
Math 466/666 Least Squares and Condition Number Project

Least Squares and Condition Number Project

Your work should be presented in the form of a typed report using clear
and properly punctuated English. Where appropriate include full program
listings and output.

1a. The data in lscond.dat consists of m values for xi and yi one pair
of values per line. The file lscond.dat is also available in the attach-
ments sidebar. Plot the points (xi, yi) from this file on a graph.

b. Create the matrix A and vector y given by

A =


1 x1 x2

1 . . . xn
1

1 x2 x2
2 . . . xn

2
...

...
...

. . .
...

1 xm x2
m . . . xn

m

 y =


y1
y2
...
ym


where n = 6 and m is the number of lines in lscond.dat. Find the
condition number of AtA. You may use the Matlab command cond

to do this. Clearly state and define which matrix norm was used to
compute the condition number.

c. The normal equations for the least-squares fit of the polynomial

p(x) = a0 + a1x+ a2x
2 + · · ·+ anx

n

to the data in lscond.dat are given by AtAv = Aty where v =
[ a0 a1 . . . an ]

t
. Solve these equations to find a numeric approxi-

mation of v. Print your results to 15 digits with format long in Mat-
lab. Use the condition number of AtA to estimate how many digits are
correct in your approximation of the least-squares minimizer.

d. List the Legendre polynomials Pk(x) of degree k for k = 0, 1, . . . , 6.

e. Let β = max{xi : i = 1, . . . , n }, α = min{xi : i = 1, . . . , n },
c = (β + α)/2 and d = (β − α)/2. Let Qk(x) = Pk((x − c)/d) to
obtain polynomials that are orthogonal on the interval [α, β]. Create
the matrix

B =


Q0(x1) Q1(x1) Q2(x1) . . . Qn(x1)
Q0(x2) Q1(x2) Q2(x2) . . . Qn(x2)

...
...

...
. . .

...
Q0(xm) Q1(xm) Q2(xm) . . . Qn(xm)

 .

https://fractal.math.unr.edu/~ejolson/467-09/assign/file01.dat
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where n = 6 and m is the number of lines in lscond.dat. Find the
condition number of the matrix BtB.

f. The normal equations for the least-squares fit of the polynomial

p(x) = b0Q0(x) + b1Q1(x) + · · ·+ bnQn(x)

are given by BtBw = Bty where w = [ b0 b1 . . . bn ]
t
. Solve these

equations to find a numeric approximation of w. Use the condition
number of BtB to estimate how many digits are correct in your ap-
proximation of the least-squares minimizer.

g. Use the definition of Qk(x) to find values for the ai’s in part 1c directly
from the bi’s computed in part 1f. Which way of computing the ai’s
results in a more accurate calculation? Relate the differences in the
ways of computing the ai’s to the condition numbers of AtA and BtB.



     3.391415636055171   196.663288403779262
    -2.701778110116720   -36.380731795602493
    -0.993372847326100    -1.774573984838647
     1.608199172187597    13.726535199773044
    -3.115671697538346    33.776418480171046
     3.041807995643467     8.968826138737430
     2.157632756046951   -11.859751536315089
    -3.434746187645942   236.479488813359353
     0.492726355791092   -25.064019104614001
     2.389079431537539   -25.371420955774663
     0.904047209303826    -3.773297809226695
    -1.959968934301287     0.715599128351391
    -2.094086751341820    -6.743885383133064
    -0.973755259066820    -1.973709644599217
    -3.008793462533504     2.453287192472026
    -2.140336092095822    -9.107366433994818
     2.385760633740574   -26.277387898669346
     0.933175707235932    -4.726448553175115
    -3.411743556149304   212.923632261703233
    -0.940750332083553    -1.815324332222910


