
Piecewise Cubic interpolation

• While we expect function not to vary, we expect it to also 

be smooth

• So we could consider piecewise interpolants of higher 

degree

• How many pieces of information do we need to fit a 

cubic between two points?

– y=a+bx+cx2+dx3

– 4 coefficients

– Need 4 pieces of information

– 2 values at end points

– Need 2 more pieces of information

– Derivatives?



• However for Hermite, the derivative needs to be specified

• Cubic splines, the derivative is not specified but enforced



Cubic splines



Imposing the continuity conditions



Using function continuity



First Derivative continuity



Second derivative continuity



Solving for m

• n-2 equations in n unknowns



• Need to add two conditions

• Usually at end points



Solving a cubic spline system

• Assume natural splines

• This is a tridiagonal system

• Can be solved in O(n) operations 

• How?

– Do LU and solve

– With tridiagonal structure requires O(7n) operations 



Efficient polynomial evaluation

• Given a polynomial in power form how many operations 

does it take to evaluate it?

• ap xp + L + a1 x + a0

Horner’s Rule
• Horner’s rule (Horner, 1819) recursively evaluates the polynomial 

ap xp + L + a1 x + a0 as:

((L(ap x + ap-1)x+L)x + a0. 

• costs p multiplications and p additions, no extra storage.

Reduces complexity from O(p2) to O(p)



Interpolation: wrap up

• Interpolation: Given a function at N points, find its value at 

other point(s) 

• Polynomial interpolation

– Monomial, Newton and Lagrange forms

• Piecewise polynomial interpolation

– Linear, Hermite cubic and Cubic Splines

• Polynomial interpolation is good at low orders 

• However, higher order polynomials “overfit” the data and 

do not predict the curve well in between interpolation 

points

• Cubic Splines are quite good in smoothly interpolating data


