CSCE 340/840
Homework Assignment 4

Due: March 26, 2002

100 points

Adaptive Numerical Integration

Develop an adaptive numerical integration algorithm based on automatic selective bisection of subintervals of integration.  Adaptive numerical integration algorithms are useful in reducing the number of function evaluations required to obtain a designated accuracy when the integrand has sharp peaks and/or shoulders.  Your adaptive algorithm should simply accept a function, limits of integration, and an accuracy  specification.  That is, no changes should be required in your adaptive algorithm as you change from one problem to another.  The only change should be a different function f(x), and new limits a and b, and an accuracy specification, EPS, see below.

Use an integration method of your choice (for example trapezoid, Simpson’s, or two-point Gauss).  Read in an error tolerance, EPS.

The simplest approach is to use a recursive algorithm.  The next easiest approach is to use a geometry-directed stack.  In either case, the next interval to subdivide is the leftmost one which has not been discarded.

Intervals are discarded as follows:  Let I = [a, b] and let Itop be the interval at the top of the stack.  Divide Itop into two equal intervals I1 and I2 and calculate A1 and A2.  If abs(A1 + A2 – Atop) ( tolerance where tolerance is equal to EPS times the length of the Itop divided by the length of I.  Note that the tolerance might be further adjusted as discussed in class.  Note also that the tolerance can be larger than this quantity if you use Richardson’s extrapolation for the final value of Atop.

You will solve two problems using this program each with two values of EPS and in each case you will print out the interval endpoints used in the entire integration.

Problem 1:

Integrate f(x) from .01 to 3 where f(x) is defined as follows:


(sin 1/x)

Use EPS = 0.01 and EPS = .0001

Problem 2:

Integrate f(x) from .01 to 7 where f(x) is defined as follows:


1/x

for .01 ( x ( 1


1 + sqrt(x – 1) for 1 ( x ( 5


(x – 5)2  
for 5 ( x ( 7

If you define f(x) as three separate functions and attempt to integrate over each interval as a separate call to your adaptive integration algorithm, then you will get 0 points for this part.

Use EPS = 0.01 and EPS = 0.0001

Note that the exact answer is 16.60517019

Comment on the accuracy of your calculation by comparing EPS with the actual error.

