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1 Introduction

The Department of Computer Science at Yale University weatesd in 1969
as a small graduate department and began offering an uadesge major
in 1972. There are now 20 regular faculty members, 8 adjunaffiiated
faculty, and 4 research scientists; more than 40 undergtaduajors (20
seniors last year); and more than 50 graduate students. &pertchent
offers more than 30 different undergraduate courses eah alktaught by
faculty. Further information is available from the depastital web page
http://www.cs.yale.edu.

2 Faculty

Department Chairman
Avi Silberschatz

Director of Undergraduate Studies
Stanley Eisenstat

Director of Graduate Studies
Vladimir Rokhlin

Professors

Dana Angluin
James Aspnes
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Stanley Eisenstat
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Associate Professors
Brian Scassellati

Assistant Professors
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Adjunct Faculty
Willard Miranker

Affiliated Faculty
Kei-Hoi Cheung
Ronald Coifman
Mark Gerstein
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Paul Hudak

Drew McDermott
Vladimir Rokhlin
Holly Rushmeier
Martin Schultz

Yang Richard Yang

Bryan Ford

Yiorgos Makris
Stephen Morse
Andreas Savvides

Zhong Shao

Avi Silberschatz
Daniel Spielman
Steven Zucker

Edmund Yeh
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3 Overview of the Department

Computer science is one of the most dynamic and progressieteictual
enterprises of our age. At Yale our focus is on the structdesjgn, and
fundamental properties of computers and computer progeardon meth-
ods for using computers to solve significant problems. Wemsthematics
extensively in the design and analysis of problem-solvdhiques and the
exploration of fundamental properties of computation, drav heavily on
techniques from engineering and from the natural sciencegsed.

There are six main areas of study: artificial intelligen@emputer graph-
ics, computer systems and networking, programming lanegiaggientific
computing, and theory of computation. In addition therecaiaborations
with other disciplines, including economics, engineerilagv, psychology,
mathematics, medicine, and the arts.

3.1 Artificial Intelligence

Artificial Intelligence is the study of computational mosl@f the mind. At
Yale there is a wide variety of topics studied, includingiais robotics,
planning, learning, and computational neuroscience.

The term “artificial intelligence” is somewhat misleadingdause the
focus of research in the field is often on more mundane aesvisuch as
simple visual perception, than the word “intelligence” Wbauggest. The
field has learned over the years that the effortlessnesdf augch as vision
is deceptive, that in fact the brain does a great deal of tzdoorIbehind the
scenes to allow us to see without conscious effort. It wkktas years to
duplicate the skills that nature evolved over eons.

In general we think it is a mistake for Al research to focus entral
mental function and ignore input and output. In the long rachines will
not be treated as intelligent unless they can perceive amipoiate the ob-
jects around them. Real perception and action impose staoldomstraints
on thinking. Sophisticated robot planning is wasted if tbbat crashes
into the wall while trying to generate a predicate-calculascription of the
world in front of it. Hence our focus is on real-time percegtoontrol of
behavior, in both natural and artificial systems.

Al uses many of the same techniques as other areas of consgigace
application, from numerical optimization to symbolic ixitey. The key
to solving any problem is always the algorithm and its analy$he goal
is always to characterize precisely a set of problems andodstrate an
algorithm that solves them with reasonable efficiency. Buitleast at its
current state of development, Al is of necessity more exgpbwy than other
areas. We are often forced to define a problem at the same hiaheve
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try to solve it. It often happens that we don’t know how to gmalthe
performance of an algorithm with existing tools, but we bedi that its
average-case performance is much better than its worstpmr$ormance,
and this belief must be backed up with experiments.

Faculty members working in this area are Drew McDermottaB$cas-
sellati, and Steven Zucker. Michael Hines is a researcimgsie

3.2 Computer Graphics

Research in computer graphics at Yale includes the area®déling and
interacting with architectural-scale scenes, sketchimdjaternative design
techniques, material and texture models, applicationguofgption to com-
puter graphics, applications of computer graphics in caltberitage, and
recovering shape and reflectance from images.

With the proliferation of 3D graphics capabilities and thedduction of
virtual reality systems, an increasing number of appl@etiare being devel-
oped that require the interactive visualization of com@&xscenes. How-
ever impressive the evolution of graphics hardware ovepéstthirty years,
the goal of realistically modeling and interactively marigting scenes of
industrial complexity remains an elusive one. At Yale theemch along
this line is to develop (1) improved methods for the capturé editing of
architectural-scale models with a mix of 3D scanning, digithotography,
and novel user interfaces and (2) new algorithms to acdeléna visualiza-
tion of very complex 3D scenes using novel simplificatiorht@ques and
image-based impostors.

While researchers have made great strides in light trahspgorithms,
or rendering, simulations depend just as much on the uridgripaterial
models. Unfortunately, the models widely used in computaplgics as-
sume that the materials are both pristine and immutabley th@ugh real
materials are neither. The research on material and tertodels at Yale
is to devise both new material representations and opsréiogenerating
and capturing a broad range of complex surface appeararmsy develop
methods both to simulate materials and the processes feat #fem, and
to physically measure the input required for these models.

Faculty members working in this area are Julie Dorsey andyHRush-
meier.

3.3 Computer Systems and Networking

Computer systems research at Yale is divided into threeasedhs (with a
large degree of overlap and collaboration across thesaimds): database
systems, operating systems, and networking systems.
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Database systems provide an environment for storage arnevedtof
both structured and semi-structured data. Such systenesanginally de-
signed for use in business-type applications. Today, hewéhey are being
utilized in many other application domains, including stic computing,
networking, and bioinformatics. Research topics at Yabtuigke transaction
management, data warehousing, Web-scale databasesinreaystems,
multimedia systems, approximate queries, and data mining.

The role of operating systems has evolved over time, fromirsp@ne
device’s resources among many users in the mainframe egxptiding
convenient user interface, storage, and networking aigirs in the per-
sonal computer era. As we transition to the ubiquitous cdmguera,
operating systems must now manage a user’s information antgputa-
tion across many computers and devices. Yale is develogngaperating
system architectures, application environments, andrggdtameworks to
meet today’s challenges across the computing spectrumm, finobile per-
sonal devices to large-scale Internet services built odsgof many-core
processors.

Computer networks allow computers to communicate with oratleer,
and of course form the backbone of the Internet. But althahegly have
become a critical infrastructure of our information-basediety, they still
have not achieved the reliability of traditional telephametworks. Re-
search at Yale concentrates on designing highly robust fficteat Internet
backbone networks, by combining computer science witmapttion, eco-
nomics, and game theory. Peer-to-peer (P2P) is emerginges paradigm
for network application development, as witnessed by thdewisage of
P2P file-sharing and video-streaming applications. Howekliese applica-
tions not only generate a large volume of traffic, but also mmayecessarily
spread traffic across the whole Internet, leading to inefficy. Research at
Yale focuses on designing effective architecture and dlguos to improve
both application performance and Internet operation efficy.

Faculty members in the Computer Systems and Networking area
Daniel Abadi, Bryan Ford, Yiorgos Makris (EE), Andreas Sdes (EE),
Avi Silberschatz, and Yang Richard Yang.

3.4 Programming Languages

Programming languages are the main vehicle for man-maciimenunica-
tion. They provide a way to express an algorithm as a progmasirapact
the way we think of a computer system. Several languagedapmsetat or
associated with the department (in particular Haskell, itd Linda) have
achieved worldwide currency, reflecting the departmeetggiership in the
areas of functional programming and parallel computingalRa languages
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such as Linda are tools for building programs that do mamgthsimultane-
ously; functional languages such as Haskell and ML providathematical
approach to programming based on a view of a program as a séhplfe

equations. Applications of programming language reseiahde graph-
ics and animation, networking, computer music, robotiagphical user
interfaces, and systems programming.

Two particular areas of study afermal methodsaind software ensem-
bles. Formal methods emphasize the use of formal mathematicsstaren
the correctness, reliability, and maintainability of cdexpsoftware systems.
At Yale the study of formal methods focuses on functionagpaonming and
related ideas such as computational logic, denotatiomahs#cs, type the-
ory, category theory, and program transformation.

Software ensembles are programs that are built out of mapgrate,
coordinated activities, with an emphasis on recognizing) @mderstanding
the properties that all such systems share. The search fecse definition
of “coordination language,” and the development of inteapplications are
new focuses of the software ensemble project.

Faculty working in this area are David Gelernter, Paul Hydaki Zhong
Shao. Nick Carriero is a research scientist.

3.5 Scientific Computing

During the past forty years computers have dramaticallygbd engineer-
ing, medicine, and science. It is now possible to test thodsaf designs
and run thousands of trials without first building a prot@typr each prod-
uct or conducting an elaborate experiment for each triaé iftpact of this
new ability, this power to simulate the real thing, is easyntagine. Reli-
ability, flexibility, efficiency, and often attractive cosive placed scientific
computation as the keystone between theory and application

Research in scientific computing uses concepts and metbgidslfrom
numerical linear and nonlinear algebra and boundary vatoblgms for
differential equations. In addressing these areas sfieodimputing at Yale
emphasizes algorithm development, theoretical analygsdems modeling,
and programming considerations. Algorithm developmeotigerned with
finding new, fast, and/or parallel methods. Theoreticalymis evaluates
such questions as rates of convergence, stability, optimahd operation
counts. Systems modeling examines the performance intiplisaof the in-
teractions between computationally intensive algorithopgrating systems,
and multiprocessor machines. Programming considerainmhisde coding
efficiency, numerical accuracy, generality of applicatidata structures, and
machine independence.

Faculty working in this area are Stanley Eisenstat, VladiRikhlin,
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and Martin Schultz. Rob Bjornson, Craig Douglas, and Diaeadgco are
research scientists.

3.6 Theory of Computation

Theory of computation involves the use of powerful mathécatools to
obtain deep insights into fundamental problems of comjmriatNot being
constrained by the current state of technology, researtthisrarea is free to
explore both “what is imaginable” as well as “what is.”

At Yale theory research is concentrated in the areas of etisenath-
ematics, complexity theory, algorithms, learning, saguand distributed
computing. Complexity theory looks at the relation betwakyorithm and
computing device and attempts to determine the inherefitwtif of a
computational task. Algorithms involves the invention ardhlysis of al-
gorithms for sequential and parallel models of computat®ecurity is the
field of computer science that looks at the reliability, pdy, and availabil-
ity properties of information systems; it is intimately ecmtted to several
areas of theory, including algorithms, complexity thearyptography, and
randomness. Distributed computing extends the domain mpatation to
encompass systems of concurrent communicating asynals@rocessors
such as peer-to-peer networks and cluster computers. tamtgrand fail-
ures inherent in such systems provide a special focus fearek in this
area.

Two concepts that are fundamental to all areas of computense are
computing devices and algorithms. A computing device maw lm®m-
puter, a network of computers, a circuit, a robot, or a safwsmulator
or interpreter. An algorithm is a precise description of lemme task is to
be executed by a computing device. The curriculum in thebgomputa-
tion is designed to provide a solid theoretical basis foruhéerstanding of
computing devices and algorithms.

The most important tool for this kind of theoretical undarsting is
“appropriate abstraction.” The idea is to make a theorktiwadel of (for
example) a computer that ignores enough of the details ofpegific com-
puter to be general, but is still specific enough that the rdras proved
about it give useful insight into the capabilities of actaamputers. The
ability to use various levels of abstraction, from the imiaggly practical to
the quite theoretical, is a lasting benefit of an educatiaromputer science.

There is considerable contact with discrete mathematiegphgtheory,
number theory, mathematical logic, probability and sti&s operations
research, economics, computational finance, and othéededaeas of study.

Faculty working in this area are Dana Angluin, James Aspdean
Feigenbaum, Michael Fischer, and Daniel Spielman.



4 Computing Facilities

The faculty, researchers, and students within the depattuse a variety of
computing resources, ranging from conventional PC’s amshsitic work-
stations to high-powered compute-servers and workstatigsters used as
parallel computers. These systems are interconnected Hstheamnet lo-
cal area network, which is in turn connected to the Intermetiber optic
technology to the campus backbone.

The educational computing facility for undergraduate msafaffection-
ately known as the “Zoo” and the site of regular late-nightzpi parties;
web site:http://zoo.cs.yale.edu) is located on the third floor of the
Arthur K. Watson building, which houses the department.ohigists of 31
Linux workstations and 7 Windows XP graphics workstatiowgh dual-
core, dual-socket Intel Xeon 2.33 GHz processors, 4 Gigabgf RAM,
and 24 inch flat panel monitors). This facility is used for =@ms in com-
puter science and unsponsored research by majors and lsbéeaiia both
console and remote login 24 hours a day, 365 days a year. Timsngs in
computer science have essentially unlimited access.

5 Degree Programs in Computer Science

The computer science curriculum offers students traininthé theory and
practice of computing. A major in computer science prepams for a
job in the field or for graduate study leading to teaching @eesch. A
computer science undergraduate education followed byugtedstudy in
law, business, or medicine is another strong combination.

The department offers both a Bachelor of Science and a Barobighrts
major in Computer Science (see §5.1) and a combined B.S./pid§ram
(see 85.3). It also participates in joint majors with the Brdments of
Mathematics (see §5.4), Psychology (see 8§5.5), and Eat&ngineering
(see 85.6).

Each of these programs provides a solid technical educgéballows
students either to take the broad range of courses in otkeipdnes that is
an essential part of a liberal education or to complete thairements of a
second majdrThus the number of courses required is somewhat less than
at other schools.

The programs are built around a common core of five computer sc
ence courses. The first, Computer Science B@tbduction to Computer
Science is a survey that illustrates the breadth and depth of thd fil

1Roughly 25% of our students complete a second major suchaBtcs, Music, Political
Science, or Theater Studies.
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students who have already completed a one-term introductarrse in pro-
gramming. The others cover discrete mathematics; datetstas; systems
programming and computer architecture; and algorithmyaiehnd design.
Together they include the material that every student ofmdsr science
should know.

This core is supplemented by a set of electives (and for thejeajors,
a set of core courses in the other discipline). The electijes students
great flexibility in tailoring the program to specialize ianticular areas of
computer science or to broaden their knowledge in a variegyeas.

The capstone of each program is the senior project, whishsteidents
experience the challenges and rewards of original scieméfearch under
the guidance of a faculty member. These projects deal withlpms that
cross the boundaries between courses and can involve cormpieimagi-
native use of computers.

5.1 B.S. and B.A. in Computer Science

A student can earn either a Bachelor of Science or a Bachkfnt®degree
in Computer Science. The B.S. program is designed for stademo plan
to continue in computing after graduation, including teachkhmanagement
and consulting. The B.A. provides a solid computer sciersmk@round as
preparation for work in other fields.

The B.S. and B.A. degree programs both require the same firee co
courses

¢ Computer Science 201a oditroduction to Computer Science

Computer Science 202athematical Tools for Computer Sciefice

Computer Science 223bata Structures and Programming Techniques

Computer Science 323atroduction to Systems Programming and
Computer Organization

¢ Computer Science 369besign and Analysis of Algorithms

and a senior project (see 8§5.2), which must be taken as
o Computer Science 490a otdpecial Projects.

In addition the B.S. program requires six intermediate @aaded computer
science courses as electives, for a total of twelve coutise®.A., four, for
a total of ten. Neither Computer Science 480a dikected Readinghor
Computer Science 490a or b may be counted as electives.

The prerequisite structure of the core courses is shown guiréil.
Typical schedules beginning in the freshman and sophonmeas\are given
in Tables 1 and 2. Students are strongly advised to completepGter

SO0

2Students with the appropriate background are encourageabititute Mathematics 244a
Discrete Mathematicfor Computer Science 202a.
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Figure 1: The prerequisite structure of the core courses.

CPSC 201aorb

CPSC 202a

Table 1: Sample B.S. programs for a student starting in #&hfnan year.

Omit two electives from either to get a B.A. program.

Fall
CPSC 201

CPSC 202
CPSC 323

Elective
Elective

CPSC 490

Spring
CPSC 223

CPSC 365
Elective

Elective
Elective

Elective

Freshman

Sophomore

Junior

Senior

Fall

CPSC 202

CPSC 323
Elective

Elective
Elective

CPSC 223? CPSC 323a

CPSC 365b

Spring
CPSC 201

CPSC 223

CPSC 365

Elective
Elective

CPSC 490

Elective

Table 2: Sample B.S. programs for a student starting in tph@oore year.
Omit two electives from either to get a B.A. program.

Fall

CPSC 201
CPSC 202

CPSC 323
Elective

Elective
Elective
Elective

Spring
CPSC 228 Sophomore
CPSC 365 Junior
Elective
CPSC 490 Senior
Elective

Fall

CPSC 202
CPSC 323

Elective
Elective
Elective

Spring
CPSC 201
CPSC223*

CPSC 365
Elective
Elective

CPSC 490
Elective

*Note that it is only possible to take Computer Science 201
and 223 concurrently if one has sufficient programming exper
ence (two courses or the equivalent).
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Science 201a or b and 223b by the end of their sophomore ydaerdise
the choice of electives may be somewhat limited, especiallthe B.S.
program.

All sophomore, junior, and senior majors should have theagpams
approved by their class advisor (see §7.1) or the directondergraduate
studies.

All courses counting toward the major must be taken for ieftade.

Electives

The five core courses cover the material that every studewcbwiputer
science should know; the electives give students an oppityrtio specialize
in particular areas of computer science.

Students considering graduate study in computer scientbe(émme-
diately following graduation or after working for severadars) are advised
to take

o Computer Science 42Xzompilers and Interpreters
o Computer Science 422bperating Systems

and one of

o Computer Science 465apics in Algorithms
o Computer Science 46&omputational Complexity
o Computer Science 46%andomized Algorithms,

as well as courses in their intended area of study.
Students interested in applications of computers to séieand engi-
neering problems are advised to take

o Computer Science 44@umerical Computation |

in addition to computational courses in Applied Mathensatiod Engineer-
ing and Applied Science.

To encourage study in interdisciplinary areas where coerpstience
plays a major roleadvancedoursedin other departments that involve con-
cepts from computer science and are particularly relevaantindividual
program may, with permission of the class advisor or thectiireof un-
dergraduate studies, be counted as electives. Generaihpsittwo such
courses may be used to satisfy the requirements for the Bo§tgm (one
for the B.A. program).

Even if they cannot be counted as electives, some courseathremat-
ics (e.g., calculus, linear algebra, probability and staf$, optimization,

3An advanced course is generally one with at least one iniateecourse as a prerequi-
site, and an intermediate course is generally one with at lere (introductory) course as a
prerequisite. One exception is Mathematics CAlculus of Functions of Several Variables,
which is considered to be an introductory course.
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and discrete mathematics) may be beneficial. For examptee spaduate
programs require calculus and linear algebra.

SUMMARY OF REQUIREMENTS

Prerequisites: None

Number of courses: B.S. degree-twelve term courses taken for a letter
grade (including the senior projecB;A. degree-ten term courses taken
for a letter grade (including the senior project)

Specific courses required: B.S. and B.A. degreesCPSC 201a or b,
202a, 223b, 323a, and 365b

Distribution of courses: B.S. degree-six additional intermediate or ad-
vanced CPSC courseB.A. degree-four additional intermediate or ad-
vanced CPSC courses

Substitution permitted:  Advanced courses in other departments, with
permission of the class advisor or the director of undenggselstudies

Senior requirement: Independent project (CPSC 490a or b)

5.2 Special Projects

Computer Science 490a or3pecial Projectdulfills the senior project re-
quirement of the B.S. and B.A. programs. Students seledtwdtfaadvisor
to guide them in research in a subfield of computer sciencesahahit a
written report on the results. Many of these projects break ground,
and papers with Yale undergraduate authors have been Ipedblis leading
computer science journals.

5.2.1 Frequently Asked Questions Regarding CPSC 490

Who is the Senior Class Advisor (SCA)?

The Senior Class Advisor (SCA), who administers the CPSCpt6éj&cts,
is the faculty member who advises and signs the course skgsediiall
graduating seniors (i.e., the members of the Class of 20H.year's SCA
is Professor Dana Angluin (emadana. angluin@yale.edu).

What are the deadlines?
Senior majors enrolled in CPSC 490 must submit the CPSC 480(fehich
includes a 3-page description of the project and the listati’drables) by
noon on the fourth Thursday of the term. Other students maat this form
approved by the DU®eforesubmitting their course schedules. Note: Joint
majors must submit the CPSC 490 Joint Major form instead.

All students must complete the end-of-term requiremermts kelow) by
noon on the last day of reading period.
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Are there any specific requirements?

The precise form of the project is set in consultation with élalvisor. How-

ever, all students are required to satisfy the followinguiregments by noon

on the day that reading period ends:

e Use the script/c/cs490/bin/abstract to submit your name, the title
of your project, your advisor's name, and a 250-to-300-wabdtract.
This information will be added to the on-line database oeredCPSC
490 projects (sekttp://zo00.cs.yale.edu/classes/cs490/).

e Give the SCA a paper copy of your final written report. This woent
will be added to the (circulating) library of recent CPSC 48ports.

e Use the scrip¥/c/cs490/bin/submit to submit a set of web pages de-
scribing your project, including a copy of the descriptiabmiitted with
this form. These pages will become part of the on-line datalod recent
CPSC 490 projects (s@etp://zoo.cs.yale.edu/classes/cs490/).

Note: You must satisfy these requirements even if you plan to nosti
your project the next term. The only difference is that yoeceonic ab-
stract, written report, and web pages should constitutentamim progress
report (i.e., the level of detail must be the same as in thé Viesions, but
the work described need not be complete).

How do | choose a project?

There are two general approaches

e student sells project to professoe.g., you get an idea, write a 3-page
prospectus that describes the scope of the project anddexla list of
deliverables, and find a faculty member willing to supentise work
(which may require changes in the prospectus)

o professor sells project to studene.g., a faculty member has a list of
possible projects, and you select one (which may involvegba in the
nature of the project)

and a host of possibilities in between.

What kind of project is appropriate?

The project should be more than just an extended homewoinasent or
final course project and should require that you learn moositadome area
of computer science. To give you some idea of the range oflgtisss, the
titles, abstracts, and web pages for recent projects aikableaon-line (see
http://zo00.cs.yale.edu/classes/cs490/).

Regular courses mee%?hours per week and require 2 to 3 additional
hours per week for each hour of class. Using this as a gueléinwhat
it takes to earn a course credit at Yale, the project shoukbbgething that
you can complete in one semester (i.e., 14 weeks) workingpapately 7
to 10 hours per week (i.e., in a total of 100-140 hours).

Note: You cannot be paid for your work on the project.
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Who may advise a CPSC 490 project?

The official advisor (and thus the person who evaluates thk amd assigns
the grade) must be a faculty member with an appointment iDdmartment
of Computer Science. However, the factoadvisor need not be, as long as
the student meets with the official advisor at least once &lmon

How can | learn more about projects from past semesters?

The course web pagastp://zoo.cs.yale.edu/classes/cs490/ con-

tain the titles, abstracts, and web pages for recent pejecbpies of the
written reports are kept in a circulating library managedUiyda Dobb

(508a Watson).

When should | take CPSC 4907
Most students take the course during their final term of émegit as the
capstone of the program. However, students applying tougtedschool
should take it in the fall (or, with permission of the DUS, hetspring of
their junior year) so that they can get a letter of recommgoddrom their
advisor.

Ideally, planning for the project should begin the precgdarm (at least
to the extent of finding an advisor).

How often may | take CPSC 490?
While you may not count the course as an elective in any of tmeputer
science majors, you may take it more than once for Yale credit

May | do a two-term project?

Yes. However, you must satisfy the end-of-term requiresetthe end
of eachterm, and your grade for each semester will be assigned arithe
of that semester and will reflect what you accomplished. Thus inceffe
a two-term project is equivalent to two one-term projecisept that the
work may be incomplete at the end of the first semester andi¢iotr@nic
abstract, written report, and web pages for the second sentescribe the
entire project.

Are group projects allowed?

Yes. However, each member of the group must work on a diffqrar of
the project, and your electronic abstract, final writterorgpand web pages
must focus oryour owncontributions.

What are the “deliverables?”

Whatever you and your advisor decide you must complete byetiteof
the project. Possibilities include (but are not limited tmde, theorems,
simulation studies, data analysis, written reports, aatlpmesentations.
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5.2.2 Projects, Fall 2008
Alexandra Garr-SchultZlexture Extension Techniques and Human Visual
Perception: A Validation StugyAdvisor: Holly Rushmeier

Pavel KamyshevWikipedia Question Answering Probablistic Model
Advisor: Drew McDermott

Justin ThalerLoopy Belief Propagation for Solving Totally Unimodular
Integer ProgramsAdvisor: Sekhar Tatikonda (Dan Spielman)

Alexander Thomson,anguage-Based Abstractions in Frameworks for the
Development of Certifying Compiler&dvisor: Zhong Shao

5.2.3 Projects, Spring 2009

Emily Bernier,The Similarity-Attraction Effect in Human-Robot Interac-
tion, Advisor: Brian Scassellati

Adam Bouland,Multi-way Graph Partitioning using Network Flgw
Advisor: Dan Spielman

Shray Chandr&Global Positioning ofV Points by Their Local Distances
Advisor: Vladimir Rokhlin

Bodin Civilize, Visualizing Document Content Using Self-Organizing
Maps Advisor: Holly Rushmeier

Christian CsarExamination of Cache Sensitiveét Trees for String
Indexing Advisor: Daniel Abadi

David Golub,Kinematic Learning for Humanoid Robot#&dvisor: Brian
Scassellati

Kyle Gong,GPSShare: A Location-Sharing Mobile NetwoAdvisor:
Andreas Savvides

Nathaniel GranorUsability of Image/Concept Authentication For
Communication Over An Insecure Chann&dlvisor: Michael Fischer

Yagmur llgen,Using MEL to Create a More Detailed Hous&dvisor:
Holly Rushmeier

Maria Langat,Spatial and Temporal Data Analysis for Assisted Living
Application using Wireless Sensor Netwgrkglvisor: Andreas
Savvides

Alexander Lemonkunction Approximation Using Neural Networks with
an Application to Character RecognitipAdvisor: Brian Scassellati

John O’Connoryet Another Lisp Interpreting Experimewtdvisor: Paul
Hudak
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Graham RadmarThe Importance of Perceptual Resolution in NaAfve
Gesture EmulationAdvisor: Brian Scassellati

Kersi Shroff, The Makings of a Blockbuster—Data Mining Box Office
SuccessAdvisor: Lisha Chen (Dana Angluin)

Aarlo Stone FishA Limited JavaScript Compiler for Mozilla Firefox 3
Advisor: Zhong Shao

Justin ThalerA New Characterization of Scaled Diagonally Dominant
Matrices, with Applications to Belief Propagation for Quatic
Optimization Advisor: Sekhar Tatikonda (Dan Spielman)

Dilaver Velioglu,Cloud Computing: A Survedvisor: Avi Silberschatz

5.3 Combined B.S./M.S. in Computer Science

Exceptionally able and well-prepared students may competourse of
study leading to the simultaneous award of the Bachelor edrfée and
Master of Science degrees after eight terms of enrollmdme.réquirements
are as follows:

1. Candidates must satisfy the Yale College requirememtsh® B.S.
degree in Computer Science.

2. Infulfilling these requirements, students must compaibt graduate
courses from the approved list, up to two of which may, witk th
permission of the director of undergraduate studies andlitteetor
of graduate studies, also be applied toward completion ®f&ls.
degree. Since the student will be taking Computer Scienfa 49
b Special Projectsat most one of these courses may be Computer
Science 690a, 691b, or 692a olrdependent Project.

Graduate work must not be entirely concentrated in the fimalterms
of study, and students must take at least six term coursegleutomputer
science during their last four terms at Yale and at least tagetgraduate
courses during their last two terms.

Students must apply for admission to this program througtdirector
of undergraduate studies no later than the first day of cdasftteir third-to-
last term in Yale College. Applicants must have achieveeast two-thirds
A, A—, or Honors grades in all of their course credits as welneall course
credits directly relating to computer science.

Interested students are advised to consult with their dadsssor, the
director of undergraduate studies, and the director ofugtedstudies by the
start of their junior year.
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5.4 B.S.in Computer Science and Mathematics

The joint major in Computer Science and Mathematics is ienfor stu-
dents who are interested in computational mathematicsishef computers
in mathematics, mathematical aspects of algorithm desidgraaalysis, and
theoretical foundations of computing.

The major requires fourteen term courses as well as a semi@cft six
required courses (which include the core of the computense major)

o Computer Science 201a oriiroduction to Computer Science

o Computer Science 223bata Structures and Programming Techniques

o Computer Science 323atroduction to Systems Programming and
Computer Organization

¢ Computer Science 369besign and Analysis of Algorithms

o Mathematics 120a or 6alculus of Functions of Several Variables

o Mathematics 244Biscrete Mathematics;

a course in linear algebra, one of

o Mathematics 222a or binear Algebra with Applications
© Mathematics 225a or binear Algebra and Matrix Theory;

an advanced course in mathematical computer science, one of

Computer Science 44@umerical Computation |
Computer Science 46Zaraphs and Networks
Computer Science 465kopics in Algorithms
Computer Science 468 omputational Complexity
Computer Science 46%andomized Algorithms

one additional advanced course in Computer Science; andfidiional

advanced courses in Mathematics (“advanced” courses ase that have
as a prerequisite Mathematics 120a or b, 222a or b, 225a ordoroe

higher-level course).

Students may substitute Mathematics 2&&tor Calculus and Linear
Algebrafor Mathematics 120a or b and Mathematics 222a or b or 225a or
b. Neither Computer Science 480a oDirected Readingnor Computer
Science 490a or Bpecial Projectsior Mathematics 470a or Individual
Studiegnay be used as an elective.

The senior requirement is a project or a paper on a topic &aickep
to both departments. Students must submit a written report (ifogudn
electronic abstract and web page(s)) to the Computer Szidapartment,
and present an oral report on the mathematical aspects pfdfect to the
Mathematics faculty. If taken for course credit as Comp&eience 490a
or b or Mathematics 470a or b, the senior project course iddiitian to the
fourteen required courses.

The entire program of a student majoring in Computer Sciearue

SO0 00
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Mathematics must be approved by the directors of undergtadstudie’
in bothdepartments.
All courses counting toward the major must be taken for @teftade.

SUMMARY OF REQUIREMENTS

Prerequisites: None

Number of courses: Fourteen term courses taken for a letter grade (not
including the senior project)

Specific courses required: CPSC 201a or b, 223b, 323a, 365b, one of
440h, 462a, 465b, 468a, or 469b; MATH 120a or b, either 222a ar
225a or b, 244a

Distribution of courses: One additional advanced course in computer
science; five additional advanced courses in mathematics

Substitution permitted: MATH 230 for MATH 120a or b and 222a or b
or225aorb

Senior requirement:  Senior project or senior essay on topic acceptable
to Computer Science and Mathematics departments; wrigport on
project to Computer Science department; oral report on enadlical
aspects of project to Mathematics faculty

5.5 B.A.in Computer Science and Psychology

The joint major in Computer Science and Psychology is intenfdr stu-
dents interested in integrating work in these two fielHach area provides
tools and theories that can be applied to problems in the.otheamples
of this interaction include cognitive science, artificiatdlligence, neural
models of computation, and biological perception.

The only formal prerequisite for the major is

¢ Psychology 110a or mtroduction to Psychology.

Beyond the prerequisite the major requires fourteen termses as well as
a senior project.

Eight of the fourteen courses must be in computer scienclkydimg the
core of the computer science major
¢ Computer Science 201a oditroduction to Computer Science

o Computer Science 2024athematical Tools for Computer Science
o Computer Science 223bata Structures and Programming Techniques

4ln Computer Science the class advisor acts as the DUS (ske §7.

5Students whose interests are less squarely focused on temgoience and psychology
and extend to philosophy, linguistics, or neuroscience mish to consider the major in
Cognitive Science.
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o Computer Science 323atroduction to Systems Programming and
Computer Organization
o Computer Science 369besign and Analysis of Algorithms;

and three advanced courses in artificial intelligence oralezomputing.

Students may substitute Mathematics 2Discrete Mathematicor Com-

puter Science 202a. Neither Computer Science 480aDirdeted Reading

nor Computer Science 490a ofSipecial Projectsnay be used as electives.
The remaining six courses must be in psychology, including

o Psychology 200Istatistics

at least one course on data collection (Psychology 210+289¢ast two
courses from the social science point of view

List A:
o Psychology 123a, 125a, 126a, 127a, 128b, 140a, 150b, 18084, 330b,
341b, 342a, 355;

and at least one course in cognitive psychology or cogngaience listed
under Psychology, e.g.,

ListC:

o Psychology 1208rain and Thought: An Introduction to the Human
Brain

Psychology 130#ntroduction to Cognitive Science

Psychology 140®evelopmental Psychology

Psychology 171I5ex, Evolution, and Human Nature

Psychology 407KCognitive Science of Causality

Psychology 454Isensory Information Processing

Psychology 488l earning Theory

Neither Psychology 490a or 49Dhirected Readingor Psychology 492a or 493b
Directed Researchay be used as electives.

A second course in cognitive psychology or cognitive satemay sub-
stitute for one of the courses in artificial intelligence @ural computing.
An additional course in psychology may substitute for Psjatpy 200b if
the student has sufficient background in statistics to passxamination
arranged with the instructor.

The senior requirement is a project that is acceptableoth depart-
ments. Students must submit a written report (including lantenic ab-
stract and web page(s)) to the Computer Science departrifaaken for
course credit as Computer Science 490a or b or Psychology @9293b,
the senior project course is in addition to the fourteen iregcourses.

The entire program of a student majoring in Computer SciamcePsy-
chology must be approved by the directors of undergradadies® in both

SO0 00

<&

6ln Computer Science the class advisor acts as the DUS (ske §7.
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departments.
No courses in Computer Science and at most one course in@eggh
may be taken on a Credit/D/Fail basis and count for the major.

SUMMARY OF REQUIREMENTS

Prerequisite: PSYC 110aorb

Number of courses: Fourteen term courses beyond prerequisite taken for
a letter grade (not including the senior project; one PSY@s®may be
taken Cr/D/F)

Specific courses required: CPSC 201a or b, 202a, 223b, 323a, 365b,
PSYC 200b

Distribution of courses: Eight courses in computer science, with three
advanced courses in Al or neural computing; six courses yuhugdogy,
with at least one from PSYC 210-299, at least two from List Ad at
least one from List C

Substitution permitted:  For CPSC 202a, MATH 244a; for one course in
Al or neural computing, one course in cognitive psychologgagnitive
science; for PSYC 200b, one additional course in psychokgy an
examination arranged with the instructor

Senior requirement:  Senior project acceptable to Computer Science and
Psychology departments

5.6 B.S. Electrical Engineering & Computer Science

The joint major in Electrical Engineering and Computer &ceis intended
for students who want to integrate work in these two fieldsolters discrete
and continuous mathematics; algorithm analysis and desligital and
analog circuits; signals and systems; systems programraimd) computer
engineering. It provides coherence in its core programatovs flexibility
to pursue technical electives.

The prerequisites for the major are

Computer Science 112a oditroduction to Programming
Mathematics 112a or Balculus of Functions of One Variable |
Mathematics 115a or Galculus of Functions of One Variable II
Mathematics 120a or Galculus of Functions of Several Variables
Physics 180a and 18 dvanced General Physics.

Students who must take Computer Science 112a or b should dorsw
the fall of their freshman year to avoid the time conflict beéw Computer
Science 112b and Physics 181b.

Students may substitute Engineering & Applied Science Mdlévari-
able Calculus for Engineerer the first term of Mathematics 23@ector

S 000

<&
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Calculus and Linear Algebréor Mathematics 120a or b; and Physics 200a
and 201kbFundamentals of Physics | andftbr Physics 180a and 181b. Stu-
dents who must take Mathematics 112a or b may substituteid3hyS0a
and 151hGeneral Physic$or Physics 180a and 181b.

Fifteen term courses are required beyond the prerequisgesequired
courses (which include the core of the computer sciencennajo

o Computer Science 201a oritroduction to Computer Science

Computer Science 202athematical Tools for Computer Science

Computer Science 223bata Structures and Programming Techniques

Computer Science 323atroduction to Systems Programming and
Computer Organization

Computer Science 369besign and Analysis of Algorithms

Electrical Engineering 200@atroduction to Electronics

Electrical Engineering 201lmtroduction to Computer Engineering

Electrical Engineering 202@ommunications, Computation and Control

Electrical Engineering 203Bircuits and Systems Design

Either Mathematics 222a orlbinear Algebraor Statistics 241a
Probability Theory;

four advanced electives, two in Computer Science, two irctétal Engi-
neering; and a senior project.

Students are encouraged to substitute MathematicsRiéteete Math-
ematicsfor Computer Science 202a. Students may substitute Mathema
ics 225a or bLinear Algebra and Matrix Theorpr the second term of
Mathematics 230 for Mathematics 222a or b.

Electives must be either 300- or 400-level courses in theaiggents of
Computer Science and Electrical Engineering or approvethéyirectors
of undergraduate studies both departments. Cross-listed classes may be
counted as being in either department. Computer Scienceai@iDirected
Readingand Computer Science 490a oBpecial Projectsnay not be used
as electives.

The senior project must be taken as Computer Science 490ar &lbc-
trical Engineering 471a or 472b, depending upon the adsisepartment,
and must be acceptableltothdepartments. Students must submit a written
report (including an electronic abstract and web page¢shé Department
of Computer Science.

A typical program for a student who has had only one term afutak
is shown in Table 4. A typical program for a student who hagmathe
equivalent of one year of calculus in high school and has thévalent of
one term of programming experience is shown in Table 3.

The entire program of a student majoring in Electrical Ergiing and
Computer Science must be approved by the directors of urathrgte stud-

S O 0
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Table 3: Sample program for a student with some of the présitgs.

Fall

Freshman EENG 200
PHYS 180
ENAS 151

Sophomore CPSC 201
EENG 202

Junior CPSC 202
CPSC 323

Senior CS elective
Senior project

Spring

EENG 201
PHYS 181

CPSC 223
EENG 203
MATH 222

CPSC 365
EE elective

CS elective
EE elective

Students with no or little programming experience shoule ta

CPSC 112 in thdall of the freshman year, either postponing
EENG 200 until the sophomore year or taking MATH 120 in
the spring instead of ENAS 151 in the fall.

Table 4: Sample program for a student with only one term afudas.

Fall

Freshman MATH 115
PHYS 180
CPSC 112

Sophomore  CPSC 201
EENG 200
EENG 202

Junior CPSC 202
CPSC 323
STAT 241

Senior CS elective
EE elective

Spring

MATH 120
PHYS 181
EENG 201

CPSC 223
EENG 203

CPSC 365
EE elective

CS elective
Senior project
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ies’ in bothdepartments.
All courses counting toward the major must be taken for @teftade.

SUMMARY OF REQUIREMENTS

Prerequisites: CPSC 112a or b; MATH 112a or b, 115a or b, and 120a
or b; PHYS 180a, 181b or 200a, 201b

Number of courses: Fifteen term courses beyond the prerequisites taken
for a letter grade (including the senior project)

Specific courses required: CPSC 201la or b, 202a, 223b, 323a, and
365b; EENG 200a, 201b, 202a, and 203b; MATH 222a or b or 22%a or
or STAT 241a

Distribution of courses:  Four additional 300- or 400-level electives, two
in computer science, two in electrical engineering

Substitution permitted: MATH 244a for CPSC 202a; advanced courses
in other departments, with permission of both departments

Senior requirement: Independent project (CPSC 490a or b or EENG
471a or 472b) acceptable to both departments

6 Program in Computing and the Arts

The Bachelor of Arts in Computing and the Arts is an interdtapantal
major designed for students who wish to integrate work in ating with
work in one of the arts disciplines: Art, History of Art, Mesiand Theater
Studies.

For students with a computing perspective, issues in theséptines
present interesting and substantive problems: How munsiciae computers
to compose; the limitations of current software tools usgdhtiists; the
types of analyses done by art historians; challenges irgdiegj and using
virtual sets in the theater; ways that virtual worlds migktphto envision
new forms of artistic expression; lessons that can be ledinoen trying to
create a robotic conductor or performer.

For students with an artistic perspective, computing nashoffer a
systematic approach to achieving their vision. A foundaiio computer
science allows artists to understand existing computimmstonore com-
prehensively and to use them more effectively. Furthermibgives them
insight into what fundamentally can and cannot be done withputers, so
they can anticipate the future development of new tools &anputing in
their field.

7In Computer Science the class advisor acts as the DUS (ske §7.
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Students choose a track in art, history of art, music, ortédrestudies.
The prerequisite for all tracks is

© CcPscll2a or bintroduction to Programming.

(Students with little programming experience are advigedamplete this
course during the freshman year.) The additional preréqgifor theart
track are

© ART 111a or bVisual Thinking
o ART 114a or bBasic Drawing.

There are no additional prerequisites for ttistory of arttrack. The addi-
tional prerequisite for thenusictrack is

© MUSI 210a or bElementary Studies in Analysis and Composition |,

as determined by the Music Theory Placement Test. (Stuaémsdo not
place into or out oivusi 210 a or b may have to take a lower—level course
first.) The additional prerequisites for thieeater studiesrack are

¢ THST 110a and 111urvey of Theater and Drama.

There is no required favorable review of studio work for askin to any
track.

Twelve term courses are required beyond the prerequisite¢t in-
cluding the two-term senior project. Three Computer Saermurses are
common to all tracks:

© cPsc201a or bintroduction to Computer Science
© cpsc202aMathematical Tools for Computer Science
o cpPsc223bData Structures and Programming Techniques.

Students are advised to complete these courses by the ehé sbpho-
more year. Students may substitmerH 244aDiscrete Mathematicor
cpsc202a.

The remaining nine courses are track-specific, as specié&mivb All
requirements for aingletrack must be satisfied. Ttaet track requires the
following courses:

a) three 100-level courses beyokrir 111a or b and 114aor b, such as

© ART 132a or bintroductory Graphic Design
o ART 138aDigital Photography
o ART l145alntroduction to Digital Video;

b) two Art courses at the 200— or 300-level,
c) one Art course at the 400—level;
d) two Computer Science courses chosen from

o cpsc475bComputational Vision & Biological Perception
o cPsc478bComputer Graphics
© cpsc479aAdvanced Topics in Computer Graphics;
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e) one additional intermediate or advanced Computer Sgeieaarse (ex-
cludingcpsc490a or bSpecial Projects

Thehistory of arttrack requires the following courses:

a) one introductory History of Art course chosen from

© HSAR 112alntroduction to the History of Art: Prehistory to the
Renaissance

© HSAR 115bHistory of Western Art from the Renaissance to the
Present;

b) two History of Art courses (representing different ajeassthe 200-,
300—, or 400—level;

C) HSAR401a or bCritical Approaches to Art History

d) one 400—level History of Art seminar;

e) one studio art course (which may have prerequisites);

f) cpsc478bComputer Graphics

g) one Computer Science course chosen from

o cPsc437alntroduction to Databases
o cPsc475bComputational Vision and Biological Perception
o cPsc479aAdvanced Topics in Computer Graphics;

h) one additional intermediate or advanced Computer Seienarse (ex-
cludingcpsc490a or bSpecial Projects

Themusictrack requires the following courses:

a) two computer music courses from a Music perspective:

© MUsSI 325aFundamentals of Music, Multimedia Art and Technology;
b) five Music courses chosen from

© MUSI 312a and 313omposition Seminar |
© MUSI 343aMusic Cognition

o MUsI 395aCompositional Applications in Music, Multimedia Art and

Technology

MUSI 412a and 413Komposition Seminar I
MUSI 450bSpecial Topics in Music, Multimedia Art and Technology
MUsI 466bMusic and Multimedia Art
MUSI 471a or 472Bndividual Study;

c) two computer music courses from a Computer Science peiepe
o cpsc43laComputer Music—Algorithmic and Heuristic
Composition;
o cpsc432aComputer Music—Sound Representation and Synthesis;
d) one additional intermediate or advanced Computer Seieparse (ex-

cludingcpsc490a or bSpecial Projects
Thetheater studiesrack requires the following courses:

<
<
<
<
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a) THST 210alntroduction to Performance Concepts

b) three courses in dramatic literature or theater history;

c) two upper-level Theater Studies production seminarsgigh, directing,
or playwriting;

d) one computer music course chosen from
o cpsc43laComputer Music—Algorithmic and Heuristic Composition
o cpsc432aComputer Music—Sound Representation and Synthesis;

e) one graphics course chosen from

© cpsc478bComputer Graphics
© cpsc479aAdvanced Topics in Computer Graphics;

f) one additional intermediate or advanced Computer Sei@ourse (ex-
cludingcpsc490a or bSpecial Projects
For all tracks the senior requirement is a two-term projapesvised by
faculty members from both Computer Science and the artsrifiepat and
approved by the director of undergraduate studies. Stadanst submit a
written report, including an electronic abstract and wetpggg). The project
is taken as one term of

© CPAR491a or bSenior Project for Computing and the Arts
and one term of

© ART 495a or bSenior Project

© HSAR 499a or bThe Senior Essay

© MUSI 490Senior Essay for Intensive Majors in the History, Theory, or
Composition of Music

o THST491a or bSenior Project in Theater Studies,

depending on the track chosen.

The entire program of each student majoring in Computingthadirts
must be approved by the director of undergraduate studiesirs€s taken
Credit/D/Fail may not be counted toward the major.

For more information visit the program web site at

http://graphics.cs.yale.edu/comparts.html

7 Miscellany
7.1 Class Advisors and the DUS

We have designated a computer science faculty member te santhe
advisor for all members of your Class. Your class advisol mitet with

you at the start of each term to discuss your selection ofsssuand sign
your schedule. Your advisor will also be available throughihe year to
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answer questions about the major; sign petitions to domamr or change
majors; and so forth. Moreover, to provide some continyiby will usually
have the same advisor in both your junior and senior years.

The current class advisors are:

Class Advisor Office E-mail

2010 Dana Angluin AKW 414 dana.angluin@yale.edu

2011  Stanley Eisenstat AKW 208stanley.eisenstat@yale.edu
2012  Stanley Eisenstat AKW 208stanley.eisenstat@yale.edu

If your class advisor should be unavailable for an extendsibg of time,
then the Director of Undergraduate Studies, Stanley Eiae(&KW 208,
email: stanley.eisenstat@yale.edu) can answer your questions and
sign your course schedule.

7.2 Life After Yale

Where Do Students Go?

Yale computer science majors are in high demand, both bymrapd and
by graduate and professional schools. For example, lassyssmiors went
to the following places:

Microsoft 4 Consulting 2
Google 1 Financial services 2
Software companies 1 Graduate/professional 4
Startups 1 Other and Unknown 5

Letters of Recommendation

Prospective employers and graduate/professional schéiels ask students
to submit letters of recommendation from faculty. Instoustin

project courses (where you work closely with your advisor),

small courses (where you are more visible),

advanced courses (where the demands are greater),

courses taken by graduate students (with whom you can bearextyy
courses related to the area in which you propose to work dysénd
courses in which you did well

are generally good choices. However, do not be reluctargk@ay instruc-
tor for a recommendation.

The best time to request letters is immediately after cotimgex course,
when memories of you and your performance are freshest. dollgge
dean’s office has standardized forms for letter writers te asd return.
These letters are kept on file so that you can have copies $emt meeded.

Job Search
Many companies interview at Yale for full-time and summesifions in the
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computing field. Check with Undergraduate Career Servioeddtails, and
watch thecs-majors mailing list for additional opportunities (see §7.6).

Graduate and Professional School

Many computer science majors go to graduate or professi@eal law,
business, or medical) school, either immediately aftedgadion or after
working for a few years. In either case it is prudent to hautets of
recommendation on file and to have taken any entrance exaomsde.g.,
the GRE, LSAT, GMAT, or MCAT) before leaving Yale.

Ph.D. programs in computer science generally offer researteaching
assistantships that include tuition and a stipend. You dsm apply for
fellowships from the National Science Foundation and otliganizations.
In contrast M.S. programs and professional schools tylyickd not offer
any financial support.

Students interested in graduate school are advised tosdishair plans
with their class advisor, the director of undergraduateiss) and the di-
rector of graduate studies, preferably no later than thagmf their junior
year.

7.3 Undergraduate Research

For a general overview of undergraduate research opptesirat Yale,
see the YSER (Yale Science and Engineering Research Prpgiesite,
http://www.yale.edu/yser.

There is no organized program within Computer Science. Mewe
students wanting to do research (other than that done tefys#ltie senior
requirement) can

e Take one or more terms of Computer Science 290airdrted Research
under the direction of any of our faculty (which earns Yaledit but does
not count toward the requirements of the major).

e Work in a research group during the summer or during the awadgear.
Such paid positions are not common and are arranged diteetiyeen a
student and a faculty member.

How soon students can begin research depends on their backbjand
area of interest.

7.4 DSAC

The Departmental Student Advisory Committe@esAc) represents under-
graduate computer science majors and provides a liaisarebatthe faculty
and undergraduates in matters pertaining to the compugsrcgecurriculum
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and the majors’ use of departmental resourcesAc also helps with the
planning and operation of the Zoo, the undergraduate canpfacility for
the department (see §4).

As defined by Yale CollegepsAcC’s charter is to review aspects of the
department’s undergraduate curriculum as it affects badiora and non-
majors, and to serve as a channel through which solicitedneolicited
opinions of other students can be expressed. It adviseseih@rtinent on
such matters as ideas for new courses and programs; théwedffexss of the
curriculum; the scope and sequence of course offeringsetiigrements for
the major; the role of the senior project; proposals for thprovement of
instruction and advising; and the usefulness and intefesterific courses
to non-majors.

Feel free to conta@SAC (dsac@cs . yale. edu) if you have suggestions
about the curriculum, want help using the Zoo, or have génmprastions
about the DepartmenbsAc also plans several pizza parties throughout the
year for majors and other students interested in compuience.

The members absac for 2009—2010 and their e-mail addresses are

Ahmet Aktay ahmet.aktay@yale.edu
Christian Csar christian.csar@yale.edu
Harley Trung harley.trung
May Liu may.liu@yale.edu
Michelle Vu michelle.vu@yale.edu

ThebsAacweb page iittp://zoo.cs.yale.edu/dsac.

7.5 Undergraduate Prize

The department awards a prize to the graduating Senior imgjor com-
puter science who, in the judgment of the Computer Scienudtfa ranks
highest in scholarship.

The ranking is based on grade point average in courses that tmward
the major and were taken at Yale. To be eligible, a student s taken
at least 12 such courses. Taea is computed using the formula on which
General Honors are based, but using the list of courses #tatrdines
eligibility for Distinction in the Major. Thus 100-level ewses; 200-level
courses other than CPSC 201, 202, and 223; CPSC 480; allebfitstiterm
of CPSC 490, and courses taken only for the M.S. part of the/B1S.
program are excluded.

The previous winners were
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2009 Justin Thaler
2008 Andrew Smith
2007 Samarth Keshava
2006 Semih Salihoglu
2005 Jian Yuan

2004 Collin Jackson
2003 Manfred Lau
2002 Ameet Talwalkar
2001 Yichen Xie

2000 Michael Bernstein and Samuel ledngwinners)
1999 Keniji Obata

7.6 Additional Sources of Information

The cs-majors mailing list contains postings of interest to undergradsat
majoring in computer science or taking courses in the stibjecluding
announcements of new courses and faculty, colloquia aredt ddpartmental
events, recruiting visits and employment/internship opputies, as well as
messages from the director of undergraduate studies. THmgniist can
be accessed on the web via

http://mailman.cs.yale.edu/mailman/listinfo/cs-majors

It contains all the archived posts as well as instructione@m to subscribe
to or un-subscribe from the mailing list.

8 Course Listings

8.1 Introductory Courses

CPSC 079bDigital Photorealism. Julie Dorsey

TTh 1:.00-2:15
Examination of basic methods used to define shapes, mateaiad light-
ing when creating computer-generated images. Topicsdecionathemati-
cal models for shape, texture models, and lighting tectesqRrinciples are
applied through use of modeling/rendering software. The feroject will
be the production of a short animated video with rich visdfdats. Pro-
ficiency in high-school-level mathematics is assumed. Mwiqus experi-
ence with computers necessaffyormerly Computer Science 179b.)
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CPSC 101bGreat Ideas of Computer Science.
(Not taught in 2009-2010)

An introduction for nonmajors to some of the most importaleigis in com-
puter science: What the computer is; how it works; what itd@amnd what
it cannot do, now and in the future. Topics include algorihralemen-
tary programming, hardware, language interpretatioringoé engineering,
complexity, models of computation, and artificial intelligce.No previous
programming experience required.

CPSC 112a or dntroduction to Programming.
CPSC 112a. Daniel Abadi MWF 10:30-11:20
CPSC 112b. Drew McDermott MWF 11:35-12:25
An introductory course designed to teach students majoniramy subject
how to program computers. The language taught is either C&war. The
focus is on the development of programming skills, probkatving meth-
ods, and selected applications. Topics include data tyjpedrol structures,
basic algorithms, object-oriented programming, graghiser interfaces,
and some advanced programming concefs. previous experience with
computers necessary.

CPSC 150aComputer Science and the Modern Intellectual Agenda.

David Gelernter

MW 11:35-12:50

An introduction to the basic ideas of computer science (agatyility, algo-
rithm, virtual machine, symbol processing system) and wéssd ongoing
relationships between computer science and other fieldsjdimg philos-
ophy of mind, classical cognitivism, connectionism, antifiaial life. No
previous experience with computers necessébatisfies the WR and HU
requirements. Enrollment limited to 25.)

CPSC 151bThe Graphical User Interface: DOS to Windows to What?.

David Gelernter

MW 11:35-12:50

The role of Graphical User Interfaces (such as the Desktdp, it8 over-
lapping windows, icons, menus and pointer device—as eredadiMac OS,
Microsoft Windows etc), on standard platforms such as dgskCs, lap-
tops, small-screen devices etc. Why did GUIs develop in thg they did?
Why have they evolved so little since the Desktop of the 1970sw will
changing hardware and user requirements reshape them futtine? Pre-
requisite: Have used a desktop or laptop compu(8atisfies the WR and
HU requirements. Enrollment limited to 25.)
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CPSC 178aVisualization: Data, Pixels, and Ideas.

(Not taught in 2009-2010)
An introduction to the use of computer graphics as a mediurodomuni-
cation and discovery. Topics include computer graphiasitisies and their
association with data, relationships, and concepts torgenan image; real-
time interactions with images; and the application of viadion to a va-
riety of application domains, from science and engineetinigusiness and
the arts.No previous experience with computers necessary.

CPSC 201a or dntroduction to Computer Science.
CPSC 201a. Dana Angluin MWF 10:30-11:20
CPSC 201b. Holly Rushmeier MWF 11:35-12:25
An introduction to the concepts, techniques, and appboatiof computer
science for potential majors. Topics include computeresyst(the design of
computers and their languages); theoretical foundatibosraputing (com-
putability, complexity, algorithm design); and artificiatelligence (the or-
ganization of knowledge and its representation for efficgarch). Exam-
ples stress the importance of different problem-solvinghoes.After Com-
puter Sciencd12aor b or equivalent.

CPSC 202aMathematical Tools for Computer Scienckan Feigenbaum
TTh 1:.00-2:15

Introduction to formal methods for reasoning and to matherabtech-

nigues basic to computer science. Topics include propositilogic, dis-

crete mathematics, and linear algebra. Emphasis on applisato com-

puter science: recurrences, sorting, graph traversak&auelimination.

CPSC 223bData Structures and Programming Techniques.
Stanley Eienstat
TTh 1:00-2:15
Topics include programming in C; data structures (arrate;ks, queues,
lists, trees, heaps, graphs); sorting and searching; getcafiocation and
management; data abstraction; programming style; testinigdebugging;
writing efficient programsAfter Computer Scienc01aor b or equivalent.

MATH 244a/ AMTH 244a Discrete MathematicsAdam Marcus

TTh 11:35-12:50
Basic concepts and results in discrete mathematics: graphs, connectiv-
ity, Ramsey theorem, enumeration, binomial coefficientislir® numbers.
Properties of finite set systematter Mathematic4 15aor b or equivalent.
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CPSC 290a or IDirected ResearchBy arrangement with faculty
Individual research. Requires a faculty supervisor angb#renission of the
director of undergraduate studidday be taken more than once for credit.

8.2 Intermediate Courses

CPSC 323alntroduction to Systems Programming and Computer
Organization. Stanley Eisenstat
MW 1:00-2:15
Machine architecture and computer organization, systewgrgmming in
a high-level language, assembly language, issues in apgsatstems, soft-
ware engineering, prototyping in nonprogramming langsaddter Com-
puter Scienc23h

CPSC 365bDesign and Analysis of Algorithm®aniel Spielman

TTh 2:30-3:45
Paradigms for problem solving: divide and conquer, reom;sgreedy al-
gorithms, dynamic programming, randomized and probaigiladgorithms.
Techniques for analyzing the efficiency of algorithms andigiging effi-
cient algorithms and data structures. Algorithms for gréporetic prob-
lems, network flows, and numerical linear algebra. Provialgsrithmic
background essential to further study of computer scieAéter Computer
Scienc&202aand 223h

EENG 348aDigital Systems.Eugenio Culurciello

TTh 2:30-3:45|ab HTBA
Development of engineering skills through the design aradyais of digi-
tal logic components and circuits. Introduction to gateelesircuit design,
beginning with single gates and building up to complex aysteHands-on
experience with circuit design using computer-aided desigls and micro-
controller programmingElectrical Engineering201bis recommended.

8.3 Advanced Courses

CPSC 421aCompilers and Interpreters.

(Not taught in 2009-2010)
Compiler organization and implementation: lexical analy$ormal syn-
tax specification, parsing techniques, execution enviemtystorage man-
agement, code generation and optimization, proceduradiekand address
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binding. The effect of language-design decisions on cangibnstruction.
After Computer Scienc&23a

CPSC 422bOperating SystemsBryan Ford

MW 1:00-2:15
The design and implementation of operating systems. Tapatade syn-
chronization, deadlock, process management, storagegeaneet, file sys-
tems, security, protection, and networkidgter Computer Sciencg23a

CPSC 424bParallel Programming TechniquesAndrew Sherman
TTh 2:30-3:45

CPSC 425bTheory of Distributed Systemgames Aspnes

MWF 11:35-12:25
Models of asynchronous distributed computing systemsdé&nnental con-
cepts of concurrency and synchronization, communicat&igbility, topo-
logical and geometric constraints, time and space contgleand dis-
tributed algorithms After Computer Scienc&3aand 365h (Taught in al-
ternate years.)

CPSC 427a0bject-oriented ProgrammingMichael Fischer

TTh 1:00-2:15
Object-oriented programming as a means to efficient, reljamodular,
reusable code. Use of classes, derivation, templates, -hatimg, excep-
tions, polymorphic functions, and other features of CiAfter Computer
Science23h

CPSC 428bLanguage-Based Security.

(Not taught in 2009-2010)
Basic design and implementation of language-based appesdor increas-
ing the security and reliability of systems software. Tepieclude proof-
carrying code; certifying compilation; typed assemblygaages; runtime
checking and monitoring; high-confidence embedded systardrivers;
and language support for verification of safety and livepesperties After
Computer Scienc202aand 323aand Mathematic22aor b, or equiva-
lent. (Not taught every year.)

CPSC 430aFormal SemanticsZhong Shao

MW 1:00-2:15
Introduction to formal approaches to programming langudagign and im-
plementation. Topics include the lambda-calculus, typety denotational
semantics, type-directed compilation, higher-order negliand application
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of formal methods to systems software and Internet progriagumAfter
Computer Scienc202aand 323a (Not taught every year.)

CPSC 431aComputer Music—Algorithmic and Heuristic Composition.
(Not taught in 2009-2010)
Beginning with high-level representations of music, vasialeterministic
and stochastic algorithms and heuristics are studied fathsgizing music.
Similarly, with suitable encodings of harmonic structurel @esthetics, au-
tomated methods for analyzing music are studied. Many ofdbas have
connections to conventional music theory, but many do nstead drawing
their inspiration from mathematics, computation, and reafgsuch as frac-
tals, L-systems, and stochastic methods). A key idea wyidgrthe course
is the use of a high-level functional language to expressttberetical con-
cepts in a practical manner. Regular programming assigtsntesd toward
a final project that is a software realization of a studersigleed concept.
After Computer Science02aand 223h Assumes ability to read music.
(Taught in alternate years.)

CPSC 432aComputer Music—Sound Representation and Synthesis.

Paul Hudak

MW 2:30-3:45

Beginning with low-level representations of sound, vasiowethods for syn-
thesizing musical sounds are studied, including additjreteesis, subtrac-
tive synthesis, frequency modulation, granular synthesid physical mod-
eling. The goal is to both simulate as accurately as possititting musical
instruments, and to create new sounds and musical souretscagales and
tuning systems are also studied, as is basic acoustic gigoedssing (fil-
tering, reverb, sound effects, etc). A key idea underlyimg ¢ourse is the
use of a high-level functional language to express the #i@al concepts
in a practical manner. Regular programming assignmentsttesard a fi-
nal project that is a software realization of a studentgtesil conceptAfter
Computer Scienc02aand 223h Assumes ability to read musi¢Taught
in alternate years.)

CPSC 433aComputer NetworksYang Richard Yang
MW 2:30-3:45

An introduction to the design, implementation, analysig] avaluation of
computer networks and their protocols. Topics include fegenetwork ar-
chitectures, applications, transport, congestion, ngtilata link protocols,
local area networks, performance analysis, multimediewowding, network
security, and network management. Emphasis on protocels insthe In-
ternet.After Computer Scienc&3a (Taught in alternate years.)
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CPSC 434bMobile Computing and Wireless Networking.

(Not taught in 2009-2010)
An introduction to the principles of mobile computing anslénabling tech-
nologies. Topics include principles of mobile computingreless systems;
information management; location-independent/depancamputing mod-
els; disconnected and weakly connected operation modsisah-computer
interactions; mobile applications and services; secusibyver management;
and sensor network#&fter Computer Scienc#2aand 323a (Taught in al-
ternate years.)

CPSC 435blinternet-Scale ApplicationsYang Richard Yang

TTh 1:00-2:15
An introduction to the design and implementation of Intérseale applica-
tions and services. Topics include: service-orientedisof design; cloud
computing paradigms; infrastructure scalability andatality; adaptive,
open clients; protocol specification; performance modglidebugging and
diagnosis; and deployment and licensiAdter Computer Scienc&23h

CPSC 436a/EENG 460aletworked Embedded Systems and Sensor

Networks. Andreas Savvides

TTh 11:35-12:50

Introduction to the fundamental concepts of networked etdbd systems
and wireless sensor networks, presenting a cross-disaigliapproach to
the design and implementation of smart wireless embeddsdreg. Topics
include embedded systems programming concepts; low-paneipower-
aware design; radio technologies; communication protofm ubiquitous
computing systems; and mathematical foundations of sdredwavior. Lab-
oratory work includes programming assignments on low-pavieeless de-
vices. After Computer Scienc23bor with equivalent programming expe-
rience in a high-level language.(Open to seniors in Computer Science or
Electrical Engineering only.)

CPSC 437alntroduction to Database SystemAvi Silberschatz

TTh 2:30-3:45
An introduction to database systems. Data modeling. Thatiosll
model and the SQL query language. Relational databaserdestggrity
constraints, functional dependencies, and normal formbjed-oriented
databases. Database data structures: files, B-trees,nuestes After Com-
puter Scienc02aand 223h
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CPSC 438bDatabase System Implementation and Architectures.

Daniel Abadi

MW 2:30-3:45

A study of systems programming techniques, with a focus dabdse sys-
tems. Half the course is spent studying the design of a toadit DBMS,
supplemented by a hands-on exercise where students buitthyacom-
ponents (e.g., a catalog-manager, a buffer-manager, andrgt gxecution
engine) of a DBMS prototype. The other half is spent on naditional
architectures (parallel databases, data warehouseanstiatabases, Web
databasesifter Computer Scienc&)2aand 223h

CPSC 440bNumerical Computation IVIadimir Rokhlin
TTh 1:00-2:15

Algorithms for numerical problems in the physical, biolegli, and social
sciences: solution of linear and nonlinear systems of éoustinterpola-
tion and approximation of functions, numerical differatitn and integra-
tion, optimization. After Computer Scienckl2aor b or an equivalent in-
troductory programming course; Mathematit&0aor b; and Mathematics
222aor b or 225a0r b or Computer Science02a

CPSC 445blintroduction to Data Mining. Vladimir Rokhlin

TTh 1:00-2:15
A study of algorithms and systems that allow computers togettierns and
regularities in databases, to perform prediction and fistieg, and to im-
prove their performance generally through interactiomwlta.After Com-
puter Scienc02aand 223band Mathematic222aor b, or equivalents.

CPSC 455a/ECON 425&conomics and Computation.

(Not taught in 2009-2010)
A mathematically rigorous investigation of the interplayezonomic the-
ory and computer science with an emphasis on the relatiprslincentive-
compatibility and algorithmic efficiency. Particular att®n will be paid to
the formulation and solution of mechanism-design problémas are rele-
vant to data networking and Internet-based comme3oee familiarity with
basic algorithmics and basic microeconomic theory will tepful. (Not
taught every year.)

CPSC 461bFoundations of Cryptography.

(Not taught in 2009-2010)
Foundations of modern cryptography and their applicatiooamputer and
network security. Topics include randomized models of cotafion, indis-
tinguishability, computationally hard problems, one-veand trapdoor func-
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tions, pseudorandom generators, zero-knowledge, seourputation, and
probabilistic proofsAfter Computer Sciencé67a (Not taught every year.)

CPSC 462a/ AMTH 462&raphs and Networks.

(Not taught in 2009-2010)
A mathematical examination of graphs and their applicationthe sci-
ences. Families of graphs include social networks, smatldigraphs, In-
ternet graphs, planar graphs, well-shaped meshes, pawegtaphs, and
classic random graphs. Phenomena include connectivitgtering, com-
munication, ranking, and iterative processBgerequisites: Linear algebra
and discrete mathematics; a course in probability is recanded.

CPSC 463blintroduction to Machine Learning.

(Not taught in 2009-2010)
Paradigms and algorithms for learning classification raled more com-
plex behaviors from examples and other kinds of data. Tapiag include
version spaces, decision trees, artificial neural netw@&gesian networks,
instance-based learning, genetic algorithms, reinfoesgrearning, induc-
tive logic programming, the MDL principle, the PAC model, \@@nension,
sample bounds, boosting, support vector machines, qugresmatical in-
ference, and transductive and inductive inferengfter Computer Science
202aand223h or with permission of the instructor. Computer ScieB68b
is recommendedTaught in alternate years.)

CPSC 465aTopics in Algorithms.
(Not taught in 2009-2010)

Introduction to the fundamental tools used in approxinrasitgorithms: lin-
ear, convex, and semi-definite programming; dynamic pragrang; and
geometric tools. Recent progress in the design of apprdiomalgorithms
for graph problems, combinatorial problems, and other [dRioptimiza-
tion problems. Results on the hardness of approximatioertas proba-
bilistically checkable proofsAfter Computer Sciencg5h (Taught in al-
ternate years.)

CPSC 467bCryptography and Computer Securitilichael Fischer
MW 2:30-3:45

A survey of such private and public key cryptographic teghes asDES,
RSA, and zero-knowledge proofs, and their application to gnotd of main-
taining privacy and security in computer networks. Focudemhnology,
with consideration of such societal issues as balancinyyidwhl privacy
concerns against the needs of law enforcement, vulngsabflisocietal in-
stitutions to electronic attack, export regulations artdrimational compet-
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itiveness, and development of secure information systé$osae program-
ming may be required. After Computer Scie@62aand 223h

CPSC 468aComputational ComplexityJoan Feigenbaum
TTh 2:30-3:45

Introduction to the theory of computational complexity. sBacomplexity
classes, including Polynomial Time, NondeterministicyRomial Time,
Probabilistic Polynomial Time, Polynomial Space, Lodaritc Space, and
Nondeterminstic Logarithmic Space. The roles of redusi@ompleteness,
randomness, and interaction in the formal study of compmurtat After
Computer Sciencg65bor with permission of the instructor.

CPSC 469bRandomized Algorithms.
(Not taught in 2009-2010)

Beginning with an introduction to tools from probabilityethry including

some inequalities like Chernoff bounds, the course willesaandomized
algorithms from several areas: graph algorithms, algaritin algebra, ap-
proximate counting, probabilistically checkable proodsid matrix algo-
rithms. After Computer Sciencgs5h a solid background in probability is
desirable.(Taught in alternate years.)

CPSC 470aArtificial Intelligence. Brian Scassellati

MWF 10:30-11:20
An introduction to artificial intelligence research, fomgon reasoning and
perception. Topics include knowledge representationdipage calculus,
temporal reasoning, vision, robotics, planning, and learrAfter Computer
Scienc&01l1aor b and202a

CPSC 473bintelligent Robotics.Brian Scassellati
MWF 10:30-11:20

An introduction to the construction of intelligent, autonous systems.
Sensory-motor coordination and task-based perceptionplelmentation
techniques for behavior selection and arbitration, inicigdehavior-based
design, evolutionary design, dynamical systems, and tytheliberative-
reactive systems. Situated learning and adaptive behaifter Computer
Science202aand223h

CPSC 475b/EENG 475komputational Vision and Biological Perception.
Steven Zucker
MW 1:00-2:15
An overview of computational vision with a biological emgiga Suitable as
an introduction to biological perception for computer scie and engineer-



8.3 Advanced Courses 39

ing students, as well as an introduction to computatiorsibai for mathe-
matics, psychology, and physiology studemfter Computer SciencEl2a
or b and Mathematicd20aor b, or with permission of the instructor.

CPSC 477aNeural Networks for ComputingWillard Miranker

TTh 11:35-12:50
Artificial neural networks as a computational paradigm &ddvith appli-
cation to problems in associative memory, learning, pattecognition, per-
ception, robotics, and other areas. Development of modelthé dynam-
ics of neurons and methods such as learning for designingineetworks.
Concepts, designs, and methods compared and tested irsofsimula-
tion. Brain and consciousness studies are optional topicgramming and
knowledge of linear algebra and calculus required.

CPSC 478bComputer Graphics.Julie Dorsey

TTh 2:30-3:45
An introduction to the basic concepts of two- and three-disienal com-
puter graphics. Topics include affine and projective tramsftions, clip-
ping and windowing, visual perception, scene modeling archation, al-
gorithms for visible surface determination, reflection migd illumination
algorithms, and color theory. Assumes solid C or C++ prognamg skills
and a basic knowledge of calculus and linear algeBfter Computer Sci-
ence202aand 223h

CPSC 479aAdvanced Topics in Computer Graphiddolly Rushmeier
MW 1:00-2:15

An in-depth study of advanced algorithms and systems fateeng, mod-

eling, and animation in computer graphics. Topics vary amy imclude

reflectance modeling, global illumination, subdivisiorrfages, NURBS,

physically-based fluids systems, and character animatdter Computer

Science202aand223h

CPSC 480a or IDirected Reading.By arrangement with faculty
Individual study for qualified students who wish to inveatig an area of
computer science not covered in regular courses. A studast be spon-
sored by a faculty member who sets the requirements and mezptkarly
with the student. Requires a written plan of study approvwethk faculty
advisor and the director of undergraduate studiMay be taken more than
once for credit.

CPSC 490a or I5pecial Projects.By arrangement with faculty
Individual research. Requires a faculty supervisor andpénission of
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the class advisor or the director of undergraduate studies.student must
submit a written report about the results of the projdday be taken more
than once for credit.

8.4 Graduate Courses

Graduate courses and seminars, some of which are announéeunially

at the start of the term, may be open to undergraduates. Ashamin-

dergraduates should read the departmental bulletin board aheck with
their class advisor and the director of undergraduate stsdiefore making
course selections.

8.5 Related Courses in Other Departments

AMTH 437a/EENG 437a0ptimization Techniques.

BENG 445a/EENG 4458iomedical Image Processing and Analysis.
EENG 201bIntroduction to Computer Engineering.

EENG 425alntroduction to VLSI System Design.

EENG 444aDigital Communication Systems.

EENG 463b Fault-Tolerant Computer Systems.

MATH 222a or b/ AMTH 222a or bLinear Algebra with Applications.
MATH 225a or b Linear Algebra and Matrix Theory.

MATH 270a Set Theory.

OPRS 235a/AMTH 235&ptimization I.

MUSI 485b Methods in Computational Musicology.

PHIL 267a Mathematical Logic I.

PHIL 268b Mathematical Logic Il.

STAT 241a/MATH 241aProbability Theory.

STAT 242b/MATH 242bTheory of Statistics.

STAT 251b/MATH 251b Stochastic Processes.

STAT 364b/AMTH 364b/EENG 454hnformation Theory.
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STAT 365b Data Mining and Machine Learning.
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9 Yale College Calendar/Deadlines

2009 Fall Term

2Sep. Wed. Fall-term classes begin
14 Sep. Mon. Course schedules due for freshmen
15Sep. Tue. Course schedules due for sophomores/juniors
16 Sep. Wed. Course schedules due for seniors
24 Sep. Thu. CPSC 490 forms due, Noon
23 Oct.  Fri. Midterm
Last day to withdraw from a course without having
the course appear on the transcript
6 Nov. Fri. Last day to convert froraR/D/F to a letter grade
20 Nov.  Fri. Fall recess begins, 5:2M
30 Nov. Mon. Classes resume
4 Dec. Fri. Classes end; reading period begins
Last day to withdraw from a fall-term course
11 Dec. Fri. CPSC 490 projects due, Noon
12 Dec. Sat. Final examinations begin, 9200
19 Dec. Sat. Examinations end, 5:8Q; winter recess begins

2010 Spring Term
11Jan. Mon. Spring-term classes begin
15Jan.  Fri. Friday classes do not meet; Monday classes db mee

18 Jan. Mon. Martin Luther King Day; classes do not meet
20Jan. Wed. Course schedules due for freshmen
21Jan. Thu. Course schedules due for sophomores/juniors
22 Jan.  Fri. Course schedules due for seniors
Last day for seniors to petition for second major
4Feb. Thu. CPSC 490 forms due, Noon
5Mar.  Fri. Midterm
Spring-term recess begins, 5:20
Last day to withdraw from a course without having
the course appear on the transcript
22 Mar. Mon. Classesresume
29 Mar. Mon. Lastday to convert fromr/D/F to a letter grade
26 Apr. Mon. Classes end; reading period begins
Monday classes do not meet; Friday classes do meet
Last day to withdraw from a spring-term course
3May Mon. CPSC 490 projects due, Noon
4 May Tue. Final examinations begin, 9:80
11 May Tue. Examinations end, 5:8W
24 May Mon. University Commencement
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