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There are many reasons for research funding agencies (DARPA, NSF, etc.) to invest in
the education of students. Producing the next generation of innovators is the most
obvious one. In addition, though, there are an impressive number of instances in our field
in which undergraduate and graduate students have made truly game-changing
contributions in the course of their studies.

The inspiring list below was compiled by the following individuals and their colleagues:
Bill Bonvillian (MIT), Susan Graham (Berkeley), Anita Jones (University of Virginia),
Ed Lazowska (University of Washington), Pat Lincoln (SRI), Fred Schneider (Cornell),
and Victor Zue (MIT).

We solicit your suggestions for additional student contributions of comparable impact —
post them on the Computing Community Consortium blog,
http://www.cccblog.org/2009/08/28/landmark-contributions-by-students-in-computer-
science/, or send them to Ed Lazowska, lazowska@cs.washington.edu.

Landmark contributions by students in Computer Science

This list is incomplete in many ways, and will necessarily remain so. First, no researcher
stands alone: each builds upon the ideas of others, and each has his or her contributions
extended and taken in important new directions by others. The list below is a set of
“point examples,” not an authoritative history of various subfields! Second, “landmark”
is in the eye of the beholder; we have applied an extremely high bar in compiling the list
below. Third, it is impossible to know which advances of the most recent ten years will
be looked back upon as landmarks, so we end the list in 1999.

Use of Boolean logic to model digital circuits: Claude Shannon at MIT. Shannon is
better known for inventing information theory, but this work, his MIT Masters thesis,
was a landmark. (1937)

Huffman coding: David Huffman at MIT. Huffman was a Ph.D. student when he
invented Huffman coding as a term paper project in a course taught by Robert M.
Fano. (1951)

Mathematical foundation of packet communication: Len Kleinrock at MIT. Kleinrock’s
Ph.D. dissertation, Message Delay in Communication Nets with Storage, established a
crucial foundation for the ARPANET revolution, in which he played a central role.
(1962)

Interactive computer graphics: lvan Sutherland at MIT. Sutherland’s Sketchpad system
— his Ph.D. work — laid the groundwork for several decades of advances in computer
graphics. Ed Catmull’s 1974 Ph.D. dissertation, supervised by Sutherland at the
University of Utah, was another landmark contribution to the field, as was John
Warnock’s 16-page 1969 University of Utah Ph.D. attacking the hidden surface
problem. (1963)




Computer vision: Larry Roberts at MIT. Larry Roberts is best known for his role in the
ARPANET effort, but his 1963 MIT Ph.D. dissertation, Machine Perception of
Three-Dimensional Solids, laid out the entire process for computer vision as we know
it today. (1963)

Symbolic mathematics: William A. Martin and Joel Moses at MIT. Martin’s 1967 Ph.D.
dissertation on symbolic algebra and Moses’s 1967 Ph.D. dissertation on symbolic
integration launched the MACSYMA project at MIT, the predecessor of today’s
ubiquitous Mathematica. (1967)

The FLEX language and machine: Alan Kay at the University of Utah. Kay’s Ph.D.
dissertation, The Reactive Engine, defined the FLEX language, the first extensible
dynamic graphical interactive object-oriented language, and the direct antecedent of
Kay’s Smalltalk work at Xerox PARC. It also defined the FLEX machine, a desktop
computer with a fully general display and a multiple clipping window user interface,
the inspiration for Kay’s Dynabook. Kay says “Most of us regarded what we were
doing at PARC as ‘phase two’ of what we’d already started in graduate school.”
(1969)

The Boyer-Moore theorem prover: Robert S. Boyer and J Strother Moore at the
University of Edinburgh. Moore was a Ph.D. student and Boyer was a postdoctoral
research associate. (1971)

Efficient graph planarity testing using depth-first search: Bob Tarjan at Stanford.
Tarjan’s thesis marked a crucial advance in the depth and elegance of the analysis of
data structures for basic computational problems. (1972)

Ethernet: Bob Metcalfe at Harvard and MIT. The engineering was done at Xerox
PARC, but the invention and analysis of binary exponential backoff as an alternative
to the fixed-backoff (and thus unstable) Aloha Network scheme was Metcalfe’s Ph.D.
dissertation. (1973)

BSD Unix: Bill Joy at Berkeley, working with Bob Fabry and Domenico Ferrari. (1977)

VisiCalc: Bob Frankston and Dan Bricklin at Harvard. The spreadsheet — the “killer
app” for personal computing — was created by Frankston and Bricklin while Bricklin
was a student at the Harvard Business School. (1979)

Public key cryptography: Ralph Merkle at Berkeley and Stanford, along with Martin
Hellman and Whitfield Diffie. Merkle’s 1977 Berkeley Masters thesis and 1979
Stanford Ph.D. dissertation made fundamental contributions. Hellman maintains that
the “Diffie-Hellman” key exchange protocol should be called “Diffie-Hellman-
Merkle.” Public key certificates, as used ubiquitously in HTTPS-based web sites,
were introduced in the 1978 MIT Bachelors thesis of Loren Kohnfelder, advised by
Len Adleman of RSA fame. (1979)

The Sun workstation: Andy Bechtolsheim at Stanford, working with Forest Baskett.
(1982)

The Connection Machine: Danny Hillis at MIT. Hillis co-founded the Thinking
Machines Corporation while an MIT Al Lab Ph.D. student. (1983)

Sphinx (large-vocabulary, speaker-independent, continuous speech recognition): Kai-Fu
Lee at Carnegie Mellon. While speech recognition has a long history both before and
after Lee’s work, his Sphinx system, the subject of his Ph.D. dissertation, was a
landmark. (1988)




Linux: Linus Torvalds at the University of Helsinki. Torvalds was a second-year
computer science student at the University of Helsinki when he launched the Linux
open source operating system project, inspired by Andy Tanenbaum’s MINIX
operating system and Richard Stallman’s GNU project. (1991)

BDD-based symbolic model checking: Ken McMillan at Carnegie Mellon, working with
Ed Clarke. Symbolic Model Checking (the title of McMillan’s Ph.D. dissertation) has
transformed hardware and software verification. (1992)

Mosaic: Mark Andreessen at the University of Illinois. Andreessen invented the
revolutionary graphical Web browser while an undergraduate at the University of
Illinois working at the National Center for Supercomputer Applications. He
subsequently founded Netscape Communications. Microsoft licensed Mosaic from
UIUC as the foundation for Internet Explorer. (1994)

The PCP theorem: Sanjeev Arora at UC Berkeley. The PCP theorem (Probabilistically
Checkable Proofs) is the cornerstone of the theory of computational hardness of
approximation. (1994)

Google: Larry Page and Sergey Brin at Stanford. The Page Rank algorithm is central to
Google’s success. (Note that many earlier web search innovations were also due to
students; for example, Brian Pinkerton at the University of Washington invented
WebCrawler in 1994, the first successful full-text web search engine.) (1998)

Akamai (content delivery networks): Danny Lewin at MIT, working with Tom Leighton.
(1999)

Peer-to-peer file sharing: Shawn Fanning at Northeastern University. Fanning was an
undergraduate at Northeastern University when he wrote the code for Napster,
inventing the concept of peer-to-peer file sharing, which has many important legal
uses in addition to the questionable ones enabled by Napster. (1999)

A few from other fields

The foundations of rocketry and astronautics: Hermann Oberth at Géttingen. Oberth’s
Ph.D. dissertation, Die Rakete zu den Planetenrdaumen (“By Rocket into Planetary
Space”), was rejected by the faculty of Gottingen as “utopian.” Along with
Tsiolkovsky and Goddard, he became one of the three (independent) founding fathers
of rocketry and astronautics, the foundation of which was described in his
dissertation. (1922)

The discovery of the double helix: James Watson and Francis Crick at Cambridge
University. Crick was a Ph.D. student and Watson a postdoctoral fellow at the time
of their landmark discovery. (1953)

The Josephson effect: Brian Josephson at Cambridge University. Josephson was a Ph.D.
student in Physics when he discovered the Josephson effect (superconductivity), for
which he received the Nobel Prize in 1973, at the age of 33. (1962)

Fullerenes: Jim Heath, working with Robert Curl, Harold Kroto, and Richard Smalley at
Rice University. Heath was the Chemistry Ph.D. student who conducted the
experiments that generated the first C60 molecules and, ultimately, won the Nobel
Prize in Chemistry for the three senior members of the collaboration. (1985)




