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1. Outline

Algorithms are mathematical objects. The development of proven e�cient al-
gorithms is a challenge that requires tools from several areas of mathematics.

Complexity is the study of lower or upper bounds for the e�ciency of all al-
gorithms for a certain problem. Finding precise lower bounds can be extremely
di�cult. (See here how to earn a million dollars with a single one).

We are particularly interested in algorithms and complexity for continuous
problems, as such that arise in numerical analysis.

Impact and applications. From a technological viewpoint, a better mathematical
understanding of numerical analysis means faster and more reliable algorithms.

In particular, we do not have a satisfactory technology to solve systems of
polynomial equations. Improvemnents in this technology would be useful for sub-
jects as mechanical engineering, chemical/biochemical kinetics, computer graphics,
nonlinear optimization, control theory, etc...

Connections with other subjects within mathematics. Input and output
spaces of numerical problems may be linear spaces or more generally smooth man-
ifolds. One may assume a probability measure in input space and also some group
action invariance.

Invariants as the condition number can be then interpreted as a random vari-
able, and the probability for a problem to be ill-posed can be estimated. But the
condition number can also be related with the reciprocal distance to a discrim-
inant variety, and may be bounded in terms of the arithmetic properties of the
discriminant.

2. Participants

Professor: Gregorio Malajovich PhD, Berkeley.
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3. Research projects

Project Coordinator Page
Complexity of Numerical Algorithms Gregorio Malajovich See project (Port)
International Cooperation(MathAmSud) Gregorio Malajovich See project (eng)
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http://www.labma.ufrj.br/~gregorio/research/projeto-web.pdf
http://www.labma.ufrj.br/~gregorio
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5. RECOMMENDED CURRICULUM 3

5. Recommended curriculum

Boldface courses are mandatory for all students. Other requirements appear
within parenthesis.

MSc

Linear Algebra
MAE 709

Advanced Calculus I
MAE709

(English pro�ciency exam)

Advanced Calculus II
MAE702

Advanced Calculus III
MAE703

(Quali�cation exam)

Algebra 1
MAE733

Numerical Analysis
MAE721

Numerical Linear Algebra
MAE733

(Math colloquium 1)

(Math colloquium 2) (Teaching stage 1)

(Dissertation)

Doctorate

Complexity of Numerical Algorithms
MAE8xx

Riemannian geometry
MAC855

(English pro�ciency exam)

Algebraic Geometry 1
MAA876

Free choice

Algebraic number theory
MAA875

Free choice

(Second language pro�ciency exam)

(Teaching stage 1) (Individual research)

(Teaching stage 2) (Individual research)

(Individual research)

(Individual research) (Thesis)

Notes:

(1) Advanced students may replace Advanced Calculus I by Topological Meth-
ods or Di�erential Geometry, but only after taking the other advanced
calculus courses.
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(2) Doctoral students with an MSc outside our program must still enroll in
two more MSc-level or PhD-level courses.

(3) Doctoral courses do not need to follow the order.

6. Suggested qualifying exam program

• Numerical Linear Algebra, plus a speci�c course such as Complexity of
Numerical Algorithms.

• If this is the main topic, the student is required to read three current
papers selected with the advisor.

• Also, if this is the main topic, the candidate chooses a secondary topic.

7. More information on the subject

Foundations of Computational Mathematics is a scienti�c association that con-
nects reserchers in this topics. It promotes a major confernce every three years,
thematic programs, and owns the journal with the same name. (Springer Verlag).
Another important journal in the subject is the Journal of Complexity.

A general introduction to the complexity of algorithms may be found in [14]
(Graduate level. Requires algebra and di�erential geometry). For algebraic com-
plexity, the reference is [15].

For the complexity of nonlinear equation, see [9].
A classical treaty exploring the connections between computing and mathemat-

ics is [16].
An introduction to classical computer science is [17] (Undergraduate level. Fea-

tures NP-completeness.)
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[16] Donald E. Knuth, The art of computer programming. Vol. 2, 2nd ed., Addison-Wesley Pub-
lishing Co., Reading, Mass., 1981. Seminumerical algorithms; Addison-Wesley Series in Com-
puter Science and Information Processing.

[17] Michael R. Garey and David S. Johnson, Computers and intractability, W. H. Freeman and
Co., San Francisco, Calif., 1979. A guide to the theory of NP-completeness; A Series of Books
in the Mathematical Sciences.
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