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1 Background and outline of the problem

Hyperbolic conservation laws are partial differential equations that can be writ-
ten in the form

∂tu+∇ · f(u) = 0

u(x, 0) = u0(x)
(1)

where ∂t = ∂
∂t is time differentiation, ∇· is divergence, u = u(x, t) is the un-

known (either a scalar- or vector-valued function) and f is a given (usually
nonlinear) function, the flux function. The initial data is u0 and the PDE is
required to hold for t > 0, x ∈ Rd.

Since solving (1) exactly is possible only in very simple cases, we rely on nu-
merical methods to compute the solution. A large number of numerical methods
have been designed over the past decades, and starting in the 1980s, also high-
order accurate methods started becoming available. These are methods which
converge faster than more standard methods.

One particularly high-order accurate method for (1) is the ENO method.
This method, along with its derivative WENO, is particularly popular today.
It is known, however, that the ENO method can exhibit instabilities in certain
problems [1, 2], and the source of these instabilities is poorly understood.

2 Main goals of the project

The project involves reading up on the theory of conservation laws (1) and the
ENO method. The student should implement the ENO method and test it on
very high-resolution meshes. We then aim to make progress in understanding
the instability of ENO by a careful analysis of divided differences.

3 Required background

The student should have taken MAT3110 (or equivalent) and at least one course
in PDEs. It is also advantageous, but not required, to take a course on spline
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methods.
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