MATH 3510 Midterm II Sample November 2017

Questiom: | 1 | 2 /314 !5]|6]| 7|8 |Total
Points: | 10|10|10 20|10|10 | 20|10 100

Answer the questions in the spaces provided. If you need more space for your answer, continue on
the back of the page. Show all your work and indicate your reasoning in order to receive the credit.
Present your answers in low-entropy form.

1. (10 points) Estimate the number of operations that are required to inverse n x n matrix using
the method from HWO05:

TQ\L aa OH'L(Z\W\ ™ HWL Fequires Oha LU CIQCOM«-
POSE‘LIOV\ and 2xN  solubiche cg iu'e\kjquh sggéqm,
O Q,i\,\_qu\ Q%&‘E{CMSG

LU decowmposbtion — O(W) operatichd

& olution o‘t?/iakcyléqu Cys, — OCn») oPgb_yé(Oh%

Tetol cound 5 O3 + 2.0 O — OC(n3)

2. (10 points) Estimate the number of operations that are required to calculate the determinant
of an n x n matrix using the method from HW05:

TQ\Q, OL@}OHH\ iw HW regkunreg cwhe Lu chcw-

Pesiticu cnd  cwe v)?,OcQuC;(: of W+l gacéc‘t~%,
LU decempesition  — D) op—eu&awg
PZOCL‘*C{ — O[V\) QP__Q'?_Q‘(’(O(AQ

To'):ae count (‘)(V\B)+O(h) — OO@)

3. (10 points) Estimate the number of operations that are required to calculate a polynomial of
the order n using Horner’s method. Compare with the number of operations for worst case
“naive” method of calculations. For the purpose of this assignment assume that calculation of
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n-|
x" requires #'multiplications. P“Cx) = Qo +QX + Q, X 2 F oo C{“ % A

Horrerw's metled: Pnx) = Qo+ X-(a, + X-(Qz+ ..+ x(’ah-ﬁa.\xj
n multiplicatious aud n addibicns
Total ceunt : O(w)

Noawne: n achQ)‘):toug _-.OC'“) | |
D+142+341n = V\(;\-+\>,\, %14, O(n?) multipll-

cocticus

Total couut, OCw)+ O(h2) — O(n?)

4. You are solving a nonlinear equation f(x) = 0 using bisection and starting from the initial
interval [a,b], a =1 and b = 2. You are working in quadruple precision, that is vou are working
with 128 bit floating point numbers that have 112 bits in the fractional part and 15 bits in the
exponent.

(a) (10 points) estimate the best precision that you can achieve, i.e. the smallest length of the
interval containing the solution of your equation. Express your answer as a power of 2.

TR Qest P’zad&\ch 4< cg o ordei~ of 4lo
dietomce Getuean adjacent éeatin Pmﬂr

M\,\,\@aygi Fer 2le EI/ZI 'wd:tbbaé yANESIES du%‘f
(N\QGQ&)W\{J, QP%}QQL\‘ Fon o 12 @t g”a.ClcilOl/\az

ch,:t: Ltlea MA&QAiM QP%QQOMG—&f___Z_—_“_i

(b) (10 points) estimate the number of function evaluations that is required to achieve the
best possible precision.

Dwe Stoants witlh Zuea guhc_'((c\« QQQZ(Q&OM} S(U
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5. (10 points) A hypothetical algorithm for solution of nonlinear equation achieves the cubic
convergence rate. During your testing you noticed that after the three initial iterations the
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error of the solution was 1072, How many more iterations do you need to reduce the error to
better than 10714, Explain.

3
For 1le cubic Conwhehgeh@ octe SV\A«@M)}
where &, s %&_q EINICEN a}icet» n iteratieus
Hu\cﬂ_) Ssr»)o —2 SL/ ~ 0% 9 $s /»IQ'B

) e owe weeds 4Ua Mmook "LQ\"Q{LC‘AQ g e

Qé%o'z,{i:@\w .

6. (10 pomts) Determine the interpolating polynomial, P(x), that passes through the points (0, 0),
%\g 1\Q/“Construct the Lagrange polynomials L;(x) and write down P(x).

X,20 ,X2=5 2, Xa=1 Hi290,4 1=2, ‘33“" :
Lo gt et o0 ey
- GG £ e
B e A R

P = g‘ Loy +4,-L («)+g o L30) = -BX(xa)+ £ 2x (x-1)-
=X (dx+B4x-3) = -Tx*4 2x

Matlab

7. The Airy function (or Airy function of the first kind), Ai(x), is a special function named after
the British astronomer George Airy (1801-1892). The function Ai(x) is a solutions to the
differential equation

2
%}% -xp=0.
The Airy function provides uniform semiclassical approximations near a turning point of
Schrdinger’s equation; the Airy function describes the intensity near an optical dlrectlonal
caustic, such as that of the rainbow; the Airy function is also important in microscopy and
astronomy: it describes the pattern, due to diffraction and interference, produced by a point
source of light (the one which is much smaller than the resolution limit of a microscope or

telescope).
Matlab’s function airy(x) returns the value(s) Ai(x).

(a) (5 points) Plot a graph of Airy function for -10<x <0
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(b) (10 points) Using the matlab code that was developed in class for the bisection, the secant,
and the dekker’s method, find the locations of two first negative zeros of Airy function.

(c) (5 points) Compare the performance of the methods. Describe your observations in
gitlab’s README file.

Git and Gitlab
8. (10 points) Upload the code you wrote for this exam:

1. Use gitlab web interface to create a new project called midterm2-sample (the name is
case sensitive, must be exactly as shown)

(]

. Use gitlab web interface to create README.md file

W

. Use gitlab web interface to upload your matlab code to your project

4. Use gitlab web interface to grant the access to your project (with the permission of the
reporier) to the user michael. rozman
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