CS100M December 12, 2000
Final Exam 9:00 AM -11:30 AM

(Print last name, first name, middle initial/name) (Student ID)

Statement of integrity: I did not, and will not, break the rules of academic integrity on this exam:

(Signature)
Instructions:

*  Read all instructions carefully, and read each problem completely before starting it!

*  This test is closed book — no calculators, reference sheets, or any other material allowed.

«  Conciseness, clarity, and style all count. Show all work to receive partial credit, especially box diagrams.

*  Carefully comment each loop and major variable.

* Ifyouuse br eak or Syst em exi t to exit any control structure (except SWi t ch), you will lose points!
*  You may not alter, supplement, or remove any code that surrounds the blanks and boxes.

*  Only one statement, expression, modifier, type, or comment per blank!

»  Use the backs of pages if you need more space or scrap. You may request additional sheets from a proctor.
» If you supply multiple answers, we will grade only one.

Core Points:
1. (30 points)
2. (15 points)
3. (50 points)
4. (75 points)
5. (30 points)
Tot al : / (200 points)
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MATLAB Reminders

[1 (square brackets), e.g, any (return 1 if any element in a vector is non-zero),

>>v = [7 12 5]
vV =
7 12 5

e.g.,
>> any([0, 0,1, 0])
ans =

1

[1 (empty array), e.g.,
>> v =[]
vV =

[]

char (character), e.g.,
>> char ([ 65 90 97 122])
ans =

AZaz

() (parentheses), e.g,

end (last element of array), e.g.,

>> v([1 2]) >> x = 1:4; x(2:end)
ans = ans =
7 12 2 3 4
{} (braces for cell array), e.g., i sreal,e.g.,
>> w(2) = {"hi'} >> ~jsreal (i)
W = ans =
[ "hi’ 1
. (dot), e.g., I i nspace (linear space), e.g.,
> z.x =1 >> | i nspace(0, 2, 3)
zZ = ans =
x: 1 0O 1 2
. (colon), e.g, nod (modulus, remainder), e.g.,
>> 1:3 >> nod( 4, 2)
ans = ans =
1 2 3 0

"’ (character, string of characters, empty string), e.g.,

r and (random number between 0 and 1), e.g.,

>> x = "ab’; x(1) >> rand

ans = ans =

a 0. 9501

relations (<, >, <=, >= == ~=), zer os (fill array with value 0),

boolean values (0, 1), and
logical operators (| , &), e.g,
>> 1==0 | 1==

ones (fill array with value 1),
>> zeros(1,4)

ans =
ans = O 0 0 O
1 >> ones(1, 4)
>>[12 3] ==[1 2 4] ans =
ans = 1 1 1 1
1 1 0
abs (absolute value), e.g., sum(summation), e.g.,
>> abs([1 -2]) >> sun( 1: 2)
ans = ans =
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Problem 1 [30 points] MATLAB & Java: cell arrays, array of objects, array of arrays, ragged arrays

An upper triangle array is a ragged array that stores the elements above, and including, the main diagonal of an array. For
example, the following square array contains an upper triangle array, as shown below:

1+i 2-i 0-i |1+i 2-i 0-i
9+7i|-8-4i| 7+0i -8-4i | 7+0i
0-6i [4+2i|1+3i 1+ 3i

square array upper triangle array

la) [10 points] Complete the MATLAB function Pr obl emla( si ze) that creates a square array X of random complex
numbers. The real and imaginary components will be integers between -9 and 9, inclusive. Pr obl enfla will extract the
upper triangle array from X as a sequence of column vectors which will each be stored in cell array y.

1b) [20 points] Complete the 8 blanks in Java class Pr obl emlb, which produces a similar result as Pr obl enila. The mai n
method will create two arrays:
- square array X composed of Conpl ex numbers with integer components
- upper triangle array y that contains only references to 1-D Conpl ex arrays, not values of specific Conpl ex numbers.
Hint: Use a ragged, column-major array for y.
Your code will store the upper triangle array of X in y, which is output to the user.

See below for example sessions fora 3 x 3 array:

Sample MATLAB Session Sample Java Session
>> Probl emla( 3) > java Problenlb 3
ans = ans =
-8.0000 - 5.0000i 7+3
ans = ans =
3. 0000 + 0.0000i -9-1j
9. 0000 + 4.0000i 0+9i
ans = ans =
-9. 0000 + 5.0000i - 3+5i
-3.0000 + 4.0000i - 6+6i
0 - 2.0000i 2+0

% Part la: Use MATLAB

function Probl ema(size)

% Di spl ay upper triangle array

% Create square array of dinmension $size$ with random conpl ex nunbers:
x = floor(rand(size)*19)-9+f| oor(rand(size)*19*i)-9*%i;

% Preal |l ocate a cell array:
y = cell(1,size);

% Store the upper triangle of $x$ as colum vectors in elements of $y$:

for jj =

y{ } = ; % content indexing of $y$
end

% (describe the statenent bel ow)

y{:}
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// Part 1b: Use Java

public class Problenlb {
public static void main(String[] args) {

I

I

I

/1

I

final int SIZE = Integer.parselnt(_____ ); // convert 1st comand-line argunment to int
Conpl ex[][] x = nakeSquare(Sl ZE); /1 assign square Conplex array

Conplex[][] y = makeTriangl e(Sl ZE); /1 assign "enmpty" triangle Conplex array
fillTriangle(x,y); /1 fill $y$ with triangle from $x$
printTriangle(y); /1 display $y$

Print upper triangle array columm by colum to resenble MATLAB s output:
public static void printTriangle(Conplex[][] V) {

for(int col =0 ; ; col ++) {
Systemout. println("ans =");
for(int row=0 ; ;T OWH+)
Systemout.printin(" " + );
}
}
Fill elements of upper triangle array $y$ which is extracted fromsquare array $x$:

public static void fillTriangle(Conplex[][] x, Conplex[][] V) {

for(int col =0 ; ; col ++)

for(int row=0 ; ;T OWH+)

}

Create and return "enpty" Conplex triangle array as a ragged, colum-major array:
public static Conplex[][] makeTriangle(int size) {
Conpl ex[][] tnp = new Conpl ex[size][];
for(int col=0 ; col < size ; col ++)

return tnp;
}
Create and return a Conpl ex square array:
public static Conplex[][] makeSquare(int size) {
Conpl ex[][] tnp = new Conpl ex[si ze][si ze];
for(int row=0 ; row < size ; rowt+)
for(int col=0 ; col < size ; col ++)
tnp[row][col] = crand(9, 19);
return tnp;
}
Ret urn random Conpl ex numnber:
public static Conplex crand(int low, int high) {
return new Conpl ex(rrand(l ow, hi gh), rrand(!l ow, hi gh));
}
Ret urn random Conpl ex i nteger:
public static int rrand(int low, int high) {
return (int) Math.floor(Math.randon()*high)-Iow,
}

} // dass Problemlb

cl ass Compl ex {

private int real; // real conponent
private int inmag; // inmaginary conponent
Conplex(int real, int imag) { /* code not shown */ }

public String toString() { /* code not shown */ }
} /1 dass Conpl ex
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Problem 2 [15 points] Java: inheritance, “butterfly ballots”

For each of the following 15 statements and/or lines of code, indicate whether or not it will cause a standard Java compiler to
issue an exception or error by selecting either:

+ Incorrect: causes error or exception
*  Correct: compiler does not complain

class File {
int id;
protected int size;
private int author_id;
public File() { }
public File(int i, int s, int a) { id=i; size=s; author_id=a; }
private void uselessl() { }
protected void usel ess2() {

usel ess1(); /. 1. Correct [ ] Incorrect [ ]
}
public void whoDidlt() {

Systemout.println("Author "+author_id); //............... 2. Correct [ ] Incorrect [ ]
}

} // Cass File

class ImageFile extends File {
private bool ean col or;
public static int nunCol ors=2;
public ImageFile() { }

public ImageFile(int i, int s, int a, boolean c) {
super(i,s,a);
color = c;
}
public void whoDidlt() {
Systemout.println("Artist "+author_id); //............... 3. Correct [ ] Incorrect [ ]
}
public static void strangel() {
NUMCO! OF S++, [ . o 4., Correct [ ] Incorrect [ ]
}
public void strange2() {
NUMCOl Or S++; /. 5. Correct [ ] Incorrect [ ]
int twice = size*2; [/. ... . . . . 6. Correct [ ] Incorrect [ ]
super.usel essl(); /... 7. Correct [ ] Incorrect [ ]
}

} // Cdass InageFile

public class Problen {

int size=3;

public static void main(String[] args) ({
int tnp;
File x = new File(1, 1000, 1013);
tp = X. 0 d; 8. Correct [ ] Incorrect [ ]
tp = Size; /. 9. Correct [ ] Incorrect [ ]
tnp = x.author _id; //.. ... . . 10. Correct [ ] Incorrect [ ]
I mageFil e pic = new | mageFi | e(101, 9000, 1234,true); //....11. Correct [ ] |Incorrect [ ]
pic.usel esSL(); [/ .. 12. Correct [ ] Incorrect [ ]
tnp = pic.nunmCol ors; [/ ... ... . . e 13. Correct [ ] Incorrect [ ]
x = new lmageFile(); [/ ... 14. Correct [ ] Incorrect [ ]
pic =new File(); /1. .. . 15. Correct [ ] Incorrect [ ]

}
} /1 Cass Probl en?
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Problem 3 [50 points] MATLAB: strings, characters

Overview: Complete the following subfunctions of Pr obl enB which models a word-guessing game. Starting with a “bag” of
104 letters ranging from A to Z, the user picks 7 random letters and attempts to form the longest possible English word using
only those 7 letters. The user gets 1 point per letter used.

Description: The game activates from MATLAB’s command window and has the following functions:

*  Probl enB, which is the driver that plays “1 round” of the game by initializing the data, filling the “bag,” selecting the 7
letters, prompting the user to enter a word, collecting the points, and reporting the results. The results consist of the points
earned, the remaining unused letters from the current round, and the count of letters remaining in the “bag”.

« fill Bag, which represents the full collection of all letters as a string initially stored in array bag.

+ pickLetters, which randomly picks enough | et t er s to “fill” the number of current openings represented by
count . After removing | et t er s from bag, pi ckLet t er s returns both the revised bag and chosen | et t er s.

+ ent er Wor d, which prompts the user to enter a legal word my_wor d. Once the user enters a legal word, ent er Wr d
awards one point per letter as poi nt s, which is returned along with ny_wor d.

* | egal, which checks if awor d contains | et t er s from the original hand, does not exceed the number of total
letters,andifiti SEngli sh.

* i sEngl i sh, which checks if a dictionary contains wor d.

+ get Remai ni ng, which returns as a string the | et t er s not used by wor d from the current round.

« renmpveCccur ences, which takes an input string | et t er sToRenpve and attempts to remove that string from the
other input string wor d.

+ findstr, which returns the starting indices of any occurrences of the shorter of the two strings in the longer.

Hint: You can use r embveQccur ences to greatly simplify your code for | egal and get Renai ni ng.
Sample Session:

>> Probl en8

Nunmber of letters in bag: 104
Your letters are: SIHALID
Forma word: HAIL

Fi nal points: 4

Leftover letters: DS

Remai ning letters in bag: 97

function Probl enB
% lnitialize data for one gane:

count = 7; % maxi mum |l etters to choose for each gane
bag = fillBag; %forminitial set of letters and store in $bag$
points = O; % initial $points$

di sp([’' Nunber of letters in bag: ', nunkstr(length(bag))]);

% Run one gane:

[ny_letters, bag] = pickLetters(count, bag); % grab $count$ letters from $bag$
[points, ny_word] = enterWsrd(count,ny_letters); %get $ny_word$ fromuser and award $poi nts$
remain = get Remai ni ng(my_word, ny_letters); % store unused letters in $remin$

% Report results:

di sp([’ Points for the word: ', nunmRstr(points)]);
di sp([’ Leftover letters: ', nunRstr(remain)]);
di sp([’' Remaining letters in bag: ', nunRstr(length(bag))]);

function bag = fillBag()
% Store initial collection letters "in the bag":
A2F =’ AAAAAAAABBBBCCCCDDDDEEEEEEEEEEEEEEFFFF ; % letters from'A to 'F

&P = " GGEEHHHHI 1 | 1 JIKKLLLLMMVMNNNNOOOOOOPPPP' ; % l etters from'G to 'P
Q@Z = " QRRRRSSSSTTTTUUUWVVVWNAKYYYZ' ; %letters from’Q to 'Z
bag = ; %concatenate strings to fill $bag$

[Problem 3 continues on next page]
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function [letters, bag] =pi ckLetters(count, bag)
% Extract $count$ $letters$ from $bag$. The user will pick fromthese $letters$:

letters ='"; %initial array of $letters$ is enpty
for ii=1:count
i ndex = 1+fl oor (rand*(l ength(bag))); % pi ck random $i ndex$ to get randomletter
letters(ii) = ; % extract random | etter using $index$
% Updat e $bag$ by assigning $bag$ to an array without the extracted letter:
bag = bag( )
end
function [points,my_word] = enterWrd(count,ny_letters)
% Pronpt user to enter word fromcurrent selection of letters:
di sp([’ Your letters are: ',ny_letters]); % di splay letters user chooses from
ny_word = upper(input(’'Forma word: ',’s’)); % pronpt user to enter a word as a string
whil e % check legality of user’s input word
di sp(’ The word you entered is not valid!'); % bad user!
ny_word = upper (input(’Forma word: ',’s’)); %user enters another word
end
points = ; % award 1 point per letter for $my_word$
function testValue = legal (letters, word)

% Check if $word$ contains characters that appear in $letters$, does not exceed the |length of
% $letters$, and if it is English:

[Problem 3 continues on next page]
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function renmai ni ng = get Remai ni ng(word, | etters)
% Find a string of characters not used by $word$ in the string $letters$. Return the
%l eftover letters in the string $remaini ng$:

function flag = i sEnglish(word)
% Return $1$ if $word$ is English
% (code not shown)

function word = renoveCccurences(|l ettersToRenove, word)
% Renove letters contained in $l ettersToRenove$ from $wor d$:
for letterlndex = 1:length(lettersToRenove)
renovel ndexArray = findstr(word, |ettersToRenove(letterlndex));
if (~isenpty(renovel ndexArray))
renovel ndex = renovel ndexArray(1);
word = [word(1:renovel ndex-1), word(renovel ndex+1: end)];
end
end

function indicies=findstr(sl,s2)

% | NDI CI ES = FI NDSTR(S1, S2) returns the starting indices of any occurrences of the
% shorter of the two strings in the |onger. Exanples:

% >> s = 'abcd’;

% >> findstr(s,’b’) ->returns 2

% >> findstr(s,’x') ->returns []

% (code not shown)

[This space is intentionally left blank.]
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Problem 4 [75 points] Java: OOP, arrays of objects, simulation
Problem: Using Java, complete the following blanks according to the following model.

Model: A program can simulate a group of Wbr ker s removing boxes from Tr ays on a conveyor Bel t moving left to right.
An equal number of Tr ays appear for an equal number of Wor ker s. The simulation has all Tr ays start empty in front of
each Wor ker . In the first r un, all Tr ays move right one space to the next Wr ker and a new Tr ay appears with random
boxes for the first (leftmost) Wor ker . Each Wor ker attempts to remove as many boxes as possible from her/his Tr ay.
Because the Wor ker s get tired from moving boxes, their ef fi ci ency decreases for each r un. If the last Wor ker

(rightmost) fails to remove all contents of her/his Tr ay, the Bel t stops. If no boxes remain, the simulation continues with a
new I un by repeating the process of shifting all Tr ays to the right, giving the first Tr ay new boxes, and having the
Wor ker s extract boxes from their current Tr ay.

Hints: A portion of the output for a simulation with four Tr ays and Wor ker s has the following form:

Portion of sample session: Depiction of top view of simulation:

Current run: 13

ad contents: 3011 Tray

New contents: 1 0 1 0

Total boxes so far: 27 . .

Press Enter to continue. Incommg Outgomg
Trays Trays

Current run: 14 e W e

ad contents: 5101
New contents: 3 10 1

Total boxes so far: 29
Press Enter to continue. Bel t

The Workers are overl oaded!
Leftovers: 1 Wor ker

cl ass Worker {
private doubl e efficiency; /1 Worker efficiency initially ranges from75%to 100%
private final double FACTOR = 1.05; // efficiency reduction factor
/'l Construct a new Worker and choose a random $efficiency$:
public Worker() { setEfficiency(); }
/1 Set a random $efficiency$:
private void setEfficiency() { efficiency = Math.randon()*(1.00-0.75)+0.75; }
/1 Reduce current Worker’'s $efficiency$:
public void changeEfficiency() { efficiency /= FACTOR }
/1 Extract boxes frominput Tray and update Tray’s amount of boxes:
public int extractBoxes(Tray tray) ({
/1 |If Tray is enpty, extract nothing:

if ( ) {

/1 Based on efficiency, Wrker extracts from$tray$ a portion of its boxes:

int boxes = (int) Math.round(efficiency * );
/1 Rempove boxes from current Tray:

/! Return anount of extracted boxes:

return

}

/1 OQtherwi se, return no boxes because Tray is enpty:

return

}
} I/ dass Worker
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class Tray {

/1 m ni mum amount of $boxes$ stored on a Tray
/1 maxi mum anount of $boxes$ stored
/1 anobunt of boxes on current Tray

on a Tray

if ('isEnpty()) boxes=boxes-r; }

public void fillTray() { boxes = (int) Math.floor(Mth.randon()*(MAX-M N+1))+M N, }

private final int MN = 0;
private final int MAX = 5;
private int boxes;
/1 Construct an "enpty" Tray:
public Tray() { }
/1 Return the nunber of $boxes$ on current Tray:
public int currentBoxes() { return boxes; }
/1 Reduce the nunber of $boxes$ on current Tray by input $r$:
public void rempveBoxes(int r) {
// Store a random amount of $boxes$ on the current Tray:
/1 Return a Bool ean val ue dependi ng on whet her or

public bool ean i sEnpty() {

} // Cdass Tray

public class Problemt {

Wel come and start sinulation:
public static void main(String[] args) {

I

/1

/1

}

Systemout. print("Welcone to BELT!
TokenReader in =
int size = in.readlnt();
doSi mul ati on(si ze,in);

Per f orm si nul ati on:
public static void doSimulation(int size,

/1

I

I

}

Performone run of the sinmulation where all

Initialize arrays and other val ues:
Worker[] workers = new Wrker[size]
Tray[] trays = new Tray[size];
for(int i=0;i<size;i++) {
wor ker s[i ] =new Wor ker () ;
trays[i]=new Tray();
}
Belt belt =
int run = 1;
Performruns of sinulation until

whi | e(

return (boxes

new Bel t (wor kers, trays);

Ent er
new TokenReader (Systemin);

/'l nunmber of Workers (al so equal
/1 start sinulation

1
/1

Il
11

0); 1}

a size:

not current Tray is enpty:

"),

to nunber of Trays)

TokenReader in) {

create array to hold Wirkers
create array to hold Trays

create $belt$ which has Wrkers and Trays

runs of

last Tray has |eftover

the simulation so far
boxes:

) {

Systemout. println("Current

run:

/1 increment $run$

; /1 performone run of simulation

in.waitUntilEnter();

}

Report results:

Systemout. println("The Wrkers are overl oaded!

Systemout. println("Leftovers: "+

/| pause before next run

St oppi ng sinmulation.");

public static void doOneRun(Belt b) {

Wor ker s

11

11

1

1

i

iy

11

}
} // Cass Problemt

[Problem 4 continues on next page]

extract boxes from Trays:

shift Trays to the right
refill first Tray
di splay original contents of Trays
extract boxes from Trays

di spl ay new contents of Trays
reduce Workers’ efficiencies

report results of current $run$
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class Belt {

private int total Boxes; /1 total number of boxes extracted during all runs in simulation
private Worker[] workers; // Wrkers that extract boxes fromthe Trays

private Tray[] trays; /1 Trays carried on the current Belt (Trays carry boxes)

/1 Construct a new Belt object which contains Wrkers and Trays:

/1

/1

/1

/1

/1

/1

Bel t (Worker[] workers, Tray[] trays) {

; /1 assign $workers$

; /1 assign $trays$

}

Shift Trays to the next Worker on the right. Hint: loop fromright to left!
public void shiftTrays() {

for(int i = ; ? )

}

Refill first (leftnobst) Tray with new anpbunt of boxes:
public void refill FirstTray() {

; I/ create new first Tray

; /1 fill Tray with boxes

}

Extract boxes fromall Trays: Each Wirker takes boxes from Tray in front of himher:
public void extractContents() {

for(int i = ; ; )

/1 Increnment $total Boxes$:

}

Print current contents of all Trays, using $age$:
public void printContents(String age) {
System out. print (age+" contents: ");

for(int i = ; ; )

System out . print ( );
Systemout.println();

}

Decrease each Wirker’'s efficiency for next run:
public void decreaseEfficiency() {

for(int i = ; ; )

Report results of the sinmulation for all runs:
public void report() {

Systemout. println("Total boxes so far: "+ ):

}

} // Cdass Belt
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Problem 5 [30 points] Java: algorithms, searching, efficiency

Background: You will complete class Gane to play an “automatic” number-guessing game. Unlike a game played by a user,
a Java program will play against itself by picking a random number and then attempting to guess it. You will choose how the
program searches for the random number in your solution.

Problem: Main Class Pr obl enb activates a new Gane. Complete class Ganme which has the following members:

* instance variables t ar get (the program’s randomly picked number); guess (the program’s guess of t ar get ); count
(number of guesses toreach t ar get ); LOWNand HI GH (range of t ar get ); STOP (maximum number of guesses the
program will attempt to reach t ar get ).

*  constructor Gane that picks a random number t ar get , searches for that t ar get , and reports the results of the Garre.

* method r epor t Gane that reports the results of the current Game based on whether or not the program found t ar get .

* method pi ckTar get that returns a random integer between O and 100, inclusive.

* method guessFor Tar get that searches for the value of t ar get . See below for suggestions of algorithms.

Algorithm: You must decide the most efficient algorithm without resorting to the assignment guess=t ar get . For partial
credit, you could simply check every number between LOWand HI GH, but you can do better. In fact, one algorithm can guess
tar get in 7 or less guesses, guaranteed!

Hints: Java needs to guess integers. Since it is using Mat h. r andont{) , you might need to use one or all of the following:

* (int) nunber toconvert nunber to an integer

* Math.fl oor(nunber) toremove the decimal portion of nunmber

+ Math.ceil (nunber) toround nunber up for a decimal value higher than zero.

For example, (i nt) 4. O returns the integer 4, Mat h. f | oor (4. 12) yields 4. 0, and Mat h. cei | (4. 01) yields 5.

public class Problenb {
public static void main(String[] args) {
new Game();

}
} // Cdass Gane

cl ass Probl enb {

private int target; /1 randomy chosen nunber

private int guess; /1 current guess of $target$

private int count; /1 nunber of guesses to reach $target$
private final int LOAO; /1 1owest value of $target$

private final int H GH=100; /1 highest value of $target$

private final int STOP=H GH LOW /1 maxi mum nunber of guesses all owed

/1 Construct a $CGanme$ object:
public Game() {
target = guessNunber(); // choose and set a random nunber $target$
guesskor Target () ; /1 search for $target$
report Game() ; /1 report results of current gane
}
/! Report results of gane:
private void reportGne() {
System out. printl n(guess);

if ( guess == target )
Systemout.println("Yes! Java took "+count+" guesses to find "+target);
el se

Systemout.println("Java couldn’t find it. Boo for Java!");
}
// Return a randominteger between $LON and $HI GH$, i ncl usi ve:
private int pickTarget() {
return (int) Math.fl oor(Math.randon()*(H G+ LOM1)) +LOW ;

}
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/1 Search for the value of $target$. Stop when $guess$==%t arget $:
private void guessForTarget () {

}
} // dass Gane



