JillE A ERSITY

SCHOOL OF ENGINEERING
AND APPLIED SCIENCE

Department of Computer Science
Undergraduate Handbook

Bachelor of Science in Computer Science
Bachelor of Arts in Computer Science
Bachelor of Science in Computer Engineering
Minor in Computer Science

http://www.cs.virginia.edu

Handbook version for the 2013-2014 academic year


http://www.cs.virginia.edu

The last updates to this undergraduate handbook
were made in the summer of 2013. This version
is valid for the 2013-2014 academic year.

Any updates, both errata and addendums, to
this version of the handbook will be listed on the
individual degree web pages to which the errata
or addendum applies.

The BS CS web site is at http://www.cs.
virginia.edu/acad/bscs/

The BA CS web site is at http://www.cs.
virginia.edu/acad/ba/

The BS CpE web site is at http://www.cpe.
virginia.edu/ugrads/

This handbook was written by, and is cur-
rently maintained by, Aaron Bloomfield
(aaron@virginia.edu). Please send any errata to
him.


http://www.cs.virginia.edu/acad/bscs/
http://www.cs.virginia.edu/acad/bscs/
http://www.cs.virginia.edu/acad/ba/
http://www.cs.virginia.edu/acad/ba/
http://www.cpe.virginia.edu/ugrads/
http://www.cpe.virginia.edu/ugrads/

Contents

(1__Introduction| 1
LI Introductionl . . . . ... ... ... .. 1
(1.1 Daversity Statement| . . . ... ... ... ... e 1

1.2 Degrees Offered| . . . . . . . . . . . . e 1
2

2

3

3

3

5

5

5

6

6

2.3.2  CapstoneSequence|. . . . . . . . . ... 7

2.3.3 Degree Requirements Checklist|. . . . . ... .. ... ... .. ... . L oo 7

2.3.4 Sample BSCS CourseSchedule|. . . . . ... ... o o oo 7

i TOT .+ o o e 9

[24.1 CS2190 Specitic Details| . . . . ... ... . 9

2.5 Course Requirements Flowchart] . . . . ... ... .. .. .. .. . 10
[3 Bachelor of Arts in Computer Science| 11
B1 Introduction] . . . . . . . .. 11
3.2  Application Process|. . . . . . . .. 11
iculuml . . ... 12

3.3.1 Required Core Courses| . . . .. . ... .. .. 12
3.32 CSElectives . . . . . . . e 12

[3.3.3 Integration Electives| . . . . . . . . ... 12

B.4  Miscellaneous Informationl. . . . . . . . . L e 14
3.4.1 Distinguished Majors Program| . . . . .. .. .. ... ... 14

3.4.2 Doublemajors in CLAS| . . . . .. .. ... .. 15

3.5 Course Requirements Flowchart| . . . ... ... ... ... ... . .. . o 15
{4 Bachelor of Science in Computer Engineering] 17
41 Introductionl . . . . .. . . ... 17
4.1.1 Program Objectives|. . . . . . . . . . . ... e 17

4.2 Application Process|. . . . . . . . . e 17
4.3.1 Grade Requirement|. . . . . .. .. ... ... e 17

4.3.2  Sample BS CpE Course Schedule| . . . . ... .. ... . .. . 17

4.3.3 Embedded Systems Course Requirement| . . . . . ... ... ... ... .. ... .. .. L. 18

i 1ON| . . . 18

4.1 Double BSCS& BSCpEmajors|. . . . . .. ... ... .. . 18




CONTENTS CONTENTS

.5 Course Requirements Flowchart| . . . .. ... ... ... ... . . 19
6 Minor in Computer Science| 21
IOI| . . L 21

5.2 Application Process|. . . . . . . . 21
iculuml . ... 21

[6  Master’s in Computer Science| 23
b1 Introduction] . . . . .. ... ... 23
6.1.1 Whento Apply| . . . . . . . o 23

6.1.2 DegreesOffered|. . . . . . . .. . .. 24

6.2 Curriculuml . . .. . . .. e 24
6.3 Miscellaneous Information|. . . . . . . .. ... 24
[Z_Common Informationl 25
[71 Major Focal Paths| . . . . . . . . .. . e 25
A1 GameDesignl . ... L 25

1.2 Theory| . . oo o o 25

7.1.3 Networks (including wirelessnetworks)[ . . . .. ... ... ... .. .. L L L oo L 25

714 Web Technologies|. . . . . . ... .. .. . . 26

7.1.5 Software Engineering| . . . .. ... ... ... 26

[7.2  Frequently Asked Questions|. . . . . . .. ... ... 26
2.1  What computer science student groups exist?| . . .. ... ... ... L o oo 26

7.2.2  Whatis ICPC, the International Collegiate Programming Contest, and how do I get involved?| . . . . . 26

7.2.3  What kind of advanced placement creditis available?|. . . . . ... ... ... .. ... 0 0 0L 27

724 Canlplace out of C51110? Whatabout CS21107? . . . . ... ... ... ... .. .. .. .. .. ..... 27
7.2.5 How does SEAS handle transfer credit?l . . . . . .. .. ... . . L o 27

2.6 Can CS courses from another college receivecredit? . . . . . ... .. ... ... .. .. .. ... 27

2.7 What are the Rodman Scholar requirements?| . . . . . ... ... ... ... .. ... ... ... .. ... 28

7.2.8 Whatis a SIS exception and how canlgetone?|. . . . . ... ... .. .. .. .. .. .. .. ... .. 28

7.2.9  Why are ECE 4435 and ECE 4440 not showing up in my list of fulfilled CS electives?| . . . . . .. .. .. 28
7.2.10  Why do the SIS requirements for the BS CS major list 6 HSS electives, and not5?| . . . . ... ... ... 28
7.2.11 Can CSstudentsstudyabroad? . . . . .. ... ... ... ... .. .. 28

.2.12° How do I transfer into the computing program? . . . . . ... ... ... ... ... ... ... .. ... . 28

i i IO . o o o 29

7.2.14 What CS electives can be taken without having completed CS2150?] . . . .. ... ... ... ...... 29
7.2.15 Why is CS 2330, Digital Logic Design, not offered in the spring?| . . . . . . ... ... ... ...... 29

[7.3 Course Descriptions| . . . .. ... ... ... e 29
3.1 Course Offering History| . . . . . . . .. ... . 29
............................................... 29

733 2000Level CSCourses| . . . . . . . . . . 30
734 3000Level CSCourses| . . . . . .. . . 30
735 4000 Level CSCourses| . . . . . . .. . . 31
[73.6 Selected ECECoursesl . . . ... ... ... ... 33

4 Course Numbering| . . . . . . . .. ... e 33
D Degree Requirement Revisions| . . . . .. ... ... .. 34
7.5.1 Requirements revision from spring 2013[. . . . . . . ... ... .o L L L o 34

.2 Prior requirements revisions| . . . . .. ... e 34

ii



Chapter 1

Introduction

Online: http://www.cs.virginia.edu/

1.1 Introduction

Through the development of sophisticated computer sys-
tems, processors, and embedded applications, computer
scientists have the opportunity to change society in ways
unimagined several years ago. Our goal is the education
and training of a diverse body of students who can lead this
information technology revolution. To this end, the com-
puting programs orient students toward the pragmatic as-
pects of computing and provides the learning and practices
to make them proficient computing professionals. Compu-
tational thinking is rooted in solid mathematics and science,
and grounding in these fundamentals is essential. Our lab-
oratory environment exposes students to many commercial
software tools and systems, and introduces modern software
development techniques. In the context of the practice of
computing, this early grounding forms the basis for an ed-
ucation that prepares students for a computing career.

Students have many opportunities to participate in
cutting-edge research with department faculty members.
From the senior thesis research project to independent study,
students can pursue research in any conceivable area. Our
former students are enrolled in top graduate programs
across the country. Our undergraduates have won many
research awards, including multiple CRA (Computing Re-
search Association) awards in recent academic years. In fact,
of all US institutions, UVa is third in overall CRA research
awards won.

All graduates of our three computing programs will have
the knowledge and skills to be practitioners and innovators
in computing and other fields. They will be able to apply
computational thinking in the analysis, design and imple-
mentation of computing solutions, whether working alone
or as part of a team. The knowledge and skills acquired from
our degree programs will give students the ability to make
contributions after graduation in their own field as well as to
society at large.

A recent Bureau of Labor Statistics Occupational Outlook

Handbook states that “very favorable opportunities” (more
numerous job openings compared to job seekers) can be ex-
pected for college graduates with at least a bachelor’s degree
in computer engineering. It also projects an employment in-
crease of over 38% by 2016 for occupations available to grad-
uates with a bachelor’s degree in computer engineerin%

1.1.1 Diversity Statement

The members of the department envision an environment
where a diversity of capable, inspired individuals congre-
gate, interact and collaborate, to learn and advance knowl-
edge, without barriers. We embrace this vision because:

e We wish to be leaders and role models in reaping and
sharing the benefits of diversity.

e We seek to improve the intellectual environment and
creative potential of our department.

e We expect to produce happier, more capable and more
broadly educated computer science graduates.

e We wish to contribute to social justice and economic
well-being for all citizens.

1.2 Degrees Offered

The Department of Computer Science offers three computing
degrees, as well as a minor.

e Bachelor of Science (BS in CS) in Computer Science,
available to students in the School of Engineering and
Applied Sciences (SEAS).

e Bachelor of Arts in Computer Science (BA in CS), avail-
able to students in the College of Liberal Arts and Sci-
ences (CLAS).

e Bachelor of Science in Computer Engineering (BS in
CpE), available to students in the School of Engineer-
ing and Applied Sciences (SEAS). This degree is shared
with the Department of Electrical and Computer Engi-
neering.

1http: //www.bls.gov/oco
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e Minor in Computer Science. Note that the minor is
restricted in whom can apply for it; see section

(page[21)) for details.

Details of the degrees are provided later in this document,
but in this section we explain the differences between com-
puter science and computer engineering. This explanation
is adopted from the ACM and IEEE’s Computing Curric-
ula 2005: The Overview Reporiﬂ We also give a high-level
overview of the difference between our BS and BA degrees
in computer science.

1.2.1 What is Computer Science?

Computer science spans a wide range, from its theoretical
and algorithmic foundations to cutting-edge developments
in graphics, intelligent systems, cybersecurity, and other ex-
citing areas. We can think of the work of computer scientists
as falling into three categories.

e They design and implement software. Computer scien-
tists take on challenging programming jobs. They also
supervise other programmers, keeping them aware of
new approaches.

e They devise new ways to use computers. Progress
in the CS areas of networking, database, and human-
computer-interface enabled the development of the
World Wide Web. Now CS researchers are working
with scientists from other fields to develop control phys-
ical sensors and devices, to use databases to create new
knowledge, and to use computers to help doctors solve
complex problems in medical care.

e They develop effective ways to solve computing prob-
lems. For example, computer scientists develop the best
possible ways to store information in databases, send
data over networks, and display complex images. Their
theoretical background allows them to determine the
best performance possible, and their study of algorithms
helps them to develop new approaches that provide bet-
ter performance.

Computer science spans the range from theory through
programming. While some universities offer computing de-
gree programs that are more specialized (such as software
engineering, bioinformatics, etc.), a degree in computer sci-
ence offers a comprehensive foundation that permits gradu-
ates to adapt to new technologies and new ideas.

1.2.2 Comparison of the BA & BS Computer
Science Degrees

At the University of Virginia, we offer two different com-
puter science degrees:

2http://www.acm.org/education/curriculafrecommendations

e The Bachelor of Science (BS) degree, through the School
of Engineering and Applied Sciences (SEAS), and

e The Interdisciplinary Major in Computer Science, a
Bachelor of Arts (BA) degree, through the College of
Liberal Arts and Sciences (CLAS).

The following gives a high-level comparison of these two
degrees.

The BS in Computer Science degree program includes the
set of core courses required of every other engineering de-
gree in SEAS. These include an introduction to engineering,
physics, chemistry, calculus, courses focused on the engi-
neer’s role in society, and at least five courses in the hu-
manities or social sciences. Like other engineering majors,
all students in our BS program complete a year-long project
leading to a senior thesis in their fourth year. Students in the
BS program can minor in another engineering discipline or
applied math. It is also possible to minor in a subject from
the College of Arts and Sciences (but it’s more difficult to
have a second major in a College subject). Students in the BS
program must complete at least 46 credits of computer sci-
ence courses. The Bachelor of Science in Computer Science
is accredited by the Computing Accreditation Commission
of ABETHl

The BA in Computer Science degree program includes the
same general requirements (known as core and competency
requirements) as all other liberal arts and science degrees
in CLAS. These include courses in foreign language, writ-
ing, historical studies, social science, humanities, and non-
western perspectives. These general requirements also in-
clude natural science and mathematics, but fewer courses
than are required for the BS CS in engineering. Students
in the BA program are in a good position to major or mi-
nor in another subject in CLAS. Students with a GPA of 3.4
or better may apply to the Distinguished Majors Program,
in which students complete a thesis based on two semesters
of empirical or theoretical research. Students in the BA pro-
gram must complete at least 27 credits of computer science
courses along with 12 additional credits of “integration elec-
tives”, which are computing-related courses taught by an-
other department other than the CS department. Students
in the BA program have the option of taking a version of
the first two computing courses that differ from those taken
by the BS students, but otherwise students from both degree
programs share the same CS courses.

Graduates of both programs have been accepted to the
best graduate programs, have received job offers from lead-
ing companies, etc. A few employers have shown a pref-
erence for graduates from one program or the other, but in
general both degrees prepare students for excellent opportu-
nities after graduation.

Students who apply to the University of Virginia must
choose to apply for admission to either SEAS (the engineer-

3http://www.abet.orq
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ing school) or CLAS (the College of Liberal Arts and Sci-
ences). It is possible to transfer from one unit to the other
after admission, and since we offer degrees in both units a
student can major in computer science in either.

1.2.3 What is Computer Engineering?

Computer engineering is concerned with the design and con-
struction of computers and computer-based systems. It in-
volves the study of hardware, software, communications,
and the interaction among them. Its curriculum focuses on
the theories, principles, and practices of traditional electrical
engineering and mathematics and applies them to the prob-
lems of designing computers and computer-based devices.

Computer engineering students study the design of digital
hardware systems including communications systems, com-
puters, and devices that contain computers. They study soft-
ware development, focusing on software for digital devices
and their interfaces with users and other devices. At the Uni-
versity of Virginia, the CpE degree has a balanced emphasis
on hardware and software.

At the University of Virginia, computer engineering de-
grees are jointly designed and administered by the Depart-
ment of Computer Science and the Department of Electri-
cal and Computer Engineering. The degree program is com-
posed of courses from both departments.

1.2.4 ABET accreditation

The Bachelor of Science in Computer Science is accredited
by the Computing Accreditation Commission of ABETE} The
Bachelor of Science in Computer Engineering is accredited
by the Engineering Accreditation Commission of ABET*.

1.3 Major Course Requirements Com-
parison

See figure[1.3] The SEAS school requirements consist of:

APMA 1110 & 2120
CHEM 1610 & 1611
ENGR 1620 & ENGR 1621
PHYS 1425 & 1429

PHYS 2415 & 2419
Science elective

STS 1500

STS 2xxx/3xxx elective
STS 4500 & 4600

The CLAS school requirements consist of:

o First & second writing requirements

4http: //www .abet .org

BS CS BA CS

CS 2190, CS Seminar

CLAS school
53102, Theory of /g 410, Algorithms . .
Computation CS3330.C N requirements
5 CS electives h" omputer 4 CS electives
2 APMA electives Architecture (includes 2330)
2 additional HSS 4 Integration electives

electives A CS1 class

CS 2110, Software
Engineering

CS 2102, Discrete Math

CS 2150, Program &

Data Representation

SEAS reqs
CS 4414, OS
CS 2330, DLD
3 HSS electives
APMA 3100, Prob.
CS 3240, Adv SW Dev
5 unrest. electives

ECE 2630, Introductory Circuit Analysis
ECE 2660, Electronics I

ECE 3430, Intro to Embedded Comp Sys
ECE 3750, Signals & Systems I

CS 4435, Computer Architecture & Design
CS 4440, Embedded System Design
CS 4457, Computer Networks
APMA 2130, Ordinary Diff. Eq.
4 CS/ECE electives

BS CpE

Figure 1.1: Course Requirements Comparison

Foreign language requirement

6 credits of social sciences

6 credits of humanities

3 credits of historical studies

3 credits of non-western perspectives
12 credits of natural science and math

A “CS1 class” is CS 1110, CS 1111, or CS 1112. CLAS ma-
jors can take CS 1120, provided they have Java experience.
Placement is available; see sections (page R7) &
(page[27).
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Bachelor of Science in Computer Science

Online: http://www.cs.virginia.edu/acad/bscs/

2.1 Introduction

The Bachelor of Science degree in Computer Science is a
wide-ranging program, encompassing both the theoretical
and the practical. This program builds upon the engineer-
ing and mathematical principles introduced in the Engineer-
ing School’s core curriculum. Our students are then taught
to apply computing to the world around them by building
faster, smaller, and more secure software systems, explor-
ing emerging technologies, and working on real-world prob-
lems. Our courses focus on teaching students how to recog-
nize computational challenges, create elegant and efficient
algorithms, and then use rigorous development method-
ologies to build systems that can solve pressing problems.
Graduates of the BS program find successful careers with tra-
ditional software companies, government agencies, consult-
ing firms, academia, and companies in other fields that have
software needs. Computing professions are often ranked
near the top in “Best Job” lists put together by news orga-
nizations for job availability, pay, and satisfaction.

Course work in the BS CS program starts with several
courses that introduce the basic principles of software cre-
ation, from learning programming languages to advanced
development techniques. Once students have mastered the
basics, the bulk of our program opens up, offering elec-
tives in several exciting fields, including networking, secu-
rity, game design, web programming, e-commerce, parallel
computing, and much more. Students have the opportunity
to take several electives each semester, as our department of-
fers more electives than the other departments in the Engi-
neering School.

2.2 Application Process

The application requirements in this section are the same as
for the Computer Engineering degree.

The Department of Computer Science is experiencing
tremendous student interest in our degree programs. Our
goal is to accommodate as many undergraduate majors as
possible. However, because of current resources, there is an
enrollment cap on the total number of majors in the BS in
Computer Science (BS CS) and the BS in Computer Engineer-
ing (BS CpE) degree programs.

First-year students: All first-year Engineering students
choose their major in the Spring semester of their first year.
At that time, students seeking either the BS CS or BS CpE
major will submit their application information as part of the
normal first-year SEAS major declaration process, which the
SEAS Dean’s office manages. Since the cap is on the com-
bined number of BS CS and BS CpE majors, a student’s chance
of acceptance will not be affected by choosing one over the
other. All applicants will be notified of admission decisions
by early summer.

Engineering students changing majors or seeking a sec-
ond major: Declared BS CS or BS CpE majors can change
from one major to the other at any time, and they can de-
clare the other major as their second major without applying.
However, other engineering students who want to declare
the BS CS or BS CpE as a second major, and students who
want to change their first major to either of these, must ap-
ply. The available space given our target caps for each class
year may be a factor. Application deadlines for such requests
will be October 15 and February 15. The application form can
be found onlinél]

All third and fourth year students who want to declare the
BS CS major as a first or second major must have already
completed CS 2190 or will need to complete CS 2190 by the
end of their third year.

At this time, SEAS students are not eligible to apply for the
BA CS (i.e., the College degree) as a second major.

Intra-University Transfer Students: SEAS accepts trans-
fer applications for non-SEAS UVa students, currently once
a year. The application deadline and process is described
on this SEAS web pag% Qualified applicants who want to

1http: //www.cs.virginia.edu/acad/declaring.html
2http: //www.seas.virginia.edu/advising/transferseas.php


http://www.cs.virginia.edu/acad/bscs/
http://www.cs.virginia.edu/acad/declaring.html
http://www.seas.virginia.edu/advising/transferseas.php

Curriculum

BS CS DEGREE

transfer into SEAS to become BS CS or BS CpE majors will be
considered on a space-available basis given our target caps
for each class year. Such students should follow the SEAS
application process, and must contact the Computer Science
department contact person or the Electrical and Computer
Engineering department contact person listed in the SEAS
web page before applying.

Transfer students from outside the University: Students
transferring into the University from other institutions must
apply to the department to be allowed to declare the BS CS
or BS CpE major. Qualified applicants will be considered on
a space-available basis, given our target caps for each class
year. Applications will be considered the summer before a
transfer student begins classes, and the application process
will be discussed during the summer orientation session. If
an incoming transfer does not attend summer orientation,
they must meet with a department advisor before classes be-
gin to discuss applying.

Due to prerequisite dependencies, it is difficult for rising
third year students who have not completed CS 2110 and CS
2102 to complete the BS CS in the 4 remaining semesters. It
is important that students transferring to the University as
third year students complete the equivalent of these courses
before coming to UVa. In exceptional cases, students in this
situation may apply for the major, but the ability to complete
the degree in a timely fashion is considered in determining if
you are accepted into the degree program.

2.3 Curriculum

The requirements for the computer science degree consist of
a number of required courses, as well as a series of elective
choices for the student to make. A table of all the require-

ments is shown in figure (pagel8).

2.3.1 Elective Information

The numbers in the list below correspond to the footnote
numbers from the sample course schedule shown in sec-

tion (page[?).

1. Science elective (1 required): Students must choose one
of BIOL 2010 (Introduction to Biology: Cell Biology and
Genetics), BIOL 2020 (Introduction to Biology: Organ-
ismal and Evolutionary Biology), CHEM 1620 (Intro-
ductory Chemistry for Engineers), ECE 2066 (Science of
Information), ENGR 2500 (Introduction to Nanoscience
and Technology), MSE 2090 (Introduction to the Science
and Engineering of Materials), or PHYS 2620 (Introduc-
tory Physics IV: Quantum Physics). Additional courses
in this list can count as an unrestricted elective.

2. HSS electives (5 required): Studies in the humanities
and social sciences serve not only to meet the objectives

of a broad education, but also to meet the objectives
of the engineering profession. Such course work must
meet the generally accepted definitions that the human-
ities are the branches of knowledge concerned with hu-
mankind and its culture, while the social sciences are
the studies of society. See the full list of allowed courses
in the SEAS Undergraduate Handbook. This list can be
found online’l Note that there are a number of courses
that do not count as HSS electives, but would count as
an unrestricted elective. See the URL for details.

3. Unrestricted elective (5 required): Any graded course
in the University, with a few exceptions. From
the SEAS Undergraduate Student Handbookﬂ “Unre-
stricted Electives may be chosen from any graded course
in the University except mathematics courses below
MATH 1310, including STAT 1100 and 1120, and courses
that substantially duplicate any others offered for the
degree, including PHYS 2010, PHYS 2020, CS 1010, CS
1020, or any introductory programming course. Stu-
dents in doubt as to what is acceptable to satisfy a de-
gree requirement should obtain the approval of their ad-
viser and the dean’s office, Thornton Hall, Room A122.
APMA 1090 counts as a three credit unrestricted elective
for students.” Note that Band classes (such as marching
band) and ROTC classes can count for the unrestricted
elective.

4. APMA elective (2 required): Must choose two from:
APMA 2130 (Ordinary Differential Equations), APMA
3080 (Linear Algebra) or APMA 3120 (Statistics). Note
that APMA 3100 (Probability) is a required course in ad-
dition to the two APMA electives.

5. CS electives (5 required): Any 3 credit CS class at the
3000 level or above. A course that is fulfilling an-
other requirement cannot count as a CS elective. If
you take more than five CS electives, you can count
additional CS elective course(s) as unrestricted elec-
tives. Note that ECE 4440 (Embedded Systems Design)
can count as a CS elective, but see the details in sec-
tion (page [18). Due to substantial overlap with
CS 3330 (Computer Architecture), ECE 4435 (Computer
Architecture & Design) can NOT count as a CS elec-
tive. CS 4993 (Independent Study) can be used at the
most once for a CS elective (i.e. no more than 3 cred-
its); additional CS 4993 credits can be used as unre-
stricted electives. Note that for a class that does not meet
these requirements to count as a CS elective requires
approval by the CS undergraduate curriculum commit-
tee (NOT by the student’s academic advisor); this pro-
cess can be initiated by emailing the BS CS director at
bscsdirector@cs.virginia.edu.

3http: //www.seas.virginia.edu/advising/undergradhandbook.
php#hss
4http ://www.seas.virginia.edu/advising/undergradhandbook.php


http://www.seas.virginia.edu/advising/undergradhandbook.php#hss
http://www.seas.virginia.edu/advising/undergradhandbook.php#hss
http://www.seas.virginia.edu/advising/undergradhandbook.php

BS CS DEGREE

Curriculum

6. STS 2xxx/3xxx elective (1 required): Any STS course at
the 2000-level or 3000-level.

Note: classes that receive no grade (including classes that
are audited) do not count toward your degree requirements.

2.3.2 Capstone Sequence

All SEAS students must complete a senior thesis, which is
encapsulated in the STS 4500 and STS 4600 courses. In ad-
dition to the STS courses, BS CS students must complete one
or two CS courses to fulfill the computer science capstone se-
quence requirement. There are two “tracks” to complete the
capstone, described below, and students may choose either
track.

Formally, students must complete 3 credits of one of the
two capstone courses, depending on which track they choose
to fulfill: either CS 4971 (Capstone Practicum II) for the Cap-
stone Practicum track, or CS 4980 (Research Capstone) for
the Research Capstone track. But note that CS 4970 (Cap-
stone Practicum I), which is a CS elective, is a strict prerequi-
site to CS 4971! Also note that STS 4500 and STS 4600 must
still be taken; the CS courses are in addition to, not instead
of, the STS courses.

Research Capstone Track

This track is intended for students who are interested in
performing an independent project, either a research-based
project or an implementation-based project. The student
must seek out a faculty member, who will agree to advise
the project. The requirements of the project, workload, etc.,
are to be agreed upon by the student and advisor. Students
will receive 3 credits for CS 4980 (Research Capstone), which
is what formally fulfills the capstone requirement for the de-
gree. Faculty advisors may decide to assign the three credits
in a single semester, or spread the three credits across multi-
ple semesters; as long as three credits are eventually earned,
then the requirement will be fulfilled. Group projects are up
to the discretion of the advisor, but are certainly permissi-
ble. Large projects may receive additional credit through CS
4993 (Independent Study), but this is solely up to the advi-
sor. Note that there is a maximum of 3 credits (1 course) of CS
electives that that CS 4993 may count toward; any additional
credits count toward the unrestricted elective requirement.

This track is essentially how the senior thesis technical re-
quirement worked previously, except that students now re-
ceive three credits for the technical work performed.

Capstone Practicum Track

This track is intended for any students who are not planning
on performing an independent project. Students under this
track will register for CS 4970 (Capstone Practicum I) in the

fall of their 4th year, and CS 4971 (Capstone Practicum II) in ;

the spring of their 4th year — specifically, those classes are to
be taken concurrently with STS 4500 and STS 4600, respec-
tively. Both of these CS courses are 3 credits.

These two courses form a year-long project implementa-
tion course. Students will be grouped into teams, will have
requirements, real customers to interact with, real deadlines,
and will need to complete real deliverables. While the do-
main of the course is up to the instructor, the current imple-
mentation of the courses is a Service Learning Practicurr{%

Note that only CS 4971 counts toward the capstone re-
quirement; CS 4970 is a CS elective. However, CS 4970 is
a strict prerequisite to CS 4971. In particular, because the
projects are year-long group-based projects, there will be ab-
solutely no allowances for students to join the sequence for
just CS 4971 in the spring semester.

Double Majors and the Capstone

A SEAS student who is double majoring with the BS CS and
another SEAS degree must complete the capstone or major
design experience (MDE) course requirements in their non-
CS major in addition to the capstone sequence in the com-
puter science major. This means that they will still have to
take either CS 4980 (Research Capstone) or the practicum
capstone sequence (CS 4970 and CS 4971). Students can ne-
gotiate with their capstone/MDE instructors and their STS
instructor which degree program’s work will be used to sat-
isfy the STS thesis portfolio requirements. However, the stu-
dent should be aware that the capstone/MDE instructors in
both departments will almost certainly require some kind of
documentation of the technical work done for that program’s
requirement.

2.3.3 Degree Requirements Checklist

The degree requirement checklist is shown in figure
(page|8), and is available onlineﬂ in a full (letter-sized) page
format.

2.3.4 Sample BS CS Course Schedule

Below is the recommended course of study for the bachelor’s
degree. If one has already completed some of these classes
(through AP credit, for example), then your course of study
would deviate from what is shown below — consult your aca-
demic advisor for details.

There are a total of six types of electives that the stu-
dent can choose from. These electives are indicated by the
footnotes below, and are described in detail in section [2.3.1
(pagef). Note that some of these requirements are for all

5http: //www.cs.virginia.edu/~asb/slp/
6http: //www.cs.virginia.edu/acad/bscs/
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BS CS Degree Requirements Checklist

Required Computing & Math courses | Grade | Semester | Comments

CS 1110: Intro. to Computer Science

CS 2110: Software Development Methods
CS 2102: Discrete Mathematics I

CS 2150: Program & Data Representation
CS/ECE 2330: Digital Logic

CS 2190: CS Seminar I

CS 3102: Theory of Computation

CS 3330: Computer Architecture

CS 3240: Advanced SW Devel. Tech.

CS 4414: Operating Systems

CS 4102: Analysis of Algorithms
Capstone course (circle: CS 4971 or 4980)
APMA 3100: Probability

APMA 2130 or 3080 or 3120 (circle one)
APMA 2130 or 3080 or 3120 (circle one)

SEAS required courses

STS courses

| Course | Grade | Semester | “Course "Grade | Semester
APMA 1110 STS 1500
élljll\é[ﬁ iéig STS 2xxx/3xxx
CHEM 1611 STS 4500
ENGR 1620 STS 4600
ENGR 1621
PHYS 1425 CS Electives (5)
PHYS 1429 | | Course | Grade | Semester
PHYS 2415 1
PHYS 2419 2)
Sci ) 3)
cience elective 1)
| Course | Grade | Semester | 5
| | | |
HSS electives (5) Unrestricted electives (5)
| Course | Grade | Semester | | Course | Grade | Semester
1) 1)
2) 2)
3) 3)
4) 4)
5) 5)

Figure 2.1: BS CS Degree Requirements Checklist
8
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Miscellaneous Information

SEAS students, while others are required for the CS bach-
elor’s degree. Please be aware of when the classes are of-
fered! Some are only offered once per year, or in a particu-
lar semester. See section [7.3(page 29) for details as to when
courses are offered.

The recommended schedule shown below has changed
slightly each year as the degree requirements have evolved.
As discussed in the Degree Requirement Revisions (sec-
tion[7.5] page[34), a student can graduate using any set of re-
quirements that were in effect when they became a declared
computer science major. Thus, as long as all the major re-
quirements are met, students can follow a previous version
of the recommended course schedule.

Academic requirements are managed by SIS (UVa’s Stu-
dent Information System), which is where your individual
set of requirements can be found. You may also want to see
the FAQ question about how HSS requirements list in the SIS

report (section [7.2.10} page [28).

First semester 15
APMA 1110 Single Variable Calculus 4
CHEM 1610/1611 Chemistry for Engineers & Lab 4
ENGR 1620 Introduction to Engineering 3
ENGR 1621 Intro. to Engineering Lab 1
STS 1500 Engineering, Tech. & Society 3
Second semester 17
APMA 2120 Multivariate Calculus 4
PHYS 1425/1429  Physics I & Lab 4
CS51110 Intro to Computer Science 3
SCI Science elective! 3
HSS/UE HSS or unrestricted elective?® 3
Third semester 16
APMA APMA elective* or APMA 3100 3
CS 2110 Software Develop. Methods 3
CS 2102 Discrete Mathematics 3
PHYS 2415/2419  General Physics II & Lab 4
HSS/UE HSS or unrestricted elective®3 3
Fourth semester 16
CS 2150 Prog. & Data Representation 3
CS/ECE 2330 Digital Logic Design 3
CS 3102 Theory of Computation 3
CS 2190 CS Seminar 1
STS STS 2xxx/3xxx elective® 3
HSS/UE HSS or unrestricted elective??® 3

Fifth semester 18
CS 3330 Computer Architecture 3
CS 4102 Algorithms 3
CS CS elective® 3
APMA APMA elective? or APMA 3100 3
HSS/UE HSS or unrestricted elective?:3 3
HSS/UE HSS or unrestricted elective?® 3
Sixth semester 15
CS 3240 Advanced Software Develop. 3
CS CS elective® 3
APMA APMA elective* or APMA 3100 3
HSS/UE HSS or unrestricted elective?? 3
HSS/UE HSS or unrestricted elective®? 3
Seventh semester 15
STS 4500 Western Tech and Culture 3
CS CS elective® 3
CS CS elective® or CS 4970 3
CS 4414 Operating Systems 3
HSS/UE HSS or unrestricted elective?? 3
Eighth semester 15
STS 4600 Engineer in Society 3
CS CS elective® 3
CS 4971 or 4980 Capstone course 3
HSS/UE HSS or unrestricted elective?? 3
HSS/UE HSS or unrestricted elective?? 3
2.4 Miscellaneous Information

24.1 CS 2190 Specific Details

While students can take courses in any semester, there is an
issue to consider with CS 2190: this course should be taken in
the second year or (less preferably) the third year. If a student
reaches his/her fourth year without taking the course, then
s/he must take a 3 credit course in ethics and technology in
its place (even though CS 2190 is only 1 credit). This course
taken in place of CS 2190 does not count toward any other
requirement except to replace CS 2190.
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2.5 Course Requirements Flowchart

(Updated October 2013)

(one can place
out of 1110 via a
placement exam

Courses not listed:
CS 1010 cannot count;
CS 1120, 2220, & 4998

CS Elective

CS 111x, Intro
to Program'ing

or AP credit)
are BA CS courses
CS 2102, CS 2110, SW CS 2330, Dig
Discrete Math Dev Methods Logic Design
ring only \
CS 3102, CS 2150, Prog CS 2190, CS 3330,
Theory Comp & Data Rep CS Seminar Comp Arch
CS 4102, CS 3240, Adv CS 4414,
Algorithms SW Dev Tech Oper Sys
CS 3205, CS 4620, CS 4330, Adv
HCI Compilers Comp Arch
Y
All CS electives. CS 4444, CS 4457,
Unless otherwise specified in this Parallel Comp Networks
graph, the pre-req for all CS
electives is just CS 2150. You can v
always check the full course CS 4434, CS 4458,
descriptions for details. Note that Dependable Internet Eng.

5 CS electives are required. A CS

elective is any 3000-level or
4000-level class not otherwise
required for the major. CS 4993
can be used for at most 3 credits.
CS 4998 is in the BA program, and
does not count as an elective.

Special topics courses (CS 2501,
3501, and 4501) have content and
pre-regs that vary each semester

Note that ECE 4440 can also count as a CS elective, but its pre-req
is ECE 3430 (which does NOT count as a CS elective). These two courses
are in the Computer Engineering curriculum, and are not shown here.

Students must take one capstone course (CS 4971 or CS
4980) to fulfill the capstone requirement; note that CS 4970
(which counts as a CS elective) is a strict pre-req for CS 4971.



Chapter 3

Bachelor of Arts in Computer Science

Online: http://www.cs.virginia.edu/acad/ba/

3.1 Introduction

Computer Science is the study of information processes.
Computer scientists learn how to describe information pro-
cesses, how to reason about and predict properties of infor-
mation processes, and how to implement information pro-
cesses elegantly and efficiently in hardware and software.
The Computer Science major concentrates on developing the
deep understanding of computing and critical thinking skills
that will enable graduates to pursue a wide variety of pos-
sible fields and to become academic, cultural, and indus-
trial leaders in areas that integrate the arts and sciences with
computing. The Computer Science major is designed to pro-
vide students entering the University without previous back-
ground in computing with an opportunity to major in Com-
puter Science, while taking courses in arts, humanities, and
sciences to develop broad understanding of other areas and
their connections to computing. Computing connects closely
with a wide range of disciplines including, but not limited
to, the visual arts, music, life sciences including biology and
cognitive science, the physical sciences, linguistics, mathe-
matics, and the social sciences. The core curriculum focuses
on developing methods and tools for describing, implement-
ing, and analyzing information processes and for managing
complexity including abstraction, specification, and recur-
sion.

3.2 Application Process

The Department of Computer Science is experiencing
tremendous student interest in our degree programs. Our
goal is to accommodate as many BA in Computer Science
(BA CS) majors as possible. However, because of current
resources, the Department has had to institute a cap on the
number of students who can declare the BA CS major.
Requirements to declare the major: In order to apply for
the major, students must have taken one introductory com-
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puter science course (either CS 1110, CS 1111, or CS 1112, or
CS 1120) with a grade of C+ or better, and must be enrolled
in CS 2110 and CS 2102 (or must have already completed CS
2110 and CS 2102 with a grade of C+ or better). Students
are accepted into the major in the spring semester of their
second year upon review of their applications. This is a se-
lective process which takes into account the applicant’s GPA
and application essay, as well as other factors.

Application information: Applications must be com-
pleted in the spring semester (normally the student’s fourth
semester). Deadlines are posted in the Computer Science De-
partment office and on the departmental web site; the dead-
line will be on or about March 15. Due to prerequisite depen-
dencies, it is difficult for rising third year students who have
not completed CS 2110 and CS 2102 to complete the major
in the 4 remaining semesters; however, in exceptional cases,
students in that situation may apply for the major by petition
to the Chair.

Students apply to the Computer Science major by complet-
ing a form available on the departmental web sitg'| Students
list all CS courses taken or in progress and discuss any ca-
reer goals or aspirations, computing-related extra-curricular
activities, internships or experience. The essay invites stu-
dents to reflect on their intellectual objectives in wishing to
pursue the major and asks students to consider their career
goals and how the BA in CS advances those goals. Applica-
tions are read and evaluated by the core faculty in Computer
Science. All applicants will be notified of admission deci-
sions by April 1.

Second majors: College of Arts and Sciences students who
wish to declare the BA CS as a second major must follow the
same application process described here. Only College of
Arts and Sciences students are eligible to apply for the BA
CS degree as a second major.

Transfer students from outside the University: Students
transferring into the University from other institutions must
apply to the department to be allowed to declare the BA CS
major. Qualified applicants will be considered on a space-
available basis, given our target caps for each class year. Ap-

1http: //www.cs.virginia.edu/acad/declaring.html
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plications will be considered the summer before a transfer
student begins classes, and the application process will be
discussed during the summer orientation session. If an in-
coming transfer does not attend summer orientation, they
must meet with a CS advisor before classes begin to discuss
applying. Due to prerequisite dependencies, it is difficult
for rising third year students who have not completed CS
2110 and CS 2102 to complete the BA CS in the 4 remaining
semesters. It is important that students transferring to the
University as third years complete the equivalent of these
courses before coming to UVa. In exceptional cases, students
in this situation may apply for the major, but the ability to
complete the degree in a timely fashion is considered in de-
termining if you are accepted into the degree program.

3.3 Curriculum

Before declaring the computer science major, all students
should have taken one introductory computer science course
(either CS 1110, CS 1111, or CS 1112; CS 1120 is also allowed
if the student has Java experience) with a grade of C+ or bet-
ter, or have comparable experience. Students may be permit-
ted to declare the major while they are currently taking the
introductory course.

The major requires the College Competency and Area Re-
quirementg’|as well as at least 27 credits in Computer Science
courses and 12 credits in Integration Electives.

3.3.1 Required Core Courses

The following courses are required for all BA CS majors. Full
descriptions can be found in the Course Descriptions section

(section[7.3} page 29).

CS 2110, Software Development Methods
CS 2102, Discrete Math

CS 2150, Program and Data Representation
CS 3330, Computer Architecture

CS 4102, Algorithms

Note that any CS1 class, either CS 111x, Introduction to
Programming, or CS 1120, Introduction to Computing: Lan-
guage, Logic, and Machines, is required to enroll in CS 2110.

3.3.2 CS Electives

Four computing intensive electives are to be selected from a
list of approved courses. The list of approved courses will
initially comprise current Computer Science courses at 3000-
level or above as well as CS 2330. Additional courses that
may be jointly offered by CLAS and CS departments will be

2http: //artsandsciences.virginia.edu/college/requirements/
index.html
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added to the list of approved computing electives based on
approval by the BA committee.

There are a few restrictions on which upper-level CS
courses can count as a CS elective:

e CS 4971 (Capstone Practicum II) does not count as a CS
elective, as it is part of the BS CS capstone requirement.
Note that its prerequisite (CS 4970, Capstone Practicum
I) does count as a CS elective.

e CS 4980 (Capstone Research) does not count as a CS
elective, as it is part of the BS CS capstone requirement.

e CS 4993 (Independent Study) credits can only count for
at most 1 CS elective (i.e., 3 credits).

o CS 4998 (Distinguished BA Majors Research) is a
separate requirement for the DMP (see section [3.4.1}
page[14), and thus does not count as a CS elective.

3.3.3 Integration Electives

Four courses selected with the approval of the student’s ad-
visor from the list of computing-related courses approved
by the BA CS committee. These courses are offered by de-
partments other than Computer Science, and should either
provide fundamental computing depth and background or
explore applications of computing to arts and sciences fields.

This is a list of the courses that are generally approved as
integration electives. This list is not meant to be exhaustive:
if you find a course that is not on the list that appears to sat-
isfy the goals of an integration elective, discuss with your
advisor or the BA Program Director if it should count as an
integration elective for you.

Some of these courses are not offered regularly, and some
courses may have prerequisites. The list of integration elec-
tives may change slightly from year to year. You can always
check the current list of integration electives on SIS. The list
below is according to SIS as of September 2013.

Anthropology

ANTH 2430:
ANTH 3480:
ANTH 3490:
ANTH 5401:
ANTH 5410:
ANTH 5420:
ANTH 5440:

Languages of the World
Language and Prehistory
Language and Thought
Linguistic Field Methods
Phonology

Theories of Language
Morphology

Architecture

ARCH 3450:
ARCH 5420:
ARCH 5450:
ARCH 5470:
ARCH 5710:

Digital Moviemaking & Animation
Digital Animation & Storytelling
Digital Moviemaking & Animation
Information Space

Photography and Digital Media
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e ARCH 6410: Advanced CAAD 3D Modeling & Visual- .
ization .
(]

Studio Art
ARTS 2220: Introduction to New Media I

DRAM 3210: Scene Design I
DRAM 4110: Lighting Design
DRAM 4410: Acting III

Electrical Engineering

[ )

e ARTS 2222: Introduction to New Media II e ECE 2066: Science of Information

e ARTS 3222: Intermediate New Media II

e ARTS 4220: Advanced New Media I Economics

e ARTS 4222: Advanced New Media II
e ECON 4010: Game Theory

Biochemistry e ECON 4020: Auction Theory and Practice

e ECON 4720: Econometric Methods

e BIOC 5080: Computer Analysis of DNA & Protein e ECON 4880: Seminar in Policy Analysis

Biology

BIOL 3170:
BIOL 3240:
BIOL 4010:
BIOL 4020:
BIOL 4030:
BIOL 4050:
BIOL 4080:
BIOL 4130
ogy

BIOL 4160:
BIOL 4170:
BIOL 4250:

Introduction to Neurobiology
Introduction to Immunology
Macroevolution

Ecol & Evolutionary Genetics
Evolutionary Biology Lab
Developmental Biology

Neuronal Organization of Behavior
Population Ecology and Conservation Biol- .

Functional Genomics Lab
Cellular Neurobiology
Human Genetics

BIOL 4480: Complex Macromolecules J
BIOL 5080: Developmental Mechanisms

BIOL 5370: Epidemiology and Evolution of Infections
Disease

Biomedical Engineering

BME 3310: Biomedical Systems Analysis & Design
BME 3315: Computational BME

BME 3636: Neural Network Models

BME 4783: Medical Imaging Modalities

BME 4784: Medical Image Analysis °

Chemistry
o CHEM 4411: Biological Chemistry Lab I .

Drama

DRAM 2110: Lighting Technology
DRAM 2110: Lighting Technology
DRAM 2210: Scenic Technology
DRAM 2240: Digital Design:
imagining

DRAM 2620: Sound Design

e DRAM 2630: Production Laboratory: Sound

Re-making and Re-
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Environmental Science

EVSC 3020: GIS Methods

EVSC 4010: Introduction to Remote Sensing

EVSC 4040: Climate Change: Science, Markets & Policy
EVSC 4070: Advanced GIS

EVSC 5020: GIS Methods

EVSC 5030: Applied Statistics for Environmental Scien-
tists

EVSC 5110: Systems Analysis in Environmental Sci-
ences

United States History

HIUS 3162: Digitizing America

Linguistics

LING 3400: Structure of English
LING 5010: Synchronic Linguistics
LING 5060: Syntax and Semantics
LING 5070: Syntactic Theory

General Linguistics

LNGS 3250: Intro to Linguistic Theory

Mathematics

MATH 1160: Algebra, Number Systems, and Number
Theory

MATH 3000:
MATH 3100:
MATH 3120:
MATH 3351:
MATH 3354:
MATH 4080:
MATH 4300:
MATH 4452:
MATH 4750:

Transition to Higher Math

Intro Mathematical Probability
Intro Mathematical Statistics
Elementary Linear Algebra
Survey of Algebra

Operations Research
Elementary Numerical Analysis
Algebraic Coding Theory
Introduction to Knot Theory
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e MATH 5110: Intro to Stochastic Processes
e MATH 5651: Advanced Linear Algebra
e MATH 5653: Number Theory

Media Studies

MDST 2010: Introduction to Digital Media
MDST 3050: History of Media

MDST 3702: Computers and Languages
MDST 3703: Digital Liberal Arts

MDST 4700: Theory of New Media

Music

e MUSI 2350: Technosonics: Digital Music & Sound Art
Composition

MUSI 3390: Intro to Music & Computers

MUSI 4535: Interactive Media

MUSI 4540: Computer Sound Generation

MUSI 4543: Sound Studio

MUSI 4545: Computer Applications in Music

MUSI 7350: Interactive Media

Neruscience

e NESC 5330: Neural Network Models

Philosophy

PHIL 1410: Forms of Reasoning

PHIL 2330: Computers, Minds and Brains
PHIL 2420: Introduction to Symbolic Logic
PHIL 5420: Advanced Logic

PHIL 5450: Language and Logic

Physics

e PHYS 2660: Fundamentals Scientific Computing
e PHYS 5630: Computational Physics I
e PHYS 5640: Computational Physics 11

Psychology

PSYC 2150: Introduction to Cognition

PSYC 2200: Survey of the Neural Basis of Behavior
PSYC 2300: Introduction to Perception

PSYC 4110: Psycholinguistics

PSYC 4111: Language Development & Disorders
PSYC 4125: Psychology of Language

PSYC 4150: Cognitive Processes

PSYC 4200: Neural Mechanisms of Behavior
PSYC 4290: Memory Distortions

PSYC 4300: Theories of Perception

PSYC 4330: Topics in Child Development

PSYC 4500: Special Topics: Psychology

e PSYC 5150: Advanced Cognition

e PSYC 5210: Developmental Psychobiology

e PSYC 5260: Brain Systems Involved in Learning and
Memory

Statistics

STAT 2120: Intro to Statistical Analysis
STAT 3010: Statist Computing & Graphics
STAT 5000: Intro to Applied Statistics
STAT 5330: Data Mining

Using other courses. If a student would like to use a course
not on the above list as an integration elective, they should
first contact their academic advisor. Their advisor can work
with the student to come up with a good argument as to why
the course should qualify, and once the advisor approves it,
send it to the BA CS Director at bacsdirector@cs.virginia.edu.
Alternatively, if the advisor prefers, s/he can just send the
student to BA CS director to get approval for a requirement
exception. This will require a SIS exception to be entered for
the student; see section (page 28) for the manual SIS
exception process.

3.4 Miscellaneous Information

3.4.1 Distinguished Majors Program

BA CS majors who have completed 18 credit hours toward
their major and who have a cumulative GPA of 3.4 or bet-
ter may apply to the Distinguished Majors Program. Stu-
dents who are accepted must complete a thesis based on two
semesters of empirical or theoretical research. The Distin-
guished Majors Program features opportunities for students
and advisors to collaborate on creative research; it is not a
lock-step thesis program with strict content requirements.
Upon successful completion of the program, students will
likely be recommended for a baccalaureate award of Distinc-
tion, High Distinction, or Highest Distinction.

Students applying to the DMP must have a minimum cu-
mulative GPA of 3.4 and have completed 18 credit hours
toward their Computer Science major by the end of the
semester in which they apply. These 18 credit hours can
can come from any course used to fulfill the core course re-

quirement (section page[12), CS electives (section

page[12), or the integration electives (section page|(12).
Exceptions to the 18 credit hours rule may be granted at the

discretion of the Distinguished Majors Program Director.

In addition to the normal requirements for the computer
science major, they must register for two semesters of super-
vised research (CS 4998 for 3 credits each semester). Students
may apply to the DMP before completing this supervised re-
search, but students must complete the supervised research

14
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Course Requirements Flowchart

to complete the DMP. Based on their independent research,
students must complete, to the satisfaction of their advisor
and the Distinguished Major Program Director, a project at
least one month prior to graduation.

Please note: The CS 4998 DMP credits do not apply to-
ward the credit hours required for the major. That is, they
cannot be used to fulfill any requirement listed on the BA CS
curriculum.

For more information on the DMP, see on-
lineﬂ You may also contact the BA CS director at
bacsdirector@cs.virginia.edu, who is in charge of the
BA DMP program.

3.4.2 Double majors in CLAS

From the CLAS web site on majorﬁ regarding double ma-
jors:

You may major in two subjects, in which case the
application for a degree must be approved by both
departments or interdepartmental programs. Stu-
dents who double major must submit at least 18
credits in each major; these credits may not be du-
plicated in the other major. There is no triple major.

However, you should be aware of the application process
described in section 3.2] (page|[T1).
3.5 Course Requirements Flowchart

See figure[3.5/on page 16} Note that CS 2102 requires either
CS 111x or CS 1120 as a prerequisite.

3http: //www.cs.virginia.edu/acad/ba/distinguished-major.html
4http: //college.artsandsciences.virginia.edu/majortypes
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Course Requirements Flowchart

(Updated October 2013)

(one can place
out of 1110 via a
placement exam

CS 111x, Intro
to Program'ing

CS 1120, Intro
to Computing

CS Elective

or AP credit)
Mrses not listed:
CS 2102 CS 2110, SW CS 1010 cannot Integration
! ! count; CS 2190 is Electives

Dev Methods

Discrete Math

a BS CS course

(4 required)

CS 3102, CS 2150, Prog CS 2330, Dig CS 3330,
Theory Comp & Data Rep Logic Design Comp Arch
CS 4102, CS 3240, Adv CS 4414,
Algorithms SW Dev Tech Oper Sys
CS 3205, CS 4620, CS 4434,
HCI Compilers Dependable
Y
All CS electives. CS 4444, CS 4457,
Unless otherwise specified in this Parallel Comp Networks
graph, the pre-req for all CS N
electives is just CS 2150. You can CS 4458,
always check the full course
Internet Eng.

descriptions for details. Note that
4 CS electives are required. A CS
elective is any 3000-level or
4000-level class not otherwise
required. In addition, CS 2330
counts as a CS elective. CS 4493
can be used for at most 3 credits.

Special topics courses (CS 2501,
3501, and 4501) have content and
pre-reqs that vary each semester

CS 4998, Distinguished BA Majors Research, is also in the BA program
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Chapter 4

Bachelor of Science in Computer Engineering

Online: http://www.cpe.virginia.edu/ugrads/

4.1 Introduction

Computer Engineering is an exciting field that spans top-
ics across electrical engineering and computer science. Stu-
dents learn and practice the design and analysis of computer
systems, including both hardware and software aspects and
their integration. Careers in Computer Engineering (CpE)
are as wide and varied as computer systems themselves,
which range from embedded computer systems found in
consumer products or medical devices, to control systems
for automobiles, aircraft, and trains, to more wide-ranging
applications in entertainment, telecommunications, financial
transactions, and information systems.

4.1.1 Program Objectives

Graduates of the Computer Engineering program at the Uni-
versity of Virginia utilize their academic preparation to be-
come successful practitioners and innovators in computer
engineering and other fields. They analyze, design and im-
plement creative solutions to problems with computer hard-
ware, software, systems and applications. They contribute
effectively as team members, communicate clearly and inter-
act responsibly with colleagues, clients, employers and soci-
ety.

Faculty from the Computer Science and Electrical & Com-
puter Engineering departments jointly administer the CpE
undergraduate degree program at the University of Virginia.

The Computer Engineering program does not offer a mi-
nor.

4.2 Application Process

The application process for the Computer Engineering de-
gree are the exact same as with the BS Computer Science de-
gree (section 2.2} pagep), and thus it is not repeated here.

Computer Systems

CS 2150: Program and Data Representation

CS 3430 Introduction to Embedded Computer Systems
CS 4414: Operating Systems

ECE 4435: Computer Architecture & Design

ECE 4436: Embedded Systems Design

CS/ECE 4457: Computer Networks

4.3.1 Grade Requirement

To complete their program of study, computer engineering
majors must achieve a C average or better in their Computer
Science and Electrical Engineering courses.

4.3.2 Sample BS CpE Course Schedule

Below is the recommended course of study for the bachelor’s
degree. If one has already completed some of these classes
(through AP credit, for example), then your course of study
would deviate from what is shown below — consult your aca-
demic advisor for details.

First semester 15
APMA 1110 Single Variable Calculus 4
CHEM 1610/1611 Chemistry for Engineers & Lab 4
ENGR 1620 Introduction to Engineering 3
ENGR 1621 Intro. to Engineering Lab 1
STS 1500 Engineering, Tech. & Society 3
Second semester 17
APMA 2120 Multivariate Calculus 4
PHYS 1425/1429  Physics I & Lab 4
CS 1110 Intro to Computer Science 3
SCI Science elective? 3
HSS HSS elective! 3
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Third semester 16
APMA 2130 Ordinary Differential Eq. 4
CS 2110 Software Develop. Methods 3
CS 2102 Discrete Mathematics 3
ECE 2630 Introductory Circuit Analysis 3
HSS HSS elective! 3
Fourth semester 16
CS 2150 Prog. & Data Representation 3
CS/ECE 2330 Digital Logic Design 3
ECE 2660 Electronics I 4
UE Unrestricted elective® 3
STS 2xxx/3xxx elective 3
Fifth semester 16
ECE 3430 Intro to Embed. Systems (see 3
b
ECE 3750 Signals & Systems 3
CS/ECE CS/ECE elective * 3
PHYS 2415/2419 General Physics II & Lab 4
UE Unrestricted elective? 3
Sixth semester 16.5
APMA 3100 Probability 3
ECE 4435 Computer Arch. & Design 4.5
CS 3240 Advanced Software Develop. 3
CS/ECE CS/ECE elective 4 3
HSS HSS elective? 3
Seventh semester 16.5
ECE 4440 Embedded Systems Design 4.5
CS/ECE 4457 Computer Networks 3
CS/ECE CS/ECE elective 4 3
UE Unrestricted elective? 3
STS 4500 Western Tech and Culture 3
Eighth semester 15
CS4414 Operating Systems 3
CS/ECE CS/ECE elective 4 3
UE Unrestricted elective? 3
UE Unrestricted elective® 3
STS 4600 Engineer in Society 3
Footnotes:

1. Chosen from the approved list available in A122 Thorn-
ton Hall.

2. Chosen from: among BIOL 2010, BIOL 2020, CHEM
1620, ECE 2066, ENGR 2500, MSE 2090, and PHYS 2620.

3. Unrestricted electives may be chosen from any graded
course in the University except mathematics courses be-
low MATH 1310 including STAT 1100 and 1120, and
courses that substantially duplicate any others offered

for the degree, including PHYS 2010, 2020; CS 1010,
18

1020; or any introductory programming course. Stu-
dents in doubt as to what is acceptable to satisfy a de-
gree requirement should get the approval of their ad-
visor and the dean’s office, located in Thornton Hall,
Room A122. APMA 1090 counts as a three-credit un-
restricted elective.

4. Chosen from CS/ECE course at the 3000 level or higher.
Two CS/ ECE electives must be 4000 level or above.

4.3.3 Embedded Systems Course Requirement

In the spring semester of 2013, the curriculum was modified
to require ECE 3430 (Introduction to Embedded Computing
Systems) instead of CS 3330 (Computer Architecture); CS
3330 is no longer required. In addition, ECE 4435 (Computer
Architecture & Design) was restructured to include many of
the topics in CS 3330, and thus both courses cannot be taken
for credit.

Any CS courses that require CS 3330 as a prerequisite, ECE
4435 is also allowed. The one exception is CS/ECE 4457
(Computer Networks), which allows either CS 3330 or ECE
3430 as prerequisites (i.e., not CS 4435).

4.4 Miscellaneous Information

There are three CS capstone courses: CS 4970 (Capstone
Practicum I), CS 4971 (Capstone Practicum II), and CS 4980
(Capstone Research). Only the first one (CS 4970) counts as a
CS/ECE elective for the Computer Engineering degree; the
other two can only count as an unrestricted elective.

Please refer to the Undergraduate Recor for detailed in-
formation about SEAS Academic Rules and Regulations in-
cluding HSS electives. In addition, guidelines such as course
load, academic probation and academic suspension can also
be found in the Record.

4.4.1 Double BS CS & BS CpE majors

Due to substantial overlap with CS 3330 (Computer Archi-
tecture), ECE 4435 (Computer Architecture & Design) can
NOT count as a CS elective. However, double majors may
have ECE 4435 count as their CS 3330 requirement, although
this will require a manual SIS exception to do so; see sec-
tion [7.2.8] (page[28) for the SIS exception process.

ECE 4440 (Embedded Systems Design) can count as a CS
elective, but this also requires a SIS exception to be entered —
see section (page[28) and section (page28) for de-
tails. Note that even though ECE 4440 is a 4.5 credit course,
it can only count as one CS elective (i.e., only 3 credits).

The BS CpE web siteﬂ has a sample course schedule for
double majors.

1http: //records.ureg.virginia.edu/
2http: //www.cpe.virginia.edu/ugrads/
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4.5 Course Requirements Flowchart

(Updated October 2013)
Fall only Req ut red Leg end : (one can place
ECE 2630, Courses outof 1110via |5 111, Intro
. . a placement ,
Circuits | CS/ECE Elective exam or AP |to Program'ing
credit)
Fall only \Spring only /

ECE 3750, ECE 2660, CS/ECE 2330, CS 2110, SW CS 2102,
Signals & Sys Electronics | Dig Logic Des Dev Methods Discrete Math
Courses not listed: N/ \J
CS 1010 cannot count; ECE 3430, CS 2150, Prog
CS 1120, 2220, & 4998 Emb Sys & Data Rep

are BA CS courses

L

CS/ECE 4457, ECE 4440, ECE 4435,
Emb Sys Des Comp Arch&D

Networks
CS 4414, CS 3240, Adv
Oper Sys SW Dev Tech
ECE
. Fall only CS EI t
EleCt|VeS ECE 2630, CS 2102, CS 2110, SW ectives
(& pre-reqs) Circuits | Discrete Math Dev Methods (& pre-reqs)
Fall only Spring¢ only
S.ECE|37&52' ( Efc'zt 26§O'I CS 2150, Prog ECE 4435, ECE 3430,
'gnais ys ectronics & Data Rep Comp Arch&D Intro Embed.
ECE 3760, ECE 4850, Lin o240, Aoy €5 3205
Sig & Sys |l Ctrl Systems
N7
v 7 CS 3102, CS 4620, CS 4434,
ECE 4710, ECE 4860, Theory Comp Compilers Dependable
Communicat. Dig Ctrl Sys A
* \ CS 4102, CS 4444, CS/ECE 4457,
ECE 4784, ECE 3660, Algorithms Parallel Comp Networks
Wireless Com Electronics Il v
\ 4 All CS electives. CS 4458,
ECE 3103, Solid State Unless otherwise specified in this Internet Eng.
ECE 3209, E-mag Fields graph, the pre-req for all CS
ECE 3250, EM Energy Conv electives is just CS 2150. You can Special topics
ECE 4332, Intro to VLSI always check the full course
) - o h courses (CS 2501
ECE 4641, Bioelectricity descriptions for details. Note that 3501, and 4501)
4 CS or ECE electives are required, hav’e content
two of which must be 4000-level and pre-regs
or higher. An_ elect|vg is any class that vary each
not otherwise required for the semester
major. CS 4993 may be taken for
at most 3 credits. CS 4998 is in the
BA program and does not count.
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Chapter 5

Minor in Computer Science

Online: http://www.cs.virginia.edu/acad/cs_|
minor.html

5.1 Introduction

The Department of Computer Science provides a minor pro-
gram for qualified students. The courses in the minor pro-
gram provide a solid foundation in computer science. The
minor program is a six course, eighteen credit curriculum.
The curriculum consists of the four required courses and two
elective courses. Full course descriptions are at the end of

this document in section[7.3| (page 29).

5.2 Application Process

The department can only allow a limited number of SEAS
students to declare a minor in Computer Science due to a
rapidly growing demand for computing courses. Unfortu-
nately, at this time the University is only able to accept SEAS
students as CS minors. This situation will be re-evaluated be-
fore each year’s application deadline, and if a change is made
the CS minor page'|will be updated to reflect the change. The
CS department continues to work with the University to ob-
tain resources that will allow more students to declare the
Computer Science minor.

Students wishing to declare the minor normally apply in
the spring of their first or second year. Applications from
third and fourth year students will be considered only if
there are still available spaces that were not taken earlier.
The normal deadline is March 1. The application form can
be found onlineﬂ All applicants will be notified if they have
been accepted as a CS minor by April 1.

BS in Computer Engineering majors: When the CpE pro-
gram was created, it was decided by the two departments
that CpE students could not declare the minor in CS. Because
the CpE combines CS and EE, graduates with this degree will
automatically have the equivalent of the minor in CS.

lhttp: //www.cs.virginia.edu/acad/cs_minor.html
2http: //www.cs.virginia.edu/~horton/cs-minor-apply
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5.3 Curriculum

All SEAS (School of Engineering and Applied Science) stu-
dents are required to take (or place out of) CS 1110, as part of
the SEAS first-year curriculum. This course is also the first
required course for the minor.

The following are the first four courses required for the
minor.

e CS1110, CS 1111, or CS 1112: Introduction to Computer
Science

e CS 2110: Software Development Methods

e CS 2102: Discrete Mathematics

e (CS2150: Program and Data Representation

Note that CS 1120 (From Ada and Euclid to Quantum
Computing and the World Wide Web) can replace the CS
111x requirement. However, all SEAS students are required
to take a CS 111x course regardless, so courses, so taking CS
1120 would not help at all.

Note that if you place out of CS 1110 via the placement
exam, you still have to take 6 CS courses; if you receive
course credit for it via the AP exam or transfer credit, then
you need not substitute a course in its place.

Furthermore, two additional computer science electives
are required. The elective courses must be computer science
courses at the 3000 level or above. The only restriction on
elective courses is a limit to how many independent study
courses one can count toward a minor — contact the minor
advisor for details at minoradvisor@cs.virginia.edu.

Computer science courses typically build upon each other.
In particular, CS 1110 is a prerequisite of both CS 2110 and
CS 2102. CS 2110 and CS 2102 are both prerequisites of CS
2150. In addition, CS 2150 is a prerequisite for almost all
of the computer science electives. The Department of Com-
puter Science also requires that its courses be passed at a cer-
tain level (typically a C- or higher) in order to take succes-
sive courses. Be aware that the department strictly enforces
its prerequisite policy.


http://www.cs.virginia.edu/acad/cs_minor.html
http://www.cs.virginia.edu/acad/cs_minor.html
http://www.cs.virginia.edu/acad/cs_minor.html
http://www.cs.virginia.edu/~horton/cs-minor-apply

Curriculum CS MINOR
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Chapter 6

Master’s in Computer Science

Online: http://www.cs.virginia.edu/acad/
graduate_program/

6.1 Introduction

There are multiple ways that one can pursue a graduate de-
gree. Typically, undergraduates are interested in completing
a Master’s program in 5 years, 1 year beyond that for a Bach-
elors.

The department maintains graduate program information
onlinﬂ that web site contains more complete information
than this chapter. This section pertains solely to obtaining a
Master’s in 5 years. This type of Masters degree is the “ter-
minal” Masters degree discussed in the graduate handbook;
the other type of Masters degree (what one can earn while
working towards a Ph.D.) is not discussed here.

Students are often better served going to a different school
for graduate work. Every school has biases and ways of do-
ing things, and if one spends all of their academic career at
one institution, then they don’t see any other way. This is es-
pecially true for Ph.D. degrees, but also important (although
less so) for Master’s.

Students that are aiming for a 5-year Master’s must still
follow the same rules and guidelines for all Computer Sci-
ence and SEAS graduate students. These rules and guide-
lines can be found in the graduate handbook (see above), and
online?]

We would like to stress again that this chapter focuses
solely on earning a Master’s degree in 5 years, where the
Bachelors also was earned at UVa.

6.1.1 When to Apply

Although you are earning both degrees in 5 years, there
is still will be a formal switch between undergraduate and
graduate student status. Also see the graduate applications

web pageﬂ

]http://www.cs.virginia.edu/acad/graduate_program/

2http://www.seas.virginia.edu/admissions/graduate.php
3http://www.seas.virginia.edu/admissions/graduate.php
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A student applies to the UVa graduate program in CS like
anybody else, but mentions in the application packet (specif-
ically, in the statement of purpose) that they are going for a
terminal 5-year Master’s. Here, ‘terminal’ means that you
are not pursuing a degree beyond that (i.e.,, a Ph.D.).

Note that in the application process, you are NOT consid-
ered a transfer student, even if you already have taken some
graduate courses at UVa.

The easiest time to apply is in the fall of your 4th year
(i.e. during your 7th semester). This would allow one to fin-
ish up 8 full semesters as an undergraduate, and have 2 full
semesters (plus summers, potentially) as a graduate student.

Often students will use the summer (either before or af-
ter their 5th year) to complete some Master’s requirements.
Note that it is very possible to complete a Master’s in 1 year,
but it will be a heavy work load if classes are not taken dur-
ing the summers. Check the course availability to see what
courses, if any, are being offered.

One can certainly take more than 5 years to complete the
Master’s — you are paying tuition, after all — but typically
students aim to complete their Master’s after 5 full years.

However, nothing requires that you apply at that time.
You can apply in the spring of your 3rd year (i.e. 6th
semester) or even earlier. Should one decide to apply then
(6th semester), they may graduate early in 3.5 years (i.e. 7
semesters) — thus, they graduate 1 semester early from un-
dergraduate, then enroll in their 8th semester as a Master’s
student.

The benefit of applying a semester early is that one can
have an additional semester to work on graduate courses.
This must be balanced with the concern of completing their
undergraduate degree in 7 semesters.

Note that if you are a SEAS student and are graduating
one semester early, you must still write a senior thesis, and
take STS 4500 and STS 4600.

One can apply earlier as well, such as in the fall of one’s
3rd year (i.e. in your 5th semester). This would mean that
one would complete the undergraduate degree in 3 years
(following the same time line as completion of the under-
graduate degree in 8 semesters, but accelerated by 1 year),


http://www.cs.virginia.edu/acad/graduate_program/
http://www.cs.virginia.edu/acad/graduate_program/
http://www.cs.virginia.edu/acad/graduate_program/
http://www.seas.virginia.edu/admissions/graduate.php
http://www.seas.virginia.edu/admissions/graduate.php
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and complete the Master’s in their 4th year.

6.1.2 Degrees Offered

The Department of Computer Science offers two different
Master’s degrees. The first is a Master’s of Computer Science
(MCS), and the second is a Master’s of Science in Computer
Science (MS). Both may be obtained in 5 years, although
most students will opt for the MCS.

From the perspective of employers, the two degrees are,
for the most part, equivalent. The primary difference is that
a MS requires a full Master’s thesis, with a complete fac-
ulty committee that looks for a significant amount of work
to have been accomplished. A MS requires a 3-credit project,
and that is judged only by the student’s advisor. A faculty
committee looking at a MS thesis will look for significantly
more work than what is required for an MCS project. As a
result, a MCS is an easier degree to earn.

Students tend to complete the MCS instead of the MS, as
the MS requires a significant thesis, and the MCS requires a
project that is smaller in scope.

6.2 Curriculum

The full curriculum for a Master’s degree is listed in the
graduate handbookﬁ This section is only intended as a sum-
mary.

A Master’s curriculum generally consists of 30 credits (i.e.
10 courses) in computer science. One or two of these courses
will be the MCS project course or the MS thesis course(s).

Any course that counts toward the graduation require-
ments for your undergraduate degree may NOT count to-
ward the graduation requirements for your Master’s — even
if it is as an unrestricted elective. Thus, if you want to take
graduate class(es) as an undergraduate, and you want it to
count toward your Master’s graduation requirements, you
must ensure that you take enough classes so that you could
have graduated without those graduate class(es). Thus, one
must carefully work out which courses will count for which
degree.

Master’s students do not need to take (or pass) the qualifi-
cation exams, as those are required for the Ph.D. degree only.
If you decide to later transfer into the Ph.D. degree, then you
will need to take (or have taken) the qualification exams.

6.3 Miscellaneous Information

Generally, Master’s students are not funded. Thus, students
will pay tuition (and room /board, as appropriate). The costs

4htt}o: //www.cs.virginia.edu/acad/graduate_program/
grad—handbook.pdf

are analogous to undergraduate rates: lower for in-state res-
idents, and higher for out-of-state residents.

The “easiest” —and most typical — path to a 5-year Master’s
is to apply in 7th semester, and already have some graduate
classes that are NOT counting toward your undergraduate
degree. You will have had to have talked to your undergrad-
uate advisor about who you are going to work with for your
Master’s. You would then complete the degree in 1 full ad-
ditional year (summer, fall, and spring), aiming for a May
graduation date.
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Chapter 7

Common Information

Online: http://www.cs.virginia.edu/acad/

7.1 Major Focal Paths

A focal path is a selection of courses that a student can take to
fulfill the various elective requirements, which are described
in detail in the sections on elective information for the vari-
ous majors. They do not change any of the requirements, and
students are not required to follow a focal path. They are in-
cluded simply to give prospective majors an idea about var-
ious classes that they can take to fulfill an interest that they
may have in computing. Not all focal paths have classes to
fulfill each elective requirement. And some will have more
classes than are needed for the given requirement.

In an effort to keep down the space for each listing, the
reason for each class is not listed — if interested, speak to a
CS faculty member in that particular area. Also, as BA CS
students may be interested in these focal paths, a line listing
the BA CS requirements is also shown below.

There are a number of other areas for which focal paths
are being developed, and we expect to include them in fu-
ture editions of this handbook. Those areas are: Systems,
Parallel & Distributed Computing, Graphics, Languages &
Compilers, Software Engineering, Hardware, and Security
& Privacy.

711 Game Design

e Science elective (1): N/A

e HSS electives (5): anything relating to asset develop-

ment (sound, images, video, etc.)

Unrestricted elective (5): digital art classes, such as

ARTS 2220, 2222, 3220, 3222, 4220, and 4222; sound

design courses, such as DRAM 2620 and DRAM 3640;

modeling classes such as ARCH 3410. Also consider ad-

ditional CS electives.

o APMA electives (2): linear algebra (APMA 3080)

e CS electives (5): game development courses (offered
as special topics courses, CS 4501); graphics (CS 4810),
artificial intelligence (CS 4710), networks (CS 4457),
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databases (CS 4750), parallel computing (CS 4444)

e STS 2xxx/3xxx elective (1): N/A

¢ Notes: You will need a lot of C++ experience upon grad-
uation

7.1.2 Theory

e Science elective (1): ECE 2066 (Science of Information)

e HSS electives (5): mathematical economics (ECON

3090), psycho-linguistics (PSYC 4110)

Unrestricted electives (5): game theory (ECON 4010),

various math courses (MATH 4452, MATH 5700, STAT

3010)

e Unrestricted elective (1): N/A

e APMA electives (2): linear algebra (APMA 3080)

e CS electives (5): programming languages (CS 4610), ar-
tificial intelligence (CS 4710), cryptography (offered as
special topics courses, CS 4501)

e STS 2xxx/3xxx elective (1): N/A

e Notes: BA students need to take CS 3102 which is critical
for a theory focal path, but is not (at this time) a required
course for the BA

7.1.3 Networks (including wireless networks)

e Science elective (1): ECE 2066 (Science of Information)

e HSS (5): N/A

e Unrestricted electives (5): ECE 2630 (Circuits), ECE 3750
(Signals), ECE 4710 (Communications), ECE 4209 (Wire-
less Systems), ECE 4785 (Optical Communications)

o APMA electives (2): APMA 3120 (Statistics)

e CS electives (5): CS 4457 (Networks), CS 4458 (Inter-
net Networks), all wireless sensor networks courses of-
fered as special topics, CS 4753 (Electronic Commerce),
CS 4720 (Web and Mobile Systems), CS 4444 (Parallel
Computing)

e STS 2xxx/3xxx elective (1): N/A

e Notes: The wireless networking class is often offered as
a graduate class (called wireless sensor networks) and
can be added with instructor permission.
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7.1.4 Web Technologies

e Science elective (1): ECE 2066 (Science of Information)

e HSS (5): Digital art classes, ECON 2010 (Micro Eco-
nomics), ECON 2020 (Macro Economics), PSYC 1010
(Intro to Psychology)

e Unrestricted electives (5): STS 4110 (Business of New
Product Development)

o APMA electives (2): N/A

e CS electives (5): CS 4753 (Electronic Commerce), CS
4457 (Networks), CS 4720 (Web and Mobile Systems),
CS 4750 (Database Systems), CS 4240 (Software Design)

o STS 2xxx/3xxx elective (1): STS 2160 (Intellectual Prop-
erty)

e Notes: There are a number of IT classes that are relevant,
including courses in web design, technology, and mar-
keting. However, these are not allowed as unrestricted
electives per SEAS policy.

7.1.5 Software Engineering

e Science elective (1): Science of Information (ECE 2066)

e HSS electives (5): See note below regarding the Engi-

neering Business Minor.

Unrestricted elective (5): See note below regarding the

Engineering Business Minor.

APMA electives (2): any choices are suitable

CS electives (5): Principles of Software Design (CS 4240)

and HCI in Software Development (CS 3205) have a

strong software engineering focus. Other courses that

include significant development projects would be ap-

propriate, such as Databases (CS 4750), Web and Mo-

bile Systems (CS 4720), and Computer Game Design (CS

4730).

e STS 2xxx/3xxx elective (1): Any offerings related to
technology in society or ethics would be appropriate

o Capstone sequence: the Practicum Capstone track

e Notes: If special topics courses were offered in soft-
ware testing, software quality, or formal methods, these
would be good choices for this focal path. Also, the En-
gineering Business Minor would be a good addition for
this focus. Finally, experience within a software com-
pany through a summer internship will increase your
understanding of this area.

7.2 Frequently Asked Questions

7.2.1 What computer science student groups ex-
ist?

There are five computer science student groups at UVa.

The Association for Computing Machinery Chapter at
the University of Virginia is a student chapter of the national
parent Association for Computing Machinery. The Chapter

is a Contracted Independent Organization (CIO) at the Uni-
versity of Virginia, and serves students, faculty, and staff of
the University. Numerous events are held each year, includ-
ing technical talks, workshops, social events, hack-a-thons,
etc. Any student at UVa may become a member of the chap-
ter. Also see their web sitell

The Programming Contest Teams at UVa participates in
the International Collegiate Programming Contest (ICPC) -
there is a regional contest in the fall, and potentially the
World Finals in the late spring. UVa has had great success re-
cently with earning a World Finals berth. The same group of
students also host UVa’s High School Programming Contest
in the spring, which is the largest such contest in the mid-
Atlantic region. More information about the programming
contest teams can be found online?]

ACM-W is the ACM committee on Women in Computing.
It celebrates, informs and supports women in computing,
and works with the ACM-W community of computer sci-
entists, educators, employers and policy makers to improve
working and learning environments for women. Also see
their web sitef]

The Student Game Developers seeks to bring together
students who are interested in learning and experiencing the
art of computer game development. They have resources
available for programmers as well as non-programmers,
weekly informative meetings, and many industry contacts
for lectures, resume building, and networking. Also see their
web sitel’]

PARFAIT is a student-run club focused on mobile applica-
tion development. It provides a way for student developers
to meet and create project teams so that they can improve
their mobile development skills, develop a portfolio of apps,
and provide the University with a much needed mobile de-
velopment resource. Find out more using the ”contact own-
ers” link at the parfait mailing list pagﬁﬂ

7.2.2 What is ICPC, the International Collegiate
Programming Contest, and how do I get
involved?

The International Collegiate Programming Contests, abbre-
viated ICPC, is a world-wide contest of computer program-
ming for college students. UVa has a very active program-
ming contest team. Regional contests occur in the fall.
Our region is the nearest 6 (or so) states and Washington,
D.C. The top team(s) from each regional contest advance to
the world finals, which consists of the top 100 teams from
around the world. UVa has qualified for the world finals
twice in the recent years: for the 2009 world finals in Stock-

1http: //acm.cs.virginia.edu/

2http: //www.cs.virginia.edu/~asb/icpc/

3http: //www.cs.virginia.edu/~acm-w/

4http: //gamedevatuva.blogspot .com/

5https ://lists.virginia.edu/sympa/info/parfait
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holm, Sweden, and the 2010 world finals in Harbin, China.
We typically have seven teams (of three students each) com-
pete in the regional contest. Our programming contest teams
practice throughout the year. If you are interested in more in-
formation, you can either contact UVa’s local ACM chaptelﬁ
or ACM’s advisor, Aaron Bloomfield (aaron@virginia.edu).

7.2.3 Whatkind of advanced placement credit is
available?

Advanced placement (AP) credit is awarded by the Univer-
sity for most AP tests in which the grade is a 4 or a 5. This
section only deals with the AP Computer Science test. A stu-
dent’s SIS report will always list which courses qualify for
the AP test scores (both in computer science and in other
fields).

Students who receive a 4 or 5 on the Computer Science A
test will receive credit for CS 1110. Students who took the
higher-level Computer Science course through International
Baccalaureate will get credit for CS 1110 with a 5 and for both
C51110 and CS 2110 witha 6 or 7.

Note that CS 2110 is required for other majors: computer
engineering, systems engineering, and electrical engineer-
ing. There is also a placement exam before the fall semester
that will allow the student to place out of CS 1110, but does
not allow credit to be received for the course — the student
must then take another 3 hour CS or technical course (see
your advisor for details about a “technical course’) instead.
See the next question and answer for information about the
CS 1110 placement exam.

7.24 CanlIplace out of CS 1110? What about CS
2110?

There is a placement exam for CS 1110, which covers all the
topics taught in the course. For the current semester’s syl-
labus, see the current CS 1110 course web site. Successful
completion of the test will allow a student to place out of the
course, but does NOT give course credit — only a sufficient
score on an AP or IB test, or transfer credit, can give course
credit for CS 1110.

Because course credit is not awarded for the placement
exam, another course must be taken instead in order to ful-
fill the graduation requirements. The different majors have
different requirements for what needs to be taken in lieu of
CS 1110.

e The BS CS requires a technical course instead (see your
advisor for details about a "technical course’).

e The BA CS does not require CS 1110 as a major require-
ment; instead, it is a prerequisite, so there is no need to
replace it.

6http://acm.cs.virginia.edu

e The BS CpE requires an unrestricted elective instead; see
footnote [3|in section (page [18) for details on unre-
stricted electives.

o Other Engineering majors will have different rules as to
what can be substituted; consult your advisor in that de-
partment for details.

The test is offered before the beginning of the fall semester.
Note that any student who has enrolled in CS 1110 or equiv-
alent (CS 1111 or CS 1112) and got a letter grade — including
a 'W’ —is not allowed to take the placement exam (in other
words, if you enroll and then drop the course without a "W’,
you may still take the placement exam).

More information about the CS 1110 placement exam may
be found online ﬂ or you can visit the computer science de-
partmental office in Rice Hall, room 527.

Computing majors may place out of CS 2110, but they
must take another CS course of a greater number (i.e., greater
than CS 2110) instead. For information about the placement
exam for CS 2110, please contact the current CS 2110 instruc-
tor.

7.2.5 How does SEAS handle transfer credit?

The Engineering School handles transfer credit, such as from
an AP course or transfer from another school. The credit will
appear on your SIS report, along with the UVa courses that
you received credit for. Note that the credit amounts need to
match - so if you are getting credit for APMA 2120 (Multi-
variate Calculus), which is a 4 credit course, the number of
credits you transfer in should (ideally) also be 4 credit hours.
If it does not (your equivalent course at another school was
only 3 credits), you will have to take another math or tech-
nical course (see your advisor for details about a "technical
course’) to make up for the discrepancy. Note that placing
out of a course (such as CS 1110, APMA 2120, etc.) through
the respective placement exam does not give credit and thus
the credits need to be made up through other courses (in the
case of CS 1110, 3 credits of a technical course will fill that
spot; in the case of APMA 2120, 4 credits of math or a tech-
nical elective will fill that spot). AP exams do give course
credit.

Note that half of the 128 credits that one uses to graduate
must be earned at UVa. Thus, if you transfer with more than
64 credits, you must still take 64 credits at UVa.

7.2.6 Can CS courses from another college re-
ceive credit?

We officially discourage taking major courses elsewhere.
This policy is especially true for the lab-based and required
courses. If, in spite of this departmental policy, you still want
to take a course elsewhere, then the student needs an advisor

7http://www.cs.virginia.edu/cslllo/placement.php
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signature AND the signature of the current instructor of that
course from UVa. To receive the required signatures, you
must bring in a detailed syllabus, so that faculty can make in-
formed decisions. Note that to receive credit for CS 2150 else-
where, you need a course (or multiple courses) that cover(s)
data structures, C++, and assembly language programming.

7.2.7 What are the Rodman Scholar require-
ments?

Rodman Scholarf] have slightly different requirementsﬂ for
graduation. While those requirement differences are in-
cluded here, one should check at that URL? for the most up-
to-date information, as that URL will supersede the informa-
tion in this section.

e Introduction to Engineering: Instead of ENGR 1620 and
ENGR 1621, Rodman Scholars take ENGR 1410 (Syn-
thesis Design I) in the fall of their first year, and ENGR
1420 (Synthesis Design II) in the spring of their first year.
Note that this sequence is 6 credits, whereas the ENGR
1620 and ENGR 1621 sequence is only 4 credits. Be-
cause ENGR 1410 and ENGR 1420 this is a fall-spring
sequence, mid-year applicants are not required to take
it, and can use ENGR 1620/1621 credit instead.

e A total of four 1-credit seminars (ENGR 3580) must be
taken prior to graduation.

e The requirements in place of STS 1500 are in a state of
flux. For the classes of 2014 and earlier, STS 1500 is not
required, but an HSS elective (or appropriate AP credit)
must be taken in its stead. For the classes of 2015 and be-
yond, STS 1500 is required, but with a separate Rodman-
only discussion section.

e Physics: Instead of PHYS 1425 and PHYS 2415 (and their
associated labs), Rodmans may choose to take a three-
course sequence for Physics majors: PHYS 1610, PHYS
1620, and PHYS 2610.

7.2.8 What is a SIS exception and how can I get
one?

SIS, which is UVa’s Student Information System, keeps track
of the requirements that all students must fulfill in order to
graduate. If any student has an approved reason to differ
from the stated guidelines, then a SIS exception has to be en-
tered. Examples would include using a different course for a
BA CS integration elective (section[3.3.3] page[12), or a BS CS
& BS CpE double major wanting to count ECE 4440 (Embed-
ded Systems Design) as a CS elective (section [4.4.1} page[I8).
Note that SIS exceptions are only entered with the appropri-
ate approval. Your academic advisor can request approval
from the appropriate degree committee, and have such an

8http://seas.virginia.edu/students/rodmans/
9http://seas.virginia.edu/students/rodmans/curriculum.php
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exception entered by contacting the SEAS undergraduate of-
fice.

7.2.9 Why are ECE 4435 and ECE 4440 not show-
ing up in my list of fulfilled CS electives?

ECE 4435 (Computer Architecture & Design) does not count
as a CS elective, as there is too much overlap with CS 3330
(Computer Architecture); see section (page [18) for de-
tails.

As for ECE 4440 (Embedded Systems Design), this has to
do with a restriction in how SIS handles the CS elective re-
quirements. While it can count as a CS elective, in order
for this to happen a SIS exception will need to be entered.
office. Note that this course can only count as one elective
each, even though it is a 4.5 credit course (meaning that only
3 credits counts toward the CS elective requirement).

7.2.10 Why do the SIS requirements for the BS
CS major list 6 HSS electives, and not 5?

This has to do with how SIS (the Student Information Sys-
tem, UVa’s system for handling academic requirements and
registration) handles major requirements, and is done to al-
low for people to place out of STS 1500. If one does not place
out of STS 1500, then STS 1500 will list both in the STS 1500
requirement, and in the HSS requirement, thus requiring stu-
dents to take 5 additional HSS courses. If one does place out
of STS 1500, they need to take an additional HSS course in
its place. So the credit to place out of STS 1500 will appear
in the STS 1500 requirements, and will still require 6 (not 5)
HSS courses. We think this is all a bit bizarre as well, but that
is how SIS handles requirements.

7.211 Can CS students study abroad?

Yes! To get more information about studying abroad, see on-
lind™ for more details.

7212 How do I transfer into the computing

program?

Students must decide which school they want to receive their
degree in: either in the Engineering School (which will yield
a BS CS or BS CpE degree; chapter 2] (page [5) details the BS
CS degree, and chapter[d(page[17) details the BS CpE degree)
or the College of Arts and Sciences (which will yield a BA
CS degree, detailed chapter 3] (page[1T). Students must then
apply for the degree in that school; the application process
is described in section [2.2] (page [f) for the BS CS and CpE
degrees, or section [3.2](page[11) for the BA CS degree.

1Ohttp://www.cs.virginia.edu/Nhorton/study_abroad/
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7.2.13 Where can I find out about the Business
minor?

The courses for the Engineering Business Minor can be found
on the web page for the Technology Entrepreneurship Pro-
gram. These courses can be worked into the various electives
for the BS CS. More details can be found onlind']

7.2.14 What CS electives can be taken without
having completed CS 2150?

There are a few CS electives that one can take having only
taken CS 2110. They include:

e CS 3102, Theory of Computation (this is a required class
for the BS CS, and an elective for the BA CS and the BS
CpE)

e CS 3205, Human-Computer Interaction

e For the BA CS, CS 2330, Digital Logic Design, counts as
an elective

CS 3330, Computer Architecture

There are a few courses that do not require CS 2150, but do
require CS 3330 as a prerequisite:

o CS 4434, Dependable Computing (note that this course
has other prerequisites)
o CS 4457, Computer Networks

7.2.15 Why is CS 2330, Digital Logic Design, not

offered in the spring?

CS 2330, Digital Logic Design, is cross-listed with ECE 2330.
Either course counts for this requirement, and it does not
matter which one you take. For unknown reasons, it is not
cross-listed with CS 2330 in the spring, but it is in the fall. We
don’t understand why, either. But you can take ECE 2330 to
fulfill this requirement, as it’s all the same course.

7.3 Course Descriptions

These course listings in this section are from the undergradu-
ate recordE Table (page[29) gives this history of which
courses were taught when for the last few years. The de-
partment generally cannot guarantee that electives can be
taught at least once a year, as when an elective is offered is
dependent on the available faculty. However, many electives
are still offered regularly. Lower-level causes are typically
taught every semester.

llhttp://techentrepreneurship.seas.virginia.edu/

]thtp://records.ureq.virginia,edu/content.php?catoid=
l1l&navoid=189
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7.3.1 Course Offering History

The table below shows which courses were offered in recent
semesters.

Course

CS1010
CS 1110
CS 1111
CS 1112
CS 1120
CS 2102
CS 2110
CS 2150
CS 2190
CS 2330
CS 2501
CS 3102
CS 3205
CS 3240
CS 3330
CS 4102
CS 4240
CS4330
CS 4414
CS 4434
CS 4444
CS 4457
CS 4458
CS 4501
CS 4610
CS 4620
CS 4630
CS4710
CS 4720
CS 4730
CS 4740
CS 4750
CS 4753
CS 4810
CS 4970
CS 4971
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Table 7.1: Computer Science Course Offering History

7.3.2 1000 Level CS Courses

CS 1010 - Introduction to Information Technology (3 cred-
its): Provides exposure to a variety of issues in information
technology, such as computing ethics and copyright. Intro-
duces and provides experience with various computer appli-
cations, including e-mail, newsgroups, library search tools,
word processing, Internet search engines, and HTML. Not
intended for students expecting to do further work in CS.
Cannot be taken for credit by students in SEAS or Com-
merce.
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CS 1110 - Introduction to Programming (3 credits): Intro-
duces the basic principles and concepts of object-oriented
programming through a study of algorithms, data structures
and software development methods in Java. Emphasizes
both synthesis and analysis of computer programs.

CS 1111 - Introduction to Programming (3 credits): Intro-
duces the basic principles and concepts of object-oriented
programming through a study of algorithms, data structures
and software development methods in Java. Emphasizes
both synthesis and analysis of computer programs. Prereq-
uisite: Prior programming experience.

CS 1112 - Introduction to Programming (3 credits): Intro-
duces the basic principles and concepts of object-oriented
programming through a study of algorithms, data structures
and software development methods in Java. Emphasizes
both synthesis and analysis of computer programs. Note:
No prior programming experience allowed.

CS 1120 - Introduction to Computing: Explorations in Lan-
guage, Logic, and Machines (3 credits): This course is an
introduction to the most important ideas in computing. It
focuses on the big ideas in computer science including the
major themes of recursive definitions, universality, and ab-
straction. It covers how to describe information processes by
defining procedures using the Scheme and Python program-
ming languages, how to analyze the costs required to carry
out a procedure, and the fundamental limits of what can be
computed.

CS 1501 - Special Topics in Computer Science (1 to 3 cred-
its): Content varies annually, depending on students needs
and interests. Recent topics include the foundations of com-
putation, artificial intelligence, database design, real-time
systems, Internet engineering, wireless sensor networks, and
electronic design automation. Prerequisite: Instructor per-
mission.

7.3.3 2000 Level CS Courses

CS 2102 - Discrete Mathematics (3 credits): Introduces dis-
crete mathematics and proof techniques involving first or-
der predicate logic and induction. Application areas include
finite and infinite sets and elementary combinatorial prob-
lems. Development of tools and mechanisms for reasoning
about discrete problems. Prerequisite: CS 1110, 1111, 1112 or
1120 with a grade of C- or higher.

CS 2110 - Software Development Methods (3 credits): A
continuation of CS 1010, emphasizing modern software de-
velopment methods. An introduction to the software devel-
opment life cycle and processes. Topics include requirements
analysis, specification, design, implementation, and verifica-
tion. Emphasizes the role of the individual programmer in
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large software development projects. Prerequisite: CS 1010,
1111, or 1112 with a grade of C- or higher.

CS 2150 — Program and Data Representation (3 credits): In-
troduces programs and data representation at the machine
level. Data structuring techniques and the representation
of data structures during program execution. Operations
and control structures and their representation during pro-
gram execution. Representations of numbers, arithmetic op-
erations, arrays, records, recursion, hashing, stacks, queues,
trees, graphs, and related concepts. Prerequisite: CS 2102
and CS 2110, both with grades of C- or higher.

CS 2190 — Computer Science Seminar (1 credit): Provides
cultural capstone to the undergraduate experience. Students
make presentations based on topics not covered in the tradi-
tional curriculum. Emphasizes learning the mechanisms by
which researchers and practicing computer scientists can ac-
cess information relevant to their discipline, and on the pro-
fessional computer scientist’s responsibility in society. Pre-
requisite: CS 2102 and 2110, both with a grade of C- or
higher.

CS/ECE 2330 — Digital Logic Design (3 credits): Includes
number systems and conversion; Boolean algebra and logic
gates; minimization of switching functions; combinational
network design; flip-flops; sequential network design; arith-
metic networks. Introduces computer organization and as-
sembly language. Cross-listed as ECE 2330.

CS 2501 - Special Topics in Computer Science (1 to 3 cred-
its): Content varies annually, depending on students needs
and interests. Recent topics include the foundations of com-
putation, artificial intelligence, database design, real-time
systems, Internet engineering, wireless sensor networks, and
electronic design automation. Prerequisite: Instructor per-
mission.

7.3.4 3000 Level CS Courses

CS 3102 — Theory of Computation (3 credits): Introduces
computation theory including grammars, finite state ma-
chines and Turing machines; and graph theory. Prerequi-
sites: CS 2102 and CS 2110 both with grades of C- or higher.

CS 3205 - HCI in Software Development (3 credits):
Human-computer interaction and user-centered design in
the context of software engineering. Examines the funda-
mental principles of human-computer interaction. Includes
evaluating a system’s usability based on well-defined crite-
ria; user and task analysis, as well as conceptual models and
metaphors; the use of prototyping for evaluating design al-
ternatives; and physical design of software user-interfaces,
including windows, menus, and commands. Prerequisite:
CS 2110 with a grade of C- or higher.



COMMON INFORMATION

Course Descriptions

CS 3240 — Advanced Software Development Techniques
(3 credits): Analyzes modern software engineering practice
for multi-person projects; methods for requirements spec-
ification, design, implementation, verification, and main-
tenance of large software systems; advanced software de-
velopment techniques and large project management ap-
proaches; project planning, scheduling, resource manage-
ment, accounting, configuration control, and documenta-
tion. Prerequisite: CS 2150 with a grade of C- or higher.

CS 3330 — Computer Architecture (3 credits): Includes the
organization and architecture of computer systems hard-
ware; instruction set architectures; addressing modes; reg-
ister transfer notation; processor design and computer arith-
metic; memory systems; hardware implementations of vir-
tual memory, and input/output control and devices. Prereq-
uisite: CS 2110 with a grade of C- or higher. CS 2330 recom-
mended. Students may not receive credit for both CS 3330
and ECE 3430.

CS 3501 - Special Topics in Computer Science (1 to 3 cred-
its): Content varies annually, depending on students needs
and interests. Recent topics include the foundations of com-
putation, artificial intelligence, database design, real-time
systems, Internet engineering, wireless sensor networks, and
electronic design automation. Prerequisite: Instructor per-
mission.

7.3.5 4000 Level CS Courses

CS 4102 - Algorithms (3 credits): Introduces the analysis of
algorithms and the effects of data structures on them. Algo-
rithms selected from areas such as sorting, searching, short-
est paths, greedy algorithms, backtracking, divide- and-
conquer, and dynamic programming. Data structures in-
clude heaps and search, splay, and spanning trees. Analy-
sis techniques include asymtotic worst case, expected time,
amortized analysis, and reductions between problems. Pre-
requisite: CS 2102 and 2150 with grades of C- or higher.

CS 4240 - Principles of Software Design (3 credits): Fo-
cuses on techniques for software design in the develop-
ment of large and complex software systems. Topics will
include software architecture, modeling (including UML),
object-oriented design patterns, and processes for carrying
out analysis and design. More advanced or recent develop-
ments may be included at the instructor’s discretion. The
course will balance an emphasis on design principles with
an understanding of how to apply techniques and methods
to create successful software systems. Prerequisite: CS 2150
with grade of C- or higher.

CS 4330 — Advanced Computer Architecture (3 credits): Pro-
vides an overview of modern microprocessor design. The
topics covered in the course will include the design of super-
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scalar processors and their memory systems, and the fun-
damentals of multi-core processor design. Prerequisite: CS
2150 and CS 3330, both with grades of C- or higher.

CS 4414 - Operating Systems (3 credits): Analyzes process
communication and synchronization; resource management;
virtual memory management algorithms; file systems; and
networking and distributed systems. Prerequisite: CS 2150
with grade of C- or higher, CS/ECE 2330 with a grade of C-
or higher, and CS 3330 or ECE 3430 with a grade of C- or
higher.

CS 4434 — Dependable Computing Systems (3 credits): Fo-
cuses on the techniques for designing and analyzing depend-
able computer-based systems. Topics include fault mod-
els and effects, fault avoidance techniques, hardware re-
dundancy, error detecting and correcting codes, time redun-
dancy, software redundancy, combinatorial reliability mod-
eling, Markov reliability modeling, availability modeling,
maintainability, safety modeling, trade-off analysis, design
for testability, and the testing of redundant digital systems.

CS 4444 - Introduction to Parallel Computing (3 credits):
Introduces the student to the basics of high-performance par-
allel computing and the national cyber-infrastructure. The
course is targeted for both computer science students and
students from other disciplines who want to learn how to
significantly increase the performance of applications. Pre-
requisites: CS 2110 with grade of C- or higher, CS/ECE 2330
with a grade of C- or higher, CS3330 or ECE 3430 with a
grade of C- or higher, APMA 3100 and APMA 3110.

CS/ECE 4457 — Computer Networks (3 credits): Topics in-
clude the design of modern communication networks; point-
to-point and broadcast network solutions; advanced issues
such as Gigabit networks; ATM networks; and real-time
communications. Cross-listed as ECE 4457. Prerequisites:
CS 2110 with grade of C- or higher, and CS 3330 or ECE 3430
with a grade of C- or higher.

CS 4458 — Internet Engineering (3 credits): An advanced
course on computer networks on the technologies and pro-
tocols of the Internet. Topics include the design principles of
the Internet protocols, including TCP/IP, the Domain Name
System, routing protocols, and network management proto-
cols. A set of laboratory exercises covers aspects of traffic
engineering in a wide-area network. Prerequisite: CS 4457
with a grade of C- or better.

CS 4501 - Special Topics in Computer Science (1 to 3 cred-
its): Content varies annually, depending on students needs
and interests. Recent topics include the foundations of com-
putation, artificial intelligence, database design, real-time
systems, Internet engineering, wireless sensor networks, and
electronic design automation. Prerequisite: Instructor per-
mission.
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CS 4610 - Programming Languages (3 credits): Presents the
fundamental concepts of programming language design and
implementation. Emphasizes language paradigms and im-
plementation issues. Develops working programs in lan-
guages representing different language paradigms. Many
programs oriented toward language implementation issues.
Prerequisite: CS 2150 with grade of C- or higher.

CS 4620 - Compilers (3 credits): Provides an introduction
to the field of compilers, which translate programs written
in high-level languages to a form that can be executed. The
course covers the theories and mechanisms of compilation
tools. Students will learn the core ideas behind compilation
and how to use software tools such as lex/flex, yacc/bison
to build a compiler for a non-trivial programming language.
Prerequisite: C52150 with grade of C- or higher. CS3330 rec-
ommended.

CS 4630 — Defense Against the Dark Arts (3 credits):
Viruses, worms, and other malicious software are an ever-
increasing threat to computer systems. There is an escalating
battle between computer security specialists and the design-
ers of malicious software. This course provides an essential
understanding of the techniques used by both sides of the
computer security battle. Prerequisite: CS 2150 with a grade
of C- or above.

CS 4710 - Artificial Intelligence (3 credits): Introduces ar-
tificial intelligence. Covers fundamental concepts and tech-
niques and surveys selected application areas. Core mate-
rial includes state space search, logic, and resolution theo-
rem proving. Application areas may include expert systems,
natural language understanding, planning, machine learn-
ing, or machine perception. Provides exposure to Al imple-
mentation methods, emphasizing programming in Common
LISP. Prerequisite: CS 2150 with grade of C- or higher.

CS 4720 - Web and Mobile Systems (3 credits): With ad-
vances in the Internet and World Wide Web technologies, re-
search on the design, implementation and management of
web-based information systems has become increasingly im-
portant. In this course, we will look at the systematic and
disciplined creation of web-based software systems. Stu-
dents will be expected to work in teams on projects involving
mobile devices and web applications. Prerequisite: CS 2150
with a grade of C- or higher.

CS 4730 - Computer Game Design (3 credits): This course
will introduce students to the concepts and tools used in
the development of modern 2-D and 3-D real-time interac-
tive computer video games. Topics covered in this include
graphics, parallel processing, human-computer interaction,
networking, artificial intelligence, and software engineering.
Prerequisite: CS 2150 with a grade of C- or higher.

CS 4740 - Cloud Computing (3 credits): Investigates the ar-

chitectural foundations of the various cloud platforms, as
well as examining both current cloud computing platforms
and modern cloud research. Student assignments utilize the
major cloud platforms. Prerequisite: CS 2150 with a grade of
C- or higher.

CS 4750 - Database Systems (3 credits): Introduces the fun-
damental concepts for design and development of database
systems. Emphasizes relational data model and conceptual
schema design using ER model, practical issues in commer-
cial database systems, database design using functional de-
pendencies, and other data models. Develops a working re-
lational database for a realistic application. Prerequisite: CS
2150 with grades of C- or higher.

CS 4753 - Electronic Commerce Technologies (3 credits):
History of Internet and electronic commerce on the web; case
studies of success and failure; cryptographic techniques for
privacy, security, and authentication; digital money; trans-
action processing; wired and wireless access technologies;
Java; streaming multimedia; XML; Bluetooth. Defining, pro-
tecting, growing, and raising capital for an e-business. Pre-
requisite: CS 2150 with a grade of C- or higher.

CS 4810 - Introduction to Computer Graphics (3 credits):
Introduces the fundamentals of three-dimensional computer
graphics: rendering, modeling, and animation. Students
learn how to represent three-dimensional objects (model-
ing) and the movement of those objects over time (anima-
tion). Students learn and implement the standard rendering
pipeline, defined as the stages of turning a three-dimensional
model into a shaded, lit, texture-mapped two-dimensional
image. Prerequisite: CS 2150 with a grade of C- or higher.

CS 4970 — Capstone Practicum I (3 credits): This course
is one option in the CS Senior Thesis track. Under the
Practicum track, students will take two 3-credit courses,
CS 4970 and CS 4971. These courses would form a year-
long group-based and project-based practicum class. There
would be an actual customer, which could be either inter-
nal (the course instructor, other CS professors, etc.) or exter-
nal (local companies, local non-profits, etc.). Prerequisite: CS
2150 with a grade of C- or higher.

CS 4971 - Capstone Practicum II (3 credits): This course is
one option in the CS Senior Thesis track and is the contin-
uation from CS 4970. Under the Practicum track, students
will take two 3-credit courses, CS 4970 and CS 4971. These
courses would form a year-long group-based and project-
based practicum class. There would be an actual customer,
which could be either internal (the course instructor, other
CS professors, etc.) or external (local companies, local non-
profits, etc.). Prerequisite: CS 4970.

CS 4980 — Capstone Research (1 to 3 credits): This course is
one option in the CS Senior Thesis track. Students will seek
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out a faculty member as an advisor, and do an independent
project with said advisor. Instructors can give the 3 credits
across multiple semesters, if desired. This course is designed
for students who are doing research, and want to use that
research for their senior thesis. Note that this track could
also be an implementation project, including a group-based
project. Prerequisite: CS 2150 with a grade of C- or higher.

CS 4993 — Independent Study (1 to 3 credits): In-depth study
of a computer science or computer engineering problem by
an individual student in close consultation with departmen-
tal faculty. The study is often either a thorough analysis of
an abstract computer science problem or the design, imple-
mentation, and analysis of a computer system (software or
hardware). Prerequisite: Instructor permission.

CS 4998 - Distinguished BA Majors Research (3 credits):
Required for Distinguished Majors completing the Bachelor
of Arts degree in the College of Arts and Sciences. An in-
troduction to computer science research and the writing of
a Distinguished Majors thesis. Prerequisites: CS 2150 with a
grade of C- or higher AND a CLAS student.

7.3.6 Selected ECE Courses

This section is not meant to be an exhaustive list of all courses
in the Electrical Engineering department. Instead, it is meant
to list the required courses for the Computer Engineering
majors. Information about the other Electrical Engineering
courses offered can be found onlind™] Note that cross-listed
courses (CS/ECE 2330 (Digital Logic Design), CS 3330 (Com-
puter Architecture), and CS/ECE 4457 (Networks)) are only
listed above.

ECE 2630 — Introductory Circuit Analysis (3 credits): Ele-
mentary electrical circuit concepts and their application to
linear circuits with passive elements; use of Kirchhoff’s volt-
age and current laws to derive circuit equations; solution
methods for first- and second-order transient and DC steady-
state responses; AC steady-state analysis; frequency domain
representation of signals; trigonometric and complex Fourier
series; phasor methods; complex impedance; transfer func-
tions and resonance; Thevenin / Norton equivalent models;
controlled sources. Six laboratory assignments. Prerequisite:
APMA 1110.

ECE 2660 — Electronics I (3 credits): Studies the modeling,
analysis, design, computer simulation, and measurement of
electrical circuits which contain non-linear devices such as
junction diodes, bipolar junction transistors, and field effect
transistors. Includes the gain and frequency response of lin-
ear amplifiers, power supplies, and other practical electronic

13http ://www.ece.virginia.edu/

circuits. Three lecture and three laboratory hours. Prerequi-
site: ECE 2630.

ECE 3430 - Introduction to Embedded Computing Systems
(3 credits): An embedded computer is designed to effi-
ciently and (semi-) autonomously perform a small number
of tasks, interacting directly with its physical environment.
This lab-based course explores architecture and interface is-
sues relating to the design, evaluation and implementation
of embedded systems . Topics include hardware and soft-
ware organization, power management, digital and analog
I/0O devices, memory systems, timing and interrupts. Pre-
requisite: CS/ECE 2330, CS 2110, ECE 2660-if ECE 3430 of-
fered in spring

ECE 3750 - Signals and Systems I (3 credits): Develops tools
for analyzing signals and systems operating in continuous-
time, with applications to control, communications, and
signal processing. Primary concepts are representation
of signals, linear time-invariant systems, Fourier analysis
of signals, frequency response, and frequency-domain in-
put/output analysis, the Laplace transform, and linear feed-
back principles. Practical examples are employed through-
out, and regular usage of computer tools (Matlab, CC) is
incorporated. Students cannot receive credit for both this
course and BIOM 3310. Prerequisite: ECE 2630 and APMA
2130.

ECE 4435 - Computer Architecture & Design (3 credits): In-
troduces computer architecture and provides a foundation
for the design of complex synchronous digital devices, focus-
ing on: 1) Established approaches of computer architecture,
2) Techniques for managing complexity at the register trans-
fer level, and 3) Tools for digital hardware description, simu-
lation, and synthesis. Includes laboratory exercises and sig-
nificant design activities using a hardware description lan-
guage and simulation. Prerequisite: ECE 3430

ECE 4440 — Embedded System Design (3 credits): Mod-
eling, analysis and design of embedded computer systems.
Tradeoff analysis and constraint satisfaction facilitated by the
use of appropriate analysis models. Includes a semester-
long design of an embedded system to meet a specific need.
Counts as MDE (major design experience) for both electrical
and computer engineering students.

7.4 Course Numbering

Starting with the fall 2009 semester, the University of Vir-
ginia changed all course numbers to 4-digit numbers from
the old 3-digit number system. Earlier versions of this hand-
book listed both the both the 3-digit number and the 4-digit
number, in the form of “CS 1110 (101)” to aid the transition,
as well as a full table mapping the 3-digit course numbers to
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the 4-digit course numbers. The current version no longer
lists the courses that way. This handbook no longer lists the
old 3-digit course numbers, but they can be found onlin

The new 4-digit course numbers follow a system devel-
oped by the department. The first digit is the year that the
course is expected to be taken. The second digit specifies the
type of course, as shown below. The third and fourth digits
attempted to keep the previous last two digits of the 3-digit
course number, although that was not always possible.

The 2nd digit numbering scheme is:

e x000: service courses, courses for non-majors, general
interest

e x100: core, fundamentals, theoretical (a broad category)

e x200: software development-oriented courses (note in
ECE, this will be for electronics courses)

e x300: hardware, architecture, etc.

e x400: computer systems

x500: by University rule: “special-topics and variable

one-time offerings”

x600: languages, compilation, etc.

x700: application areas including Al, databases, etc.

x800: computer graphics

x900: by University rule: thesis, dissertation, indepen-

dent study, capstone, etc.

Note that currently cross-listed courses with ECE fall in
the x300 and x400 categories.

7.5 Degree Requirement Revisions

Computer science is an evolving field, and our undergrad-
uate curriculum reflects this. The department sometimes
makes changes to the requirements for the bachelor’s de-
gree. Note that you are allowed to graduate using ANY
SINGLE set of requirements that were in effect when you
were a declared computer science major — thus, if the require-
ments change, you are allowed to complete the degree using
the older version of the requirements. You cannot “mix and
match” requirements from the different sets. Whatever set
of requirements is completed, it must be all the requirements
from that set.

Any changes to the requirements will typically occur after
the spring semester and before the following fall semester,
unless the change is considered minor. A minor change is
something that does not in any way restrict the degree re-
quirements. Examples of minor changes would be expand-
ing the allowed courses for one of the elective types, or clar-
ifying what counts as a given elective. Note that unless the
change to the requirements directly affects the third semester
(i.e. the first semester of the second year), a student cannot
choose to graduate using a set of requirements that were in

14http://www.virginia.edu/registrar/atoz.html#CS

effect during his or her first year at UVa but that were not
in effect during his or her second year, as they were not a
declared computer science major during their first year.

The requirement revisions below describe which major
changes occurred during the previous years, and what
courses students must complete to graduate using that set
of requirements. Note that the older sets are kept for histori-
cal reasons, even though there may not be any more students
who are eligible to graduate with those sets.

The current set of requirements, which this document re-
flects, became effective in the spring of 2013 (and before then-
first year SEAS majors declared the BS CS and CpE majors).

7.5.1 Requirements revision from spring 2013

The inclusion BS CS capstone requirement added 3 addi-
tional credits (CS 4971 (Capstone Practicum II) or CS 4980
(Research Capstone)) needed to complete the BS CS degree.
In addition, CS 4970 (Capstone Practicum I) was added as a
CS elective. Details about the capstone can be found in sec-
tion (page[?).

For the BS CpE, the embedded systems requirement (sec-
tion page was added, as that was approved in
the spring of 2013. As a result of those changes, ECE 4435
(Comptuer Architecture & Design) can no longer count as
a CS elective, as the content is to similar to that of CS 3330
(Comptuer Architecture).

CS 2330 (Digital Logic Design) was removed as a prerequi-
site for CS/ ECE 3330 (Computer Architecture), and added
as a prerequisite for CS 4330 (Advanced Computer Archi-
tecture) and CS 4434 (Dependable Computing). Note that
because of the Embedded Systems requirement change for
CpE, BS CpE majors no longer will be taking CS 3330. This
requirement change also affects the BA CS, as they no longer
need to take CS 2330 as a CS elective in order to enroll in CS
3330.

UVa moved to 4-digit course numbers in the fall of 2009,
and previous versions of this handbook listed both the 3-
digit and 4-digit numbers for the courses. The current ver-
sion no longer lists the 3-digit versions throughout the doc-
ument. However, the course numbering section (section
page still lists the mapping, for reference. Anybody in-
terested in the original 3-digit course numbers can find the
mapping onlin

7.5.2 Prior requirements revisions

There are no known currently enrolled students who are eli-
gible to graduate using any set of requirements prior to those
listed above, and thus prior sets of revisions are not included
in this handbook. Earlier editions of this handbook, available
from the department, describe the prior sets of requirements.

1Shttp://www.virginia.edu/registrar/atoz.html#CS
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Enlighten the people generally, and tyranny
and oppression of body and mind will vanish
like evil spirits at the dawn of day the
diffusion of knowledge among the people is to
be the instrument by which it is to be effected.

— Thomas Jefferson, 1816
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