
AMS 526 Sample Questions for Test 2

October 28, 2011

Note: The exam is closed-book. However, you can have a single-sided, one-page, letter-size cheat sheet.

1. (20 points) Answer true or false and give a brief justification. (No credit without justification.)

(a) Whether an algorithm for a given problem is stable, backward stable, or unstable is independent
of whether the problem is well-conditioned for a given input.

(b) The condition number of a unitary matrix is 1 in Frobenius norm.

(c) Provided row interchanges are allowed, the LU factorization always exists for square matrices.

(d) If A ∈ Cm×m is Hermitian positive definite, then so is BAB−1 for any nonsingular B ∈ Cm×m.

(e) Let λ be an eigenvalue of an upper triangular matrix A ∈ Cm×m. The algebraic multiplicity and
geometric multiplicity of λ as the eigenvalue of A must be equal.

2. (20 points) Let A ∈ Cm×m be a Hermitian positive definite matrix with Cholesky factorization A =
R∗R. Show that

√
‖A‖2 = ‖R‖2 and that

√
κ2(A) = κ2(R), where κ2 denotes the condition number

measured in 2-norm.

3. (20 points) Assume the following algorithms are implemented on a computer satisfying the two floating-
point axioms. For each algorithm, state whether it is backward stable, stable but not backward stable,
or unstable, and explain why.

(a) (10 points) Data: x ∈ R. Solution: 1− x, computed as fl(1)	 fl(x).

(b) (10 points) Data: x ∈ R. Solution: 0.5x, computed as fl(x1)⊗ 0.5.

4. (15 points) Given a Hermitian positive definite matrix A ∈ Cm×m, let its LU factorization (without
pivoting) be A = LU , its Cholesky factorization be A = R∗R or alternatively A = L̃DL̃

∗
, where

L and L̃ are unit lower triangular, U and R are upper triangular, and D is diagonal. Explain the
relationship between the following pair of matrices:
(a) L and R; (b) U and R; (c) L and L̃.

5. (25 points) Briefly describe an efficient algorithm to answer each of the following questions. State the
floating point operations needed by the algorithm. Your algorithm must not require more than m3

floating point operations, and should be as efficient as possible.

(a) (13 points) Compute the determinant of a general matrix A ∈ Cm×m.

(b) (12 points) Determine whether a Hermitian matrix A ∈ Cm×m is nonsingular.
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