Math 6340 Midterm Exam  3/7/16
Dr. Minkoff

Name:

Instructions: You may not use notes or books on this exam. Don’t spend too much time on
any one problem. Show your work!

NAME:
1 /21| 2 /15| 3 /9 | 4 /20
5 /22| 6 /13| T /10

A
21 pts](1a) Suppose you are using 3<digit decimal chopped arithmetic to solve the system Az = b where

001 1.00
A= [ 1.00 2.00]

and

1.00
o= |53

Apply naive Gaussian elimination to determine the factors L and U in this case. (Hint: remember to
chop your answers to three digits!)
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(b) Solve the system Az = b using your factors L and U. Note: to get credit you should solve the two
triangular systems, not the original system Az = b. What is your computed solution in this case? (Hint:
use three digit chopped decimal arithmetic.)
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(c) Contrast the solution you obtained in Part (c) above with the exact solution of the original system
Az = b. Explain this difference.

‘O&X’-E n exact cath rmelcc (S

e 0F e
/ po 200 JL¥e ST £ 5 \
,OO\X\""[&)XZ:,\O@ )(C//;(JOZ]/

( IuOO%\‘\ZcOOKz: 3:00 9989

002K +Z100Xz = 2,00
- L OOX\ 4+ Z:00X7 = .00

8% =00 » y - /, ©0Zo0Y
and 1001 (002004 £ [,06X 2= | 00

=) Xz = |- poje0z - , 4G 8998



(d) What algorithm modification could you use to correct for the error between exact and computed
solutions above (assuming you are stuck with 3~digit decimal arithmetic)? Go ahead and apply this new
algorithm and see if it fixes the error. 2
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[15 pts](2a) Show that it takes approximately n?/2 multiplication-subtraction steps to solve each of the
two triangular systems Lc = b and Uz = ¢ which result from Gaussian Elimination.
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(b) What is the total cost of using elimination to solve 10 systems with the same 60x60 coefficient matrix
A?
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[9 pts](3) Assume A is a real symmetric matrix with an LDU decomposition. Show that if all the pivots
are positive then A is positive definite. (Note: assume we are not permuting rows when we apply Gaussian
elimination to get the pivots.)

(P_vgo@ \n Gt A Symmebrt marias
h=1% s A=Du=LDL"
/ Mok * e eomvmed A dod an LDk dicompcsifion, )
o Posdu Puols in D) mbl/J(,o(a),yﬁ
Poket ﬁmwg ks xAx -yt préy
= XYS TS > o
5;22,?3& \M;f o MZ? (M/é\; THLE whh
S wppe A Tlor QA= Pt) ohch S
~/e KXQ&D/’:\) Aicompo sien &F A
ik '?05/%(/\( éI(USGV\GJ lrentS. =



[20 pts] (4) Let € > 0 be a small number and let

_ 1 1+4e€
A——[l—e 1 ]

(a) Find |[A]|w.

"’174/)/76 Neer 1S max e vm 3o

Al = 2+€.

(b) Find the condition number (A
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(c) Now let € = 0.01 and calculate x(A).

KCA) = [g_gi_)l
e

i £=.0 we st 24, o() (g,o/)z

= 46, %/

(d) Imagine you are solving the system Az = b and know that the relative error in your data vector b is
~ 1075, How many digits of the solution z can you trust?
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[22 pts] (5a) Apply the Gram-Schmidt process to the two vectors (1,2,2) and (1, 3,1) in that order.
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(b) Using the result of Part (a) above, write down the QR decomposition of the matrix j(:)
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(c) Using the QR decomposition of A, solve the least squares problem Az = b where A is the matrix in
Part (b) above and
1
. [ } |

=N

A-ar ’
N ) %nS: A« = Aﬂ)

(6R)Y (6" - /a7)Hh
7 RGP Q- vtGth
2 P'Rx- 26tk
= (IZY—QJ‘LJ

QEZD%%;[][ ”/57/ /J_J
[af- (2]

DY
130%)= a5 Ry = Vo= = 1L

——————

= F D
73 % 5 A= g



[13 pts](6) Show that the following operation in the back substitution algorithm for solving Rx = b is

backwards stable:
1 =b@rn.

Specifically you should show that the floating point algorithm gives exactly the right answer to a nearby
problem (R + 0R)x = b. (Here @ is a floating point divide.)
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Please sign the following honor statement: On my honor I pledge that f ”zave neither given nor recewé
any aid on this exam.
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