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Prerequisites: 
Mathematical knowledge which is usually learned during the first two years of a degree of L–35 class. In particular, 
classical analysis of one and several variables, linear algebra, affine and projective geometry, general topology. 
Basic theory of differentiable manifolds, which is usually learned during the third year of a degree of L–35 class. In 
particular, notion of differentiable manifold, tangent and cotangent space to a differentiable manifold at a point, 
differential forms on a differentiable manifold. 
Educational objectives: 
Acquiring some basic notions of algebraic topology and some basic techniques of modern geometry, especially related 
to the fundamental group of a topological space, sheaf theory, homology and cohomology of a manifold. 
 
 
 
Expected learning 
outcomes (according to 
Dublin Descriptors)  
 
 
 

Knowledge and understanding: 
Assimilating fundamental concepts in modern geometry and of elementary algebraic 
topology. Assimilating the related techniques. 
 
Applying knowledge and understanding: 
The assimilated theoretical knowledge is involved in large part of mathematics and its 
applications. 
 
Making judgements: 
Ability to analyze the consistency of the logical arguments appearing in a proof.  
Ability to choose suitable mathematical tools and techniques for studying complex 
mathematical objects. 
 
Communication: 
Students should learn the mathematical language and formalism necessary to read and 
comprehend textbooks, to explain the assimilated knowledge, and to describe, analyze 
and solve problems. 
 
Lifelong learning skills: 
Assimilate suitable learning methods, supported by consulting textbooks and by solving 
the exercises and questions which are periodically proposed during the course. 

Course program 
 
1. Elements of category theory: categories, isomorphisms, functors. 
2. Fundamental group and covering spaces: homotopy, fundamental group, functorial properties of the fundamental 
group, covering spaces, liftings, theorem of Seifert–Van Kampen, applications. 
3. Complexes, homology and cohomology: exact sequences of abelian groups, chain complexes, morphisms of 
complexes, homology groups, exact sequences of complexes, induced long exact sequence of homology groups, 
homotopy of complexes, dual complexes and cohomology.  
4. De Rham cohomology: cochain complexes, cohomology groups, the de Rham complex and its cohomology, 
Poincaré lemma.   
5. Singular homology and singular cohomology: singular simplexes and singular chains, singular homology, 



singular cohomology, the Mayer–Vietoris sequence and applications, Stokes theorem. 
6. Elements of sheaves theory: presheaves and sheaves of abelian groups, morphism of presheaves, stalk of a 
presheaf, sheaf associated to a presheaf, exact sequences of sheaves. 
7. Cohomology of sheaves: resolutions of sheaves, soft sheaves and canonical resolutions, cohomology groups of a 
sheaf, acyclic sheaves, de Rham theorem. 
Teaching methods: 
Lectures and exercise sessions 
Auxiliary teaching: 
 
Assessment methods: 
Oral exam about the topic of the course, to evaluate the understanding of the themes investigated. 
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