extragalactic sources.

He also conducts research on the equi-
librium and stability of controlled fusion
plasmas, and on the propagation of electro-
magnetic waves through random media.

Lovelace has spent previous academic
leaves at the U.S. Naval Research Labora-
tory and at the Plasma Physics Laboratory
of Princeton University.

• Assistant Professor Ronald Kline re-
ceived the 1988 IEEE Life Members Prize
in Electrical History for a paper on the
invention and development of the induc-
tion motor. The paper appeared in the April
1987 issue of Technology and Culture.

• Michael J. Todd, the Leon C. Welch
Professor in the School of Operations
Research and Industrial Engineering, has
been awarded the 1988 George B. Dantzig
Prize for outstanding research in mathe-
matical programming.

The prestigious prize, awarded by the
Society for Industrial and Applied Mathe-
matics (SIAM) and the Mathematical Pro-
gramming Society (MPS) is for ''original
work, which by its breadth and scope,
constitutes an outstanding contibution to
the field". Todd's research is concerned
with linear programming and with solving
systems of nonlinear equations arising in
economic equilibrium problems.

Todd earned a B.A. degree at Cam-
bridge University, England, and a Ph.D. at
Yale University. Before joining the Cor-
nell faculty in 1973, he taught for two years
at the University of Ottawa, Canada.

He has been a visiting fellow at Cam-
bridge University and at the Center for
Operations Research and Econometrics in
Leuven, Belgium. He has previously held a
Guggenheim fellowship and a Sloan Foun-
dation fellowship.

At Cornell he is currently the director of
the Center for Applied Mathematics.

• A team of three researchers, including
mechanical engineering professor Donald
L. Bartel, has been awarded a $20,000
prize for their work on the use of poly-
ethylene in joint replacements.

The Ann Doner Vaughn Award of
Kappa Delta was awarded to Bartel and
two colleagues at the Hospital for Special
Surgery, which is affiliated with the Cor-
nell Medical Center in New York City.
Bartel holds a joint appointment in the
hospital's Department of Biomechanics.

His previous honors include a Guggen-
heim fellowship. 36
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• Five Dean's Prizes for Innovation in
Teaching were awarded this spring by
William B. Streett, dean of the College of
Engineering. Each prize included a cash
award of $1,200.

The recipients and their citations are:
• Clifford R. Pollock, asssociate profes-
sor of electrical engineering, for moderniz-
ing and strengthening the "Superlab"
course in electrical engineering—the larg-
est undergraduate laboratory course of-
fered at the college—and for teaching and
managing the course.
• A. Brad Anton, assistant professor of
chemical engineering, for designing,
building, and implementing new experi-
ments in the undergraduate chemical engi-
neering laboratory.
• Wolfgang H. Sachse, professor of
theoretical and applied mechanics, for de-
veloping and teaching a new freshman
laboratory course on sensors and actuators.
• Dean L. Taylor, professor of mechani-
cal and aerospace engineering, for devel-
oping the Integrated Mechanical Analysis
Project (IMAP) laboratory, and making it
an important resource for teaching and
research.
• Anthony R. Ingraffea, professor of
civil and environmental engineering, and
Catherine Mink, director of engineering
computing facilities, for outstanding work
in making the Computer-Aided Design In-
structional Facility (CADIF) a state-of-
the-art facility for the college, and for their
leadership of Project SOCRATES, which
is extending the CADIF concept to engi-
neering colleges across the United States
and into Europe. This prize was awarded
jointly to the two recipients.

The Dean's Prizes (and the Excellence
in Engineering Teaching Award) were pre-
sented during the annual Engineering Con-
ference for alumni, held April 27-29.

Rhodin Heads New Continuing

Education Program as Associate Dean

• A new program of continuing educa-
tion, based on live satellite/television
transmission of on-campus classes to re-
mote sites, will be directed by Thor
Rhodin in the new position of associate
dean and director of continuing education.
Rhodin is a professor of applied and engi-
neering physics.

The program is planned to begin opera-
tion in the 1989-90 academic year, Rhodin
said. It will be operated as an enterprise,
funded initially by the university but ex-
pected to yield a profit within a few years.

The first offerings will include short
courses designed to meet specific needs of
several companies that have already ex-
pressed interest in the program. Master of
Engineering courses and degree programs
will also be available. Participation by
departments and individual faculty mem-
bers will be voluntary.

John A. Muckstadt, director of the
School of Operations Research and Indus-
trial Engineering, and Charlies Yohn, di-
rector of corporate relations at the college,
will continue to be strongly involved in the
program development.

Rhodin, who has been a Cornell faculty
member since 1958, also heads the
college's professional Master of Engineer-
ing program.

He is a graduate of Haverford College
and received the Ph.D. from Princeton
University in 1946. Before coming to
Cornell, he was a staff member of the
Institute for the Study of Metals—now the
James Franck Institute of the University of
Chicago—and then a senior research asso-

ciate at E. I. du Pont de Nemours and
Company.

At Cornell he is a member of the gradu-
ate fields of applied physics, materials sci-
ence, and chemistry, and is affiliated with
the National Nanofabrication Facility and
the Materials Science Center.

He was a recipient of the Alexander von
Humboldt Senior Scientist Prize and is a
fellow of the American Physical Society.
He has been a visiting professor or lecturer
at a number of universities in the United
States and abroad, and serves as an advi-
sory editor of several professional journals.



FACULTY
PUBLICATIONS

Current research activities at the Cornell University
College of Engineering are represented by the fol-
lowing publications and conference papers that
appeared or were presented during the three-month
period October through December 1988. (Earlier
entries omitted from previous Quarterly listings are
included here with the year of publication in paren-
theses.) The names of Cornell personnel are in
italics.

m AGRICULTURAL AND
BIOLOGICAL ENGINEERING

Adreini, M. S., and T. S. Steenhuis. 1988. Preferential
flow under conservation and conventional tillage.
Paper read at Winter Meeting, American Society of
Agricultural Engineers, 13—16 December 1988, in
Chicago, IL.

Aneshansley, D. J., R. C. Gorewit, L. R. Price, and C.
5. Czarniecki. 1988. Effects of discontinuous volt-
ages applied to waterers. Paper no. 88-3523 read at
Winter Meeting, American Society of Agricultural
Engineers, 13-16 December 1988, in Chicago, IL.

Aneshansley, D. J., C. E. Marler, and K. Beyenback.
1988. Transepithelial voltage measurements in iso-
lated Malpighian tubules. Journal of Insect Physiol-
ogy 35(l):41-52.

Choi, H. L., L. D. Albright, M. B. Timtnons, and Z.
Warhaft. 1988. An application of the k-epsilon turbu-
lence model to predict air distribution in a slot-
ventilated enclosure. Transactions of the American
Society of Agricultural Engineers 31(6): 1804-14.

Glass, R. J., T. S. Steenhuis, and J.-Y. Parlange. 1988.
Wetting front instability as a rapid and far-reaching
hydrologic process in the vadose zone. Journal of
Contaminant Hydrology 3:207-26.

Gorewit, R. C, D. J. Aneshansley, D. C. Ludington,
and/?. A. Pellerin. 1988. Modified drinking behavior
due to AC voltage on waterers. Paper no. 88-3524
read at Winter Meeting, American Society of Agri-
cultural Engineers, 13-16 December 1988, in Chi-
cago, IL.

Parlange, J.-Y., T. S. Steenhuis, R. J. Glass, T. L.
Richard, N. B. Pickering, W. J. Waltman, N. O.
Bailey, M. S. Andreini, and / . A. Throop. 1988. The
flow of pesticides through preferential paths in soils.
New York's Food and Life Sciences Quarterly 18
(l,2):20-23.
Pitt, R. E., and P. L. Steponkus. 1988. Quantitative
analysis of the probability of intracellular ice forma-
tion during freezing of isolated protoplasts. Cryo-
biology 26:44-63.

Richard, T. L., and T. S. Steenhuis. 1988. Tile drain
sampling of preferential flow on a field scale. Journal
of Contaminant Hydrology 3:307-25.
Seginer, I., G. Shina, L. D. Albright, and L. S. Marsh.
1988. Optimal temperature set points for greenhouse
lettuce. Paper no. 88-4525 read at Winter Meeting,
American Society of Agricultural Engineers, 13-16
December 1988, in Chicago, IL.
Steenhuis, T. S., M. S. Andreini, and J.-Y. Parlange.
1988. A numerical model for preferential solute
movement. Paper read at Winter Meeting, American
Society of Agricultural Engineers, 13-16 December
1988, in Chicago, IL.

Steenhuis, T. S., and R. Sikkens. 1988. Irrigation and
drainage practices in the Rwandan Marais. Paper
read at Winter Meeting, American Society of Agri-
cultural Engineers, 13-16 December 1988, in Chi-
cago, IL.

Timmons, M. B., and R. S. Gates. 1988a. Energetic
model of production characteriestics for torn turkeys.
Transactions of the American Society of Agricultural
Engineers 31(5):1544-51.

. 1988ft. Predictive model of laying hen perform-

ance to air temperature and evaporative cooling.
Transactions of the American Society of Agricultural
Engineers 31(5): 1503-09.

• APPLIED AND
ENGINEERING PHYSICS

Gershenfeld, N. A., J. E. VanCleve, W. W. Webb, H.
E. Fisher, et al. 1988. Percolating cermet thin-film
thermistors between 50 mK-300 K. Journal of Ap-
plied Physics 64(9):4760-62.

Loane, R. F., E. J, Kirkland, and / . Silcox. 1988.
Visibility of single heavy atoms on thin crystalline
silicon in simulated annular dark-field STEM im-
ages. Acta Crystallographica A 44:912-27.

Lovelace, R. V., C. Mehanian, C. M. Mobarry, and M.
E. Sulkanen. (1986.) Theory of axisymmetric magne-
tohydrodynamic flows: Disks. The Astrophysical
Journal 62:1-37.

Lovelace, R. V., and T. Young. (1985.) Relativistic
Hartree condition for magnetrons: Theory and com-
parison with experiments. Physics of Fluids
28(8):2450-52.

O'Brien, W. L., C. M. Paulsen-Boaz, T. N. Rhodin,
and L. C. Rathbun. 1988. A critical discussion of
emission mechanisms and reaction rates for the ion-
assisted etching of GaAs(100). Journal of Applied
Physics 64(ll):6523-29.

O'Brien, W. L., T. N. Rhodin, and L. C. Rathbun.
1988. Ion-induced chlorination of titanium leading to
enhanced etching. Journal of Chemical Physics
89(8):5264-72.

Wack, D. C, and W. W. Webb. 1988. Measurements
of modulated lamellar PB, phases of interacting lipid
membranes. Physical Review Letters 61(10):
1210-13. 38



• CHEMICAL ENGINEERING

Chapman, W. G., G. Jackson, and K. E. Gubbins.
1988. Phase equilibria of associating fluids: Chain
molecules with multiple bonding sites. Molecular
Physics 65:1057-79.

Cryer, S.A., and P. H. Steen. 1988. Rupture of a soap-
film bridge: Stability to large disturbances. Paper
read at Annual Meeting, American Institute of
Chemical Engineers, 27 November-2 December
1988, in Washington, DC.

Graham, M. D., and P. H. Steen. 1988. Transition
from steady to oscillatory three-dimensional convec-
tion in a cube of porous material. Paper read at Annual
Meeting, American Physical Society, Division of
Fluid Dynamics, 20-22 November 1988, in Buffalo,
NY.

Groele, R. J., and F. Rodriguez. 1988. Dissolution
rates of polymers and copolymers based on methyl,
ethyl, and butyl methacrylate. In Proceedings,
American Chemical Society, Division of Polymeric
Materials: Science and Engineering, ed. B. M. Cul-
bertson, pp. 1139^43. Washington, DC: ACS.

Gubbins, K. E. 1988a. Fluid behavior in narrow
capillary pores. Paper read at Gas Research Institute
Review Meeting, 25 October 1988, in Chicago, IL.

. 1988ft. Thermodynamics. Paper read at sympo-
sium, A Century of Chemical Engineering: Intellec-
tual Foundations of an Academic Discipline, 5-7
October 1988, in Cambridge, MA.

Harriott, P. 1988. Optimum controller settings for
processes with dead time: Effects of type and location
of disturbance. Industrial and Engineering Chemis-
try Research 27:2060-63.

Harriott, P., and A. T.-Y. Cheng. 1988. Kinetics of
spent activated carbon regeneration. Journal of the
American Institute of Chemical Engineers
34:1656-62.

Heffelfinger, G. S., Z. Tan, K. E. Gubbins, U. Marini
Bettolo Marconi, and F. van Swol. 1988. Fluid mix-
tures in narrow cylindrical pores: Computer simula-
tion and theory. International Journal of Thermo-
physics 9:1051-60.

Jackson, G., W. G. Chapman, and K. E. Gubbins.
1988. Phase equilibria of associating fluids: Spheri-
cal and chain molecules. International Journal of
Thermophysics 9:769-79.

Lackney, V. K., T. J. Hirasuna, R. M. Spanswick, and
M. L. Shuler. 1988. Plasma-vacuolar-membrane
fusion for secondary product excretion from cultured
plant cells. Paper read at Annual Meeting, American
Institute of Chemical Engineers, 27 November-2
December 1988, in Washington, DC.

Namaste, Y. M. N., B. C. Dems, S. Malhotra, L. M.
Vane, S. K. Obendorf, andF. Rodriguez. 1988. Multi-
component e-beam resists containing organometallic

39 compounds and reactive monomers. Paper read at

Society of Plastics Engineers Conference on Photo-
polymers, 30 October-2 November 1988, in Ellen-
ville, NY.

Namaste, Y. M. N., S. K. Obendorf, and F. Rodriguez.
1988. Reactive plasticizers in negative e-beam
resists. Journal of Vacuum Science and Technology B
6:2245-48.

Patel, P., and/7. Rodriguez. 1988. Crosslinking dilute
solutions of modified poly (vinyl alcohol) using ultra-
violet light. Paper read at Annual Meeting, American
Institute of Chemical Engineers, 27 November-2
December 1988, in Washington, DC.

Rodrigo, M., and C. Cohen. (1988.) Photon correla-
tion spectroscopy from dilute polymer-polymer mix-
tures. Macromolecules 21:2091-94.

Rodriguez, F., S. Patel, and C. Cohen. 1988. Measur-
ing gel modulus of spheres by squeezing betweeen
parallel plates. Paper read at Annual Meeting, Ameri-
can Institute of Chemical Engineers, 27 November-2
December 1988, in Washington, DC.

Shaqfeh, E. S. G., and D. L. Koch. 1988. The com-
bined effects of hydrodynamic interactions and
Brownian motion on the orientation of particles flow-
ing through fixed beds. Physics of Fluids 31:
2769-80.

Shing, K. S., K. E. Gubbins, and K. Lucas. 1988.
Henry constants in non-ideal fluid mixtures: Com-
puter simulation and theory. Molecular Physics
65:1235-52.

Shuler, M. L. 1988. Bioprocess integration and con-
trol. Paper read at Department of Energy Workshop
on Bioprocessing Research for Energy Applications,
2-4 November 1988, in Washington, DC.

Shuler, M. L., T. Cho, T. Wickham, O. Ogonah, M.
Kool, D. A. Hammer, R. R. Granados, and H. A.
Wood. 1988. Bioreactor development for production
of viral pesticides or heterologous proteins in insect
cell cultures. Paper read at Biochemical Engineering
VI (Engineering Foundation Conference), 2-7 Octo-
ber 1988, in Santa Barbara, CA.

Steen, P. //., and C. K. Aidun. 1988. Time-periodic
convection in porous media: Transistion mechanism.
Journal of Fluid Mechanics 196:263-90.

Steen, P. H., H. Yu, and/. K. Carpenter. 1988. Fluid
mechanics of the planar-flow melt-spinning process.
AIChE Journal 34(10): 1673-82.

Stover, C., and C. Cohen. 1988. The motion of rod-
like particles in the pressure driven flow between two
plates. Paper read at Annual Meeting, American
Institute of Chemical Engineers, 28 November-2
December 1988, in Washington, DC.

Wickham, T. J., D. Hammer, R. R. Granados, and M.
L. Shuler. 1988. A mathematical model to predict
baculovirus attachment and penetration in insect
cells. Paper read at Annual Meeting, American Insti-
tute of Chemical Engineers, 27 November-2 Decem-
ber 1988, in Washington, DC.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Andre, J. C , J. P. Goutorbe, A. Perrier, W. Brutsaert,
et al. 1988. Evaporation over land surfaces: First
results from HAPEX-MOBILHY special observing
period. Annales Geophysicae 6(5):477-92.

Bhaskaran, S., and M. A. Turnquist. 1988. Multiob-
jective transportation considerations in multiple
facility location. General Motors Research Laborato-
ries report no. GMR-6452. Warren, MI: GM.

Bisogni, J. J., Jr. 1988. Fate of added alkalinity
during neutralization of acid lake. Journal of Envi-
ronmental Engineering 114:1219-23.

Brutsaert, W. 1988a. The parameterization of re-
gional evaporation: Some directions and strategies.
Journal of Hydrology 102:409-26.

. 19886. Surface layer similarity and ABL pro-
files during HAPEX-MOBILHY. Paper read at con-
ference on Measurement and Parameterization of
Land-Surface Evaporation Flux, 10-21 October
1988, in Banyuls, France.

Buechel, S. W., W. R. Philipson, and W. D. Philpot.
1988. Regional variation and crop separability in a
thematic mapper based crop inventory of New York
State. In Proceedings, 21 st International Symposium
on Remote Sensing of Environment, pp. 983-91. Ann
Arbor, MI: Environmental Research Institute of
Michigan.

Dick, R. I., S. A. Wells, and B. R. Bierck. 1988. Note
on the role of capillary forces in compressible cake
filtration. Fluid/Particle Separation Journal
1:32-34.

Grygier, J. C, and/. R. Stedinger. 1988. Condensed
disaggregation procedures and conservation
corrections. Water Resources Research 24(10):
1574_84.

Hover, K. C. 1988a. The influence of form and shore
removal on the cracking of beams and slabs. In
Forming Economical Concrete Structures, pp. 169-
84. American Concrete Institute Special Publication,
vol.107. Detroit, MI: ACL

. 1988ft. The use of computers for concrete mate-
rials analysis. International Journal of Computers
and Structures 30(3):723-27.

Iskandarani, M., and P. L.-F. Liu. 1988. Multiple
scattering of surface water-waves and wave forces on
cylinder arrays. Applied Ocean Research
10(4): 170-80.

Philipson, W. R., W. D. Philpot, S. W. Buechel, and M.
Taberner. 1988. Satellite data analysis for inventory-
ing crops grown in a small-field environment. In
Proceedings, 21st International Symposium on
Remote Sensing of Environment, pp. 26-30. Ann
Arbor, MI: Environmental Research Institute of
Michigan.
Philpot, W. D., and A. Vodacek. 1988. Laser
fluorosensing of water quality: A review. In Proceed-



ings, 21st International Symposium on Remote Sens-
ing of Environment, pp. 223—40. Ann Arbor, MI:
Environmental Research Institute of Michigan.

Pickering, N. B., J. R. Stedinger, and D. A. Haith.
1988. Weather input for nonpoint source pollution
models. Journal of Irrigation and Drainage 114(4):
674-90.
Shaeles, C. A., and K. C. Hover. 1988. The influence
of construction operations on the plastic shrinkage
cracking of thin slabs. AC I Materials Journal 85(6):
495-504.

Taberner, M., W. D. Philpot, and W. R. Philipson.
1988. Spectral and spatial characterization of or-
chards in New York State using thematic mapper
imagery. In Proceedings, 21st International Sympo-
sium on Remote Sensing of Environment, pp. 1061—
72. Ann Arbor, MI: Environmental Research Insti-
tute of Michigan.

Zecharias, Y. B., and W. Brutsaert. 1988a. The influ-
ence of basin morphology on groundwater outflow.
Water Resources Research 24:1645-50.

. 1988ft. Recession characteristics of groundwa-
ter outflow and baseflow from mountainous water-
sheds. Water Resources Research 24:1651-58.

• COMPUTER SCIENCE

Bilardi, G. 1988. Area vs. time: A tradeoff in a VLSI
computer. Engineering: Cornell Quarterly
23(l):26-30.
Bilardi, G., and K. Herley. 1988. Deterministic simu-
lations of PRAMS on bounded degree networks.
Department of Computer Science report no. 88—951.
Ithaca, NY: Cornell University.

Birman, K., and K. Kane. 1988. Causally consistent
recovery of partially replicated logs. Department of
Computer Science report no. 88-949. Ithaca, NY:
Cornell University.

Donald, B., and P. Xavier. 1988. A provably good
approximation algorithm for optimal-time trajectory
planning. Department of Computer Science report
no. 88-947. Ithaca, NY: Cornell University.

Gries, D. 1988. What programmers should know
about logic. In Proceedings, Joint University of
Newcastle -upon-Tyne and Amdahl Limited Seminar,
ed. B. Randell, pp. 31-45. Newcastle, U.K.: Univer-
sity of Newcastle-upon-Tyne.

Gries, D., and J. Xue. 1988. Generating a random
cyclic permutation. BIT 28(3):569-72.

Higham, N. J. 1988a. Bounding the error in Gaussian
elimination for tridiagonal systems. Department of
Computer Science report no. 88-953. Ithaca, NY:
Cornell University.

. 1988ft. Fast polar decomposition of an arbitrary
matrix. Department of Computer Science report no.
88-942. Ithaca, NY: Cornell University.

. 1988c. Fast solution of Vandermonde-like sys-

tems involving orthogonal polynomials. IMA Jour-
nal of Numerical Analysis 8:473—86.

. 1988d. Fortran codes for estimating the one-
norm of a real or complex matrix with applications to
condition estimation. ACM Transactions on Mathe-
matical Software 14:381-86.

Li, Y., and A. Conn. 1988. The computational struc-
ture and characterization of nonlinear discrete Che-
byshev problems. Department of Computer Science
report no. 88-956. Ithaca, NY: Cornell University.

Pai, D., and M. C. Leu. 1988. Generic singularities
in robot manipulators. Department of Computer
Science report no. 88-943. Ithaca, NY: Cornell
University.

Panagaden, P., and / . Russell. 1988. A category -
theoretic semantics for unbounded indeterminacy.
Department of Computer Science report no. 88-957.
Ithaca, NY: Cornell University.

Pingali, K., and K. E. Kanadham. 1988. Accumula-
tors: New logic variable abstractions for functional
languages. Department of Computer Science report
no. 88-952. Ithaca, NY: Cornell University.

Salton, G., and M. Smith. 1988. On the application of
syntactic methodologies in automatic text analysis.
Department of Computer Science report no. 88-954.
Ithaca, NY: Cornell University.

Toueg, S., and G. Neiger. 1988. Providing design
abstractions in distributed systems. Department of
Computer Science report no. 88—945. Ithaca, NY:
Cornell University.

Vazirani, U., and V. Vazirani. 1988. Random polyno-
mial is equal to semi-random polynomial time. De-
partment of Computer Science report no. 88-959.
Ithaca, NY: Cornell University.

Vazirani, V., S. Khuller, and S. Mitchell. 1988. NC
algorithms for the two disjoint paths problem and for
finding a Kuratowski homeomorph. Department of
Computer Science report no. 88-960. Ithaca, NY:
Cornell University.

Xue, J., and D. Gries. 1988. Developing a linear
algorithm for cubing a cyclic permutation. Science of
Computer Programming 11(2): 161-66.

• ELECTRICAL ENGINEERING

Agrawal, R., D. Teneketzis, and V. Anantharam.
1988. Adaptive control of Markov chains. In Pro-
ceedings, 27th IEEE Conference on Decision and
Control, pp. 1198-1203. Piscataway, NJ: IEEE
Communications Society.

Anfinson, C. J., R. P. Brent, and F. T. Luk. 1988. A
theoretical foundation for weighted checksum meth-
ods. In Advanced algorithms and architectures for
signal processing, ed. F. T. Luk, vol. 3, pp. 10-18.
Bellingham, WA: International Society for Optical
Engineering (SPIE).

Anfinson, C. J., and F. T. Luk. 1988. A linear alge-

braic model of algorithm-based fault tolerance. IEEE
Transactions on Computers 37:1599-1604.

Anfinson, C. J., F. T. Luk, and E. K. Torng. 1988. A
novel fault tolerance technique for recursive least
squares minimization. In Advanced algorithms and
architectures for signal processing, ed. F. T. Luk, vol.
3, pp. 268-76. Bellingham, WA: International Soci-
ety for Optical Engineering (SPIE).

Ashizawa, Y., S. Akbar, W. J. Schaff, and L. F. East-
man. 1988. Influence of lattice misfit on heterojunc-
tion bipolar transistors with lattice-mismatched
InGaAs bases. Journal of Applied Physics 64(8):
4065-74.
Bellantoni, J.V.,G.C. Dalman, and R.C. Compton.
1988. A millimeter-wave vector network analyzer.
IEEE Microwave Theory and Techniques Society
(MTT-S) International Microwave Symposium Di-
gest, pp. 747-50. New York: Institute of Electrical
and Electronics Engineers.

Bellantoni, J. V., G. C. Dalman, C. A. Lee, and R. C.
Compton. 1988. Millimeter-wave components for
use in a variable state four-port vector network
analyzer. IEEE Transactions on Microwave Theory
and Technology 12:1880-85.

Bour, D. P.,J. R. Shealy, A. Ksendzov, and F. Pollak.
1988. Optical investigation of organometallic vapor
phase epitaxially grown Al Ga P. Journal of Ap-
plied Physics 64(1l):6456-$9.

Cavallaro, J. R.f and F. T. Luk. 1988. Floating-point
CORDIC for matrix computations. In Proceedings,
IEEE International Conference on Computer De-
sign, pp. 40-42. Washington, DC: IEEE Computer
Society.

Delchamps, D. F. 1988. The "stabilization" of linear
systems with quantized feedback. In Proceedings,
27th IEEE Conference on Decision and Control, pp.
405-10. New York: IEEE.

Dutt, B. V., J. H. Racette, S. J. Anderson, F. W.
Scholl, and J. R. Shealy. 1988. AlGalnP/GaAs red
edge-emitting diodes for polymer optical fiber appli-
cations. Applied Physics Letters 53(21 ):2091-92.

Eastman, L. F. 1988a. Atomic layer engineering of
electronic and photonic devices. Paper read at Na-
tional Communications Forum, 3-5 October 1988, in
Chicago, IL.

. 1988ft. Cornell compound semiconductor re-
search. Paper read at Cornell University Engineering
College Council Meeting, 21 October 1988, in Ith-
aca, NY.

Evans, G. A., N. W. Carlson, J. R. Shealy, et al. 1988.
Coherent, monolithic two-dimensional (10x10) laser
arrays using grating surface emission. Applied Phys-
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