EE 103 Fall 2013 Midterm A
Applied Numerical Computing Wednesday, November 6, 2013
Instructor: Lara Dolecek

Maximum score is 100 points. You have 110 minutes

to complete the exam. Please show your work.
Good luck!
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L. (5 + 10 pts)

(a) Consider two n-vectors,  and y. When is,the inner product of z and y exactly
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(b) Express the norm ||z + y/|| in terms (M/,y, and the angle f between z and .
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2. (5+10 pts) Consider the following matrix

(00 -~ 01 a |
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(a) When is the matrix A non-singular ? A B = L \/
(b) Assuming conditions in part (a) hold, compute the inverse of A.
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(1 v2] [4x3]) = (!xb]

3. (10 + 15 410+ 5 pts) Consider matrix A,
25,263
2

(2)

(a) Is A positive definite ? Prove or disprove.

(b) Factorize A as A = LLT where L is lower triangular. Please show all steps.

(c) Solve Az = b for b=[4 0 2]7 using forward and backward substitution. *°'V¢ tw=b
Then LTy =

(d) How many total flops does it take to solve for Az = b in the previous part (account
for the cost of factorization).
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4. (10 pts) True or False.

0 Circling the correct answer is worth +2 points, circling an incorrect answer
L is worth —1 points. Not circling either is worth 0 points.

(a) Every triangular matrix is non-singular.
—
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(b) S¢ Lr.%uﬂement of a positive definite matrix is positive definite.
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(¢) All positive semi-definite matrices have strictly positive diagonal entries.
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11t vector x is zero.

(d) The norm ||z|| of a
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(¢) Every matrix has a unique left inverse.
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5. (10 pts) For what values of a is the following matrix A positive definite 7 For what
values of a is the following matrix A positive semi-definite 7 Please show all steps.
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(10 pts) Find the least norm solution for the following system of equations,

6.
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1. (54 10 pts)

(a) Consider two n-vectors,  and y. When is the inner product of z and y exactly
M

g’ 07

(b) Express the norm ||z + y|| in terms ly||, and the angle # between x and y.
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2. (5410 pts) Consider the following matrix

(00 - 01 a
00 -+ 10 a
TR L
1 0 - 0 0 ap
(00 - 00 a | Ve
(a) When is the matrix A non-singular ? AB =T s 4

(b) Assuming conditions in part (a) hold, compute the inverse of A.
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(1 v3] [5x2]) = (lxb]

3. (10 + 15 410+ 5 pts) Consider matrix A,

g glan 2 =il R
22,17 -
d=|3 5|2 R =k (2)

2 2 6

a) Is A positive definite 7 Prove or disprove.

(
(b) Factorize A as A = LLT where L is lower triangular. Please show all steps.

(¢) Solve Az =b for b= [4 0 2]T using forward and backward substitution. Solve Lw=b
) Then LTy =/

(d) How many total flops does it take to solve for Ax = b in the previous part (account
for the cost of factorization).
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4. (10 pts) True or False.

Circling the correct answer is worth +2 points, circling an incorrect answer
is worth —1 points. Not circling either is worth 0 points.

(O

(a) Every triangular matrix is non-singular.

TRUE FALSE

(b) Schurcomplement of a positive definite matrix is positive definite.
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(¢) All positive semi-definite matrices have strictly positive diagonal entries.
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(d) The norm ||z|| of a

11t vector x is zero.



5. (10 pts) For what values of a is the following matrix A positive definite ? For what
values of a is the following matrix A positive semi-definite ? Please show all steps.
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(10 pts) Find the least norm solution for the following system of equations,

6.
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