Computer Science

Since our inception in 1979, the Computer Science Department at

Brown has forged a path of innovative information technology research
and teaching at both the undergraduate and graduate levels. From our
modest beginnings as an interest group within the Divisions of Applied
Mathematics and Engineering in the 1960s to its current stature as one of
the nation's leading computer science programs, the Computer Science
Department has continuously produced prominent contributors in the field.
Computer Science combines the intellectual challenge of a new discipline
with the excitement of an innovative and rapidly expanding technology.
The department resides in Brown’s Center for Information Technology; this
striking building houses many of the university’s computing activities, as
well as the department’s instructional computing facilities and research
labs. Faculty, staff and students are provided state-of-the-art computing
facilities.

We are a diverse community of scholars engaged in all aspects

of research, teaching and mentoring in computer science and its
related interdisciplinary disciplines. Realizing the importance of
computing and algorithmic thinking in so many scientific, social and
technological endeavors, we collaborate extensively with colleagues

in archaeology, applied mathematics, biology, cognitive and linguistic
sciences, economics, engineering, mathematics, medicine, physics and
neuroscience.

Our undergraduate offerings reflect the department's multidisciplinary
orientations, with joint concentrations in mathematics, applied
mathematics, computational biology and economics. We have strong
undergraduate research groups and a long history of involving
undergraduates in projects that span disciplinary boundaries.

For additional information, please visit the department's website: (https://
www.cs.brown.edu/)https://www.cs.brown.edu/ (http://www.cs.brown.edu/)

Computer Science Concentration
Requirements

Computer science is now a critical tool for pursuing an ever-broadening
range of topics, from outer space to the workings of the human mind. In
most areas of science and in many liberal arts fields, cutting-edge work
depends increasingly on computational approaches. The undergraduate
program at Brown is designed to combine breadth in practical and
theoretical computer science with depth in specialized areas. These areas
range from traditional topics, such as analysis of algorithms, artificial
intelligence, databases, distributed systems, graphics, mobile computing,
networks, operating systems, programming languages, robotics and
security, to novel areas including games and scientific visualization.

Our requirements are built on a core set of foundation courses, each
representing an essential area within computer science. Concentrators
choose the upper-level courses that align with their interests. Students
may not use more than two CSCI 1970 courses to complete the
requirements for the Sc.B. and one CSCI 1970 course for the A.B.
requirements.

For up-to-date information on our concentration requirements please

see https://cs.brown.edu/degrees/undergrad/concentrating-in-cs/
concentration-requirements-2024. Please see https://cs.brown.edu/
degrees/undergrad/concentrating-in-cs/concentration-handbook/ for
additional information regarding our concentration requirements (including
allowed substitutions and policies).

Requirements for the Standard Track of the
Sc.B. degree

Requirements for the Standard Track of the
Sc.B. degree

Prerequisites (0-3 courses)

Calculus prerequisite: students must complete or place out of
second semester calculus.

Computer Science

MATH 0100
or MATH 0170
or MATH 0190

Single Variable Calculus, Part ||

Single Variable Calculus, Part Il (Physics/
Engineering)

Concentration Requirements

Core-Computer Science:

Single Variable Calculus, Part Il (Accelerated)

Select one of the following introductory course Series: 2
Series A
CSCI1 0150 Introduction to Object-Oriented
& CSCI 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms
Series B
CSCI 0170 Computer Science: An Integrated
& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms
Series C
CSCI 0190 Accelerated Introduction to Computer
Science
AND
an additional CS course numbered 200 or above not
otherwise used to satisfy a concentration requirement; this
course may be CSCI 0200, a Foundations course, or a 1000-
level course.
Series D '
CSCI 0111 Computing Foundations: Data
& CSCI 0200 and Program Design with Data Structures
and Algorithms
Introductory Math Foundations 1
CSCI 0220 Introduction to Discrete Structures and
Probability
or MATH 1530 Abstract Algebra
Foundations Courses
ScB students must take one course from each foundation area.
Foundations Areas
a. Algorithms/Theory Foundations 1
CSCI 0500 Data Structures, Algorithms, and
Intractability: An Introduction
b. Al/Machine Learning/Data Science Foundations 1
CSCI1 0410 Foundations of Al
c. Systems Foundations, Concentration credit for only one of 1
300/330
CSCI 0300 Fundamentals of Computer Systems
or CSCI 0330 Introduction to Computer Systems
CSCI Electives 5
Five CSCI courses at the 1000 level 2
Four Additional Electives. These can include: 4
CSCI 0320 Introduction to Software Engineering
1000-level and 2000-level CSCI courses (no more than three
non-technical courses as defined in concentration handbook)
Linear algebra (MATH 0520, MATH 0540, or APMA 0260)
Up to three approved 1000-level courses outside of CS (see
the concentration handbook for the current list. Note that
concentration credit for only one APMA 1650, 1655).
Capstone
A capstone taken in the senior year (from the list of approved
capstone courses in the concentration handbook). The capstone
may also be used to satisfy another requirement.
Total Credits 15
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Students wishing to go directly from CSCI 0111 to CSCI 0200 will need
to successfully complete additional exercises to receive an instructor
override code for CSCI 0200.

None of these can be CS non-technical courses. The list is in the
concentration handbook. [https://cs.brown.edu/degrees/undergrad/
concentrating-in-cs/concentration-handbook/]

Requirements for the Professional Track of
the both the Sc. B. and A.B. degrees.

The requirements for all undergraduate professional tracks within
concentrations are standardized and additional information can be found
here:

https://nextbulletin.brown.edu/undergradproftrack/ (http:/
bulletin.brown.edu/undergradproftrack/)

Honors

Honors in CS requires a two-semester research project (including writeup
and presentation) during the last two semesters. In addition, honors
candidates must have earned A's or S-with-distinction in 2/3 (rounding up)
of the courses used towards the concentration, excluding introductory-
sequence courses (CS courses numbered 0200 or below) and the calculus
prerequisite. See the department’s honors webpage (https://cs.brown.edu/
degrees/undergrad/concentrating-in-cs/honors/) for more details.

Requirements for the Standard Track of the
A.B. degree

Concentration Requirements (10 courses)
Core Computer Science:

Select one of the following series: 2
Series A
CSCI 0150 Introduction to Object-Oriented

& CSCI1 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms

Series B

CSCI1 0170 Computer Science: An Integrated

& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms

Series C

CSCI 0190 Accelerated Introduction to Computer
Science

AND

An additional CS course 200 or above not otherwise used
to satisfy a concentration requirement; this course may be
CSCI 0200, a Foundations course, or a 1000-level course.

Series D !
CSCI 0111 Computing Foundations: Data
& CSCI1 0200 and Program Design with Data Structures
and Algorithms
Introductory Math Foundations 1
CSCI 0220 Introduction to Discrete Structures and
Probability

Foundations Courses

AB students must take one course from each foundation area

Foundation Areas

a. Algorithms/Theory Foundations 1

CSCI 0500 Data Structures, Algorithms, and
Intractability: An Introduction
b. Al/Machine Learning/Data Science Foundations 1
CSCI 0410 Foundations of Al
c. Systems Foundations 1

2 Computer Science

CSCI 0300 Fundamentals of Computer Systems
or CSCI 0320 Introduction to Software Engineering
or CSCI 0330 Introduction to Computer Systems
CSCI Electives 2
Two CSCI courses at the 1000 level. 2
Two additional electives. These can include: 2
CSCI 0320 Introduction to Software Engineering (if

not used towards System Foundations)

1000-level and 2000-level CSCI courses (at most one can be
a non-technical course as defined in concentration handbook).

Linear algebra (MATH 0520, MATH 0540, or APMA 0260)

One approved 1000-level course outside of CS (see the
concentration handbook for the current list)

Capstone

A capstone taken in the senior year (from the list of approved
capstone courses in the concentration handbook). The capstone
may also be used to satisfy another requirement.

Total Credits 10

' Students wishing to go directly from CSCI 0111 to CSCI 0200 will need
to successfully complete additional exercises to receive an instructor
override code for CSCI 0200.

Neither of these can be non-technical courses. The list is in the
concentration handbook. [https://cs.brown.edu/degrees/undergrad/
concentrating-in-cs/concentration-handbook/]
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Requirements for the Professional Track of
the both the Sc. B. and A.B. degrees.

The requirements for all undergraduate professional tracks within
concentrations are standardized and additional information can be found
here:

https://nextbulletin.brown.edu/undergradproftrack/ (http:/
bulletin.brown.edu/undergradproftrack/)

Honors

Honors in CS requires a two-semester research project (including writeup
and presentation) during the last two semesters. In addition, honors
candidates must have earned A's or S-with-distinction in 2/3 (rounding up)
of the courses used towards the concentration, excluding introductory-
sequence courses (CS courses numbered 0200 or below) and the calculus
prerequisite. See the department’s honors webpage (https://cs.brown.edu/
degrees/undergrad/concentrating-in-cs/honors/) for more details.

Computer Science-Economics
Concentration Requirements

The joint Computer Science-Economics concentration exposes students to
the theoretical and practical connections between computer science and
economics. It prepares students for professional careers that incorporate
aspects of economics and computer technology and for academic careers
conducting research in areas that emphasize the overlap between the

two fields. Concentrators may choose to pursue either the A.B. or the
Sc.B. degree. While the A.B. degree allows students to explore the

two disciplines by taking advanced courses in both departments, its
smaller number of required courses is compatible with a liberal education.
The Sc.B. degree achieves greater depth in both computer science

and economics by requiring more courses, and it offers students the
opportunity to creatively integrate both disciplines through a design
requirement. If you are interested in declaring a concentration in Computer
Science-Economics, please refer to this page for more information
regarding the process. For more information about the CS Pathways, see
this page.
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Standard Program for the Sc.B. degree.

Prerequisites (3 courses):

MATH 0100 Single Variable Calculus, Part Il
MATH 0520 Linear Algebra
or MATH 0540 Linear Algebra With Theory
or CSCI 0530 Coding the Matrix: An Introduction to Linear
Algebra for Computer Science
ECON 0110 Principles of Economics

Required Courses: 17 courses: 8 Computer Science, 8

Economics, and a Capstone

CSCI 1450 Advanced Introduction to Probability for 1
Computing and Data Science

or APMA 1650 Introduction to Probability and Statistics with

Calculus

or APMA 1655 Introduction to Probability and Statistics with
Theory

Select one of the following Series: 2

Series A

CSCI1 0150 Introduction to Object-Oriented

& CSCI1 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms

Series B

CSCI 0170 Computer Science: An Integrated

& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms

Series C

CSCI 0190 Accelerated Introduction to Computer
Science (and an additional CS course not
otherwise used to satisfy a concentration
requirement; this course may be CSCI
0200, a Foundations CS course, or a
1000-level course.)

Series D

CSCI 0111 Computing Foundations: Data

& CSCI 0200 and Program Design with Data Structures

and Algorithms
Two courses, touching two different Foundations areas 2
a. Algorithms/Theory Foundations
CSCI 0500 Data Structures, Algorithms, and
Intractability: An Introduction
b. Al/Machine Learning/Data Science Foundations, No
concentration credit for 1410, 1411
CSCI 0410 Foundations of Al

c. Systems Foundations, Concentration credit not for both
300, 330

CSCI 0300 Fundamentals of Computer Systems
or CSCI 0320 Introduction to Software Engineering
or CSCI 0330 Introduction to Computer Systems

Three 1000-level CSCI courses, which must be technical 3
courses as defined in concentration handbook.. One of these can
be an additional 100-level Foundations course.

ECON 1130 Intermediate Microeconomics 1
(Mathematical)

ECON 1210 Intermediate Macroeconomics 1

ECON 1630 Mathematical Econometrics | 1

w

Three courses from the "mathematical economics" group (CSCI
1951K can be counted as one of them, if it has not been used to
satisfy the computer science requirements of the concentration

and if the student has taken either ECON 1470 or ECON 1870):

ECON 1170 Welfare Economics and Social Choice
Theory

Computer Science 3

ECON 1225 Advanced Macroeconomics: Monetary,
Fiscal, and Stabilization Policies
ECON 1255 Unemployment: Models and Policies
ECON 1470 Bargaining Theory and Applications
ECON 1490 Designing Internet Marketplaces
ECON 1545 Topics in Macroeconomics, Development
and International Economics
ECON 1560 Economic Growth
ECON 1640 Mathematical Econometrics I
ECON 1660 Big Data
ECON 1670 Advanced Topics in Econometrics
ECON 1680 Machine Learning, Text Analysis, and
Economics
ECON 1750 Investments Il
ECON 1770 Crisis Economics
ECON 1805 Experimental and Behavioral Economics
ECON 1820 Theory of Behavioral Economics
ECON 1860 The Theory of General Equilibrium
ECON 1870 Game Theory and Applications to
Economics
Two additional 1000-level Economics courses excluding 1620, 2
1960, 1970 °
One capstone course in either CS or Economics: a one- 1

semester course, normally taken in the student's last semester
undergraduate year, in which the student (or group of students)
use a significant portion of their undergraduate education,
broadly interpreted, in studying some current topic (preferably at
the intersection of computer science and economics) in depth,
to produce a culminating artifact such as a paper or software
project. A senior thesis, which involved two semesters of work,
may count as a capstone.

Total Credits 17

" Concentration credit will be given for only one of APMA 1650,

APMA 1655, and CSCI 1450.

Or ECON 1110 with permission. For students matriculating at Brown in
Fall 2021 or later, note that if ECON 1110 is used, then one additional
course from the mathematical-economics group will be required
Students may apply, at most, one Economics course whose number
is in the range of 1000 to 1099 toward the concentration. Note that
ECON 1620, ECON 1960, and ECON 1970 (independent study)
cannot be used for concentration credit. However, 1620 and 1960
can be used for university credit and up to two 1970s may be used for
university credit.

2

w

Honors

Students who meet stated requirements are eligible to write an honors
thesis in their senior year. Students should consult the listed honors
requirements of whichever of the two departments their primary thesis
advisor belongs to, at the respective departments' websites. If the primary
thesis advisor belongs to Economics (Computer Science), then students
must have a reader in the Computer Science (respectively, Economics)
department.

Professional Track

The requirements for all undergraduate professional tracks within
concentrations are standardized and additional information can be found
here:

https://nextbulletin.brown.edu/undergradproftrack/ (http:/
bulletin.brown.edu/undergradproftrack/)

Standard Program for the A.B. degree:

Prerequisites (3 courses):
MATH 0100 Single Variable Calculus, Part ||

Computer Science 3
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MATH 0520 Linear Algebra
or MATH 0540 Linear Algebra With Theory
or CSCI 0530 Coding the Matrix: An Introduction to Linear
Algebra for Computer Science
ECON 0110 Principles of Economics
Required Courses: 13 courses: 7 Computer Science and 6
Economics
CSCI 1450 Advanced Introduction to Probability for
Computing and Data Science
or APMA 1650 Introduction to Probability and Statistics with

Calculus

or APMA 1655 Introduction to Probability and Statistics with
Theory

Select one of the following series:

Series A

CSCI 0150 Introduction to Object-Oriented

& CSCI 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms

Series B

CSCI 0170 Computer Science: An Integrated

& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms

Series C

CSCI 0190 Accelerated Introduction to Computer
Science (and an additional CS course
numbered 200 or above not otherwise
used to satisfy a concentration
requirement; this course may be CSCI
0200, a Foundations course, or a 1000-
level course)

Series D

CSCI 0111 Computing Foundations: Data

& CSCI 0200 and Program Design with Data Structures

and Algorithms
Two courses, touching two different Foundations areas:
a. Algorithms/Theory Foundations

CSCI 0500 Data Structures, Algorithms, and
Intractability: An Introduction

b. Al/Machine Learning/Data Science Foundations.
CSCI 0410 Foundations of Al

c. Systems Foundations. Concentration credit for only one of
300/330

CSCI 0300 Fundamentals of Computer Systems
or CSCI 0320 Introduction to Software Engineering
or CSCI 0330 Introduction to Computer Systems

Two 1000-level CSCI courses, which must be technical courses,
as defined in concentration handbook.

ECON 1130 Intermediate Microeconomics
(Mathematical)

ECON 1210 Intermediate Macroeconomics

ECON 1630 Mathematical Econometrics |

Three courses from the "mathematical-economics" group: 2

ECON 1170 Welfare Economics and Social Choice
Theory

ECON 1225 Advanced Macroeconomics: Monetary,
Fiscal, and Stabilization Policies

ECON 1255 Unemployment: Models and Policies

ECON 1470 Bargaining Theory and Applications

ECON 1490 Designing Internet Marketplaces

ECON 1545 Topics in Macroeconomics, Development

and International Economics

4 Computer Science

ECON 1640 Mathematical Econometrics

ECON 1660 Big Data

ECON 1670 Advanced Topics in Econometrics

ECON 1680 Machine Learning, Text Analysis, and
Economics

ECON 1750 Investments I

ECON 1770 Crisis Economics

ECON 1805 Experimental and Behavioral Economics

ECON 1820 Theory of Behavioral Economics

ECON 1860 The Theory of General Equilibrium

ECON 1870 Game Theory and Applications to
Economics

or any graduate Economics course 3

Total Credits 13

' Or ECON 1110 with permission. For students matriculating at Brown in

Fall 2021 or later, note that if ECON 1110 is used, then one additional
course from the mathematical-economics group will be required

CSCI 1951K can be counted as one of them, if it has not been used to
satisfy the computer science requirements of the concentration and if
the student has taken either ECON 1470 or ECON 1870.

Note that ECON 1620, ECON 1960, and ECON 1970 (independent
study) cannot be used for concentration credit. However, 1620 and
1960 can be used for university credit and up to two 1970s may be used
for university credit.

w

Honors

Students who meet stated requirements are eligible to write an honors
thesis in their senior year. Students should consult the listed honors
requirements of whichever of the two departments their primary thesis
advisor belongs to, at the respective departments' websites. If the primary
thesis advisor belongs to Economics (Computer Science), then students
must have a reader in the Computer Science (respectively, Economics)
department.

Professional Track

The requirements for all undergraduate professional tracks within
concentrations are standardized and additional information can be found
here:

https://nextbulletin.brown.edu/undergradproftrack/ (http://
bulletin.brown.edu/undergradproftrack/)

Applied Mathematics-Computer Science
Concentration Requirements

The Sc.B. concentration in Applied Math-Computer Science provides a
foundation of basic concepts and methodology of mathematical analysis
and computation and prepares students for advanced work in applied
mathematics, computer science, and data science. Concentrators must
complete courses in mathematics, applied math, computer science,

and an approved English writing course. While the concentration in
Applied Math-Computer Science allows students to develop the use of
quantitative methods in thinking about and solving problems, knowledge
that is valuable in all walks of life, students who have completed the
concentration have pursued graduate study, computer consulting and
information industries, and scientific and statistical analysis careers

in industry or government. This degree offers a standard track and a
professional track.

Standard Program for the Sc.B. degree.

Prerequisites — the equivalent of two semesters of single-
variable calculus
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A second semester of single-variable calculus is not an
enforced requirement for our concentration, but it is a
required prerequisite for many of our courses. At Brown, the
second semester of calculus is taught in one of MATH 0100,
MATH 0170, or MATH 0190.

Requirements — 17 courses 1
Mathematical Requirements — 8 courses
MATH 0180
or MATH 0200
or MATH 0350

Multivariable Calculus (Physics/Engineering)
Multivariable Calculus With Theory

MATH 0520 Linear Algebra 2 1
or MATH 0540 Linear Algebra With Theory
or CSCI 0530 Coding the Matrix: An Introduction to Linear

Algebra for Computer Science

or APMA 1170 Introduction to Computational Linear Algebra

APMA 0355 Applied Ordipary Differential Equations 1
with Theory

APMA 0365 Applied Partial Differential Equations | with 1
Theory 4

APMA 1160 An Introduction to Numerical Optimization 1

or APMA 1170
or APMA 1180

Introduction to Computational Linear Algebra

Introduction to Numerical Solution of Differential
Equations

Computational Probability and Statistics
Recent Applications of Probability and Statistics

or APMA 1690
or APMA 1740

Two approved 1000-level or higher APMA courses. 8 2

One 1000-level or higher APMA or MATH course 56 1

Computer Science Requirements — 8 courses

Select one of the following introductory course sequences: 2
CSCI 0150 Introduction to Object-Oriented

& CSCI 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms

CSCI1 0170 Computer Science: An Integrated

& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms

CSCI 0111 Computing Foundations: Data

& CSCI 0200 and Program Design with Data Structures

and Algorithms i
CSCI 0190 and one CSCI course numbered 0200 or higher

Select one foundational course in each of three of the following 3

four clusters:
1. Algorithms/Theory

CSCI 0500 Data Structures, Algorithms, and

Intractability: An Introduction
2. Al/Machine Learning/Data Science

CSCI 0410 Foundations of Al
3. Systems
CSCI 0300 Fundamentals of Computer Systems g
or CSCI 0320 Introduction to Software Engineering
or CSCI1 0330 Introduction to Computer Systems
4. Probability
APMA 1655 Introduction to Probability and Statistics
with Theory ™
or APMA 1650 Introduction to Probability and Statistics with
Calculus
or CSCI 1450 Advanced Introduction to Probability for Computing
and Data Science
or MATH 1210 Probability
or MATH 1610 Probability

Computer Science 5

Three approved 1000-level or higher CSCI courses, which must 3
be technical CS courses.
Additional Requirements — 1 course 1

One approved capstone in computer science or gpplied
mathematics taken in the student’s senior year.

Multivariable Calculus 2 1

Total Credits 17

A required course may be replaced by a more advanced course with
concentration advisor approval. No course may be used to satisfy more
than one of the required 17 concentration credits. Transfer credits and
courses receiving placement credit notation can satisfy concentration
credit as long as they appear on the Brown internal transcript. At most
3 post-matriculation transfer credits (such as study abroad courses or
summer courses at another institution) can be used for concentration
credit. Pursuing honors will require 18 courses — these 17 along with
two semesters of independent study courses for the honors research
project, one of which can be used to satisfy the capstone concentration
requirement. For students with multiple concentrations: calculus, linear
algebra, one intro CSCI course, and at most two additional courses can
be used for concentration credit in the other concentration(s).

APMA 0260 can substitute for the multivariable calculus and/or the
linear algebra requirements. If it is used as a substitute for both
requirements, then students must take one additional approved 1000-
level APMA or MATH course not used elsewhere for concentration

3 credit. Footnotes 5 and 6 apply.

MATH 1110 may be used in place of APMA 0355. If MATH 1110 is used,
then the concentration must include at least four 1000-level APMA
courses (not including APMA 1910, 1920 or research/independent
study courses; footnote 5 applies). These can appear anywhere in

the declaration. Students matriculating prior to Fall 2025 can use
APMA 0330 or APMA 0350 as a substitute for APMA 0355. Students
matriculating in Fall 2025 or later who wish to use APMA 0330 or APMA
0350 must also complete the APMA 0355 online bridgework course and

4 pass the in-person bridgework exam that is offered once per semester.
MATH 1120 may be used in place of APMA 0365. If MATH 1120 is used,

then the concentration must include at least four 1000-level APMA

courses (not including APMA 1910, 1920 or research/independent study
courses). These can appear anywhere in the declaration. Students

matriculating prior to Fall 2025 can use APMA 0340 or APMA 0360

as a substitute for APMA 0365. Students matriculating in Fall 2025 or

later who wish to use APMA 0340 or APMA 0360 must also complete

the APMA 0365 online bridgework course and pass the in-person
bridgework exam that is offered once per semester.

APMA 1650 cannot be used to satisfy this requirement for students

matriculating in Fall 2025 or later, unless they also complete the APMA

1655 online bridgework course and pass the in-person bridgework exam

that is offered once per semester. APMA 1910, 1920, MATH 1090, 1910

and research/independent study courses are not allowed. At most one

of APMA 1001, MATH 1000, MATH 1001 can be used for concentration
credit.

At most one of APMA 1650, APMA 1655, CSCI 1450, MATH 1210,

MATH 1610 can be used for concentration credit.

Students wishing to go directly from CSCI 0111 to CSCI 0200 will need

to successfully complete additional exercises to receive an instructor

override code for CSCI 0200.

At most one of CSCI 0300, CSCI 0330 can be used for concentration

credit.

APMA 1655 is recommended. Higher-level courses in probability

can satisfy this requirement with concentration advisor approval. The

following courses are automatically approved: APMA 1080, APMA 1200,

APMA 1660, APMA 1690, APMA 1710, APMA 1740/ APMA 2610,

APMA 2630, APMA 2640.

Non-CSCI courses and CS art/ humanities/policy courses cannot

be used for concentration credit even if they are allowed as part of a

pure CS concentration. This list is maintained in the CS concentration

handbook at this link (https://cs.brown.edu/degrees/undergrad/
concentrating-in-cs/concentration-handbook/). At most one of the

electives can be an independent study course (such as CSCI 1970,

CSCI 1973). At most one of CSCI 0410, CSCI 1410, CSCI 1411 can

be used for concentration credit. EEPS 1340 is a non-CSClI course that

©

10
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can be used as a CSCl elective, but at most one of EEPS 1340 and
CSCI 1951A can be used for concentration credit.

Completing a capstone during the junior year might be allowed in
exceptional cases for which completion during the senior year is
impossible, such as the student’s faculty research mentor not being on
campus during the student’s senior year, but this requires prior approval
from the concentration advisor and the Director of Undergraduate
Studies in CS. The following options can be used to satisfy this
requirement:

(a) A pre-approved course that satisfies the APMA Sc.B. capstone
requirement: currently APMA 1360, APMA 193*/194* (where * is

any combination of numbers and letters; these are the APMA senior
seminars).

(b) Completion of a CS capstone as described in the CS Concentration
Handbook at this link (https://cs.brown.edu/degrees/undergrad/
concentrating-in-cs/concentration-handbook/). Usually, this involves
taking one of the approved CS capstone courses at this link (https://
cs.brown.edu/degrees/undergrad/concentrating-in-cs/concentration-
requirements-2020/capstone/) and registering the capstone with the
instructor of the course and with the CS department using the form
linked at the top of the CS capstone courses page. Depending on the
course it may require the completion of an additional project.

(c) A directed research/independent study course from the APMA
1970/1971 or CSCI 1970/1973 series that is used for undergraduate
research. For students pursuing honors in APMA-CS, one of the two
required semesters of independent study courses can be used.

(d) A directed research/independent study course in a related discipline
(i.e. STEM disciplines, ENVS, PHP, etc.) that is used for undergraduate
research if the project is relevant to the student's learning goals in the
concentration and with approval from the concentration advisor.

(e) An upper-level course related to the concentration (usually a 1000-
level or higher APMA, CSCI, or MATH course) in addition to a research
experience equivalent in scope and scale to work the student would
pursue in an Applied Math and Computer Science research-related
independent study course. Examples include UTRAs, LINK awards,
REUs, research programs at other institutions, the APMA Directed
Reading Program, etc. This requires approval from the concentration
advisor and appropriate documentation that should be uploaded to
ASK. The research experience must be completed during the student’s
senior year or the summer before the student’s senior year. Exceptions
require prior approval from the concentration advisor and the Director of
Undergraduate Studies in CS.

Professional Tracks

The requirements for all undergraduate professional tracks within
concentrations are standardized and additional information can be found
here:

https://nextbulletin.brown.edu/undergradproftrack/ (http:/
bulletin.brown.edu/undergradproftrack/)

Honors

Concentrators that demonstrate excellence in grades and in
undergraduate research can be awarded departmental honors. Honors
students with primary advisors in Applied Math should follow the
guidelines, requirements, and deadlines for honors as described in

the bulletin for Applied Math concentrators (https://bulletin.brown.edu/
the-college/concentrations/apma/) and as published on the APMA
departmental website (https://appliedmath.brown.edu/academics/
undergraduate-program/honors/). Honors students with primary advisors
in Computer Science should follow the guidelines, requirements, and
deadlines for honors as described in the bulletin for Computer Science
concentrators (https://bulletin.brown.edu/the-college/concentrations/comp/)
and as published on the CS departmental website (https://cs.brown.edu/
degrees/undergrad/concentrating-in-cs/honors/). Students wishing to

do honors research with a non-APMA or CS advisor should contact the
Directors of Undergraduate Studies in APMA and CS to discuss options.
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Mathematics-Computer Science
Concentration Requirements

Students may opt to pursue an interdisciplinary Bachelor of Science
degree in Math-Computer Science, a concentration administered
cooperatively between the mathematics and computer science
departments. Course requirements include math- and systems-oriented
computer science courses, as well as computational courses in applied
math. Students must identify a series of electives that cohere around a
common theme. As with other concentrations offered by the Computer
Science department, students have the option to pursue the professional
track of the ScB program in Mathematics-Computer Science.

Requirements for the Standard Track of the
Sc.B. degree.

Prerequisites

Three semesters of Calculus to the level of MATH 0180, 3

MATH 0200, or MATH 0350

MATH 0520 Linear Algebra 1
or MATH 0540 Linear Algebra With Theory

or CSCI 0530 Coding the Matrix: An Introduction to Linear
Algebra for Computer Science

Core Courses

MATH 1530 Abstract Algebra 1
Select one of the following series: 2
Series A
CSCI 0150 Introduction to Object-Oriented
& CSCI 0200 Programming and Computer Science
and Program Design with Data Structures
and Algorithms
Series B
CSCI 0170 Computer Science: An Integrated
& CSCI 0200 Introduction
and Program Design with Data Structures
and Algorithms
Series C
CSCI 0190 Accelerated Introduction to Computer
Science (and an additional CS course
numbered 200 or above not otherwise
used to satisfy a concentration
requirement; a Foundations course, or a
1000-level CS course)
Series D !
CSCI 0111 Computing Foundations: Data
& CSCI 0200 and Program Design with Data Structures
and Algorithms
Foundations Courses: Two courses, touching two different 2

Foundations areas:
a. Algorithms/Theory Foundations

CSCI 0500 Data Structures, Algorithms, and
Intractability: An Introduction

b. Al/Machine Learning/Data Science Foundations.
CSCI 0410 Foundations of Al

c. Systems Foundations. Concentration credit for only one of
300/330

CSCI1 0300 Fundamentals of Computer Systems
or CSCI 0320 Introduction to Software Engineering
or CSCI 0330 Introduction to Computer Systems
Three 1000-level Mathematics courses 3
Three courses in Computer Science at the 1000-level or higher. 3

One of these can be an additional 100-level Foundations course
or a CSCI non-technical course, as defined by the concentration
handbook.
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Three additional courses different from any of the above chosen 3
from Mathematics, Computer Science, Applied Mathematics, or
related areas

A capstone course in Computer Science or Mathematics 5

Total Credits 19

! Students wishing to go directly from CSCI 0111 to CSCI 0200 will need

to successfully complete additional exercises to receive an instructor
override code for CSCI 0200.

These must be CSCI courses at the 1000-level or higher. Credit

will only be given for one of CSCI 410, CSCI 1410, CSCI 1411, and
only one credit for CSCI 300, CSCI 330. See current handbook for
list. https://cs.brown.edu/degrees/undergrad/concentrating-in-cs/
concentration-handbook/

Concentration credit will be given for only one of APMA 1650, APMA
1655, and CSCI 1450. These must be approved by a concentration
advisor.

A one-semester course, taken in the student's last undergraduate year,
in which the student (or group of students) use a significant portion of
their undergraduate education, broadly interpreted, in studying some
current topic in depth. A senior thesis which involves two semesters of
work may count as a Capstone.

Course-based capstones are currently only available through CS.
Approved capstone courses and instructions may be found in the CS
concentration handbook (https://cs.brown.edu/degrees/undergrad/
concentrating-in-cs/concentration-handbook/)

w

Requirements for the Professional Track of
the Sc.B. degree.

The requirements for the professional track include all those of the
standard track, as well as the following:

Students must complete full-time professional experiences doing work that
is related to their concentration programs, totaling 2-6 months, whereby
each internship must be at least one month in duration in cases where
students choose to do more than one internship experience. Such work

is normally done at a company, but may also be at a university under the
supervision of a faculty member. Internships that take place between the
end of the fall and the start of the spring semesters cannot be used to fulfill
this requirement.

On completion of each professional experience, the student must write
and upload to ASK a reflective essay about the experience addressing the
following prompts, to be approved by the student's concentration advisor:

» Which courses were put to use in your summer's work? Which topics,
in particular, were important?

In retrospect, which courses should you have taken before embarking
on your summer experience? What are the topics from these courses
that would have helped you over the summer if you had been more
familiar with them?

Are there topics you should have been familiar with in preparation for
your summer experience, but are not taught at Brown? What are these
topics?

What did you learn from the experience that probably could not have
been picked up from course work?

Is the sort of work you did over the summer something you would like
to continue doing once you graduate? Explain.

Would you recommend your summer experience to other Brown
students? Explain.

Computer Science Graduate Program

Ph.D. Requirements

Requirements for the Ph.D. program can be found at https://cs.brown.edu/
degrees/doctoral/regs/reqs_phd.2015.pdf

Computer Science 7

The department of Computer Science offers two graduate degrees in
computer science. The Master of Science (Sc.M.) degree for those who
wish to improve their professional competence in computer science or to
prepare for further graduate study, and the Doctor of Philosophy (Ph.D)
degree.

For more information on admission, please visit the following website:

http://www.brown.edu/academics/gradschool/programs/computer-science
(http://www.brown.edu/academics/gradschool/programs/computer-
science/)

Requirements for the Masters Degree

Degree requirements are divided into two components: the Basic
Component (six courses) and the Advanced Component (two courses).
Students must have a B average for all eight courses. All courses must be
taken for a grade (they may not be taken S/NC).

Basic Component

The basic component consists of six courses at the 1000 level or higher.
Three of them must be CSCI courses. Three of them may be courses
related to Computer Science, but offered in other departments and
approved by the DGS (master’s). An (evolving) list of such courses is on
our website.

Advanced Component

One of:

» Two instances of CSCI 2980 in which the student completes a
master’s project under the direction of a CS faculty member and
provides a project report approved by that faculty member. Thus the
master’s project represents two semesters of work.

» Two 2000-level CSCI courses other than 2980.

Restrictions

No more than two courses (in the combined Basic and Advanced
components) may be Arts/Humanities/Policy courses without advisor and
DGS approval. These courses are listed in our website, but currently are:
{1250, 1280, 1360, 1370, 1800, 1805, 1860, 1870, 1952B, 1952X, 2002,
2402C, 2952S, 2999A, APMA 1910, DEVL 1810, IAPA 1701A, IAPA 1801,
PLCY 1702X}.

No more than three instances of 2980 may be used.
Rationale

Students entering the Master’s program typically have one of two goals:
they intend to pursue research careers in computer science and are
preparing themselves to enter PhD programs, or they intend to become
professional computer scientists and pursue careers in industry. In both
cases, some students might take collections of courses that not only give
them strength in particular areas of computer science, but also include
complementary areas that familiarize them with other ways of thinking
about the field. For example, a student whose interests are in the practical
aspects of designing computer systems should certainly take courses in
this area, but might also gain some breadth, taking courses in, perhaps,
artificial intelligence. However, some students might feel they’ve obtained
sufficient breadth from their undergraduate studies, and feel the need to
take courses only in their areas of specialization. Thus, while we suggest
to students that they should explore both depth in a particular area as well
as breadth in a broad collection of areas, we allow them to take whatever
collection of CS courses they (and their advisors) feel serves their needs.

Students whose goals are research careers should become involved as
quickly as possible with research groups as part of their Master’s studies,
and demonstrate and learn about research by participating in it. The
resulting research reports will serve to establish their suitability for entering
PhD programs.

Students whose goals are to be professional computer scientists should
have some professional experience as part of their preparation. A certain
amount of basic coursework is required before a student can qualify

for a pedagogically useful internship. Students with limited experience

in computer science should take a few advanced computer science
courses before embarking on an internship. Other students, particularly

Computer Science 7
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those whose undergraduate degrees were at Brown, will likely have had
internship experiences while undergraduates. Internships provide insights
for subsequent courses and project work at Brown. Students without such
experiences are at a disadvantage with respect to their peers.

Note that these internships are not courses and the work is not evaluated
as it would be for a course. Students’ advisors will assist them in choosing
an internship, but it is up to students themselves to ensure that they get
as much benefit as possible from their experiences. They must be able

to take advantage of these experiences while completing their Master’s
projects — we expect as high-quality work from them as we do from
students who entered the program with prior internship experiences.

A Master's degree normally requires three to four semesters of full-time
study, depending upon one's preparation.

CSCI 1010 Theory of Computation 1
CSCI 1040 The Basics of Cryptographic Systems 1
CSCI1 1230 Introduction to Computer Graphics : 1
CSCl 1234 Computer Graphics Capstone 5
CSCl 1250 Introduction to Computer Animation 1
CSCI 1260 Compilers and Program Analysis 1
CSCI 1270 Database Management Systems 1
CSCI 1280 Intermediate 3D Computer Animation 1
CSCI 1300 Interaction Design 1
CSCI 1310 Fundamentals of Computer Systems 1
CSCI1 1330 Computer Systems 1
CSCI 1340 Introduction to Software Engineering 1
CSCI 1360 Human Factors in Cybersecurity 1
CSCI 1380 Distributed Computer Systems 1
CSCI 1420 Machine Learning 1
CSCI 1430 Computer Vision 1
CSCI 1440 Algorithmic Game Theory 1
CSCI 1460 Computational Linguistics 1
CSCI 1470 Deep Learning 1
CSCI 1510 Introduction to Cryptography and 1
Computer Security
CSCI 1515 Applied Cryptography 1
CSCI 1550 Probabilistic Methods in Computer 1
Science
CSCI 1570 Design and Analysis of Algorithms 1
CSCI 1600 Real-Time and Embedded Software 1
CSCI 1620 Computer Systems Security Lab 0.5
CSCI 1650 Software Security and Exploitation 1
CSCI 1660 Introductjon to Computer Systems 1
Security
CSCI 1670 Operating Systems : 1
CSCI 1680 Computer Networks 1
CSCI 1690 Operating Systems Laboratory 0.5
CSCI 1710 Logic for Systems 1
CSCI 1730 Design and Implementation of 1
Programming Languages
CSCI 1760 Multiprocessor Synchronization 1
CSCI 1800 Cybersecurity and International Relations 1
CSCI 1805 Computers, Freedom and Privacy 1
CSCI 1810 Computational Molecular Biology 1
CSCI 1860 Cybersecurity Law and Policy 1
CSCl 1870 Cybersecurity Ethics 1
CSCI 1880 Introduction to Computer Security 1
CSCI 1950N 2D Game Engines 1
CSCI 1950U Topics in 3D Game Engine Development 1
CSCI 1951A Data Science 1
CSCl 1951C Designing Humanity Centered Technology 1
CSCI 1951L Blockchains and Cryptocurrencies 1
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CSCI 1951T Surveying VR Data Visualization Software 1
for Research
CSCI 1951X Formal Proof and Verification 1
CSCl 1951z Fairness in Automated Decision Making 1
CSCI 1952Q Algorithmic Aspects of Machine Learning 1
CSCI 1952X Contemporary Digital Policy and Politics 1
CSCI 1952Y Computer Architecture 1
CSCl 19527 Robots as a Medium: Creating Art with 1
Teams of Robots
CSCl 2002 Privacy and Personal Data Protection 1
CSCI 2230 Computer Graphics 1
CSCI 2240 Interactive Computer Graphics 1
CSCI 2270 Topics in Database Management 1
CSCI 2340 Software Engineering 1
CSCI 2370 Interdisciplinary Scientific Visualization 1
CSCI 2390 Privacy-Conscious Computer Systems 1
CSCl 2440 Advanced Algorithmic Game Theory 1
CSCl 2470 Deep Learning 1
CSCI 2540 Advanced Probabilistic Methods in 1
Computer Science
CSCI 2660 Computer Systems Security 1
CSCI 2670 Operating Systems 1
CSCI 2810 Advanced Computational Molecular 1
Biology
CSCl 2840 Advanced Algorithms in Computational 1
Biology and Medical Bioinformatics
CSCI 2951E Topics in Computer Systems Security 1
CSCl 29511 Computer Vision for Graphics and 1
Interaction
CSCI 29510 Foundations of Prescriptive Analytics 1
CSClI 2951U Topics in Software Security 1
CSClI 2951X Reintegrating Al 1
CSCI 2952G Deep Learning in Genomics 1
CSCI 2952N Advanced Topics in Deep Learning 1
CSCI 29520 A Practical Introduction to Advanced 3D 1
Robot Perception
CSCI 2952Q Robust Algorithms for Machine Learning 1
CSCI 2952R Systems Transforming Systems 1
CSCI 2952S Topics in Cyber and Digital Policy 1
CSCI 2999A Cybersecurity Management Within 1

Business, Government, and Non-Profit
Organizations
* Students may arrange with the instructor to receive 2000 level
credit for additional coursework in CSCI 1230, 1660 or 1670

Professional Track

Students choosing the professional track must complete the eight

courses of the basic and advanced components given above. In addition,
students must complete full-fime infernships doing work that is related to
Computer Science, fotaling - ours, whereby each internship
must be atTeast 740 hours in durafion. Such work is normally done at a
company, but may also be at a university under the supervision of a faculty
member.

On completion of each professional experience or internship, the student

must write a refleclive essay about the experience addressing specific
prompfis on our website. The essay must be sent fo and approved by the

DGS.

Concurrent ScB (NUS) and ScM in
Computational Biology (Brown University)

The School of Computing at National University of Singapore and The
Department of Computer Science at Brown have established a concurrent
Bachelor’'s and Master’s degree program in Computational Biology. After




having first completed four years of under- graduate study at National
University of Singapore (NUS), qualified students will attend Brown
University to complete their fifth and final year of study in computational
biology. After the successful completion of requirements set forth by both
universities, the students will simultaneously earn both their Sc.B. and
Sc.M. degrees. The Sc.B will be awarded by the National University of
Singapore, while the Sc.M. is awarded by Brown University.

Cybersecurity - Online Graduate Program

The Master of Science in Cybersecurity is designed to be completed in
4 semesters. It takes 8 courses to complete the program and students
can take up to 3 courses per semester, but the Department strongly
recommends taking no more than 2 courses per semester--especially
during one's first term at Brown. We do not currently offer summer term
courses in the program, so courses are completed during fall and spring.
Course availability varies and there is no guarantee that students will be
able to take every course they are interested in.

Students in the program are only pre-approved to take the courses from
the standard curriculum during the specific semesters listed below. If you
deviate from the standard curriculum without approval from your Director
of Graduate Studies, the course you register for may not count towards
your degree.

Computer Science Track

Computer Science Track:
Required Courses:

CSCI 1860 Cybersecurity Law and Policy
CSCI 2660 Computer Systems Security
CSCI 2999A Cybersecurity Management Within

Business, Government, and Non-Profit
Organizations

Select Three Track courses:
CSCI 1310 Fundamentals of Computer Systems
CSCI 1340 Introduction to Software Engineering

CSCI 1510 Introduction to Cryptography and
Computer Security (prerequisite: CSCI
1010 Theory of Computation, prerequisite/
corequisite: CSCI 1660 Computer
Systems Security)

Applied Cryptography (prerequisite: CSCI
1310 Fundamentals of Computer Systems
or CSCI 1330 Computer Systems)
Software Security and Exploitation
(prerequisites: CSCI 1330 Computer
Systems, CSCI 1670 Operating Systems)
Operating Systems (prerequisite: CSCI
1330 Computer Systems)

Computer Networks (prerequisite: CSCI
1310 Fundamentals of Computer Systems
or CSCI 1330 Computer Systems)
Operating Systems (prerequisite: CSCI
1330 Computer Systems)

Operating Systems Laboratory
(prerequisite: CSCI 1330 Computer
Systems)

Design and Implementation of
Programming Languages

Blockchains and Cryptocurrencies
(prerequisite: CSCI 1330 Computer
Systems)

Advanced Topics in Cryptography
(prerequisite: CSCI 1510 Introduction to
Cryptography and Computer Security)
Topics in Computer Systems Security
(prerequisite: CSCI 1660 Computer
Systems Security)

CSCI 1515

CSCI 1650

CSCI 1670

CSCI 1680

CSCI 2670

CSCI 1690

CSCI 1730

CSCI 1951L

CSCI 2590

CSCI 2951E

CSCI 2951U

Computer Science

Topics in Software Security (prerequisite:
CSCS 1650 Software Security and
Exploitation)

Select Two Elective Courses:

CSCI 1010
CSCI1 1260
CSCI1 1270
CSCI 1360
CSCI 1570
CSCI 1760
CSCI 1800
CSCI 1805
CSCl1 1870
CSCI 1951R
CSCI 2002
CSCI 2980

Theory of Computation

Compilers and Program Analysis
Database Management Systems
Human Factors in Cybersecurity
Design and Analysis of Algorithms
Multiprocessor Synchronization
Cybersecurity and International Relations
Computers, Freedom and Privacy
Cybersecurity Ethics

Introduction to Robotics

Privacy and Personal Data Protection
Reading and Research

This course can be used for a project relevant to policy
challenges in cybersecurity. It can count as 1 or 2 courses:
shorter projects will count as one course and are completed in
one semester; longer projects will count as two courses and
are completed in two semesters.

Policy Track

Policy Track:
Required Courses:
CSCI 1360

CSCI 1880

CSCI 2200

CSCI 2999A

Human Factors in Cybersecurity
Introduction to Computer Security
Cybersecurity Law and Policy

Cybersecurity Management Within
Business, Government, and Non-Profit
Organizations

Select Three Track courses:

CSCI 1040
CSCI1 1800
CSCI 1805
CSCI 1870
IAPA 1811

CSCI 2002
CSCl 29528

The Basics of Cryptographic Systems
Cybersecurity and International Relations
Computers, Freedom and Privacy
Cybersecurity Ethics

Contemporary Digital Policy and

Politics (Only Available for Synchronous
Attendance) (Course With Limited
Enrolliment) or CSCI 1952X Contemporary
Digital Policy and Politics (Asynchronous
Version of IAPA 1811) (Course With
Limited Enrollment))

Privacy and Personal Data Protection
Topics in Cyber and Digital Policy (Course
With Limited Enrollment)

Select Two Elective Courses:

CSCI 1951L
ENGN 2125

ENGN 2150

ENGN 2180

CSCI 2951E

CSCI 2980

Blockchains and Cryptocurrencies
Engineering Management + Decision
Making

Technology Entrepreneurship and
Commercialization | (This course has

a limited number of seats for ScM in
Cybersecurity students. The number of
seats available varies by semester)
Globalization Immersion Experience and
Entrepreneurship Laboratory (This course
has a limited number of seats for ScM in
Cybersecurity students. The number of
seats available varies by semester)
Topics in Computer Systems Security (if
you have satisfied prerequisites)

Reading and Research

Computer Science
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This course can be used for a project relevant to policy
challenges in cybersecurity. It can count as 1 or 2 courses:
shorter projects will count as one course and are completed in
one semester; longer projects will count as two courses and
are completed in two semesters.

Cybersecurity - Residential Graduate
Program

The Master of Science in Cybersecurity is designed to be completed in
4 semesters. It takes 8 course