ENGR 121: Computation Lab |
Programming Assignment 2

This assignment comprises of four problems. Submit funstitor each of the problems by
November 30, 2016, 11:59 pm. Detailed submission inswostiare available towards the end
of this document.

You must work on this assignment on your own. Submitted smistmust be your original work.
Solutions copied from other students or from online souvadigesult in a grade of zero for the
entire assignment.

1. (10 points) The sine function can be evaluated via the following inérgéries:

Write a functionappr oxSi ne that takes as input two parametetgndt hr eshol d, to perform
the following task. Starting with the initial approximatisin(z) = x, add terms one at a time to
improve this estimate until
true value— approximatio
true value

’T < threshold.

Assume that the true value of sine is the one returned by thdmsin function in MATLAB.

Your function must return two output values: the approxenatlue ofsin(z) and the number of
terms that were needed to obtain this value subject to theedesror threshold. The following is
an example of function behavior fer= 7 /5.

>> X = pilb5;

>> true_val ue = sin(x)
real =

0. 5878

>> threshold = 0.001;

>> [approx terns] = approxSine(x, threshol d)
approx =

0.5878

terns =

2

>> threshold = 0.00001;

>> [approx terns] = approxSine(x, threshol d)
approx =

0.5878

terns =

3

Note that the er s value returned by the function only counts the number of seadded to the
starting approximation ofin(z).



2. (10 paints) Write a function callecanal yzeText that accepts a string as input and (1) counts
the number of words; (2) identifies the length of the longestdyand (3) identifies the greatest
number of vowels (a, e, i, 0, u) in a word. The function will zdled as follows:

[ numAor ds, maxWor dLengt h, maxNunVowel s] = anal yzeText (t ext)

where the variableé ext contains the string supplied to the functiamym\\r ds returns the
number of wordsjmaxWbr dLengt h returns the length of the longest word in the string, and
maxNunVowel s returns the greatest number of vowels present in any word.

Following are examples of correct function behavior:

>> [nw, MM, nmmv]
nw =
7
mM
6
mmv
2

>> [nw, MM, mv]
nw =
6
mM
8
mmv
3

anal yzeText (’ The woods are | ovely dark and deep’)

anal yzeText (' But | have prom ses to keep’)

If you are using thestrtok function to tokenize the string, read the release notesdeyaits
behavioriht t ps: // ww. mat hwor kKs. coni hel p/ matl ab/ref/strtok. ht m


https://www.mathworks.com/help/matlab/ref/strtok.html

3. (10 paints) You are asked to implement the following checksum formulbeatalate an identifi-
cation number given to you. The formula works as follows.ndgshe original number, double the
value of every other digit. Then add the values of the indigidligits together (if a doubled value
now has two digits, add the digits individually). The iddication number is valid if the resulting
sum is divisible by 10.
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(b) Checksum validation.

Figure 1: The process of creating and validating the cheunksu

Let's now walk through both ends of the checksum creationwafidation process: computing a
check digit and validating the result. Figure 1(a) illugtsathe steps involved in computing the
check digit. The original number, 176248, is shown in thehddsline box. Every other digit,
starting from the rightmost digit of the original number—ialn after the addition of the check
digit, will be the second rightmost—is doubled. Then eagjtas added together. Note that when
doubling a digit results in a two-digit number, each of thdggts is considered separately. For
example, when 7 is doubled to produce 14, it is not 14 thatdeddo the checksum, but 1 and 4
separately. In our example, the generated checksum is 2fie ®teck digit is 3 because that'’s the
digit value that makes the overall sum equal to 30. Recatlttitchecksum of the final number
should be divisible by 10; in other words, the checksum shheuad in O.

Figure 1(b) illustrates the process of validating the nuniF&2483, which now includes the check

3



digit. As before, we double every second digit starting it digit immediately to the left of the
check digit, and add the values of all digits, including theak digit, to determine the checksum.
Since the checksum is divisible by 10, this number validates

Write a function calledral i dat el Dthat takes as input an identification number and returns 1 if
the number is a valid checksum, O otherwise; it also returashecksum that is calculated. The
identification number is supplied to the function as a string

The function will be called as follows:
val i datel D(’ 1762483’

>> [valid, checksun]
valid =
1
checksum =
30
>> [valid, checksun]
valid =
1
checksum =
70
>> [valid, checksun]
check =
1
checksum =
80

Note that you can use thser 2num or str2double functions in MATLAB to convert each character
in the input string to a numerical value. For example, one aamvert the character '7’ to the
corresponding numeric value asr 2doubl e(’ 7’ ) .

val i dat el D(’ 79927398713’

val i dat el D(’ 9347870082856823" )



4. (10 points) The birthday problemis as follows: given a group of people in a room, what is
the probability that two or more of them have the same bigdH is possible to determine the
answer to this question via simulation. Write a functiodexhtal cBi rt hdayPr obabil ity
that takes as input and calculates the probability that two or more of thpeople will have the
same birthday. To do this, the function should create aryafaizen and generate birthdays

in the range 1 to 365 randomly. It should then check to seeyifohthe » birthdays are identical.
The function should perform this experimeit® times and calculate the fraction of time during
which two or more people had the same birthday.

The function is called as follows:
probability = cal cBirthdayProbability(nunmPeopl e)
Examples of correct function behavior follow:

>> nunPeopl e = 10;

>> prob = cal cBirthdayProbability(nunmPeopl e)
prob =

0.1175

>> nunPeopl e = 20;

>> prob = cal cBirthdayProbability(nunPeopl e)
prob =
0.4117
>> prob
prob =
0.4114
>> prob
prob =
0.4113

cal cBi rt hdayPr obabi | i t y( nunPeopl e)

cal cBi rt hdayPr obabi | i t y( numPeopl e)

Note that different runs of the program with the same valuatorPeopl e yield slightly different
probability results. This is expected since we are perfogexperiments with randomly generated
values during each run of the program. The Cody tests willdségthed to account for this type of
variation in the results.



Submission I nstructions

e Submit your solutions individuallysing the appropriate links on BBLearn under ‘Assign-
ments/Assignment 2’ by November 30, 2016.

¢ In addition, you must submit and test all your answers on Gnydiovember 30, 2016. The
submission site will be up and running by the middle of nexekveWe will send out an
email to the class once the site is up.

e Test the code thoroughly on your local MATLAB installatioaefbre submitting to Cody for
testing. In particular, if you are usinghi | e loops in your code, make sure there are no
infinite loops. Note that Cody times out for infinite loops andsituations where the total
processing time takes more than 60 seconds.



