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Part 1. Rational Solutions of Painlevé Equations 
Abstract: Except for the first, each of the six classical Painlevé equations admits infinitely many rational 
solutions, with each rational solution corresponding to certain special values of the auxiliary parameters.  In 
this talk, we survey the rational solutions of Painlevé equations, focusing particular attention on the second, 
third, and fourth Painlevé equations.  We will discuss applications of rational Painlevé solutions, algebraic 
representations in terms of special polynomials and Bäcklund transformations, and the empirical distribution 
of poles and zeros of the rational solutions in the complex plane.

Part 2. Rational Solutions of Painlevé Equations.
Abstract: The rational Painlevé solutions also have an analytic character, in which they can be represented in 
terms of the solution of one or more Riemann-Hilbert or inverse monodromy problems.  We will describe 
several such representations such as (i) the Bertola-Bothner method which relates the special polynomials for 
the second Painlevé equation to norming constants for pseudo-orthogonal polynomials, and which has also 
been applied by Buckingham to describe the generalized Hermite solutions of the fourth Painlevé equation, 
(ii) the Masoero-Roffelsen method which relates the pole locations of rational solutions of the fourth Painlevé 
equation to an inverse problem for a Sturm-Liouville equation with an anharmonic potential, and (iii) the 
Schlesinger transformation method, in which a direct monodromy problem is solved in terms of classical 
special functions for a "seed" rational solution and the corresponding monodromy data for higher order 
rational solutions is hence obtained explicitly.  All of these methods allow the rational solutions to be analyzed 
in the limit of large order, precisely where the algebraic methods become unwieldy.  We will describe some 
results obtained via the Deift-Zhou steepest descent method.

Part 3. Isomonodromic Solutions of Integrable PDE and Universality.
Abstract:  An isomonodromic solution of an integrable PDE is a solution that satisfies also Painlevé-type 
ordinary differential equations with respect to each of the independent variables.  Examples include the 
particular solution of the Korteweg-de Vries equation conjectured by Dubrovin to universally model wave 
breaking in weakly dispersive perturbations of hyperbolic systems and the particular solution of the focusing 
nonlinear Schrödinger equation proposed by Suleimanov in a study of dispersive regularization of blowup 
solutions of unstable geometrical optics systems.  The same solution was independently found by Bilman, 
Ling, and the speaker to describe near-field asymptotics of high-order rogue wave solutions and hence was 
labeled as the "rogue wave of infinite order"; since then it was also shown by Bilman and Buckingham to 
describe high order soliton solutions of the same equation.  In this talk we will describe the rogue wave of 
infinite order in some detail, and we will also give rigorous proof that the solution arises in a setting similar to 
that in which it was originally proposed by Suleimanov.  




