
 

"Combinatorics", Spring 2022. 

 

Course description. We are going to discuss various interesting 

combinatorics problems. We hope to give introductory examples for most 

of the areas of modern combinatorics. At the same time we will use the 

main tools that comes handy when one faces some combinatorial question 

in a research. 

 

Program of the Course. 

 

1. Introductory examples. Binomial coefficients identities. 

2. Linear recurrence relations sequences. Rational generating functions.  

3. Catalan numbers, various equivalent definitions. 

4. Partitions, Young diagrams. Cycle structure of permutations. 

5. Symmetric functions algebra, Schur functions. Frobenius formula for 

irreducible complex characters of symmetric groups. 

6. Young tableaux, the hook formula. Murnaghan-Nakayama rule. 

7. Jacobi-Trudi formula. Cauchy identities. 

8. Stirling numbers of the first kind and Stirling numbers of the second kind. 

9. Inclusion–exclusion principle. Permutations with restricted position. 

10. Partially ordered sets. Incidence algebras, the Mobius inversion formula. 

11. Trees and planted forests. Cayley’s formula for the number of trees. 

Lagrange inversion formula.  

12.* Asymptotic combinatorics on the Young graph. Plansherel measure, 

limit shape of Young diagrams. 

 

Recommended Textbooks. 

 

1. R. P. Stanley, Enumerative Combinatorics: Volume 1 (Cambridge Studies 

in Advanced Mathematics, Series Number 49), 2nd Edition 

2. R. P. Stanley, S.Fomin, Enumerative Combinatorics: Volume 2 (Cambridge 

Studies in Advanced Mathematics Book 62) 

3. S. K. Lando, Lectures on Generating Functions 

4. I. G. Macdonald, Symmetric Functions and Hall Polynomials (Oxford 

Classic Texts in the Physical Sciences), 2nd Edition 



5. J. Riordan, Combinatorial Identities 

 

Grading Rules. During the semester you will receive about 11 multiple 

choice quizzes, each consists of 4-7 questions. For a correct answer you get 

one point. Also you should write a solution of at least one problem before 

each seminar and you will get 1 point for your attempt. Additional bonus 

points may be awarded for shortest and most elegant solutions or solutions 

of the most complicated exercises. Both the midterm and the final exam are 

oral exams, open books, open notes. The midterm contains 5 problems for 3 

points each, the final – 5 problems for 4 points each. Also you get 1 bonus 

point every time you are the first to correct the professor's mistake/mistype 

during the lecture.  The grading table has the following form: 

 

A+  90% 

 

A  85% 

 

A-  80% 

 

B+  70% 

 

B  65% 

 

B-  60% 

 

C+  55% 

 

C  50% 

 

C-  45% 

 

D  35% 

 

Contact information. vivanov (at) mathinmoscow.org 


