
Math 6321, Fall 2016
Due September 23

Homework 2 – Forward Euler and C++

All codes for this homework should be turned in via your personal Bitbucket repository, in a folder
named HW2. You must include a Makefile in that folder that will build all of your codes for
the assignment using only the command make. Your programs should use the files matrix.hpp,
matrix.cpp, fwd euler.hpp, fwd euler.cpp and rhs.hpp provided in lecture.

1. Compute the true solution to the problem: y′(t) = −e−ty(t), y(0) = 1. Write a single
main() routine in a file named prob1.cpp that performs the following tasks (your Makefile

should generate an executable named prob1.exe):

(a) Using the forward Euler method provided in class, approximate the solution to this problem
numerically with stepsizes h = {0.2, 0.1, 0.05, 0.025, 0.0125} for t ∈ [0, 5]. As we did in
class, output the solution and absolute error every 1 unit of time (i.e. dtout=1.0), and
accumulate these errors to determine the maximum reported error for the time interval.

(b) For each value of h, output this maximum absolute error to the screen, and store them in
a vector for part (c).

(c) Using your stored error values, numerically estimate the order of convergence for Euler’s
method on this problem.

2. Book: chapter 2, problem 4.

3. Write a new C++ class named AdaptEuler in the header and implementation files
adapt euler.hpp and adapt euler.cpp to create a forward Euler method that uses adaptive
time step sizes to obtain an approximate solution with a requested accuracy. Specifically, given
inputs for the relative and absolute tolerances, rtol and atol, you should use Richardson’s
error estimate (equation (2.46) in the book) to determine hn in an attempt to attain a computed
solution that satisfies the bound

‖y(tn)− yn‖ < rtol ‖y(tn)‖+ atol.

Your adaptive Euler solver class may include any data and parameters that you wish; the only
requirements are that it have constructor

AdaptEuler(RHSFunction& frhs, double rtol, double atol, std::vector<double>& y);

and evolution routine

std::vector<double> Evolve(std::vector(double)& tspan, std::vector<double>& y);



Details on the inputs/outputs for these functions:

1. The right-hand side function is given by a RHSFunction object, as defined in the header
file rhs.hpp.

2. The time interval for this specific call to Evolve is intput by the vector tspan = {t a,t b}.

3. On input to Evolve, the vector y contains the initial condition for this time interval, yh(ta),
and on output it contains the approximate solution for this time interval, yh(tb).

4. The output of Evolve function should be a vector containing the times {tn}Nn=0 that you
used in your method. You should enforce a maximum of 106 attempted time steps by the
solver before giving up.

Write a single main() routine in a file named prob3.cpp (your Makefile should generate an
executable named prob3.exe), in which you use your new class to re-do the IVP from problem 1,
using relative tolerances rtol = {10−2, 10−4, 10−6, 10−8} and absolute tolerance atol = 10−11.
For each relative tolerance, output the solution, absolute and relative errors every 1 unit of time,
and accumulate these errors to determine the maximum reported absolute and relative error for
the time interval. Once you reach Tf , report the overall maximum error values, as well as the
total number of time steps you required to solve the problem at each tolerance.


