Practice problems

Hereis a collection of some relatively straightforward problems that let you practice simple nuts and
bolts of programming. Each problemisintendedto be aseparate program.

1. WriteafunctiongetlInteger thatinteractively asks the usertoenteran integer, and thenreturns
thisvalue. Thisfunctionshould handlethe exception that the userenterstextinstead. Printan
appropriate error message, and letthe usertry again. You will need to enclose yourtry-catch (or
try-except) code inside aloop, because you don’t know in advance how many attempts the user will
need before gettingitright. Call this function fromyour main program so that you can testit. You
may find this function useful in future programs!

2. Thisis a continuation of the previous problem. Now that you have a robust way to interactively
inputan integer, modify getlnteger sothatitalsoverifiesthatthe numberentered by the user
isintherangea..b, whereaand b are parameters passedtogetlnteger. Iftheinputisoutof
range, you should printan error message and ask the user to try again. Also, ifa >b, getlnteger
should raise an exception, because this condition would be impossible to satisfy.

3. Asktheuserforanintegervalue, andfindthe sum of the digits of thisnumber. Once you get this

program working, you can add error checking that you already know how to do.

4. Use aloopto printthe first 25 Fibonacci numbers. Doyou needtostore these valuesinadata
structure such as an array or list?

5. Asktheuserto enterayear(e.g. 1945) and tell whetherthisisaleapyearor not.

6. Write a program that printsall of its command-linearguments. Besideeach (i.e.tothe left), print
theindexinthe array, sothat each command-lineargumentis clearly labeled.

7. Asktheuserforthe currenttime here, and outputthe time in Los Angeles and London. For
simplicity, justuse a12 hour clockand don’tworry aboutam/pm. If the userenters “9:01” your
outputs should be 6:01 and 2:01 respectively.

8. Readan inputfile containingsome win-loss records. On each line there will be two numbers
separated by a hyphen, with nowhitespace. Forexample,



10.

11

17-3

1-14

5-6

8-0

12-10
Do not assume a certain number of digits foreach number. Add up the total numberof winsand
losses, and printthese numbers out. Also, indicate the percentage of gameswon, roundedto the
nearesttenth of a percent.

Write a function that computes the quadraticformula. It should solve an equation of the form ax? +
bx+ ¢ =0. The parametersto the functionare the numbersa, b, and c. Since thisformulagives2
answers, we will needtoreturn an objector list containing both values. Call thisfunctiontofindthe
solutionstox?+ 10x + 21 =0 and x?— 3x— 3= 0. You mayassume that the solutionswillbe real.

Let’s estimate the value of mby means of a Monte Carlo simulation. Here’s how todoit. Imagine
that you have a square that has a side length of 2. Inside thissquareisaunitcircle. Basically all we
are goingto dois throw darts onto the square. Some of the darts will lie inside the circle, and some
outside. The edge of the circle is so thinthat we’ll ignore the possibility of landing onit. The ratio of
the circle’s areato the square’sareais /4.

Ask the user how many darts to throw. For each dart, ask the computerforrandomreal values of x
andy. (x,y)willthenbe one of the points onthe square dart board. Keep track of how many are in
the circle, and output your estimate of 1.

Of course we already know the value of it, but this general techniqueis usefulwhen we have more
irregularshapesthana circle that we want to estimate the area of.

Simulate alottery drawing. Have the computer pick 6 random numbersinthe range 1-50. Askthe
userto “buy” aticket by guessingwhatthe 6 random numbers are. Tell the userhow many of the
selected numbers are correct.

Hints: You should use some kind of array or list data structure to hold both the winningnumbers as
well as the user’sselected values. Youmay find it convenienttosortthe lists. BothJava and Python
have built-in waysto sortlists. Youalso need to make sure that the six winningnumbers are all
different! However, you may assume thatthe user’sinputwill all be distinct. Intestingyour
program, you may want to temporarily allow for cheating by printing the lottery drawing before
askingthe userforinput.



12. Here’sa 2-D array application. Let’s allow the userto play a simple form of Battleship. Thisisa
board game of 8 rows and columns. On this boardthere are various naval vessels: an aircraft
carrier thatis 5 unitslong, a battleship 4 unitslong, a submarine 3 unitslong, and a destroyer 2 units
long.

You can use a 2-D array, or you could use 8 strings of 8 characters apiece. Place the shipsinthe
board. For example, yourboard may start out like this: board=[ “...SSS..”, etc. representing that
the submarineisinthe firstrow.

Interactively letthe userpick 5 locations (row, column) to drop bombs. Foreach bomb, indicate if it
isa hitor a miss; if a hit say which vessel has been hit.

13. Let’sexplore some exceptions that may occur in Python or Java. Write a program that containsthe
following errors. Write down the name of the exceptionthat occursin each case. Then, write code
that catches the run-time error.

Askingforan elementthatis beyondthe end of astring

Askingforan elementthatis beyondthe end of alistor array

Convertingastringto an int, but the string does not contain digits

Openingafile thatisread-only orthat does not exist

Dividing by zero

Takingthe square root or log of a negative number
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14. Suppose atextfile contains aset of grades for studentstakingaclass. Allthe studentstook three
tests, and we need to write a program that can process these scores two dimensionally. First, read
the file, and place the numbersina 2-D listor array. Then, outputthe average score for each
student, aswell as the class average score on each test. Hereis some sample input:

46 96 70
86 87 90
94 99 100
818274
83 65 88
717294
857551
879374
78 78 78
83 65 66
79 80 82
83 84 98
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Phone numberwords. Download thislist of words of the English language from my Web site:
cs.furman.edu/~chealy/words2.txt. We would liketo help people rememberatelephonenumber
by convertingittoaword, if we can. Askthe userto entera 7-digit phone number. Note thatthis
means 3 digits, ahyphen, and then 4 more digits. Of course, youdon’tneedto hypheninyour
computation, butit’sthereintheinput. Scanthe file words2.txtto see if there are any 7-letter
words that are equivalent to this phone number. If so, then printthem out. Otherwise, try 6-letter
words for the first 6 digits orlast 6 digits of the user’stelephone number, meanwhile keeping the
remainingdigitintact. The scheme forconvertingnumberstolettersisasfollows:

2=A,BorC

3=D,EorF

4=G,Horl

5=J,KorlL

6=M,NorO

7=P,RorS

8=T,UorV

9=W, XorY
You may assume that the user’sinputislegitimate, and thatitonly contains digits 2-9. For example,
we can encode the phone number 776-4726 as PROGRAM.

Often, it’s handy to have readily availableatable of values that you need forsome application. Here

are a couple of examples.

a. Write a program that printsan ASClltable. Inotherwords, for eachintegerfrom 1 to 127, print
out thisinteger, alongwithits corresponding character. Forexample, the ASCll code for ‘A’ is
65. So, youshouldseethe letter A nexttothe number65. Format yourtable in multiple
columnsso that the entire table could be printed outon one sheet of paper, and be viewable
entirelyonthe screenatonce. The outputneedstobein “column-major” order. Inother
words, the information aboutinteger n+1 needs to appear directly underneath the information
aboutintegern, unlessintegernisat the bottom of a column, in which case integer n+1 would
appearat the top of the next column.

b. Write a program that printsthe integersfrom 1 to 256 in both decimal (base 10) and
hexadecimal (base 16) notation. Again, make sure youroutputisincolumnssothat all the
output can appearon one page or one screenful, and arrange the datain column-majororder.
You will probably need more columnsin this programthanin part (a).

Considerthe following question of probability: Whatisthe probabilitythat two 3-digitnumbers
selected atrandom will have a product endingin the digit0? Ina discrete structures classyoulearn
how to solve such a problem analytically. Butitwould be nice to verify youranswerempirically, and
we can do so by simulatingthe problem with acomputer program.



a. We can solve the problem through brute force. In other words, we can enumerate every
possible case. Write aprogram that tries every possible combination of 3digitnumbers. For
each pair, keep track of how many yield aproductendingin zero. Hereis some pseudocode:

for a = 100 to 999
for b = 100 to 999
if a*b ends in O
++count
Divide the count by the total number of iterations

b. Next, we wonderifthe numberof digits hasany bearingonthe answer. Let’s nextconsider7-
digitnumbers. Inthiscase, brute force would not be practical, because youwould need 81
trillioniterations! Instead, we needto selectasample of numbersatrandom. One milliontrials
should give us a sufficiently precise answer. Implement this pseudocode. Isthe outputthe
same as in part (a)? Hint: Ifyou are workingin C++ or Java, you need to use the long data type,
because the product of two 7-digit numbers cannotfitinside anint.

for trial =1 to 1,000,000
a = random 7 digit number
b = random 7 digit number
ifT a*b ends in O
++count
Divide the count by the total number of iterations

18. Let’s practice with loops, functions, and making a choice among multiple possibilities. InJava, you

19.

will be using aswitch statement here, butin Python you will practice the if/elif /felse statement.

Let’s suppose youruna hotel. Peoplelove your hotel so much, that many wantto stay for along
time. Write a program that asks the user fora check-in date and a check-out date. The program will
thentell the user how many nights are inthe reservation. You may assume that both datesare in
the sameyear, and thatitisnot aleap year. Assume that whenthe userentersa date, it will be
entered correctly inthe format month/day, asin 9/14.

To supportyour program, you should write a separate function that will return the number of days
ina month. For example, if the month numberis 2, the function should return 28. Thisfunction
should contain a switch statement (if Java) oranif/elif/else statement (in Python). Thisfunction
should be called from a loop, because the user may wantto stay inthe hotel for several months.

Hereis a short program featuringloops and random numbers. Let’s write a program that
implements aguessinggame. The computerwill pickarandomintegerinthe range 1..100. It will
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thengive the user7 chancesto guess thisnumber. Each time the user’sguessisincorrect, the
computershouldsayif the guess was too high or too low. The user wins and the game immediately
haltsif any of the useris able to correctly guessthe secret number by the 7" guess. The userlosesif
all 7 guesses are wrong. Why do you think we limitthe number of guessesto 7?

Ask the user to entera positive integerless than 4000. The program will then outputthis number
using Roman Numerals.

A more interesting problemisto be able to go the otherway: givenanumberenteredasRoman
Numbers, write itoutin ordinary base 10 notation.

(This exercise may take abitlongerto solve.) Write aprogram that counts from1 to 999,999, and
writesitsoutputto afile. Butthereisa catch: yourprogram mustprintboth the numeral aswell as
the English spelling of the number. Printone numberperline, with the numeral first. The numeral
should be rightjustified with afield width of 6 (since we could have up to a 6-digit number). The
spelling should be leftjustified. Printaspace betweenthe numeraland the spelled-outform.

Once you have completed this program, let’s do some Frenchimmersion. Create asecond version
that spellsthe numbersoutin Frenchinstead of English.

Hint: This problem will be more interestingand less tedious if you caninvest some time to think of
ways to reduce repetitive code in yourimplementation.

If you have not done so already, download my list of English words from
cs.furman.edu/~chealy/words2.txt. We are interested in knowing which words can be typed
exclusively by the left hand orexclusively by the right hand. Assume that the left hand typesthese
fifteenletters: Q, W, E,R, T,A,S,D, F, G, Z, X, C, V, B. The righthand takes care of the othereleven
letters. Let’s call these words lefty and righty words, respectively. Write a programto answerthese
questions:
a. Listallof the leftyandrighty words. How many of each are there? What percentage of all
words are of each type?

b. Findthelongestlefty word(s) andthe longestrighty word(s). Note thatthere could be a tie for
the longest.

c. Eyecharts onlyuse 10 letters of the alphabet. Theyare: C,D, E, F, L, N, O,P, T, Z. How many
words can be spelled exclusively by letters that can appearon an eye chart? What percentage
of all words s this?



d. Findthelongestword usingonlylettersthatcanappearon an eye chart. Note that there could
be a tie forthe longest word.

23. Write a program that performsthe longdivision algorithm taught to kidsin elementary school. The
program will ask the userforthe integers representingthe numeratorand denominator of some
fraction. Alsoaskforthe numberof desired digits of precisionin the answer. The program should
accept anyinteger number of digits. Then, the program will carry out the long division algorithm,
printing digits and keeping track of the status of the divisorasitgoesalong. For example, the user
might wantthe first 700 digits of 1/7.



