HW #1, Integration and Function Approximation

Wouter J. Denhaan

1. (i) Use Simpson and Gaussian quadrature to calculate the following integral numerically and evaluate accuracy. Let the number of quadrature nodes be equal to 5, 11, 15, & 101.
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(ii) Use Simpson and Legendre quadrature to calculate the following integral numerically and evaluate accuracy. Let the number of quadrature nodes be equal to 5, 11, 15, & 101.
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2. Using Monte Carlo & Gaussian Quadrature calculate the following integrals numerically, let the number of nodes be equal to 2 and 3, and let the number of random draws be equal to 2, 3, 10, 100, and 10,000.

(i) E x4
(ii) E x6
(iii) E 1/(1+x2)

in all three cases x ~ N(0,4).

3. Approximate 1/(1+x2) over the interval [-5,5] with an n-th order polynomial. Let n be equal to 5, 11, and 15. Use Chebyshev nodes as well as equidistant nodes. Plot the function and the approximations.

4. Consider the following function defined on [-1,1]

f(x) = 0.90x if x < 0

f(x) = 0.92x if x ( 0

i) Approximate this function with one polynomial of the form
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Use the function values at the Chebyshev nodes to calculate the aj coefficients. Consider values for J equal to 2, 5, 10, and 25.

ii) Construct a measure to evaluate the accuracy of the four approximations on the interval [-1,1].

iii) Evaluate the accuracy of the four approximations on the interval [1,2].

iv) Would there be an advantage here to use Chebyshev polynomials?

Optional Alternative exercises

If the exercises above are too boring then you can use the following exercises to make some substitutions.

5. Neural nets. Approximate the following functions using the following class of approximating functions:
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with G(z) =being the scalar function defined as G(z) = (1+e-z)-1. Use both equidistant points and Chebyshev points.

i) x2 on [-1,1]

ii) 
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iii) 1/(1+x2) on [-5,5]

iv) 
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for x1 ( [-1,1] and x2 ( [-1,1]

v)  the function f(x) defined on [-1, 1] as follows

f(x) = 0.90x if x ( [-1,0] 

f(x) = 0.92x if x ( [0,1] 

6. Higher dimensional Monte-Carlo integration and accuracy. Let the scalars x and y be independent random variables with either a uniform or a (standardized) normal distribution. It is often mentioned that Monte-Carlo integration doesn’t have the curse of dimensionality because 
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converge towards the true value at the same rate. The idea of this exercise is to check whether this statement is true in finite samples. Focus on the following functions

i) f(x) = x and g(x,y) = x+y
ii) f(x) = 1/(x+0.01) and g(x,y) = 1/(x+0.01)+ 1/(y+0.01)

iii) f(x) = 1/(x+0.01) and g(x,y) = 1/[(x+0.01)(y+0.01)]

_1095837412.unknown

_1129451938.unknown

_1129452425.unknown

_1129452481.unknown

_1129452025.unknown

_1129451720.unknown

_1009714192.unknown

_1009717342.unknown

_1009704904.unknown

