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John Rischard Rice is one of the
founders of mathematical software
as a distinct scholarly community.
Trained in mathematics he spent
four decades in Purdue University’s
Department of Computer Sciences.
During the 1970s, he convened a se-
ries of seminal conferences on the
topic and established ACM Transactions on Mathematical
Software, which he edited for many years. Rice led de-
velopment of the Ellpack system for solving partial dif-
ferential equations and helped to establish techniques
for the performance evaluation of mathematical
software. He has published 21 books.

Early Years

Born on 6 June 1934 in Tulsa, John Rice spent his
early years in small town Oklahoma. At the age of 14,
he left for Ethiopia, thanks to a temporary assignment
for his father. Three years later, his family returned to
Oklahoma and he enrolled in Oklahoma State Univer-
sity. During his five years in Stillwater, he earned
both a BS and MS in mathematics.

Engineers and other technical workers were in short
supply during the early- and mid-1950s as the US
ramped up its high-technology defense industry to
maintain its lead over the Soviet Union. Rice spent
two summers working in the Los Angeles area, then
the world center for scientific computer use with its
base of military contractors such as Douglas Aircraft,
the Rand Corporation, and Lockheed. In 1954 a campus
recruiter lured him half a continent away to North
American Aviation, where an IBM 701 had recently
been installed. Rice spent his first summer operating a
desk calculator, but when he returned the next year,

the data-smoothing process had been automated and
he was able to shift his focus toward computer pro-
gramming. He worked with a team designing a simple
digital guidance computer for a ramjet missile. Rice
recalled that actual coding work at North American
was undertaken primarily by women with high school
educations, so as a mathematician, he worked collabo-
ratively with a woman named Melba Nead to create
programs.

In 1956, Rice moved to California full time, enroll-
ing in the PhD program in mathematics at the Califor-
nia Institute of Technology. Caltech was a shock for
Rice—when teaching calculus to undergraduates he
realized that “at least half of the students there were
smarter than I was.” Faculty expectations for doctoral
students were even higher. Rice remembered most stu-
dents in the 1950s failing their qualifying examina-
tions, thanks to a misguided ““idea that we only give
PhDs to von Neumann and up.” At that time, Rice’s in-
terest in automatic computation was unusual in the de-
partment, although numerical analysis pioneer John
Todd joined its faculty while he worked on his disserta-
tion. Rice continued to work at North American, ulti-
mately deriving the topic of his PhD thesis on
nonlinear approximation from the curve-fitting proce-
dures required to squeeze large tables of coefficients
into the tiny memories of early computers. His experi-
ences at North American also provided the topic of an-
other early paper on the application of Runge-Kutta
methods for solving differential equations.’

After graduating in 1959, Rice moved to Washington
D.C. for a one-year postdoctoral position at the Na-
tional Bureau of Standards in a small group of numeri-
cal analysts headed by Phil Davis. This was also his first
exposure to programming in a high-level language, as
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Fortran had arrived at the bureau. In 1960, he
began a four-year spell working for General
Motors, which maintained a small team of
mathematicians in Warren, Michigan. This
was a research group rather than a support
operation, although Rice remembered that
some of its staff took the opportunity to
work with problems from the firm'’s opera-
tions. Among his colleagues was Carl deBoor,
who would later earn a PhD and go on to a
distinguished academic career. Rice also got
involved with Share, the user group for
large scientific IBM computers. He contrib-
uted routines for elementary functions to its
library and worked in its Numerical Analysis
Project, led by Hirondo Kuki of the Univer-
sity of Chicago Computation Center, to im-
prove the quality of the mathematical
routines in the library.*

Purdue University

At General Motors, Rice was free to follow
his research interests without reference to the
immediate needs of the firm’s engineers. But
he was aware that ‘it was in some sense a
dead end position. I would never get any-
where at General Motors if I didn’t actually
start working for General Motors...””> The
prospect did not appeal to him, so Rice
moved to a faculty position in the rapidly
growing computer sciences department at
Purdue University in 1964. Founded in
1962, this department was one of a handful
with a PhD program in computing. He
found himself with less time to do research
than at General Motors, but he enjoyed the
exposure that teaching gave him to broad
areas of computer science. This ultimately
led him to write a popular series of introduc-
tory textbooks, beginning with the 1969
Introduction to Computer Science.® Rice recalled
that

when I got interested in this introduction to
computer science, we had a big fight in the
department over how to redo the depart-
ment’s introductory course and I won the
fight by volunteering to teach the course...”

The course had previously used one of
Dan McCracken’s books on Fortran, but
Rice favored a focus on programming princi-
ples such as algorithms and data structures
over the mechanics of particular languages.
According to Rice, his book ‘“‘was a very
good seller for a few years, until other people
found out what I was finding out: that stu-
dents don’t want to learn principles, they

Rice found himself with
less time to do research
at Purdue, but he
enjoyed the exposure
that teaching gave him
to broad areas of
computer science.

want to learn how to program.”® A later text-
book, Computers: Their Impact and Use, fol-
lowed in the mid-1970s and was intended
to give a broad grounding in computing for
nontechnical students. Variants were pro-
duced teaching Fortran, Basic, and PL/1.°
Rice also appreciated the chance to work
with graduate students. Among them were
Tom Aird, later a technical leader of the
mathematical software company IMSL;
Ronald F. Boisvert, who led work in applied
mathematics at the National Institute of
Science and Technology; and a number of
others with successful university careers.
Rice mentioned that the strength of Pur-
due’s applied mathematics staff was also a
major appeal. His initial appointment was as
a full professor jointly between the two depart-
ments and his research continued to focus on
mathematical methods. According to Aird,

John was famous for developing polyalgor-
ithms, so that meant instead of just one algo-
rithm for a specific problem you could write a
program that would have some logic or some
elements of knowledge of the problem area,
and put together one of several algorithms.'®

For his first decade at Purdue, approxima-
tion theory remained Rice’s main research
area. It was the topic of his first book, a sur-
vey for graduate students.' But he recalled
that eventually ““people were counting the
number of angels that dance on the head of
a pin as opposed to solving real problems.”
As a result, he ‘“gradually got less and less
enthused... when I entered the field it was
very dynamic.” His focus shifted to the solu-
tion of partial differential equations (PDEs)."?
(One result was the Ellpack project, which I
discuss later.)
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In 1983, Rice became chair of the com-
puter sciences department and shifted his ap-
pointment there full time. He has written at
length on the history of this department.'3
He saw it as being consistently marginalized
by the university administration, writing in
Annals that “Purdue’s Department of Com-
puter Sciences was consistently rated in the
top 10 (higher than any other Purdue science
department), yet it had to continually reaf-
firm its performance and value within the
university.”'* In the 1980s it was plagued,
like other departments of its kind, with a
spike in student numbers without any corre-
sponding surge in faculty numbers and
resources. Rice believed this led to an exodus
of talented faculty, including department
head Peter Denning, producing a situation
where ““graduate courses have 110 students
and then that kind of thing, which our
dean thought was fine.”

Other departments faced the similar pres-
sures during this era, but Rice believed some
factors were specific to Purdue. One of
those was the aforementioned dean who
refused to allow vacant faculty positions to
be filled so that “Computer Science was get-
ting what it deserved, which was very
little.”*> As department chair from 1983 to
1996, Rice had some success in rebuilding its
fortunes, although a second boom in enroll-
ment in the mid-1990s led to another
resource crisis. From 1992 to 1994, Rice organ-
ized a new interdisciplinary graduate program
in computer science and engineering, which
attracted large numbers of students despite
limited support from the university adminis-
tration. During our interview, he complained
repeatedly of disparities in funding and resour-
ces between computer science and physics.
His term as department head ended follow-
ing a confrontation with the dean of the
College of Science on this topic.'®

According to Rice, none of this turmoil
ever made him seriously consider leaving
Purdue.

I was very comfortable... my family liked it
here, I liked living in a small town. I've lived
in places like Detroit and Washington and
Los Angeles, and I didn’t care for those places.
So... I never actively looked for a job.

However, he did regret having “wasted a
lot of energy in being a department head,”
having finally realized that such positions
“are really losers for faculty unless you want
to become the president of the university ...
I should have let somebody else do it.”!”
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Building a Community for
Mathematical Software

Rice did more than anyone to nurture the
creation of mathematical software as a dis-
tinct field of research and a well-defined
international community of researchers. In
the late 1960s, the main gathering point for
those interested in mathematical software
was ACM SIGNUM, its special interest
group on numerical mathematics. Joe Traub
had initiated the SIGNUM Newsletter in 1966
(then known as the SICNUM Newsletter, the
C standing for committee). Rice was chosen
to deliver its first official lecture at the main
ACM annual meeting.'® Its membership
grew rapidly, quickly exceeding 1,000 people
(although no dues were charged at that
point). Over the next few years, SIGNUM
organized sessions at larger ACM meetings,
sponsored an award, and organized a series
of themed workshops on particular topics
related to numerical software. Although
there were many other venues suitable for
discussion of numerical analysis, Rice
believes that SIGNUM stood out as a place
where software issues and work of an experi-
mental character could be presented."’

Rice organized the Mathematical Software
Symposium held at Purdue in April 1970,
sponsored by SIGNUM and paid for with a
grant from the Office of Naval Research. With-
in the field, this is regarded as the single most
important event in the emergence of a com-
munity of skilled researchers who defined
themselves primarily as experts in mathemat-
ical software. Its proceedings appeared as a
book in the ACM Monograph series the next
year.” As well as the proceedings of the
papers presented at the conference, and a se-
lection of four exemplary pieces of software,
the book included a preface and four intro-
ductory chapters from Rice summarizing the
history, current state, and challenges of math-
ematical software at that time. In the preface
he noted that the ‘“scientific public” still
viewed the creation of software as “‘mechani-
cal, even if tedious and time consuming”
and lacked the discernment needed to sepa-
rate software written with the skill of “college
freshmen” from those ““few people who are
much, much better.” He diagnosed a second
challenge, this one ‘“sociological, in that
mathematical software is not yet a viable sci-
entific community or entity.”*!

The conference played an important role
in overcoming both challenges. Rice recalls
that ““a lot of common interests surfaced
there. It brought together people who



didn’t usually speak to each other.””?? Social
connections began to develop between peo-
ple working on packages for different kinds
of software. Rice organized a second confer-
ence on the subject at Purdue in 1974, and
a third followed in Madison in 1977. Looking
back on Rice’s career, three of his students
wrote that the conference and its sequel
were “key events which served to galvanize
a community of researchers which continues
to be productive to this day.”’*?

In 1974, a core community of mathemat-
ical software experts was institutionalized as
the International Federation for Information
Processing (IFIP) Working Group 2.5 on
mathematical software. Rice was a founding
member and remains an active participant.
The system of IFIP working groups had
been around since the early 1960s, with
Working Group 2.1 on Algol the most prom-
inent. The new group was an invitation-only
elite international club. It held annual meet-
ings, ran a series of technical projects, and
organized a series of thematic working con-
ferences every three years or so. These meet-
ings and conferences followed a similar
pattern to the earlier mathematical software
conferences.

ACM Transactions on
Mathematical Software

Rice suggested that planning for a journal
on mathematical software began around
1971, probably at an National Science Foun-
dation (NSF) Workshop on Software and
Algorithm Evaluation held in Colorado. To
this point the main publication venue for
mathematical software had been the Algo-
rithms department of Communications of the
ACM. According to Rice, this suffered from
two main deficiencies: the trivial nature of
many of the programs published there and
the use of Algol as a publication language at
a time when real work was done almost
exclusively in Fortran. Lloyd Fosdick, then
the department’s editor, was a mathematical
software enthusiast who shared Rice’s inter-
est in a new venue where large, useful peer-
reviewed programs could be published in
practical languages accompanied by machine
readable versions of the source code. Rice felt
that ““mathematical software somehow has a
niche between theory and practice where
algorithms can thrive”” and that practicing
scientists and engineers could benefit from,
and even contribute to, a journal of this
kind. It would also benefit the emerging
mathematical software community. Rice

The first issue of the
ACM Transactions on
Mathematical Software
(TOMS) appeared in
1975 with Rice as editor
in chief.

recalled that many of them were academics
who were looking for academic respectabil-
ity, and so were in grave need of ““a place I
can publish papers and this will help me.””**

Work proceeded slowly. One difficult
question was the appropriate sponsoring so-
ciety. Mathematical software lay at the inter-
section of several disciplines. Numerical
analysis had been a core area of early com-
puter science departments in the 1960s, but
by the 1970s, it was becoming more marginal
within computer science as the field sought a
unique body of theory. Work on numerical
analysis gradually migrated from the ACM
to the Society for Industrial and Applied
Mathematics (SIAM), which was already
well established as a technical publisher in
the area. Yet Rice found that mathematical
software held less legitimacy as a research
area for mathematicians than for computer
scientists. According to Rice,

SIAM has never been very graceful about ad-
mitting that computer science is a real disci-
pline, and they’re still having a hard time
seeing that things like programming and sys-
tems have any intellectual content. I talked to
SIAM at length on the Journal of Mathematical
Software and it was that ““software’”” word that
was the problem they had. There were plenty
of people in the power structure of SIAM who
did not want software.?®

Working with the ACM posed its own
challenges in the early 1970s. Rice cites the
influence of several ACM leaders, most nota-
bly Herb Grosch, who were ‘‘absolutely
totally opposed to having academics [be] in-
fluential in ACM, and that means not having
any scholarly research oriented journals.” In
the absence of reliable accounting informa-
tion the associations’ scholarly journals
were being blamed for its financial crisis.
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Ellpack helped bring
several then-novel
software engineering
ideas into the world of
mathematical software.

However, Rice was a member of the ACM
Publications Board and was able to make a
strong case for the proposed journal’s finan-
cial viability, boosted by a subsidy from the
NSF for its first issues to be used as conference
proceedings for the Second Mathematical
Software Conference.

The ACM Council agreed, and the first
issue of the ACM Transactions on Mathematical
Software (TOMS) appeared in 1975 with Rice
as editor in chief. Large programs were
included on a microfiche card provided with
the journal and could be ordered on magnetic
tape or punched cards if needed from a collec-
tion known as Calgo. Initially, this library was
administered by IMSL, but it eventually
shifted to the online Netlib service. Netlib’s
founder, Jack Dongarra, credits Rice with
securing inclusion of TOMS material in the
online Netlib collection, saying also that
“John was the person who originated the
journal and basically was the founder of
this idea of mathematical software.”?” Rice
remained editor in chief until 1993, during
which time the journal prospered and pub-
lished many important pieces of software.

The concept of peer reviewing software in
pursuit of higher quality seems to be unique
to the mathematical software community
and is quite startling to outsiders. An earlier
attempt to introduce this for routines in the
IBM Share library had lost steam in the
1960s. But TOMS made the concept work,
and within this community, software has
been peer reviewed for decades. W.M. Cody,
an early editor of TOMS, explained the
process:

It was the usual responsibilities, you received
manuscripts from Rice and found referees for
them. In the case of this journal, many of
the manuscripts involved computer programs
of one sort or another, mathematical soft-
ware. So we tried to find somebody who
would test it and banter back and forth
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about the quality of the software as well as
the importance, as well as the text material.?®

Ellpack

His growing interest in mathematical soft-
ware also led Rice to lead the development of
what became the Ellpack project. In mid-
1976, a meeting to explore a new software
framework for solving partial differential
equations (PDEs) was held at NASA’s Institute
for Computer Applications in Science and
Engineering with research groups from cen-
ters such as the University of Texas, Purdue,
and Yale. The original idea came from Har-
vard University’s Garrett Birkhoff, with insti-
tutional support for this initial meeting from
NASA’s Jim Ortega. Development of Ellpack
was supported by a series of NSF grants.

Ellpack was conceived as a modular frame-
work for elliptical PDE solvers, letting
researchers state test problems in a standard
format and apply a specified set of problem
solving modules to test the results. Research-
ers in this area focused on different steps
in the solution process, for example, in “dis-
cretizing’”’ the PDEs into systems of linear
equations or into solving those systems of
linear equations. Rice believes that progress
was being slowed by the need to write com-
plete programs and provide suitable test out-
put just to experiment with changes to one
part of the solution process. Over time, the
system would accumulate a standard library
of test problems and automatically log the
results of each run to record the amount of
time and memory consumed to solve them
with a particular combination of solvers on
a particular machine. This reflected an evolu-
tion of mathematical research, at least within
this community, toward the experimental in-
vestigation of the real-world performance of
particular mathematical methods when exe-
cuted on actual computer architectures.
This was the topic of the IFIP WG 2.5 Confer-
ence on Performance Evaluation of Numeri-
cal Software held in 1978.%°

In a paper presented at the third Mathe-
matical Software Symposium in 1977, Rice
wrote that ““one of its primary objectives is
to test the concept of a modular approach
using interchangeable software parts.””3°
Ellpack’s technical structure supported a
loosely coupled collaborative community.
In language strikingly reminiscent of that
applied to modern open source software
projects, Rice wrote in 1977 that his role
was that of ‘“a coordinator and benevolent
dictator.” Code came from collaborators



including David Young at the University of
Texas, Martin Schultz at Yale, and Allan
George at Waterloo as well as from Rice and
his colleagues at Purdue. Others, such as
Jim Ortega and Gene Golub, provided advice
and facilitation to the project.

After several interim releases, a final ver-
sion of Ellpack was accompanied by a book
in 1985.3" Ellpack itself was written, like
other mathematical software packages of its
day, in Fortran with special attention to por-
tability so that it could easily be compiled on
a range of machines. Its first implementation
was as a Fortran preprocessor. It came with
an impressive collection of solver modules
and a library of more than 50 test problems.

Collaborative mathematical software proj-
ects to produce ‘““Packs’” were increasingly
common in this era, inspired by the success
of Eispack in the early 1970s and the succes-
sor Linpack project, which was then ongoing.
Ellpack was designed to support collabora-
tion between a handful of groups researching
software for the solution of elliptical PDEs.
This was already a reasonably mature and
active area, with applications in many areas
of science and engineering. But according
to Rice, the connections between different
methods were not well understood and
their development remained crude by today’s
standards.??

Ellpack helped bring several then-novel
software engineering ideas into the world of
mathematical software. Its construction as
a set of what Rice came to call ““software
parts”’ reflected a major research trend of
the era toward techniques for modularization
and code reuse. Later Ellpack versions
included a special-purpose programming lan-
guage to describe the equations to be solved
were described and the series of steps to be
applied to them—another very modern idea
at this time.** During the 1970s, special-
purpose end-user languages were becoming
increasingly popular for other kinds of math-
ematical software such as statistical software
and matrix manipulation.®*

By this point, Rice believed that Ellpack
had evolved from serving primarily as a test
bed for researchers into a tool used by scien-
tists and engineers with technical problems
to solve.®> Approximately 500 copies were
distributed. Numerical analysts are forever
bemoaning the tendency of engineers to
stick with the mathematical methods they
learned in college textbooks, however ineffi-
cient and inaccurate those might be. Ellpack
packaged the fruits of recent mathematical

research to disseminate a range of efficient
methods in accessible form. Nothing in the
software itself helped users to pick the right
method, so this was the main concern of
the accompanying book.>® Less complete
selections of PDE solvers were also included
in the two commercial mathematical libra-
ries then available, IMSL and NAG, but
unlike these more general products, Ellpack
did not require its users to write programs
in Fortran.

Other Projects

The final main phase of development
work on Ellpack, from around 1982, was sup-
ported by a major NSF grant funding a
broader Purdue project on ‘“‘computing
about physical objects.” This broader context
led Rice to a more general interest in the
creation of what he came to call “problem-
solving environments,”” in which scientists
and engineers could work interactively with
a range of computerized capabilities to solve
their problems. According to Rice, this idea
took shape at a 1985 workshop attended by
various experts in mathematical software
and numerical methods.>”

To support this vision, Rice immersed
himself in the literature on artificial intelli-
gence, particularly the then-fashionable
world of expert systems. He even taught
an introductory course in Al Rice organized
another series of conferences at Purdue to
explore the application of Al techniques
and had some success in shifting the atten-
tion of scientific software researchers to-
ward the user-oriented issues inherent in
the concept of a problem-solving environ-
ment.*® According to Rice, the flow of ideas
was largely one way, as Al experts were not
particularly interested in mathematical
software.

Rice’s interest in user experiences led him
to another important project in the early
1980s. Founded in 1970, IMSL was one of
two major firms worldwide in the niche busi-
ness of commercial mathematical software
libraries. For many years, Rice was an active
member of its technical advisory board,
reflecting the firm’s deep ties with the com-
munity of academic mathematical software
specialists. As IMSL sought to diversify be-
yond its core market of scientific computer
centers, Rice persuaded it to implement a
new high-level language for end users called
Protran. The language was the topic of one
of Rice’s own books.?? Like Ellpack, it was
initially created as a Fortran preprocessor.
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Tom Aird acknowledged Rice’s contribution
to this project:

[Tlhere’s a quote in the manual that I think
was very insightful where John Rice writes,
“The PROTRAN system is an extension of
FORTRAN which brings many of the IMSL li-
brary programs into the language in a simple
natural way. It provides much shorter pro-
grams for various examples, and two, it is an
example of the higher level languages that
will spread throughout numerical and scien-
tific computation in the coming years.” So it
seemed compelling to people who thought
about these things that that was a natural
progression of how programming would be
done...*°

Much to Aird’s regret, IMSL was unable to
market Protran successfully as a commercial
product, perhaps because it required a much
larger volume of low margin sales and was
not well suited to the firm’s existing sales
force. In retrospect, however, Rice was clearly
correct in recognizing the need for rise of spe-
cialized high-level languages such as those
used by Maple, Matlab, and Mathematica.

By the late 1980s, the dominant architec-
tures for high-performance computing were
shifting away from single-processor machines.
Rice and his colleagues launched a project to
create a parallel successor to Ellpack, known
as //Ellpack. As well as parallel versions of
the discretizers, solvers, and other tools this
also included GUI and visualization tools,
exemplifying Rice’s commitment to the cre-
ation of problem-solving environments.*!
According to Rice,

Parallel ELLPACK has, I believe, a million and
a half lines of code in it. So it was really a
major operation of integrating very large soft-
ware packages and it had FORTRAN, it had C,
it had LISP, it had assembler, it had all kinds
of languages there. Portability went out the
window, and there was no idea of having
other people use it.... It hasn’t been widely
used because it won’t move.*?

Recent Career and Professional Service
The career of a distinguished scientist
often broadens to include involvement with
science policy and advocacy. For Rice, that
transition took place with his participation
in the Computer Science and Engineering
Research Study (COSERS) initiative of the
late 1970s. This high-powered committee—
which included participants Alan Newell,
Jean Sammet as ACM chair, Bernie Galler,
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Juris Hartmanis, Peter Denning, Richard
Karp, and Donald Knuth—delivered an influ-
ential report intended to demarcate the full
scope of computing research. Rice chaired
its panel on numerical computation, acting
as the main author for this section of the
report.** He was also an enthusiastic partici-
pant in the Computing Research Association,
a group founded in the 1970s to represent
the common interests of elite computer
science departments and professional associ-
ations. As Rice put it, ““it took me quite a
long time to really understand that computer
science as the new kid on the block ... was
getting the short end of the stick from federal
funding.””** This mirrored his concerns about
resource discrimination against computer
science within Purdue. Rice helped the orga-
nization to expand to hire a full-time execu-
tive director and boost the scale of its
lobbying work on behalf of computing re-
search. He was its chair from 1991 to 1993.

Rice also made major contributions to the
Computing in Science & Engineering (formerly
IEEE Computational Science and Engineering)
and the International Association for Mathe-
matics and Computers in Simulation.

One milestone in Rice’s career came when
an international symposium was held in
honor of his 65th birthday in 1999.%° In the
opening essay of its proceedings, Ronald
F. Boisvert suggested that Rice’s contributions
followed three main themes: the architecture
of scientific software systems (including
the concept of polyalgortihms and a push
for software components), raising the level
of abstraction (through techniques such as
high-level languages and problem-solving
environments), and an experimental approach
toward understanding mathematical soft-
ware through performance evaluation and
testing.*

Rice retired from Purdue in 2004, transi-
tioning to emeritus status. That year he told
me that “currently I'm spending almost all
of my time on computer security.””*” His in-
terest in the field began with a collaboration
with fellow Purdue professor Mikhail J. Atal-
lah to investigate ways to outsource compu-
tation work without revealing the content
of the problem being solved.*® This led to a
company Arxan Technologies, backed by
venture capital, to create tamperproof soft-
ware. Rice was then spending about half his
time working to get the company up and
running. Today, Arxan Technologies has a
professional management team, but Rice
and Atallah remain members of its Technical



Advisory Board. His personal and profes-
sional life remain active. As I write, he is on
an extended honeymoon trip to China, hav-
ing recently remarried.
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