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Math 581, Midterm 1. November 2, 2006

1. Suppose an approximation 3 to y = f(x) needs to be computed, where f(x)
is a scalar function of a scalar variable.
a) (7pt) Give the definition of the backward error for y = f(x).

1
b) (8pt) If f(x) = p and our calculations for y = f(3) give y = 0.3. What is the

backward error involved in this calculation?



2. Using the backward error result for the vector inner product from Section 3.1
(formula (3.4)): for z,y € R",

Alzy) = (z+ Az)y = 2" (y + Ay),  |Az| < ylzl, Ay < wlyl,

where |z| denotes the vector with elements |z;| and inequalities between vectors hold
componentwise;
a) (10pts.) prove the forward error bound (3.5):

2"y — Az y)| < valzl" ]yl

b) (10pts.) prove the following backward error result for matrix-vector product.
Let A € R™" o € R" y= Ax, then (see formula (3.11))

g=(A+AA)r,  [AA] < 7|4
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3. (15pts.) Using the definition of 4, from Section 3.1:
nu

Tn = 1 — nu’

where u is the unit roundoff, nu < 1. Prove that

U<y <7m<...<7.



4. (20pts.) Recall that

Az
4l = ma L2212
220 ||zla
Prove that for any subordinate norm || - ||,, the following inequality holds (see

formula (6.7))
[ABlla,s < [ Ally,5l Bl

Hint. One way to prove this is to use the trivial identity
|ABz|s _ |[ABz|s || Bz,

o 1Bl Ml
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5. (15pts.)
The quantity y = n! is computed using the following algorithm:

s=1
fort=2:n
S=S%1
end

Write this algorithm using the general framework of Section 3.8, for n = 3. Make
sure to specify what is function gi(zy), what are the components xy, and what form
does the matrix I takes in this particular example.



6. (15pts.) Let a real vector z = (1/2,v/3/2) be given. Find a real vector y dual
to z in the || - ||-norm.

Recall that y is the dual vector to x in the 2-norm, if
y'e = yll7 el = 1.

and the dual norm is defined by

T
T
Hy H2 — max HyTxH2

D
— Imax =
Iyl #0  ||xlla fafa=1



