
More Examples of the Need for Numerical Methods

Root finding. Figure out how long you need to own a house before it pays to refinance.

Mathematical formulation. Solve the following equation for t

c1(t)− c2(t) = 0,

where c1(t) is my net cost if I refinance and c2(t) is my net cost if I don’t.

Interpolation. In a CAD system, find the equation of a smooth curve that goes through a set of
points indicated by mouse clicks.

Mathematical formulation. Given interpolation points x1, . . . , xn; data values y1, . . . , yn;
and basis function b1(x), . . . , bn(x). Find coefficients α1, . . . , αn such that

∑n
j=1 αjbj(xi) =

yi, i = 1, . . . , n. Or, written as a matrix problem: solve Bα = y for α, where [B]ij = bj(xi).

Numerical Differentiation. Given the population of tigers in India over the last 10 years, esti-
mate the rate at which that population is decreasing.

Mathematical formulation. Given (ti, p(ti)) for i = 1, . . . , n, estimate p′(tn).

Numerical ODEs. Simulate the motion of millions of atoms in a crystal.

Mathematical formulation. Give the (x, y, z) coordinate of every atom at time t0 compute
their velocities (and from that, their new positions at time t0 + δt) by solving

dv

dt
= m−1f(x, y, z, t),

where f(x, y, z, t) is a really complicated function that depends on the properties of the atoms
and on their positions with respect to all the other atoms.

Aproximation. Draw conclusions from some noisy survey data that is supposed to show the
influence of major and GPA on expected starting salary of Virginia Tech grads.

Mathematical formulation. The model: Yi = β0 + β1Xi1 + β2Xi2, for i = 1, . . . ,m. Find
the “least squares solution” (β0, β1, β2) minimizing

m∑
i=1

[Yi − (β0 + β1Xi1 + β2Xi2)]2 = ‖r‖22,
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Numerical PDEs. Simulate a high strain-rate manufacturing process.

Mathematical formulation.

Balance of mass: (ρJ(1− f))· = 0, (1)
Balance of linear momentum: ρr(1− fr)v̇ = Div T, (2)

Balance of moment of momentum: TFT = FTT , (3)

Balance of internal energy: ρrė=ρr(1−f)[cθ̇+tr(σDe)]=−Div Q+tr(TḞT ). (4)

Where

D = De + Dθ + Dp, (5)
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