1. Inheritance and Polymorphism.
Consider the following classes
(System out . printl n has been
abbreviated aS. o. pl n):

public class Cup extends Box ({
public void nmethodl() {
S.o.pln("Cup 1");
}

public void nethod2() {
S.o.pln("Cup 2");
super . met hod2() ;

}
}
public class Pill {
public void nmethod2() {
S.o.pln("Pill 2");
}
}

public class Jar extends Box {
public void methodl() {
S.o.pln("Jar 1");

public void nmethod2() {
S.o0.pln("Jar 2");

}
public class Box extends Pill {
public void method2() {
S. 0. pl n("Box 2");
}
public void method3() {
met hod2() ;
S. 0. pl n("Box 3");
}
}

The following variables are defined:

Box varl = new Box();
Pill var2 = new Jar();
Box var3 = new Cup();
Box var4 = new Jar();
bj ect var5 = new Box();
Pill var6 = new Pill();
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In the table below, indicate in the right-hand cofuthe output
produced by the statement in the left-hand columif.the
statement produces more than one line of outpdicate the
line breaks with slashes as in "a/ b/ c" to iatkcthree lines of
output with "a" followed by "b" followed by "c". flthe
statement causes an error, fill in the right-haoldimn with the
phrase "error" to indicate this.

Statement Output
var 1. met hod2();

var 2. met hod2() ;

var 3. met hod2() ;

var 4. met hod2() ;

var 5. met hod2() ;

var 6. met hod2() ;

var 1. met hod3();

var 2. met hod3() ;

var 3. met hod3() ;

var 4. met hod3() ;

((Cup) varl).nethodl();

((Jar) var2).nethodl();

((Cup) var3).nethodl();

((Cup) var4).nethodl();

((Jar) var4).nethod2();

((Box) var5).nethod2();

((Pill) var5).method3();

((Jar) var?2).nethod3();

((Cup) var3).nethod3();

((Cup) var5).nethod3();




2. Inheritance and Comparable Programming. You have been asked to extend a pre-existirgs Bt nt
that represents 2-D (x, y) coordinates. Phent class includes the following constructors and roesh

Constructor/Method Description
publ i c Point () constructs the point (0, 0)
public Point(int x, int y) constructs a point with the given x/y coordinates
public void setlLocation(int x, int y) sets the coordinates to the given values
public int getX() returns the x-coordinate
public int getY() returns the y-coordinate
public String toString() returns &t ri ng in standard "(x, y)" notation
publ i ¢ doubl e di stanceFronOri gin() returns the distance from the origin (0, 0),
computed as the square root of £xy°)

You are todefine a new class called Poi nt 3D that extends this class through inheritance. It should
behave like @&oi nt except that it should be a 3-dimensional point kegps track of a z-coordinate. You
should provide the same methods as the superaemasgll as the following new behavior.

Constructor/Method Description
publ i c Poi nt 3D() constructs the point (0, 0, 0)
public Point3D(int x, int y, int z) constructs a point with given x/y/z

coordinates
public void setLocation(int x, int y, int z) |setscoordinates to the given values
public int getZ() returns the z-coordinate

Some of the existing behaviors fratai nt should behave differently d?oi nt 3D objects:

* When the original 2-parameter version of thetLocation is called, the 3-D point's xly
coordinates should be set as specified, and tl®mmate should be set to 0.

*  When a 3-D point is printed withoSt ri ng, it should be returned in an "(x, y, z)" formaatishows
all three coordinates.

* A 3-D point's distance from the origin is computesing all three coordinates; it is equal to the
square root of &+ y* + 7).

You must alsanake Poi nt 3D objects comparable to each other using the Conpar abl e interface. 3-D
points are compared by x-coordinate, then by ydioate, then by z-coordinate. In other words, a
Poi nt 3D object with a smaller x-coordinate is consider@de "less than" one with a larger x-coordinate.
If two Poi nt 3D objects have the same x-coordinate, the one wighlawer y-coordinate is considered
"less." If they have the same x and y-coordindtes,one with the lower z-coordinate is considetess."”

If the two points have the same X, y, and z-coatdis, they are considered to be "equal.”



3. Linked List Programming. Write a method eor der that could be added to thénkedl nt Li st class
from lecture and section. The method rearrandes af integers into sorted order assuming thatlist is
already sorted by absolute value. Suppadsenkedl nt Li st variablel i st stores the following values:

[0, -3, 3, -5, 7, -9, -10, 10, -11, -11, -11, 12, -15]
Notice that the values are in sorted order if ygoore their signs. The cdli st.reorder(); should
reorder the values into sorted, non-decreasing ¢naiguding sign).

[-15, -11, -11, -11, -10, -9, -5, -3, 0, 3, 7, 10, 12]
Because the list is sorted by absolute value, yousolve this problem very efficiently. Your sadut is
required to run in QY) time whereN is the length of the list. Recall thenkedl! nt Li st and node classes:

public class LinkedlntList {
private ListNode front;

methods
}
public class ListNode {
public int data,; // data stored in this node
public ListNode next; // link to next node in the I|ist
}

You may not call any methods of your linked lisass to solve this problem, you may not construgt an
new nodes, and you may not use any auxiliary datectare to solve this problem (such as an array,
Arrayli st, Queue, String, etc). You also may not change aigt a fields of the nodes. You must
solve this problem by rearranging the links of liee



4. Searching and Sorting.

(a) Suppose we are performindpinary search on a sorted array calledinber s initialized as follows:
/'l index 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
int[] nunbers = {-9, -6, -2, -1, 0, 1, 3, 4, 5 7, 9, 10, 12, 19, 23, 26};

// search for the value 1
i nt index = binarySearch(nunbers, 1);

Write the indexes of the elements that would beremad by the binary search (théd values in our
algorithm's code) and write the value that woulddtarned from the search. Assume that we aregyubm
binary search algorithm shown in lecture and sactio

* Indexes examined:

* Value Returned:

(b) Write the state of the elements of the array bedéter each of the first 3 passes of the outernoogt of
the selection sort algorithm.

int[] nunbers = {37, 29, 19, 48, 23, 55, 74, 12};
sel ectionSort ( nunbers);

(c) Trace the complete execution of the merge sodrékgn when called on the array below, similarly to
the example trace of merge sort shown in the leclides. Show the sub-arrays that are createteby
algorithm and show the merging of sub-arrays iatgér sorted arrays.

int[] nunbers = {37, 29, 19, 48, 23, 55, 74, 12};
mer geSor t ( nunbers) ;



5. Binary Search Trees.
(a) Write the binary search tree that would resuhése elements were added to an empty tree iontiés:
» Kirk, Spock, Scotty, McCoy, Chekov, Uhuru, Sulu,d€aan!

(b) Write the elements of your tree above in the otdey would be visited by each kind of traversal:

e Pre-order:

e In-order:

* Post-order:




6. Binary Tree Programming. Write a method nOr der Li st that could be added to thet Tr ee class
from lecture and section. The method returnstactistaining the sequence of values obtained frorma
order traversal of your binary tree of integers:. &mample, if a variable refers to the following tree:

E——
| 7|
T
/ \
/ \
oo o+ oo -+
| 4| | 2|
+-- -+ +-- -+
/ / \

/ / \
+o-- 4 - -+ +--- 4
[ 9] | 51 | 0]
-+ +---+ +---

Then the calt . i nOr der Li st () should return the following list:
[9, 4, 7, 5, 2, 0]
If the tree is empty, your method should returreampty list.

You may define private helper methods to solve ghizblem, but otherwise you may not call any other
methods of thént Tr ee class. Your method should not change the streaciucontents of the tree.

Recall thd nt Tr ee andl nt Tr eeNode classes as shown in lecture and section:

public class |IntTreeNode {
public int data; /1 data stored in this node
public IntTreeNode left; // reference to |eft subtree
public IntTreeNode right; // reference to right subtree

public IntTreeNode(int data) { ... }
public IntTreeNode(int data, IntTreeNode left, IntTreeNode right) {...}

}

public class IntTree {
private IntTreeNode overall Root;

methods



7. Binary Tree Programming. Write a methodonst r uct that could be added to that Tr ee class from
lecture and section. The method accepts a sontay af integers as a parameter and construct$aaded
binary search tree containing those integers. tide should be constructed so that for every netlleer
the left/right subtrees have the same number oésioat the left subtree has one more node thargie

For example, if you have dmt Tr ee variable called and an array called storing valueg 1, 2, 3,
4, 5, 6, 7],andcalloft.construct(a); is madet should store the tree below at left. If the array
stored 3, 8, 19, 27, 34, 42, 49, 53, 67, 74], the tree below at right is constructed.

First Example Second Example
[1, 2, 3, 4, 5, 6, 7] [3, 8, 19, 27, 34, 42, 49, 53, 67, 74]
+-- -+ +--- -+
| 4| | 42 |
+-- -+ +----+
/ \ / \
/ \ / \
+---+ +-- -+ +--- -+ +----+
| 2| | 6 | | 19 | | 67 |
+-- -+ +-- -+ R p—— +----+
/ \ / \ / \ / \
/ \ / \ / \ / \
+-- -+ +-- -+ +-- -+ +-- -+ +----+ +--- -+ Ep—— Ep——
| 1] | 3| | 5| | 7| | 8| | 34 | | 53 | | 74 |
+-- -+ +-- -+ +-- -+ +-- -+ +--- -+ +--- -+ B B
/ / /
/ / /
+----+ +----+ +----+
| 3| | 27 | | 49 |
+----+ +----+ +----+

Notice that when it is not possible to have lefd aight subtrees of equal size, the extra valuagbends
up in the left subtree, as in the overall tree Whias 5 nodes in the left subtree and 4 in the.righ

The new tree should replace any old tree. Fordmtit, your solution must run in Q) time, whereN is
the number of elements in the array. You may assinait the values in the array appear in sortedrord

You may define private helper methods to solve fusblem, but otherwise you may not call any other
methods of the class nor create any data structuidsas arrays, lists, etc. You also may not #iearray
that you are passed.



