Wellesley College a CS111 Computer Programming and Problem Solving a Spring 2003
FINAL EXAM REVIEW SOLUTIONS

Thisfinal draft contains solutions to all problems.

Problem 1: Sales Statistics (Data Abstraction, Arrays, Lists, Objects, Object Diagrams)

Part a.
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Part b. Finishing the instance methods of the History class:

public class History {

// Instance Variables:
private Purchase [ ] purchases;
private int size

// Constructor Method:

public Hstory (int maxEntries) {
purchases = new Purchase[ maxEntri es]
size = 0;

}

// Instance Methods:
public void add (i nt anmount, bool ean cash) {
i f (size < purchases.length) {
pur chases[si ze] = new Purchase(anmount, cash);
size = size + 1,
}
}



public int size(){
return size;

}

// min() and max() are instances of the general array accumulation idiom
public int mn(boolean cash){
int mnVal = Integer. MAX_VALUE; // Positive infinity is identity of min
for (int i =0; i < size; i ++){
i f (purchases[i].getCash() == cash){
m nVal = Math. mn(m nVal, purchases[i].getAmunt());

}
}
return mnVal;
}
public int max(bool ean cash){
i nt maxVal = Integer. M N_VALUE; // Negative infinity is identity of max
for (int i =0; i <size; i ++){
i f (purchases[i].getCash() == cash){
maxVal = Math. max(naxVal, purchases[i].getAmount());
}
}
return naxVal;
}

public int average(bool ean cash){
int sum= 0;
i nt count = O;
for (int i =0; i < size; i++){
i f (purchases[i].getCash() == cash){
sum = sum + purchases[i]. get Anount ();
count = count + 1;

}

}
i f (count == 0){
return O;
} else {
return sunicount;
}

}

public int number (bool ean cash){
i nt count = O;
for (int i =0; i <size; i ++) {
i f (purchases[i].getCash() == cash){
count = count + 1;
}
}
return count;

}

public int percentage (bool ean cash){
if (size > 0){
return (number(cash) * 100)/size;
} else {
return O;
}

}



Part c. You cannot write the constructor method as either of:

publ i c Purchase (i nt amount, bool ean cash) {
anmount = anount;
cash = cash;

}

public Purchase (i nt a, bool ean c) {
i nt amount = a;
i nt cash = ¢;

}

In both cases, the variables anount and cash refer tolocal variablesin the execution frame, not the
instance variables in the instance. If thereisalocal variable with the same name as the instance
variable, the instance variable must be referred to as this.amount.

Part d.
1) Implement the Pur chase class with the instance variable as an array of two integers:

public class Purchase {

// lInstance Variable
private int [] sale

// Constructor Method

public Purchase (int i, boolean b) {
sale = newint [2];
sal e[ 0] i;
sal e[ 1] i nt ToBool (b);

}

// Instance Methods
public int getAmount () {return sale[0];}

public void setAmunt (i nt newAnount) {sal e[0] = newAnount;}

public bool ean getCash () {return (sale[l] == 1);}

public void setCash (bool ean newCash) {
sal e[ 1] = intToBool (newCash);

// Useful helper method
private bool bool Tolnt (boolean b) {
if (b) {
return 1;
} else {
return O;
}
}



2) Implement Pur chase classwith an integer list:

public class Purchase {

// Instance Variable
private IntList sale

// Constructor Method
public Purchase (int i, boolean b) {

sal e = prepend(i, prepend(intToBool (b), enmpty()));
}

// lInstance Methods
public int getAmount () {
return head(sale);

}

public void setAmunt (i nt newAnount) {
sal e = prepend(newAnount, tail (sale));

}

public bool ean getCash () {
return (head(tail(sale)) == 1);

}

public void setCash (bool ean newCash) {
sal e = prepend(head(sal e), prepend(intToBool (newCash), enpty()));

}

// Useful helper method
private bool bool Tolnt (boolean b) {
if (b){
return 1;
} else {
return O;
}
}



3) Implement Pur chase class asasingle positive or negative integer:
public class Purchase {

// Instance Variable
private int sale

// Constructor Method

public Purchase (int i, boolean b) {
sale = (sign(b)) *

}

// lInstance Methods
public int getAmount () {
return Math. abs(sale);

}

public void setAnmpunt (i nt newAnount) {
sale = sign(sale) * Math.abs(newAnount);
}

public bool ean getCash () {
return (sale > 0);

}

public void setCash (bool ean newCash) {
sal e = sign(newCash) * Math. Abs(sal e);
}

// Useful helper method
public int sign (boolean b) {
it (b) {
return 1;
} else {
return -1;
}

}
}



4) Implement Pur chase class asasingleinteger where (i) amount is one half of integer (viainteger division)
and (ii) eveniscash, odd is credit.

public class Purchase {

// Instance Variable
private int sale

// Constructor Method
public Purchase (int i, boolean b) {
sale = 2*i + intToBool (b);

}

// Instance Methods
public int getAmount () {
return sale/2; // integer division

}

public void setAnmpunt (i nt newAnount) {
sal e = (newAmount *2) + (sal ed);
}

public bool ean getCash () {
return (sale®) == 1;

}

public void setCash (bool ean newCash) {
sale = 2*(sale/2) + intToBool (newCash);

}

// Useful helper method
private bool bool Tolnt (bool ean b) {
it (b){
return 1;
} else {
return O;
}
}
}

Part e. Silly Bud! Making the instance variables of the Pur chase classpubl i ¢ would tie the hands of the
implementer, making it more difficult to change the representation of Pur chase.



Part f. Implement history with 3 instance variables. maxEnt ri es, and two I nt Li st S:
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ii. Implementation

public class History {

// Instance Variables:
private int maxEntries
private IntList cashes;
private IntList credits;

// Constructor Method:

public Hstory (int maxEntries) {
t hi s.maxEntries = maxEntries;
cashes = enpty();
credits = enpty();

}

// Instance Methods:
public void add (i nt anmount, bool ean cash) {
i f (length(cashes) + length(credits) < maxEntries) {

i f (cash){
cashes = prepend(anount, cashes);
} else {
credits = prepend(amunt, credits);
}
}
}
public int mn (boolean cash){
i f (cash) {
return mnOList(cashes);
} else {
return mnOList(credits);
}
}

public int mnOList (IntList L){
i f(isEmty(L)){
return I nteger. MAX VALUE
} else {
return Math. m n(head(L), m nOList(tail(L)));
}

}
public int size () {return Il ength(cashes) + length(credits);}

public int nax (boolean cash) { //similar to min--left as exercise.}



public int average (bool ean cash){
i f (cash) {
i f (isEnpty(cashes) {
return O;
} else {
return sun{cashes)/| ength(cashes);

} else {
i f (isEnpty(credits) {
return O;
} else {
return sun{credits)/Ilength(cashes);
}
}
}

private int sum(IntList L) {
if (isEmty(L)) {
return O;
} else {
return head(L) + sun{tail (L));
}
}

private int length (IntList L) {
it (isempty(L)) {

return O;
} else {
return 1 + length(tail(L));
}
}
public int nunber (bool ean cash){
i f (cash) {
return |ength(cashes);
} else {
return length(credits);
}
}

public int percentage (bool ean cash){
if (size() !'= 0){
i f (cashes){
return length(cashes) * 100/size();
} else {
return length(credits) * 100/size();

} else {
return O;
}
}
}

Part g. Left asexercisefor the student.



Problem 2: Squares (Recursion, Iteration, TurtleWorld, BuggleWorld, PictureWorld, Java Graphics)
Part a. TurtleWorld

public void squares(int n, int len) {

if (n>0) {
dr awSquar e(l en);
fd(len);
squares(n - 1, len/2);
bd(1 en);
}
}
public void drawSquare(i nt |ength) {
for (int i =0; i <4; i++) {
fd(l ength);
[t(90);
}
}

Part b. Buggle World

public void squares(int n, int len) {
if (n>0) {
bagel Rect (1 en, |l en);
forward(len);
squares(n - 1, len/2);
backward(!1 en);
}
}

// Draw a rectangle of bagels with the given width and height.
// The state of the buggle is invariant under this method.
public void bagel Rect(i nt width, int height) {
i f (height > 0) {

bagel Li ne(wi dt h);

left();

forward(1);

right();

bagel Rect (wi dt h, hei ght-1);

left();

backward(1);

right();
}

// Drop a line of width bagels, leaving the state of the buggle invariant
public void bagelLine(int width) {
if (width > 0) {
dr opBagel () ;
forward();
bagel Li ne(wi dt h-1);
backwar d() ;



Part c. Picture World

public Picture squares(i nt n, Color cl, Color c2) {

if (n <= 0) {
return enmpty();
}else {

return fourPics(enpty(), enmpty(), patch(cl),
squares(n-1, c2, cl);

Part d. Java Graphics

public void squares (Graphics g, int n, int len, Color cl, Color c2) {
int x = 0;
int y =0;
while (n > 0) {
g.setColor(cl);
g.drawRect (x,y,len,len);

// Update state variables of iteration

n=n-1;

X = X + len;

y =y + len/2;
len = len/2

// swap colors
Color tenmp = c1;
cl = c2;

c2 = tenp;

Problem 3: Greatest Common Divisor (lteration)

Part a. Hereistheiteration table for the iterative calculation of GCDTai | (95, 60) .

A B
95 60
60 35
35 25
25 10
10 S
S 0

Part b.

public static int GCDWile (int A int B) {
while (B!=0) {
// Need a temporary variable to perform updates!
// Could make a temp for either A or B; here we choose A.
i nt ol dA = A

A = B;

B = ol dA % B;
}
return A

}
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Part c. It isalways possible to expressawhi | e loop asaf or loop, but the result may not be
particularly natural. Indeed, in this caseit would not be natural to re-express Wyla's GCDTall
program as afor loop. For loops best “fit” cases where there is a state variable controlling the
number of times through the loop that is independent of other state variables. In the case of GCD,
the state variable B controls the number of times through the loop, suggesting the following
skeleton:

public static int GCDFor (int A int B) {
for (; B!= 0; update) { // No initialization of B necessary

statements

}

return A

}
But what should replace update and statements? One approach is to leave update blank:

public static int GCDFor (int A int B) {
for (; B!=0;) { // No initialization of B necessary
// Need a temporary variable to perform updates!
int oldA = A
A B;
B = ol dA % B;
}

return A

}

Indeed, f or (; test;) {statements} isawaysequivaenttowhil e (test)
{statenments}.Butaf or loop that ismissing both itsinitialization and update statementsis not

very compelling!

If weputB = A % B intheupdate position, then theAin A % B (which is executed after updates)
isthe vaue of A after the assignment, when we want the value of A before the assignment. We
need atemporary variable to circumvent this problem, as shown below:

public static int GCDFor (int A int B) {

i nt ol dA;
for (; B!=0; B=oldA %B) { // No initialization of B necessary

ol dA = A;
A = B;

return A

}
Thismethod is less straightforward than thewhi | e loop, which is clearer and therefore preferred.

11



Problem 4: Array Reversal (Arrays, Iteration)

Part a.

public static int [] reverseCopy (int [] a) {
int len = a.length;
int [] result = new int[len];
for (int i =0; i <len; i++) {
result[i] = a[(len=-1)-i]; // (len-1) is last slot

return result;

}
Part b.

public static void reverselnPlace (int [] a) {
int len = a.length;
// Swap First (len/2) slots with last (len/2) slots
// 1f len is odd, middle slot stays unchanged

for (int i =0; i <len/2; i++) {
// Swap contents of slot 1 and (len-1)-i
int old a sub i = a[i];

a[i] = a[(len-1)-i];
a[(len-1)-i] = old a_sub i;
}
}

Problem 5: Inversions (Arrays, Iteration, Lists)

Part a.

// Returns the number of inversions in a:
public static int countlnversions (int [] a) {
int invs = 0; // Counts number of inversions

for (int i =0; i <a.length; i++) {
for (int j =i+1; | < a.length; j++) {
ifoafi] >a[j] {
invs = invs + 1;
}
}
}

return invs;

}
Part b. Suppose that PL. isthe prefix used for Poi nt Li st operations:

// Returns the inversions in a as a list of points
public static PointList listlnversions (int [] &) {
Poi ntList points = PL.enpty(); // Collects inversions as list of points
for (int i =0; i <a.length; i++) {
for (int j =i+1; j < a.length; j++) {
ifoali] >afj] {
points = PL. prepend(new Point(i,j), points)
}

}
}

return points;
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Problem 6: Inheritance (Inheritance)
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Problem 7: Converting Betweeen Different Forms of Iteration (Lists, Arrays, Iteration)

Part a.
// Tail Recursion
public static int weightedSum (IntList L) {
return weightedSunirail (L, 1, 0);
}

public static int weightedSunTail (IntList L, int index, int total) {
it (isEmpty(L)) {
return total;
} else {
return weightedSuniail (tail (L), index + 1, (index*head(L)) + total);
}
}

// While loop

public static int weightedSumiile (IntList L) {
int index = 1;
int total = O;
while (lisEmpty(L)) {

total = total + (index*head(L));
i ndex = i ndex + 1;
L =tail(L);
return total;
}
// For loop

public static int weightedSunfor (IntList L) {
i nt index = 1,
int total = 0;
for (; lisEnpty(L); L =tail(L);) {

total = total + (index*head(L));
i ndex = index + 1;
}
return total;
}
Part b.

// While loop
public static bool ean isMenber (int n, int [] a) {
int i = a.length - 1;
while ((i >=0) && (a[i] '=n)) {
=i - 1
}

return (i >= 0); // Will only be true if n is in a.

}
13



// For loop
public static bool ean isMenberFor (int n, int [] a) {
for (int i = a.length — 1; i>=0; i--) {
if a[i] == n {
return true;
}

return false;

}

// Tail recursion
public static boolean isMenberlter (int n, int [] &) {
return i sMenberTail (n, a, a.length - 1);

}
public static boolean isMenberTail (int n, int [] a, int i) {
if (i <0) {
return fal se;
} else if (a[i] == n) {
return true;
} else {
return i sMenberTail (n, a, i-1)
}
}
Part c.
// For loop

public static void partialSum(int [] a) {
int sum= 0;

for (int i =0; i < a.length; i++) {
sum = sum + afi];
a[i] = sum
}
}

// While loop
public static void partial Sumtile (int [] a) {
int i =0;
int sum= 0;
while (i < a.length) {
sum = sum + ali];
a[i] = sum
i ++;
}
}

// Tail recursion
public static void partial Sumter (int [] a) {
return partial Sunirail (a, 0, 0);

}
public static void partial SunTail (int [] a, int i, int sum {
if (i <a.length) {
i nt newsum= sum+ a[i];
a[i] = newsum
partial Sunfrai | (a, i+1, newsum;
}
}

14



Part d.

// Tail recursion
public static void squiggle (Gaphics g, int x1, int yl1, int
if ((x1>0) || (yL>0) || (x2>0) || (y2>0)) {
g.drawli ne(x1, y1, x2, y2);
squiggle(g, x2, y2, yl/4, x1*2);

}

// While loop
public static void squigglewile (Gaphics g, int x1, int yl
while ((x1 >0) [| (yL>0) [] (x2>0) [| (y2>0)) {
g.drawli ne(x1, yl1, x2, y2);

X2,

i nt

// Introduce temporaries for x1, yl so don’t lose their values!

old x1 = x1;
old yl = vyli;
x1l = x2;
yl = y2;
x2 = old y1/4
y2 = old_x1*2
}
}
// For loop

public static void squiggleFor (Gaphics g, int x1, int yl1, int

// A particularly uncompelling example of a for loop!
for (G(x1>0) [| (yL>0) [| (x2>0) [|] (y2>0);) {
g.drawli ne(x1, y1, x2, y2);

// Introduce temporaries for x1, yl so don’t lose their values!

old x1 = x1;
old yl = vyl;
X1l = x2;

yl = y2;

x2 = old_y1/4
y2 = ol d_x1*2

}
}

X2,

int y2) {

X2,

int y2) {

int y2) {

Problem 8: Converting Betweeen Arrays and Lists (Lists, Arrays, Iteration)

public static int [] listToArray (IntList L) {
int [] result = newint [IL.length(L)];
int i =0;
whil e (! isEmpty(L)) {
result[i] = IL. head(L);
L IL.tail (L);
i i+ 1;
}

return result;

}

public static IntList arrayToList (int [] a) {
IntList L = IL.enpty();
// traverse the array from back to front in order
// to prepend elements in the correct order.

for (int i = a.length —1; i >=0; i--) {
L = prepend(a[i], L);

}

return L;
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Problem 9: Iterative List Reversal (Invocation Trees, Recursion, Iteration, Lists,)

Part a.
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Part b.

Tail recursive solution:

public static IntList reverselter (IntList L) {
return reverseTail (L, IL.enmpty());

}

public static IntList reverseTail (IntList list, IntList result) {
if (IL.isEnmpty(list)) {
return result;
} else {
return reverseTail (IL.tail(list), IL. prepend(IL.head(list), result));
}
}

While loop solution:

public static IntList reverseWile (IntList L) {
IntList result = IL. enpty();
while (! IL.isEnpty(L)) {
result = IL.prepend(lL.head(L), result);
L =1L tail(L);
}

return result;

}
For loop solution:

public static IntList reverseFor (IntList L) {

IntList result = IL.enpty();

for (; ! IL.isEmpty(L); L =1L.tail(L)) // Note empty initializer
result = IL.prepend(IL.head(L), result);

}

return result;

}
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Problem 10: Leftist Turtles (Tests Instance Variables, Class Declarations, Inheritance)
Part a.

public class LeftistTurtle extends Turtle {
private int |eftCount;

public LeftistTurtle() {
// The super() constructor is implicitly called here.
| ef t Count = O0;

}

public void It (doubl e degrees) {
super. |t (degrees);
[ eft Count = |eftCount + 1,

}

public int numberOfLefts () {
return |eftCount;

}

Part b.

The example can print 2 in the case wherether t () method of the Tur t | e classisimplemented as
follows:

public void rt (doubl e degrees) {
| eft (-degrees);
}

Inthiscase, every cal tort () performsanimplicitcall onit ()!

Part c. Inthecasewherethe Turt| e methodrt () callsit(),wecanadda rt () method to
Lefti st Turtl e thatsubtracts1 froml ef t Count foreachcal tort (). Thiswill cancel out the 1
that is added by theimplicitcal tolt ().

public void rt (doubl e degrees) {
super.rt(degrees);
| eft Count = | eftCount - 1;

}

Suppose we don’t know whether theTurtl e rt () methodinvokes It () or not —can we till
handle rt () correctly? Yes! Thefollowing version of theLefti st Turtle rt () methodismore
robust than the version above because it makes no assumptions about how the Turtl e rt ()
method works:

public void rt (doubl e degrees) {
i nt ol dLeft Count = | eftCount;
super.rt(degrees); // may change leftCount

| eft Count = ol dLeft Count; // reset leftCount, in case changed by super.rt()
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Problem 11: Bank Accounts (Data Abstraction, Lists)

Part a.
cl ass Account {

private int savings;
private int total;

public account () {
t hi s.savings = 0;
this.total = 0;

}

public int getSavings() {return this.savings;}
public int getChecking() {return this.total - this.savings;}
public int getTotal () {return this.total;}

public void depositToSavings(i nt anount ToAdd) {
t hi s.savings = t his.savings + anount ToAdd;
this.total = this.total + anount ToAdd;

}

public void transferFronBavi ngsToChecki ng(i nt transferAnount) {
t hi s.savings = this.savings - transferAnount;

}

public void wthdrawrromChecki ng(i nt wi t hdrawal Amount) {
this.total = this.total - wthdrawal Amount;

}
}

Part b.
cl ass Account {

private IntList accountlnfo; // List of savings, checking, total
public account () {set(0,0,0);}

// Very useful helper method

private set (int s, int ¢, int t) {

accountinfo = IL. prepend(s, IL.prepend(c, IL.prepend(t IL.enpty())));
}

public int getSavings() {return |IL.head(accountlnfo);}
public int getChecking() {return IL head(lL.tail(accountlinfo));}
public int getTotal () {return IL head(lL.tail(lIL.tail (accountlinfo)));}

public voi d depositToSavings(i nt anount)
set (get Savi ngs() + anount, get Checking(), getTotal () + anount);

public void transferFronmBavi ngsToChecki ng(i nt anount) {
set (get Savi ngs() — amount, get Checking() + amount, getTotal ());

public void w thdrawFronChecki ng(i nt anount) {
set (get Savi ngs(), get Checking() - anount, getTotal () — anount);
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Problem 12: End Moves (Listsof Lists, Iteration, Recursion)

Part a.
| ef t right ans
[ [6.3,7, 5] []
[ 6] [3,7,5] [[3,7,5,6]]
[6, 3] [7,5] [[3,7,5,6],[6,7,5,3]]
[6,3,7] [ 5] [[3,7,5,6],[6,7,5,3],[6,3,5, 7]]
[6,3,7,5] [ [[3,7,5,6],[6,7,5,3],[6,3,5,7],[6,3,7,5]]
Part b.

public static endMbvesWiile (IntList L) {
IntList left = IL enmpty();
IntList right =L
IntList ans = ILL. enpty();
while (! IL.isEmpty(right)) {
ans = | LL. postpend(ans,
I L. append(left,
I L. postpend(lL.tail (right),
I L. head(right))));
left = IL. postpend(left, IL. head(right));
right = IL.tail(right);
}

return ans;

}

Part c. Below isan alternative iteration based on the strategy suggested by the table. Note that this
strategy replaces some of the callsto post pend() (which are expensive) with callsto pr epend()
(which are cheap).

public static IntListList endvbvesReviter (IntList L) {
return endMovesRevTail (IL.enmpty(), IL.reverse(L), ILL.enpty());
}

public static IntListList endvbvesRevTail (IntList back,
IntList rev,
IntListList ans) {
if (IL.isEmpty(rev)) {
return ans;
} else {
return endvbvesRevTai l
(IL. prepend(IL. head(rev), back),
IL.tail (rev),
I LL. prepend(I L. append(lL.reverse(lL.tail(rev)),
| L. post pend( back,
I L. head(rev))),
ans) ) ;
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Part d.

public static IntListList endMbvesRec (IntList L) {
if (IL.isEmpty(L)) {
return ILL. enpty();
} else {
return ILL.prepend(lL.postpend(lL.tail(L), IL.head(L)),
| LL. mapPrepend(IL. head(L),
endMovesRec(IL.tail (L))));
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