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Computing and information science and its
technologies have properties of a "meta-
science": they accelerate discovery in all
branches of inquiry. Computing technology
has created a new branch of science and
engineering in which computer simulation
leads to new discoveries and designs.
Information technology has altered the
means of scholarly communication and
research. Proof technology has made 
it possible to use computers in creating
and confirming mathematical results to
unprecedented levels of certainty.
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Cornell's Faculty of
Computing and
Information Science (CIS)
Automating Intellectual
Tasks

Computing and Information Science (CIS) has its own
identity as a discipline. It is concerned with computation
for its intrinsic value and includes the mature discipline 
of computer science. CIS is concerned with dynamic digi-
tal information resources such as the Web and includes 
the emerging discipline of information science. CIS is con-
cerned with building virtual realities that have aesthetic 
as well as practical value, and includes graphics, animation,
and interactive entertainment.

This discipline has contributed new modes of inquiry 
such as the algorithmic approach to problems. It has created
a culture that cuts away boring, repetitive tasks with a
vengeance. It has set traditional scientific goals such as
providing fundamental explanations of the technologies
that drive the field, for example, asking whether it is 
possible to characterize computational problems that are
completely intractable. CIS has also set its signature goal—
to automate intellectual tasks to the fullest extent possible.
The discipline has a character that inspires and feeds new
technologies with the potential to embrace all scholarship,
industry, and society.

Since universities are in the business of the creation, 
transmission, and the intelligent management of knowl-
edge, they must thoroughly understand computing and
information and its technologies. However, accomplishing
this is not automatic or easy. The field is changing rapidly,
and it is intimately linked to computer science, which has
become a deep and mature field on its own. Insightful,
intellectual connections to diverse fields are prerequisite 
to the thorough understanding of CIS. Diverse modes 
of thinking generate knowledge, and each has a distinct
means of transforming information into knowledge. Each 
is uniquely amenable to automation and acceleration.

Cornell recognized the "information sciences" as a strate-
gic enabling area in which the university must continue 
to invest in order to remain a leading player as the field
expands. Accordingly, Cornell initiated studies that result-
ed in establishing the Faculty of Computing and
Information Science (CIS). The basic architecture of the
Faculty was set forth in the recommendations of the 
influential 1999 report of the Computing and Information
Science Task Force, "Cornell in the Information Age."

The Faculty of Computing and Information Science is 
now an independently budgeted academic unit. It works
with the colleges and schools to recruit faculty, support
research, and manage cross-college academic programs 
in computing and information science.

Computing and Information Science, 
A Meta-Science

C
arol Terrizzi 

CIS has created a culture that cuts
away boring, repetitive tasks with a
vengeance.
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"Cornell in the Information
Age: Final Report of the
Task Force on Computing
and Information Science,
Cornell University,
November 1999"

CIS is concerned with
• Computation for its intrinsic value, 

and includes the mature discipline of 
computer science

• Dynamic digital information resources 
such as the Web, and includes the 
emerging discipline of information 
science

• Building virtual realities that have 
aesthetic as well as practical value, 
and includes graphics, animation, and
interactive entertainment
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Being an informed citizen in the
Information Age requires knowledge of
computing systems, global communi-
cations networks, and interactive
information resources. The requisite
level of knowledge goes beyond sim-
ply being comfortable with computing
tools. It requires the ability to apply
computational ways of thinking to
design, to writing, to experimentation,
to artistic expression, and to problem
solving—to the very core of human
intellectual activity. Just as a higher
education requires writing skills that
go beyond the mechanics of sen-
tence and paragraph structure, it is
also beginning to require computa-
tional skills that go beyond the
mechanics of programming and 
software packages. In the Information
Age, our ideas are no longer con-
strained solely by what is physically
realizable, but by what is computa-
tionally realizable. For example, an
artist is now able to create an artwork
that only exists when someone inter-
acts with it—specifying a framework
within which each visitor can create 
a work of art. A chemist is now able
to search more effectively for new
compounds by modeling them, not
only because of new tools, but also
because of new computational ideas
and paradigms.



inexpensive to copy intellectual property.
If it were not clear a priori that CIS is also relevant to 
the arts and humanities, it would be known from talking
with undergraduates. Many students enter college knowing
how to program, or they are, at least, comfortable with
digital technologies. They may have experimented with
Adobe® Photoshop® or written their own programs to
manipulate images. Students do not want to compartmen-
talize their interests in the arts and in digital technology.
The CIS Task Force foresaw this and suggested that the
Faculty explore educational programs that span digital arts
and computing. Cornell has a special opportunity because
of the university's world-famous Program of Computer
Graphics (PCG) founded and led by Donald P. Greenberg,
Architecture; Johnson Graduate School of Management.
Therefore, CIS is exploring an undergraduate course of
study in Digital Arts and Graphics. Because of Cornell's
Visual Studies concentration, this program will provide
close ties with the humanities.

All CIS programs have strong intellectual ties to computer
science, and the composition of Cornell's Department of
Computer Science (CS) nurtures these ties to an uncom-
mon degree. Cornell's Department of Computer Science
recognized its close connections with computational biolo-
gy in 1994, and now the department has three faculty 
in this area, making it possible to contribute significantly
to the university-wide undergraduate major in computa-
tional biology. Cornell's Department of Computer Science,
unlike many others, has always embraced scientific 
computing and has been a leader in the field. This enabled 
CS professors such as Thomas F. Coleman to play a role 
in the Cornell Theory Center for many years; he is now
its director.

Cornell's leadership in scientific computing has also con-
nected CS to the exceptionally strong computational 
science and engineering community at the university.
Because of the work of Gerard Salton during his years at
Cornell (1965–1995), CS has been a major force in infor-
mation organization and retrieval. Salton left an enduring
legacy at Cornell, which facilitated the birth of the
Information Science Program. CS has also benefited enor-
mously from the Program in Computer Graphics. A model
for CIS's Program in Digital Arts & Graphics emerged
through Greenberg's appointment in the Faculty of
Computing and Information Science and the College of
Architecture, Art, and Planning (AAP). For these reasons,
the Department of Computer Science belongs to the
Faculty of Computing and Information Science. The depart-
ment is budgeted through the Faculty of Computing and
Information Science; its tenure home is the College of
Engineering; and it has undergraduate majors in the
Colleges of Engineering and Arts and Sciences.
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Computing and Information Science, 
A Meta-Science 
Accelerating Discovery in All Branches of Inquiry

CIS concentrates on activities that will have a significant
impact on research and also fill a national need for an 
associated academic program. Therefore, research and
teaching missions of the Faculty of Computing and
Information Science are closely coupled. It is indisputable
that the emergence of the World Wide Web and the avail-
ability of important databases (such as the Protein Data
Bank) and Web publication services (such as arXiv and
CiteSeer) are creating a new field of education and
research that is concerned with information-intensive
research and scholarship and technically informed policy
proposals. This emerging field is information science. It is
clear to the Faculty of Computing and Information Science
that progress depends on building research capability, such
as Cornell's Intelligent Information Systems Institute, and
educational programs, such as the newly approved gradu-
ate field and undergraduate major in Information Science.

CIS is not only strategic and enabling but also exceptional-
ly broad. It has profound intellectual ties with biology, and
it is a key partner in Cornell's New Life Sciences Initiative.
Research in computational biology and bioinformatics is
vital to solving some of the most compelling problems in
the life sciences. For example, how do researchers model
the information processing capabilities of the cell? How
does a cell access the information in its genome? What are
the signaling pathways between the subsystems of the 
cell; how can researchers model the cells as a system; and
how do proteins use their three-dimensional structures 
to carry functional information? The other side of the
interaction is discovering new ways of computing, based
on biological processes.

CIS has a role in advanced materials, through computational
science and engineering. Supercomputers can simulate
properties of hypothetical materials. This requires new
algorithms and new strategies for allowing simulation 
programs to run continuously for many days and to recover
gracefully from faults without loss of data. In this realm,
the input to CIS from materials science and engineering
has been indispensable to modern computing—specifically,
new materials enable the manufacture of faster computers
that also use less power.

CIS engages the social sciences as well, and helps to
advance Cornell's social science agenda. There are strong
research ties between computer science and economics.
Models of resource-bounded computing agents offer a 
basis for more refined analysis of the decision making 
that determines economic behavior. The social, legal, and
economic context of information technology is the domain
of information science. Examples include how certain
issues impact copyright law, such as the demands of 
privacy laws on the software systems that provide census
data to researchers or the reality that it is trivial and 



Digital Arts & Graphics
CIS is exploring ways to connect dig-
ital arts to Cornell's exceptional
strength in computer graphics in
order to create a new academic pro-
gram, Digital Arts & Graphics (DA&G).
Bringing these areas together in a
natural way can be a challenge. To
begin the process, CIS has assem-
bled a small set of courses. One
example is an introductory course in
the Department of Computer Science
designed for students who want to
use digital technology as a means of
expression as well as a problem-
solving tool. The course, Computers
in the Arts, was developed in consul-
tation with the Department of Art in
the College of Architecture, Art, and
Planning. It is a key component in
defining a joint academic minor.

The Program of Computer Graphics
(PCG) already provides a base for
research and teaching in graphics,
including computer animation and
aspects of perception. With PCG's
ties to the Faculty of Computing and
Information Science and to Computer
Science, along with Computer
Science's two new faculty members
in graphics, Cornell can offer a much
broader range of courses.

PCG's modern facility includes impres-
sive tools for advanced research,
including a sophisticated light meas-
urement laboratory, a 128-processor
PC cluster, and a high-resolution tiled
projection display.

Research topics in PCG cover areas
such as reflectance models, physics-
based accurate rendering, visual per-
ception for graphics, sketching and
modeling, medical visualization, and
digital photography.

Computer graphics is an important area
of research within the Department of
Computer Science. A current focus is
computer animation, as PCG blends
into the new CIS program area of Digital
Arts & Graphics. DA&G aims to explore
topics such as the technical aspects of
digital graphics, psychological aspects
of vision and perception, the relation-
ship of human senses and robotics,
and the creation of art in a time of digi-
tal reproduction. DA&G involves archi-
tects, artists, art historians, city plan-
ners, and information scientists.

Donald Greenberg,
Architecture; Johnson
Graduate School of
Management; Computing and
Information Science, founded
Cornell's world-famous
Program of Computer
Graphics.
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Thomas Coleman, Computer
Science, is director of the
Cornell Theory Center.
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CIS has profound ties to
biology—research in com-
putational biology and
bioinformatics is vital to
solving some of the most
compelling problems in the
life sciences.

CIS has a role in advanced
materials—supercomputers
can simulate properties of
hypothetical materials,
requiring new algorithms
and new strategies.

The social, legal, and
economic context of infor-
mation technology is the
domain of information 
science.

Computer Science has been
a major force in information
organization and retrieval
because of the work of
Gerard Salton during his
years at Cornell, 1965–1995.
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Computer Science, A Mature Discipline
Constructing the Foundation and Ushering in 
a New Era

Computer science is entirely within the CIS realm. Its 
origins are in the theoretical foundation laid by Alan
Turing and Alonzo Church in the mid 1930s and in the
practical construction of digital computers in the 1940s
and 1950s by Turing and others. Mathematicians, logicians,
and electrical engineers came together to form a field that
has matured to the point of meriting its own National
Science Foundation (NSF) directorate—CISE (Computing
and Information Science and Engineering). Nowadays,
computer science produces 2,000 Ph.D.s per year, and nearly
every major research university has either a department or 
a college of computer science. Many also have degree pro-
grams in computer engineering. The academic programs
emerged in the mid-1960s after the research enterprise
had established a substantial body of knowledge on such
topics as theoretical foundations, programming languages,
operating systems, networks, databases, artificial 
intelligence, and scientific computing.

At Cornell, Juris Hartmanis (l.) and John Hopcroft (r.),
Computer Science, hold the honor of the A. M. Turing
Award. It is the highest award in the field of 
Computer Science.
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The research has moved away from the
machines and toward the conceptual 
base used by people as they design
algorithms and processes.

Computer scientists have developed 
a powerful and elegant theory of 
algorithms that allows them to discover
ways of computing that are unexpectedly
fast to the untrained eye, for example,
comparing two strings to see if one 
is contained in the other.

Juris Hartmanis won the Turing award jointly
with Richard E. Stearns for the foundations 
of computing theory—precisely defining a 
general notion of computational complexity for
all algorithms.
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These topics remain vibrant and have led to a computing
and information technology on which CIS builds. Elements
of this technology include programming languages such as
C, C++ along with high-level languages such as Java, C#,
and dialects of Lisp. These languages and the compiler
technology for translating commands into the native
"machine languages," which modern hardware can exe-
cute, have made it possible for hundreds of thousands of
people to write programs without having to know how the
latest hardware operates.

Over the last 50 years, this research has tended toward
increasing levels of abstraction. The research has moved
away from the machines and toward the conceptual base
used by people as they design algorithms and processes.
There are now very advanced programming languages in
which people can write algorithms in ordinary mathemati-
cal notation. These languages recognize and compile algo-
rithms that are only implicit in a mathematical argument
that some object exists or some process is feasible. Each
such conceptual advance requires knowing how to formu-
late precisely the next level of abstraction and also know-
ing how to efficiently translate it down to the layer below.
The limit of this process might be a technology for pro-
gramming computers in natural language.

Computer scientists have also developed a powerful and
elegant theory of algorithms that allows them to discover
ways of computing that are unexpectedly fast to the
untrained eye, for example, comparing two strings to see if
one is contained in the other. This can be done in a num-
ber of steps less than the length of the longest string, pro-
vided the shortest string is not a single character. Some of
these results are so unexpected and profound, such as the
Hopcroft-Tarjan linear time test for planarity of graphs, that
the discovery won the highest award in the field, called
the A. M. Turing Award in honor of Alan Turing—it is
essentially the Nobel Prize for computer science. At
Cornell this honor is held by John E. Hopcroft and by Juris
Hartmanis of the Computer Science department.

Juris Hartmanis won the award jointly with Richard E.
Stearns for the foundations of computing theory—precisely
defining a general notion of computational complexity for
all algorithms. From their basic ideas of a complexity class
emerged one of the most celebrated problems in mathe-
matics, one of the seven Millennium Prize Problems, 
for which the Clay Mathematics Institute has offered 
$1 million for the first solution. The problem is affection-
ately known as the P vs. NP question, asking whether 
two complexity classes are equal, P, the polynomial time
computable functions, and NP, the problems that are 
nondeterministically computable in polynomial time. 
This terminology may seem arcane, while its statement
reflects the computer scientists' penchant for acronyms,
but the consequences of certain outcomes of a solution
could be revolutionary, leading to a uniform way to solve
many of the most practical computing problems quickly.
The [P vs. NP] question has resisted the best efforts
of some of the world's finest computer scientists and 
mathematicians for 30 years.

John Hopcroft

Juris Hartmanis

The [P vs. NP] question has resisted
the best efforts of some of the world's
finest computer scientists and mathe-
maticians for 30 years.

The Hopcroft-Tarjan linear time test for planarity of
graphs, an unexpected and profound discovery,
won the Turing Award—it is essentially the Nobel
Prize for computer science. 
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One area of computer science with stunning practical
impact is the study of distributed computing and the net-
works that make it possible. The
Internet arose out of this area, and
its notion of pocket-based commu-
nication has been revolutionary.
The Internet made the World Wide
Web possible, and that in turn
added force to questions in informa-
tion science. Cornell has been a
leader in distributed computing for
more than two decades, and
Cornell's computer scientists are
particularly involved with network
reliability and security.

The study of databases has been of
great practical importance to industry
and government for years, and now
it is critical to the sciences 
as well. It has spawned the topic 
of data mining as a method of 
computer-assisted discovery.
Programs can automatically search vast quantities of infor-
mation in databases and less structured repositories looking
for statistically significant correlations and patterns. In this
way, epidemiologists can locate outbreaks of disease or find
unexpected health consequences of environmental change.

Artificial Intelligence (AI) is a part of computer science
that has caught the popular imagination—there is even a
Kubrick/Spielberg movie with this title. Many people
know that in 1997 IBM's Deep Blue beat Gary Kasparov in
a six-game chess match. This event happened 30 years
later than the pioneer, Herbert A. Simon, predicted, but it
happened. Computers have also solved open problems in
mathematics, as predicted, and there is a steady accumula-
tion of bits and pieces of software that exhibit intelligence.
As computers have access to more human knowledge
through the Web, their problem-solving and question-
answering capabilities will increase—perhaps dramatically.

AI research at Cornell is closely related to information sci-
ence because of its application of machine learning and
natural language processing to information retrieval. Also,
Cornell AI focuses on statistical approaches to hard compu-
tational problems (as in NP hard problems). These ideas
are applicable in economics and large-scale optimization
problems faced by industry.

Robert L. Constable
Dean of the Faculty of Computing and Information Science

One area of computer science with
stunning practical impact is the study
of distributed computing and the net-
works that make it possible. The
Internet arose out of this area, and
its notion of pocket-based communica-
tion has been revolutionary.

The Internet made the World Wide Web
possible, and that in turn added force
to questions in information science.

Cornell has been a leader in distrib-
uted computing for more than two
decades, and Cornell's computer scien-
tists are particularly involved with
network reliability and security.

The study of databases has spawned the
topic of data mining, a method of com-
puter-assisted discovery...epidemiolo-
gists can locate outbreaks of disease
or find unexpected health consequences
of environmental change.

}8

N
icola K

ountoupes/C
U

 

Robert Constable is dean of
the Faculty of Computing and
Information Science.

 




