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1. Course Description
a. Pre-requisites
The Course is to be based on the acquisition of the following Courses:
 Mathematical analysis;
 Linear algebra;
 Discrete mathematics.
b. Abstract
Analytic Combinatorics teaches a calculus that enables precise quantitative predictions of
large combinatorial structures. This course introduces the symbolic method to derive
functional relations among ordinary, exponential, and multivariate generating functions,
and methods in complex analysis for deriving accurate asymptotics from the generation
function equations.
c. Course Type
Blended learning
2. Learning Objectives
The objective of this course is to form a foundation of Analytic Combinatorics.
3. Learning Outcomes
On completion of the course, the student should know the basic tools of analytic
combinatorics such as generating functions.
4. Course Plan
Topic 1. Combinatorial Structures and OGFs.
The first lecture is about the symbolic method, where we define combinatorial
constructions that we can use to define classes of combinatorial objects. The constructions
are integrated with transfer theorems that lead to equations that define generating
functions whose coefficients enumerate the classes. We consider numerous examples
from classical combinatorics.
Topic 2. Labelled Structures and EGFs.
This lecture introduces labelled objects, where the atoms that we use to build objects are
distinguishable. We use exponential generating functions EGFs to study combinatorial
classes built from labelled objects. We define combinatorial constructions that lead to
EGF equations, and consider numerous examples from classical combinatorics.
Topic 3. Combinatorial Parameters and MGFs.

This lecture describes the process of adding variables to mark parameters and then using
the constructions form previous topics and natural extensions of the transfer theorems to
define multivariate GFs that contain information about parameters. We concentrate on
bivariate generating functions (BGFs), where one variable marks the size of an object and
the other marks the value of a parameter. After studying ways of computing the mean,
standard deviation and other moments from BGFs, we consider several examples in some
detail.
Topic 4. Complex Analysis, Rational and Meromorphic Asymptotics.
We introduce the idea of viewing generating functions as analytic objects, which leads us
to asymptotic estimates of coefficients. The approach is most fruitful when we consider
GFs as complex functions, so we introduce and apply basic concepts in complex analysis.
We start from basic principles, so prior knowledge of complex analysis is not required.
Topic 5. Applications of Rational and Meromorphic Asymptotics.
We consider applications of the general transfer theorem of the previous lecture to many
of the classic combinatorial classes. Then we consider a universal law that gives
asymptotics for a broad swath of combinatorial classes built with the sequence
construction.
Topic 6. Singularity Analysis.
This lecture addresses the basic Flajolet-Odlyzko theorem, where we find the domain of
analyticity of the function near its dominant singularity, approximate using functions
from standard scale, and then transfer to coefficient asymptotics term-by-term.
Topic 7. Applications of Singularity Analysis.
We see how the Flajolet-Odlyzko approach leads to universal laws covering
combinatorial classes built with the set, multiset, and recursive sequence constructions.
Then we consider applications to many of the classic combinatorial classes that we
encountered in previous topics.
Topic 8. Saddle Point Asymptotics.
We consider the saddle point method, a general technique for contour integration that also
provides an effective path to the development of coefficient asymptotics for GFs with no
singularities. As usual, we consider the application of this method to several of the classic
problems introduced in previous topics.
5. Reading List
All materials in https://www.coursera.org/learn/analytic-combinatorics
6. Grading System
The student's final assessment consists of the assessment of the exam A exam and the
accumulated
assessment
Aacc
obtained
on
the
platform
https://www.coursera.org/learn/analytic-combinatorics as follows: Afinal = (Aacc+ Aexam)/2
7. Examination Type
Oral examination. Control elements are not blocking.
8. Methods of Instruction
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The
course
is
being
studied
on
the
https://www.coursera.org/learn/analytic-combinatorics
9. Special Equipment and Software Support (if required)
Not required

online

platform
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