MATH 3510 Midterm I Sample October 2017

Question: | 1 | 2 { 3| 4 5] 6| 7 | Total
Points: 15/10{20{10(20|15}10| 100

Computer representation of integer numbers

1. Convert the following numbers to decimal representation. Show your work.

(a) (5 points) 10001100,
P 765‘137.10

190011 00 =272+ 2° = 128,+3,+4%, = 120,

(b) (5 points) BOLq A-10,B~11, C-12, D13, B-l1% F-iS

io

Bo;i 6%+ 16 = 11:256¢+ =2%l7m

(c) (5 points) 3014
210

30i, = 3.8%+ 8- 3-64+] = 193,

2. You are designing a specialized computer memory that is supposed to store only non-negative
integers. You are planing to store your integers in eight bits.

(a) (5 points) What is the largest m,}mber you can store?

N1 = 27+26+.~.+2,4-z+2 2% =255

76543210 e

§0Cwe etiic P2es?2 $%ion

(b) (5 points) How many different integer numbers are in your system?

I:VQ,MQ dit COW@!M{\O\I\ 16 a Vc‘écj w{eggb\
E%&t @n’cs = 2%conbivabicns —» 22 jut egoire,
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Computer representation of floating point numbers

3. You are developing a specialized microprocessor to store the results of your measurement.
The specification requires that the processor is using chopping when operating with floating
point numbers. Furthermore, it is required that the floating point numbers are stored in a
manner similar to IEEE754 standard: one bit for the sign, several bits for the exponent, and
another group of bits for the fractional part of the number. You do not need to reserve special
bit combinations, e.g. for zero, infinity, and NaN.

The key requirements to your processor are as following: (a) the largest (in absolute value)

number that you expected to process is ~ 27; (b) the relative error that is produced when a
measurement is stored in the system is ~ 278

(a) (5 points) What is machine € in your system? Explain.

Reéqﬁlue ellelr 7~ Nao@uim QPQI (oif\
c=2"°

(b) (5 points) How many bits you reserve for the fractional part of a floating point number?
Explain.

£= 245+ ek = 0.0000000]
. A —
ei%ﬂi Gile intle g%‘c;l‘ftcuq(
|

Pai-

(c) (5 points) How many bits you reserve for the exponent? Explain.

= (1 (198):2%  Mhome = (1§ a) - 2570,

. - 5@ maxt! _ 9. -8 =2 Coadu=2-
ng'kl/ Puax = 27" =27 Epay=8 \\éccmk&iz

(d) (5 points) What is the smallest positive floating point number in your system? Explain.
-— [] W A \ -
P = UG a) 27 5 Lwiw=0
O A

When your answer is a floating point number, provide it as powers of 2,
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4. (10 points) As you know the use of the expression

m-Vr?-x,

if used with finite-precision floating point arithmetic and for small values of x, |x| < 1, leads
to loss of significance (known as catastrophic cancellation).

Rewrite the expression above to fix the catastrophic cancellation problem:

n-ViZ =
:Cﬂt-mz-y)(mwﬁ x2 T (x2-x) _ X

—

o Y o ™
J(,—A\S.u_z—)( K+ yR2ox i+ R2-X%

Matlab

The chemical equation
x1[Ca(OH),]+ x2[HN O3] = x3[Ca(NO3)3] + x4 [Hy O]

indicates that x; molecules of calcium hydroxide Ca(OH), combine with x, molecules of nitric
acid HN Oj; to yield x3 molecules of calcium nitrate Ca(NO3), and x4 molecules of water
H,0.

Since atoms are not destroyed or created in chemical reactions, the balance of calcium atoms
requires that
X1 = X3.

The balance of oxygen atoms requires that
2x71 + 3x7 = 6X3 + X4.
The balance of hydrogen atoms requires that
2x7 4+ x9 = 2x4.
The balance for nitrogen atoms requires that

Xy = 2x3
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5. (a) (5 points) Rewrite the balance equations above in matrix form Ax = b: |
O -] O O X)
s-e-l | o) [n
| O -2 / a O / T X 2
[ -2 O O X,

(b) (5 points) Write matlab function (call it chemreaction()) that accepts no parameters and
returns the 4 x 4 matrix A and 4 x 1 column vector b your found in Step (a). When called,
your function must print absolutely nothing.

(c) (5 points) Write a matlab script (call it chem.m) that calls your function to initialize A
and b and tries to solve the linear equation using Matlab’s backslash operator. (Describe
what happened in your GitLab’'s README file.)

(d) (5 points) Add some code to your script that verifies that the vector [1;2;1;2] is the
solution of your system of equations.

L ow w lac, &07

Git and Gitlab
6. (15 points) Upload the code you wrote for this exam:

1. Use gitlab web interface to create a new project called midterm1-sample (the name is
case sensitive, must be exactly as shown)

2. Use gitlab web interface to add README file and edit it to add some meaningful content
3. 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
reporter) to the user michael.rozman

Systems of linear equations

7. (10 points) You wrote your own function to solve a system of linear equations. It takes about
10 seconds (on a slow computer) to solve the system of 10 equations with 10 unknowns.
Estimate how long it would take to solve a system of 11 linear equations with 11 unknowns if

1. your code implements Cramer’s algonthm
T/ T () i . .
Tr;("‘)f\hl / —_— o '/ T(-_(“)-)O%*H;”QS

Pty —tot
2. your code implements gaussian elimination method

Totyan® =59 N (Y 5 14300213, To0=Bs
s . l&_(lo) </
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