
Syllabus 

1. Course Description 

a. Title of a Course : Research Seminar "Toric Varieties" (K. G. 

Kuyumzhiyan). 

b. Pre-requisites : In the first half of the course, we need Convex 

Geometry, Commutative Algebra, and basic properties of affine and 

projective algebraic varieties. In the second half, some more advanced 

notions from algebraic geometry are required, such as divisors and 

algebraic group actions. However, a deep knowledge of Algebraic 

Geometry is not assumed, and all necessary things will be precisely 

formulated and either proven or provided with explicit references to 

textbooks. 

c. Course Type :  optional 

d. Abstract :  This is an introduction to the theory of toric varieties, 

which are algebraic manifolds obtained from convex polytopes by means of 

some wonderful explicit geometric construction. For example, the standard 

n-simplex gives in this way the projective space of dimension и. The 

advantage of the pass from polytopes to toric varieties is that the crutial 

combinatorial and geometric properties of polytopes predetermine the key 

properties of the corresponding varieties and vice versa. Almost all 

essential algebraic, geometric, and topological characteristics of a toric 

variety are explicitly computable in terms of its polytope. This makes the 

toric varieties very suitable for testing algebro-geometric and topological 

conjectures, seeking examples and counterexamples, etc. 

2. Learning Objectives 

The seminar is intended to introduce the subject area to the students, and to offer 

them an opportunity to prepare and give a talk. 

3. Learning Outcomes 

Successful participants imporve their presentation skills and prepare for 

participation in research projects in the subject area. 

4. Course Plan :  Affine and projective toric varieties, orbit - cone 

correspondence, automorphisms of affine toric varieties and locally nilpotent 



derivations, resolution of singularities in dimension 2 and continued fractions. 

Divisors on toric varieties. Cohomology groups of nonsingular toric varieties 

5. Reading List 

a. Required 

D. Cox, J. Little, H. Schenck. Toric varieties. GTM 124, AMS, 2011. 

http://dacox.people.amherst.edu/toricms/toric.ps 

b. Optional          

V. Danilov; The Geometry of Toric Varieties; Russian Mathematical 

Surveys 33(2):97-154 

https://www.researchgate.net/publication/239667790_The_Geometry_of_

Toric_Varieties 

6. Grading System  

The formula for marking is 0.3 cumulative + 0.7 final exam, where cumulative is 

proportional to number of tasks solved. 

7.  Guidelines for Knowledge Assessment 

1) Assume that a torus T acts linearly on a finite dimensional vector space W over 

C. Show that there exists a basis in W such that the T-action is diagonal in this 

basis and is given by monomials. 

2) Consider a cone generated by vectors e_1, e_2, e_1+e_2+2e_3 in a three-

dimensional rational space.  

a) Describe the dual cone. 

b) Find the generators of the corresponding semigroup (which is the intersection 

of the dual cone with the lattice).  

c) Describe the corresponding affine variety. 

3) Describe the orbit structure of the T-action on the projective space P^2. 

4) Find the class group of the Hirzebruch space F_a. 

5) Consider a projective space P^n blown-up in a T-invariant point, denote this 

variety by X.  

a) Find Pic(X). 

b) In the obtained space. construct the cone of numerically effective divisors 

Nef(X).  

8. Methods of Instruction 



Students are individually assigned papers and textbook excerpts to give a seminar 

talk. 

9. Special Equipment and Software Support  : no requirements 


