
Math 4363 – Numerical Analysis Fall nnnn Test 2

1. Let PL(x) be the Lagrange polynomial for f on x0, . . . , xn ∈ [a, b].(15)

(a) What is the error term for approximating f(x) by PL(x) for x ∈ [a, b]? What, if anything can
be said about ξ?

(b) Let Ln,k(x) be a Lagrange basis function for this data. What is Ln,k(xj)?

2. Let (x0, y0), (x1, y1), . . . (xn, yn) be points in R2 with xi 6= xj for i 6= j.(20)

(a) Briefly describe cubic spline interpolant (what is it and what properties does it have?).

(b) Briefly describe discrete polynomial least squares approximation.



3. Let f(x) = 5x3. Approximate f ′(1) using the 3 point forward difference formula(10)

f ′(x0) =
1

2h
[−3f(x0) + 4f(x0 + h)− f(x0 + 2h)] + h2f ′′′(ξ)/3

with h = 0.5.

4. General Numerical Differentiation(15)

(a) Write down the 2-point forward difference formula with its error term.

(b) Discuss the difference between truncation error and rounding error.

(c) Explain why your formula from (a) is unstable.



5. Numerical Integration(25)

(a) Approximate
∫ 2

0
(x3 + x4) dx using Simpson’s rule.

(b) Let f : Rm → R and let Ω ⊂ Rm be a rectangular region. Describe Monte-Carlo integration for∫
Ω
f dV and relate it to the definition of the average value of f over Ω.

(c) Discuss how adaptive quadrature is adaptive.



6. Let f(0) = 1, f(2) = 1, and f(3) = 2.(15)

(a) Write down the normal equations for the least squares line for this data.

(b) Describe the least squares parabola for this data.

(c) Let S be a natural cubic spline for this data, with S0(x) = a0 + b0x+ c0x
2 + d0x

3 and
S1(x) = a1 + b1(x− 2) + c1(x− 2)2 + d1(x− 2)3.

i. a0 =

ii. a1 =

iii. c0 =


