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Assume that binary trees are implemented using the standard TreeNode class:

public class TreeNode

{
public TreeNode (Object initValue, TreeNode initLeft, TreeNode initRight)

{

// not shown

}

public Object getValue () { // not shown }
public TreeNode getLeft() { // not shown }
public TreeNode getRight() { // not shown}
public void setValue (Object theNewValue) { // not shown }
public void setlLeft (TreeNode theNewlLeft) { // not shown}

public void setRight (TreeNode theNewRight) { // not shown}
}i

Part A

Write the method valsLess whose header is given below. ValsLess returns true if its parameter ¢ is null or if
all values stored in the binary tree pointed to by ¢ are less than obj; otherwise valsLess returns false. Assume
all values stored in t implement the Comparable interface.

Complete ValsLess below the following header.

// precondition: all values stored in t implement Comparable
// postcondition: returns true if t is null or if

// all values stored in tree represented
// by t are less than obj; otherwise
// returns false

public boolean valsLess (TreeNode t, Comparable obj)

answer

Part B
Recall that a binary tree T that contains no duplicate values is a search tree if and only if

1. T is empty or

2. all of the following are true
o The value stored at the root of 7 is greater than all of the values stored in 7's left subtree.
o The value stored at the root of 7 is less than all of the values stored in 7's right subtree.
o T's left subtree is a binary search tree that contains no duplicate values.
o T's right subtree is a binary search tree that contains no duplicate values.

Write function isBST whose header is given below. isBST should return true if the binary tree represented by
its parameter ¢ is a binary search tree that contains no duplicate values; otherwise isBST should return false.

In writing isBST you may include calls to function valsLess from part (A). Assume that valsLess works as
specified, regardless of what you wrote in part (A). You may also include calls to function valsGreater
whose specification is given below. (You do not need to write the body of valsGreater.)

// precondition: all values stored in t implement Comparable
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// postcondition:
//
//
//

returns true if t is null or if

all values stored in tree represented
by t are greater than obj; otherwise
returns false

public boolean valsGreater (TreeNode t, Comparable obj)

Complete function isBST below the following header.

// postcondition:

//
//

http://www.cs.duke.edu/csed/ap/exams/1996/ab3.html

returns true 1if t represents a binary search

tree containing no duplicate values;
otherwise, returns false.

public boolean isBST (TreeNode t)

answer

Owen L. Astrachan
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Assume that binary trees are implemented using the following declarations.

public class TreeNode

{

public TreeNode (Object initValue, TreeNode initLeft, TreeNode initRight)

{
// not shown

}

public Object getValue () { // not shown }
public TreeNode getLeft() { // not shown }
public TreeNode getRight () { // not shown}
public void setValue (Object theNewValue) { // not shown }
public void setLeft (TreeNode theNewLeft) { // not shown}

public void setRight (TreeNode theNewRight) { // not shown}
}i

You may find the following method useful in writing solutions for this problem.

// returns number of nodes in t

public int nodeCount (TreeNode t)
{

if (t == null) return 0;

return 1 + nodeCount (t.getlLeft()) + nodeCount (t.getRight());
}

Part A

Write method setSize, whose header is given below. setSize should replace the value stored in each node of the tree
with an Integer object whose value is the number of nodes in that node's subtree (including the node itself). The
number of nodes in a tree is equal to the number of nodes in its left subtree plus the number of nodes in its right

subtree plus one.

For example, the following picture shows the result of the call setSize(root). The values labelled data could

represent the values stored before calling setSize, the values labelled size are the values stored in each node after

setSize has completed.

oot
data 50
size 8
data 25 data 75
size 4 size 3
data 12 data 37 data 62 data 88
sIize 1 size 2 size 1 size 1

datz 30
SiZe 1

1of3
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Complete function setSize below.
public class AB4
{
// precondition: t != null
// postcondition: The value of every node in the tree t
// has been set to an Integer whose value is the
// the size of that node's subtree

public void setSize (TreeNode t)

{

answer
Part B

Assume that tree 7 is a binary search tree ordered by the node's values, and that there are no duplicate values. The
kth value in a binary search tree is the kth smallest value in the tree. For example, the tree shown in part (a)
includes the data values 12, 25, 30, 37, 50, 62, 75, 88.

The 1st value is 12.
The 4th value is 37.
The 7th value is 75.
The 8th value is 88.

Write method findKth, whose header is given below. findKth returns the kthe value in a binary search tree. Assume
that the size fields in all nodes of the tree have been correctly initialized. One way to determine the location of the
kthe value is as follows:

Consider the size of the left subtree of the current node
If k is equal to the size of the left subtree + 1, the kth value is in the current node.
If k is less than the size of the left subtree + 1, the kth value is in the left subtree.
Otherwise, the kth value is in the right subtree.

Complete function kthValue below.

Object kindKth (TreeNode * t, int k)

// precondition: t is not NULL, the size fields of all nodes in t
// are correctly initialized.

// 1 <= k <= t->size

// postcondition: returns the kth value in t
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Consider the problem of encoding words as a string of 0's and 1's using a codetree. A codetree is a binary tree
containing letters (strings of length one) in its leaves. The encoding of a letter is represented by the
root-to-leaf path for the letter. The same codetree is used for encoding and decoding.

The following properties hold for every codetree.

1. Every node is either a leaf or has exactly 2 children.

2. Letters appear only at the leaves of the codetree.

3. There are at least 2 letters in the codetree.

4. Each letter appears at most once in the codetree; thus there is a unique root-to-leaf path for each letter.
For example, consider the following codetree, c.

C—>

u ¥

The code for each letter is a string formed by appending a "0 when taking a left branch and a "1 for a right
branch when traversing the root-to-leaf path. In the codetree above, the code for "u" is "010" (left, right,
left), the code for "s" is "00", and the code for "n" is "10". A word is encoded by appending the codes for
letters in the word together. For example, the code for "sun" is "0001010", which is formed by appending
the codes for "s", "u", and "n".

Consider the following declarations for a class that represents a codetree.

public class CodeTree
{
/**
* construct a codetree

*/

public CodeTree ()
{

// not shown

}
/‘k*

* Returns a decoded word for code.
* @precondition code valid string of 0's and 1's
* @return the decoded word for code

*/

public String bitsToWord(String code)
{

// not shown

}
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/**

* Returns the code for word

* @precondition each character of word is in a leaf of codetree
* @return the code for word

*/

public String wordToBits (String word)
{
// not shown

}
/**

* Returns the code for s in codetree, returns "" if s not in tree
* (@precondition pathSoFar is path of 0's and 1's from myRoot to t

* @return the path from myRoot to leaf containing s ,"" if no path
*/

private String wordToBitsHelper (String s, TreeNode t, String pathSoFar)
{
// not shown

}

private TreeNode myRoot; // root of codetree, nodes store Strings

Part A

You will write the codeTree method bitsToword, which is described as follows. Method bitsToword is
given a coded word (a string of 0's and 1's) and returns the decoded word.

Each character (substring of length one) of code represents a branch in the codetree where "0" represents a
left branch and "1 represents a right branch. To decode the word represented by code, begin at the root and
follow a branch for each "0" or "1" character in code. When a leaf is reached, one letter in the decoded word
has been found. The decoding process begins again at the root of the codetree with the next "o" or "1" in
code.

C—>

u ¥

For example, using the codeTree c as shown, if code is "1110", the call c.bitsTowWord (code) returns the
word "in". This result is obtained as follows. The path starts at the root and goes right for the first "1~
character in code, right again for the second "1, and a leaf is reached, meaning the decoded word begins
with "i" (note that each leaf TreeNode stores a String). Starting back at the root of the codetree and with the
next "1" in code, the path goes right for the "1" and left for the "0, reaching the leaf containg "n". The
decoded word is now "in", and since all the characters in code have been processed, "in" is returned.
Simillarly, c.bitsToWord ("000101010011") returns the word "sunny".

Complete method bitsToword below. Assume that instance field myRoot has been initialized to the root of a
codetree when bitsToword is called.

/**
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* Returns a decoded word for code.

* (@precondition code valid string of O's and 1's
* @return the decoded word for code

*/

public String bitsToWord(String code)
{

Part B

The implementation of method wordToBits given below forms the code for word by appending the result of
calling the private method wordToBitsHelper once for each character (substring of length 1) in the
parameter word.

/**

* Returns the code for word

* @precondition each character of word is in a leaf of codetree
* @return the code for word

*/

public String wordToBits (String word)
{

String result = "";
for (int k=0; k < word.length(); k++) {
result += wordToBitsHelper (word.substring(k, k+1),myRoot,"") ;

}

return result;

You will wrote the codeTree private method wordToBitsHelper.
Method wordToBitsHelper has a third parameter, pathsoFar, that can be used to keep track of the current

path from myRoot to parameter t, should you choose to do so. For this reason, the value of pathsorar in the
call from wordToBits is the empty string "".
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Using codeTree C as shown, wordToBitsHelper ("y",myRoot, "") would return the string "011" and
wordToBitsHelper("n",myRoot,"")\Voukiﬂﬁuﬂl"Ol".PkﬁethatwordToBitsHelper("x",myRoot,"")

would return " since "x" is not in the codetree.

Complete method wordToBitsHelper below.

/**

* Returns the code for s in codetree, returns "" if s not in tree
* (@precondition pathSoFar is path of 0's and 1's from myRoot to t
* @return the path from myRoot to leaf containing s ,"" if no path

*/

private String wordToBitsHelper (String s, TreeNode t, String pathSoFar)
{

Owen L. Astrachan
Last modified: Thu Jul 11 13:57:35 EDT 2002
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This question is based on the 2003 AP Computer Science Free-Response
Questions. The AP questions are copyright © 2003 College Entrance
Examination Board. This version is not endorsed by the College Board.

Periodically, a company processes the retirement of some of its employees. In this question, you will write
methods to help the company determine whether an employee is eligible to retire and to process the
retirement of employees who wish to retire. You will also analyze the runtime performance of one of the
methods that you write.

The Java interface Employee is implemented by objects that represent employees. The interface is declared as

follows.

public int
{
public
public
public
public

erface Employee

int getAge() ; // returns
int getYearsOnJob(); // returns
double getSalary(); // returns

int getID() ; // returns

The company class is declared as follows.

import java.

public class

{

util.Arraylist;

Company

age of employee

number of years on job
salary in dollars

unique employee ID number

// minimum age, years on job, and salary needed to retire

private
private
private

final static int RETIRE AGE
final static int RETIRE YEARS =

65;
30;

final static double RETIRE SALARY = 10000.0;

private ArraylList myEmployees; // list

private

double myTotalSalary; // total

of employees
salary of all employees

// ... constructor and other methods not shown

// postcondition: returns true if emp is eligible to retire;

//

otherwise, returns fal

se

private boolean employeelsEligible (Employee emp)

{
/]y
}

ou will write this function

// precondition: claimants is sorted in ascending order by
employee ID, contains no duplicates, and each

//
//

element of claimants is

in myEmployees
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