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Background and Motivation:

In the context of inverse scattering transform, Zakharov and Manakov
studied the large-time asymptotic behaviors of solutions to nonlinear
Schrodinger equation through an oscillatory Riemann—Hilbert problem.
It is called nonlinear steepest descent method now. Deift and Zhou later
provided a detailed rigorous proof to calculate the large-time asymptotic
behaviors of the nonlinear evolution equations in integrable system. This
approach has been successfully applied in random matrix and orthogonal
polynomial. Also, the numerical Riemann-Hilbert problem is developed
in recent years.

In this project, we study the inverse scattering transform for Kdv equation
and nonlinear Schrodinger equation. We also study the linear steepest
descent method, and some elementary properties and methods for scalar
Rieamnn-Hilbert problem. In the end of this project, we study the
Deift-Zhou’s nonlinear steepest descent method for kdv equation.

Plan:

2021/10-2021/12, Stage 1: From Inverse Scattering transform to
Riemann-Hilbert Problem( [1] [3])



We study how to obtain the Riemann-Hilbert Problem from inverse
scattering transform and its rigorous argument.

2021/01-2022/02 Stage 2:_Asymptotic Analysis and Riemann-Hilbert
Problem ([2], [6])

We study the linear steepest descent method and its application for Airy’s
equation. Also, we study some basic properties for scalar
Riemann-Hilbert problem.

2022/03-2022/06, Stage 3: Deift-Zhou’s nonlinear steepest descent
method for kdv equation([4],[5])

In this stage, we follow [4][5] to study how to apply the Deift-Zhou’s
approach to obtain the asymptotic behavior of kdv equation. Among
others, we study the factorization of Riemann-Hilbert problem and linear
complex differential equations and its connection formula.
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