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The Problem
We consider the solution of stiff nonlinear systems of ordinary differential equations,

∂y

∂t
= f(t, y), t ∈ [t0, tf ], y ∈ IRn. (1)

We will consider the solution of three systems of increasing cost:

(I) The first problem involves the evolution of a system of 15 species over the time interval
t ∈ [0, 10−3], corresponding to the electrical circuit analysis modeling of a ring modulator.
The ODE right-hand side is provided in the provided C file f1.c, and the initial conditions
are given by y(0) = 0.

(II) The second problem involves the evolution of a system of 20 chemically-reacting species,
used in the modeling of pollution dynamics, over the time interval t ∈ [0, 60]. The ODE
right-hand side and initial conditions are provided in the files f2.c and ic2.c, respectively.

(III) The third problem involves the evolution of a system of 66 chemically-reacting species,
used in the modeling of atmospheric ozone, over the time interval t ∈ [14400, 417600].
The ODE right-hand side and initial conditions are provided in the files f3.c and ic3.c,
respectively. Additionally, the Jacobian of the RHS routine is provided in f3.c, in case
you find it helpful in constructing your codes.

These source code files are quite rudimentary, and should be modified to use the appropriate data
structures for your code.

Discretization
You may use any pair of robust/efficient solvers for systems of ODEs that you choose, so long
as one is a “coarse” solver that achieves only a general idea of the solution dynamics, and the
other is a “fine” solver that evolves the equations using a much more accurate/costly method. It
is recommended that both of these be explicit methods, to simplify the parallel implementation
Note: these may be the same solver, just run with different time step sizes or tolerances.

Solvers
The serial implementation should be performed as usual for a system of ODEs. The OpenMP
parallel implementation should use standard shared-memory parallelism techniques.
However, the MPI parallel implementation should employ the ParaReal algorithm [1-3]. Here,
instead of relying on a parallel decomposition over the ODE species, you will attempts to create
a parallel-in-time solver for systems of ODEs. Such methods make use of a clever combination
of “coarse” and “fine” solvers, in an iterative fashion similar to multiple shooting methods for
ODE boundary value problems. The simplicity of the first two phases of the project is balanced
out by the subtle challenge of implementing this algorithm efficiently.

Testing
You should test your code using three ODE systems. You are welcome to use the provided test
problems, or you may use problems of your own choosing. Since none of these test problems
have analytical solutions, you should compare your computed results against those obtained by



using a single high-accuracy method for the entire simulation.

Results of interest will include:

• How do the total number of coarse/fine time steps change as the overall solution tolerance
is varied?

• What is the strong scaling performance of your solver when using OpenMP? When using
MPI?

• How does this performance change as you go from problem to problem?
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