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Baker's bound from 1893 states that the geometric genus of the curve defined by an
irreducible polynomial equation f(x,y) = 0 is bounded by the number of Z*2-points in the interior
of the Newton polygon of f(x,y), by which we mean the convex hull in R*2 of all (i,j) for which
xNi*yAj appears with a non-zero coefficient. In this course we will give a modern proof of this
statement, which is essentially due to Khovanskii and for which we will first need an introduction
to the theory of toric surfaces.

After discussing this proof, we will focus on the class of curves for which this bound can be
met. As we will see, there is quite a bit of other geometric information that can be told by merely
looking at the Newton polygon, such as the gonality (= the minimal degree of a map to A*1) and
various related invariants. This turns such curves into a very attractive fall-back catalogue from
the point of view of explicit algebraic geometry, be it just for playing around with examples, for
testing hypotheses, or for doing explicit calculations. Moreover, we will see that for a given
Newton polygon Baker's bound is met for almost all polynomials that are supported on it; in
particular it concerns a very vast class of curves, covering a wide range of geometric situations
and comprising many well-known families.

On the other hand, from a proper moduli-theoretic point of view most curves do not admit
such a model. We will explain this seeming contradiction, and discuss how to decide if such a
model exists, and if it does, how to find it in practice. For hyperelliptic curves (= curves of
gonality 2) this amounts to finding a Weierstrass model. For trigonal curves (= curves of gonality
3) this amounts to carrying out the Delone-Faddeev correspondence. From curves of gonality 4
onwards, most curves do not admit such a model, but many still do.

In the final part, depending on the time available, we will discuss some applications such as
point counting on curves over finite fields (that is, preparing input for a recent algorithm due to
Tuitman), and finding regular models over DVRs (discussing recent work of Dokchitser).
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This is a beginning algebraic number theory course. Topics to be covered are Number fields,
Dedekind domains, ideal class group, splitting of prime ideals, finiteness of class number,
Dirichlet unit theorem, further topics such as counting number fields as time allows. The course
will be interactive. We will prepare a set of problems in each lecture and ask students to solve
them. We will also ask students to do projects on challenging problems at the end of the course.
The following is a detailed outline:

1. Elementary number theory (motivations)

2. Number fields

3. Integral bases

4. Dedekind domains

5. The ideal class group (finiteness of the ideal class group)

6. Dirichlet unit theorem

7. Dirichlet L-functions (primes in arithmetic progression)
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Exponential sums over finite fields play a fundamental role in number theory, arithmetic
geometry and their applications. This course provides a self-contained introduction to this
subject, leading up to its main research problems and results. Among the topics to be covered
includes: p-adic numbers and p-adic analysis, finite fields, exponential sums and L-functions over
finite fields, p-adic estimates of exponential sums, p-adic estimates (slopes) for the zeros of L-
functions. Along the way, extensive concrete and classical examples will be given to illustrate the
general theory.
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1. Basic concepts of sets, maps, product of sets, binary relations and the equivalent
relations.

2. Groups and abelian groups, order of element, subgroups and finitely generated
subgroups, cosets and decomposition of cosets, normal subgroups and quotient groups.

3.  Group homomorphisms, the fundamental theorem of homomorphism, finite groups
and Caylay Theorem, Lagrange Theorem, solvable groups.
Action of groups, stabilizer and orbits. Some applications.

5. Ring and commutative ring, left (right) ideals and ideals, finitely generated ideals, prime
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ideals.
6. Ring homomorphism, quotient rings, the fundamental theorem of homomorphism.
7. Localization of commutative rings, domains and fractional fields.
8. Module and submodule, finitely generated modules and simple modules.
9. Localization of modules over commutative rings.
10. Structure theorem of finitely generated modules over PID.
11. Application to study the similarity of matrices over fields.
12. Skew fields and fields, quaternion algebras.
13. Wedderburn theorem and finite fields.
14. Algebraic extensions and transcendental extensions, the existence of algebraic closures.
15. Separable extensions and inseparable extensions, the primitive element theorem.
16. Galois theory.
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