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1 Scope of the document and regulations applied

This course program sets up minimal requirements for competences of a student, describes the syllabus of the course and procedures of control.

The program is intended for teachers of this course, teaching assistants, and students of the MS program 010100.68 Mathematics.

The program follows:

· The NRU Standard for the MS program 010100.68 Mathematics.

· Working syllabus of the University (approved in 2011) for the MS program 010100.68 Mathematics.

2 Goals of the course

The goals of the course Advances in Topology are

· General orientation of the student in the subject of topology and the methods used for study of topological spaces.

· Teaching student a description (definition and main properties) of the most important topological spaces.

· Teaching student topological facts used in other branches of mathematics, such as analysis, differential equations, algebra, mathematical physics, and more.

3 Competencies of a student which are formed by mastering the subject

The student finishing the course is expected to

· Know a definition of a topological space and main classes of topological spaces.

· Know how to use the most important operations over topological spaces. 
· Know how to describe a topological space by a CW complex structure.

· Know how to calculate homotopic and homological invariants of topological spaces rigged with a CW structure.

· Know definitions and main properties of the most important topological spaces, such as spheres, Grassmainans, flag varieties, and more.

· Master the notion of a fiber bundle and an exact sequence.

4 Position of the course within the MS program as a whole

For the master students majoring in Mathematics this course is the basic one and is a part of the main cycle. 

The results studied in the course can be used in future for the following courses: analysis, functional analysis, algebra, algebraic geometry, mathematical physics.

The prerequisite for studying the course is good knowledge of calculus and linear algebra, as included into bachelors’ curriculum. 

5 Thematic plan of the course

	N
	Topic
	Total hours
	Lectures
	Homework

	1
	Homeomorphism and homotopy equivalence
	8
	2
	6

	2
	Fundamental groups
	12
	4
	8

	3
	Higher homotopy groups and exact sequences
	10
	4
	6

	4
	Coverings
	14
	6
	8

	5
	Fiber bundles and structure groups
	10
	4
	6

	6
	Semi-simplicial sets and CW complexes
	12
	4
	8

	7
	Singular homology
	12
	4
	8

	8
	Simplicial and cell homology
	12
	4
	8

	
	Total
	90
	32
	58


6 Testing students’ knowledge of the subject

Routine testing is performed by solving problems in the exercise sessions, 2 colloquia and 2 tests on the following topics:

1) Fundamental groups and coverings.

2) Simplicial homology.

Final testing is in the form of one written test (the 1st module) and 1 written exam (2nd module).
Scoring

All scores are measured on the 10-point scale

Scores are assigned constantly for solving problems from the exercise sheets (the oral part of the homework, 15 to 20 problems/questions on each topic). 

Written test: a student is expected to demonstrate how he/she is able to use main techniques described in the course. The test is composed of 4 to 6 problems and lasts 90 minutes.

A colloquium is an oral examination with the open list of questions; a student is assigned a question at random and is expected to explain to the examiner the formulations and proofs related to the question. The formulations and proofs are explained in lectures or, in some cases, should be found in literature (the bibliography is provided).

Exam is a written test of 5 to 8 problems; the time is 3 hours.

7 Contents of the course

7.1 Homeomorphism and homotopy equivalence

	Contents
	Lectures
	Homework
	References

	Topological spaces, homeomorphism
	2
	2
	[1],1.1

	Homotopies, homotopy equivalence
	
	4
	[1],1.2


7.2 Fundamental group

	Contents
	Lectures
	Homework
	References

	Definition and group structure
	4
	4
	[1], 1.2.1

	Category structure and homotopy invariance
	
	4
	


7.3 Higher homotopy groups and exact sequences

	Contents
	Lectures
	Homework
	References

	Higher homotopy groups
	4
	2
	[1], 1.2.2

	Exact sequence of a pair
	
	4
	[1], 1.5


7.4 Coverings


	Contents
	Lectures
	Homework
	References

	Definition and basic properties
	6
	4
	[1], 1.3

	Classification of coverings via subgroups of the fundamental group
	
	4
	[1], 1.4.2


7.5 Fiber bundles and structure groups

	Contents
	Lectures
	Homework
	References

	Definition and covering homotopy property
	4
	2
	[1], 1.2.2

	Exact sequence of a covering
	
	4
	[1], 1.5


7.6 Semi-simplicial sets and CW complexes

	Contents
	Lectures
	Homework
	References

	Axioms C and W
	4
	2
	[1], 1.4.1

	Cellular approximation theorem
	
	2
	[1], 1.4.1

	Fundamental group of a CW complex
	
	4
	[2], 6.3


7.7 Singular homology

	Contents
	Lectures
	Homework
	References

	Definition and homotopy invariance
	4
	4
	[1], 2.9

	Homological exact sequences
	
	4
	[1], 2.9, 2.10


7.8 Simplicial and cell homology

	Contents
	Lectures
	Homework
	References

	Cell homology
	4
	4
	[1], 2.11

	Cell homology equals singular homology
	
	4
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8 Educational technologies

Lectures contain necessary definitions and proofs of key results of the course; instructive examples are also studied. After this, the students are assigned a homework which consists of an oral part and (sometimes) a written part. Oral part contains both exercises necessary to grasp standard facts and higher-level problems to expand the theoretical knowledge.

Students explain solutions of the exercises and problems to teachers during the exercise sessions. More complicated problems are discussed in class.

9 Scoring

All scores are assigned in a 10-point scale.

The routine score is formed as follows:

Sroutine = n1*Swritten test + n2* Scolloquium + n3* Shomeworks

The routine score is formed at the end of the module by assessing correctness of the homework and results of the colloquia. The sum of the coefficients is  ∑ni = 1. Fractional scores are rounded upwards.

The final score is computed as 

Sfinal = 0.5 * Sroutine  + 0.5 * Оfinal test
fractional scores are rounded upwards. 

Students can be given an opportunity to re-submit missing homework before the final test.

10 References
10.1 Basic textbook
V.A.Vassiliev, Introduction to topology, AMS, 2001.

10.2 Additional textbook
A.T.Fomenko, D.B.Fuchs, and V.L.Gutenmacher, Homotopy topology, Akademiai Kiado, Budapest, 1986.
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