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B 2 Data types

]_ Varlab].es and data typ es — Part ]_ A data type ${#525% says what kind of value a variable holds:
Name: Class: Date: integer whole number: 7
real decimal: 3.5
2=
VocabUIary ﬂﬂ: char one letter: 'A’
Write each word three times. 4G4 EIRFIE =ik . )
string text: “hello”
English E:p'e Write it 3 times (English)
variable A5 boolean true or false
data type Fpmnd
e int —a whole number,
expression ik ¢ double — a decimal number,
e boolean — true or false,
e String — text.
- .
Recall 3 Expressions

An expression #3ikz combines values with operators (+ - * / %) to compute a
You may have written a little code before, or used a calculator app:

result.
» A program stores values and does calculations with them. Worked example. 3 + 4 * 2 is 11 (multiply before add), and 10 % 3 is 1 (the re-
« Numbers can be whole (like 5) or decimal (like 2.5). mainder).

o Text s ifferent ki f . e
ext and numbers are different kinds of data B 4 Integer division

This sheet lines up variables and data types in Java. Each idea has a worked example. When you divide two whole numbers, Java throws away the fractional part:
. Worked example. 7 / 2 is 3 (not 3.5), but 7.0 / 2 is 3.5 (a decimal forces real

New ideas division).

Watch out: dividing two int values truncates — 5 / 2 gives 2, not 2.5. To get a

B 1 Variables decimal, make one value a double first.

A variable 25 is a named box that stores a value. You give it a type and a name,

then a value:

Practice
int age = 16;

double price = 2.5; Try these in order. The methods are all above.

2.1 State what data type you would use for (a) a person’s age, (b) their height in metres,
(¢) whether they passed. 3]
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2.2 Evaluate 2 + 3 * 4.

2.3 Evaluate 9 / 2 and 9 % 2.

2.4 Evaluate 9.0 / 2.

2.5 Explain why 1 / 2 gives 0 in Java.

AP Computer Science A « Holiday Homework

1 Variables and data types

®

Part 1

[

[
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4. This question involves the process of taking a list of words, called wordList, and producing a formatted
string of a specified length. The list wordList contains at least two words, consisting of letters only.

When the formatted string is constructed, spaces are placed in the gaps between words so that as many spaces as
possible are evenly distributed to each gap. The equal number of spaces inserted into each gap is referred to as
the basic gap width. Any leftover spaces are inserted one at a time into the gaps from left to right until there are
no more leftover spaces.

The following three examples illustrate these concepts. In each example, the list of words is to be placed into
a formatted string of length 20.

Example 1: wordList: ["AP", "COMP", "SCI", "ROCKS"]

Total number of letters in words: 14
Number of gaps between words: 3
Basic gap width: 2

Leftover spaces: 0

Formatted string:
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

[ale [ | fefolufe] [ Jsfelz] [ |=fofe|x]s]
Example 2: wordList: ["GREEN", "EGGS", "AND", "HAM"]

Total number of letters in words: 15
Number of gaps between words: 3
Basic gap width: 1

Leftover spaces: 2

The leftover spaces are inserted one at a time between the words from left to right until there are no more
leftover spaces. In this example, the first two gaps get an extra space.

Formatted string:
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

fofrlelefn| [ [elelels[ [ |alwfo][ [u]a]u]
Example 3: wordList: ["BEACH", "BALL"]

Total number of letters in words: 9
Number of gaps between words: 1
Basic gap width: 11

Leftover spaces: 0

Formatted string:
0 1 2 3 4 5 6 7 § 9 10 11 12 13 14 15 16 17 18 19

[elelafel=l [ 1 L L1 LT 1T [alafele]

You will implement three static methods in a class named StringFormatter thatis not shown.
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(a) Write the StringFormatter method totalLetters, which returns the total number of letters in
the words in its parameter wordList. For example, if the variable List<String> words is

["A", "frog", "is"], thenthecall StringFormatter.totalLetters (words)
You may assume that all words in wordList consist of one or more letters.

Complete method totalLetters below.

/** Returns the total number of letters in wordList.
*  Precondition: wordList contains at least two words, consisting of letters only.
*/

public static int totalLetters(List<String> wordList)

Part (b) begins on page 20.

returns 7.

Name: :}— AP Computer Science A: 2016

(b) Write the StringFormatter method basicGapWidth, which returns the basic gap width as
defined earlier.

Class information for this question

public class StringFormatter

public static int totalLetters (List<String> wordList)
public static int basicGapWidth(List<String> wordList,
int formattedLen)
public static int leftoverSpaces (List<String> wordList,
int formattedLen)
public static String format (List<String> wordList, int formattedLen)

WRITE YOUR SOLUTION ON THE NEXT PAGE.
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Assume that totalLetters works as specified regardless of what you wrote in part (a). You must use
totalLetters appropriately to receive full credit.

Complete method basicGapwWidth below.

/** Returns the basic gap width when wordList is used to produce
* aformatted string of formattedLen characters.
*  Precondition: wordList contains at least two words, consisting of letters only.
* formattedLen is large enough for all the words and gaps.
*/
public static int basicGapWidth(List<String> wordList,
int formattedLen)

Part (c) begins on page 22.

Name: :}— AP Computer Science A: 2016

(c) Write the StringFormatter method format, which returns the formatted string as defined earlier.
The StringFormatter class also contains a method called leftoverSpaces, which has already
been implemented. This method returns the number of leftover spaces as defined earlier and is shown below.

/** Returns the number of leftover spaces when wordList is used to produce
* aformatted string of formattedLen characters.
*  Precondition: wordList contains at least two words, consisting of letters only.
* formattedLen is large enough for all the words and gaps.
*/
public static int leftoverSpaces (List<String> wordList,
int formattedLen)
{ /* implementation not shown */ }

Class information for this question

public class StringFormatter

public static int totallLetters (List<String> wordList)
public static int basicGapWidth (List<String> wordList,
int formattedLen)
public static int leftoverSpaces (List<String> wordList,
int formattedLen)
public static String format (List<String> wordList, int formattedLen)

WRITE YOUR SOLUTION ON THE NEXT PAGE.
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Assume that basicGapWidth works as specified, regardless of what you wrote in part (b). You must
use basicGapWidth and leftoverSpaces appropriately to receive full credit.

Complete method format below.

/** Returns a formatted string consisting of the words in wordList separated by spaces.
Precondition: The wordList contains at least two words, consisting of letters only.
formattedLen is large enough for all the words and gaps.
Postcondition: All words in wordList appear in the formatted string.
- The words appear in the same order as in wordList.
- The number of spaces between words is determined by basicGapwidth and the
distribution of leftoverSpaces from left to right, as described in the question.

*
*
*
*
*
*

/
public static String format (List<String> wordList, int formattedLen)

STOP

END OF EXAM
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1 Objects, Strings, and methods — Part

Name: Class: Date:

Vocabulary AL
Write each word three times. FEEANBAFETE = .

English i3 Write it 3 times (English)
object poE

method Ik
Recall

In Part A you met variables and types. Now meet objects and how to use them:

« An object is a "thing” in a program, like a piece of text (a String).
¢ You do things to an object by calling its methods.

Each idea has a worked example before the Practice.

New ideas

B 1 Objects
An object ¥§% bundles data with actions (methods). You create one with new:

Scanner in = new Scanner(System.in);
String s = "COMPUTER";

AP Computer Science A ¢ Holiday Homework 1 Objects, Strings, and methods — Part 2
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objects (instances)

new Student...)
Student
class Student

Ada - A

name

grade
Student
(blueprint) Ben : B
Student
Cara- A

class = blueprint (type) - object = instance with its own field values

B 2 Calling a method

A method J5¥% is an action you run on an object, written object.method(...):

s.length(); // how many characters
s.substring(0,4); // part of the text

B 3 Strings

A String is text, and its characters are numbered from 0.

"COMPUTER".substring(0, 4) —» "COMP"

C (o) M P U T E R

0 1 2 3 4 5 6 7

index (starts at 0)

valid indices: 0 ... s.length() —1 - s.charAt(i) is the char at i

Worked example. For String s = "COMPUTER": s.length() is 8; s.substring(0,4)
is "COMP" (characters 0,1,2,3, index 4 excluded).
B 4 Comparing text

Use .equals(...) to compare Strings, not ==.

Watch out: s.substring(a, b) includes index a but excludes b. And String
characters count from 0, so the first character is index 0, not 1.

AP Computer Science A « Holiday Homework 1 Objects, Strings, and methods — Part 2

®

Practice

Try these in order. The methods are all above. Use String s = "PROGRAM"; (indices

0-6).

2.1 State what an object is, in your own words.

2.2 Find s.length().

2.3 Find s.substring(0,4).

2.4 Find s.substring(3) (from index 3 to the end).

2.5 State which character is at index 0 of s.

AP Computer Science A ¢ Holiday Homework 1 Objects, Strings, and methods

Part 2

[
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1. This question involves dog walkers who are paid through a dog-walking company to take dogs
for one-hour walks. A dog-walking company has a varying number of dogs that need to be
walked during each hour of the day. A dog-walking company is represented by the following
DogWalkCompany class.

public class DogWalkCompany
{
VAL
* Returns the number of dogs, always greater than 0, that are available
* for a walk during the time specified by hour
* Precondition: 0 <= hour <= 23
*/
public int numAvailableDogs(int hour)

{ /* implementation not shown */ }

/**
* Decreases, by numberDogsWalked, the number of dogs available for a walk
* during the time specified by hour
* Preconditions: 0 <= hour <= 23
* numberDogsWalked > 0
*/
public void updateDogs(int hour, int numberDogsWalked)

{ /* implementation not shown */ }

/* There may be instance variables, constructors,

and methods that are not shown. */

Name: :)— AP Computer Science A: 2025

GV U I YT S £V AU i N N W R

A dog walker is associated with a dog-walking company and is represented by the DogWalker
class. You will write two methods of the DogWalker class.

public class DogWalker

{
/** The
per

private

/** The

private

/**

maximum number of dogs this walker can walk simultaneously
hour */

int maxDogs;

dog-walking company this dog walker is associated with */

DogWalkCompany company;

* Assigns max to maxDogs and comp to company

* Precondition: max > 0

*/

public DogWalker(int max, DogWalkCompany comp)

{ /* implementation not shown */ }

/**

* Takes at least one dog for a walk during the time specified by

* hour,

as described in part (a)

* Preconditions: 0 <= hour <= 23

*

*/

maxDogs > 0

public int walkDogs(int hour)

{ /* to be implemented in part (a) */ }
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/**
* Performs an entire dog-walking shift and returns the amount
* earned, in dollars, as described in part (b)
* Preconditions: 0 <= startHour <= endHour <= 23
* maxDogs > 0
*/
public int dogWalkShift(int startHour, int endHour)
{ /* to be implemented in part (b) */ }

/* There may be instance variables, constructors,

and methods that are not shown. */

Name: :)— AP Computer Science A: 2025

I UL UL S AU AU T 1 i e W Yw AR s Y

A. Write the walkDogs method, which updates and returns the number of dogs this dog

walker walks during the time specified by hour. Values of hour range from 0 to 23,
inclusive.

A helper method, numAvailableDogs, has been provided in the DogWalkCompany class.
The method returns the number of dogs available to be taken for a walk at a given hour.
The dog walker will always walk as many dogs as the dog-walking company has available to
walk, as long as the available number of dogs is not greater than the maximum number of
dogs that the dog walker can handle, represented by the value of maxDogs.

Another helper method, updateDogs, has also been provided in the DogwalkCompany
class. So that multiple dog walkers do not sign up to walk the same dogs, the walkDogs
method should use updateDogs to update the dog-walking company with the number of
dogs this dog walker will walk during the given hour. The parameters of the updateDogs
method indicate how many dogs this dog walker will walk during the time specified by
hour.

For example, if the dog-walking company has 10 dogs that need to be walked at the given
hour but the dog walker’s maximum is 4, the updateDogs method should be used to
indicate that this dog walker will walk 4 of the 10 dogs during the given hour. As another
example, if the dog-walking company has 3 dogs that need to be walked at the given hour
and the dog walker’s maximum is 4, the updateDogs method should be used to indicate
that this dog walker will walk all 3 of the available dogs during the given hour.

The walkDogs method should return the number of dogs to be walked by this dog walker
during the time specified by hour.

Complete method walkDogs. You must use numAvailableDogs and updateDogs
appropriately to receive full credit.

/**

* Takes at least one dog for a walk during the time specified by
* hour, as described in part (a)

* Preconditions: 0 <= hour <= 23

* maxDogs > 0

*/

public int walkDogs(int hour)
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3. The StringChecker interface describes classes that check if strings are valid, according to some criterion.

public interface StringChecker

B. Write the dogwalkshift method, which performs a dog-walking shift of the hours in {
therange startHour to endHour, inclusive, and returns the total amount earned. For /** Returns true if str isvalid. */
example, a dog-walking shift from 14 to 16 is composed of three one-hour dog walks boolean isvValid(String str) ;
starting at hours 14, 15, and 1e. }

For each hour, the base pay is $5 per dog walked plus a bonus of $3 if at least one of the A CodeWordChecker isa StringChecker. A CodeWordChecker object can be constructed with

following is true. three parameters: two integers and a string. The first two parameters specify the minimum and maximum code
word lengths, respectively, and the third parameter specifies a string that must not occur in the code word.

* maxDogs dogs are walked A CodeWordChecker object can also be constructed with a single parameter that specifies a string that must

* the walk occurs between the peak hours of 9 and 17, inclusive not occur in the code word; in this case the minimum and maximum lengths will default to 6 and 20,
respectively.
The following table shows an example of the calculated amount earned by walking dogs
from hour 7 through hour 10, inclusive. The following examples illustrate the behavior of CodeWordChecker objects.
Example 1
Maximum Number of Amount Earned,
Hour X StringChecker scl = new CodeWordChecker (5, 8, "s");
Number of Dogs | Dogs Walked in Dollars
7 3 3 3x5+3=18 Valid code words have 5 to 8 characters and must not include the string "S$".
8 3 2 2%x5=10 Method call Return value  Explanation
scl.isValid ("happy") true The code word is valid.
9 3 2 2x5+3=13
scl.isValid ("happys") false The code word contains "$".
10 8 3 3x5+3=18 scl.isvalid("Code") false The code word is too short.
Total 59 scl.isValid ("happyCode") false The code word is too long.
Complete method dogwalkshift. Assume that walkDogs works as specified, regardless of Example 2

what you wrote in part (a). You must use walkDogs appropriately to earn full credit. )
StringChecker sc2 = new CodeWordChecker ("pass") ;

**
/ Valid code words must not include the string "pass". Because the bounds are not specified, the length

* Performs an entire dog-walking shift and returns the amount bounds are 6 and 20, inclusive.

* earned, in dollars, as described in part (b

! ! P () Method call Return value  Explanation
* Preconditions: 0 <= startHour <= endHour <= 23 sc2.isValid("MyPass") true The code word is valid.
* >
maxDogs 0 sc2.isvValid ("Mypassport") false The code word contains "pass".
*
/ sc2.isValid ("happy") false The code word is too short.
1i i 1kshift(i H i H

public int dogWalkShift(int startHour, int endHour) sc2.isValid("1,000,000,000,000,000") | false The code word is too long.

Write the complete CodeWordChecker class. Your implementation must meet all specifications and
conform to all examples.
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B 2 The if statement

2 Making deCiSiOHS - if and bOOleaII An if statement runs code only when a condition is true:
— Part 1

if (score >= 50) {
System.out.println("Pass");

Name: Class: Date:

B 3 if / else
Add else to do something when the condition is false:

Vocabulary ajiL.

if (score >= 50) System.out.println("Pass");

Write each word three times. EEEA BRI E =i . else System.out.println("Fail");
English 3 Write it 3 times (English) ¥ 4 Combining conditions
boolean 1R o && means and (both must be true),

+ || means or (at least one is true),

« ! means not (flips true and false).

Watch out: == compares two values, but a single = assigns a value. Writing if
Recall (x = 5) isa bug — use if (x == 5).
Programs have to make decisions:
o “If it is raining, take an umbrella.” Practice

* A game checks if your score beats the high score. Try these in order. The methods are all above.

o A test is either passed or failed — true or false.
2.1 State the two possible values of a boolean.
This sheet lines up how programs decide. Each idea has a worked example.

New ideas
2.2 Evaluate 7 > 4 and 3 == 4.

B 1 Boolean values

A boolean i/ value is either true or false. Comparisons produce booleans:

arithmetic relational logical
= =
NOT 2.3 Evaluate (5 > 3) && (2 > 4).
give a compare — join conditions —
number true or false true or false
== (equal), != (not equal), <, >, <=, >=.

Worked example. 5 > 3 is true; 4 == 5 is false.

AP Computer Science A ¢ Holiday Homework — 2 Making decisions - if and boolean — Part 1 AP Computer Science A ¢ Holiday Homework — 2 Making decisions - if and boolean — Part 1
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1. The APCalendar class contains methods used to calculate information about a calendar. You will write two
methods of the class.
2.4 A student has score = 80. State what if (score >= 50) prints given the if/else public class APCalendar
above. 1] {
/** Returns true if year isaleap yearand false otherwise. */
private static boolean isLeapYear (int year)
2.5 State the difference between == and =. 2] { /* implementation not shown */ }
/** Returns the number of leap years between yearl and year2, inclusive.
*  Precondition: 0 <= yearl <= year2
*/
public static int numberOfLeapYears (int yearl, int year2)
{ /* tobeimplemented in part (a) */ }
/** Returns the value representing the day of the week for the first day of year,
* where 0 denotes Sunday, 1 denotes Monday, ..., and 6 denotes Saturday.
*/
private static int firstDayOfYear (int year)
{ /* implementation not shown */ }
/** Returns n, where month, day, and year specify the nth day of the year.
* Returns 1 forJanuary 1 (month = 1, day = 1) of any year.
*  Precondition: The date represented by month, day, year isa valid date.
*/
private static int dayOfYear (int month, int day, int year)
{ /* implementation not shown */ }
/** Returns the value representing the day of the week for the given date
* (month, day, year), where 0 denotes Sunday, 1 denotes Monday, ...,
* and 6 denotes Saturday.
*  Precondition: The date represented by month, day, year is a valid date.
*/
public static int dayOfWeek (int month, int day, int year)
{ /* tobeimplemented in part (b) */ }
// There may be instance variables, constructors, and other methods not shown.
}
AP Computer Science A o Holiday Homework 2 Making decisions - if and boolean — Part 1
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(a) Write the static method numberOfLeapYears, which returns the number of leap years between
yearl and year2, inclusive.

In order to calculate this value, a helper method is provided for you.

e isleapYear (year) returns true if year isaleap yearand false otherwise.

Complete method numberOfLeapYears below. You mustuse isLeapYear appropriately to
receive full credit.

/** Returns the number of leap years between yearl and year2, inclusive.
*  Precondition: 0 <= yearl <= year2
*/

public static int numberOfLeapYears (int yearl, int year2)

Name: :)— AP Computer Science A: 2019

(b) Write the static method dayOfWeek, which returns the integer value representing the day of the week for
the given date (month, day, year), where 0 denotes Sunday, 1 denotes Monday, ...,and 6
denotes Saturday. For example, 2019 began on a Tuesday, and January 5 is the fifth day of 2019. As a result,
January 5, 2019, fell on a Saturday, and the method call dayOfWeek (1, 5, 2019)
returns 6.

As another example, January 10 is the tenth day of 2019. As a result, January 10, 2019, fell on a Thursday,
and the method call dayOfWeek (1, 10, 2019) returns 4.

In order to calculate this value, two helper methods are provided for you.

e firstDayOfYear (year) returns the integer value representing the day of the week for the first
day of year, where 0 denotes Sunday, 1 denotes Monday, ...,and 6 denotes Saturday. For
example, since 2019 began on a Tuesday, firstDayOfYear (2019) returns 2.

e dayOfYear (month, day, year) returnsn, where month, day, and year specify the
nth day of the year. For the first day of the year, January 1 (month = 1, day = 1), the value
1 is returned. This method accounts for whether year is a leap year. For example,
dayOfYear (3, 1, 2017) returns 60, since 2017 is not a leap year, while
dayOfYear(3, 1, 2016) returns 61, since 2016 is a leap year.

Class information for this question

public class APCalendar

private static boolean isLeapYear (int year)
public static int numberOfLeapYears (int yearl, int year2)
private static int firstDayOfYear (int year)
private static int dayOfYear (int month, int day, int year)
public static int dayOfWeek (int month, int day, int year)
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Complete method dayOfWeek below. You mustuse firstDayOfYear and dayOfYear
appropriately to receive full credit.

/** Returns the value representing the day of the week for the given date
* (month, day, year), where 0 denotes Sunday, 1 denotes Monday, ...,
* and 6 denotes Saturday.
*  Precondition: The date represented by month, day, year is a valid date.
*/

public static int dayOfWeek (int month, int day, int year)

Name: :)— AP Computer Science A: 2016

3. A crossword puzzle grid is a two-dimensional rectangular array of black and white squares. Some of the white
squares are labeled with a positive number according to the crossword labeling rule.

The crossword labeling rule identifies squares to be labeled with a positive number as follows.

A square is labeled with a positive number if and only if
e the square is white and
e the square does not have a white square immediately above it, or it does not have a white square
immediately to its left, or both.
The squares identified by these criteria are labeled with consecutive numbers in row-major order,
starting at 1.

The following diagram shows a crossword puzzle grid and the labeling of the squares according to the crossword
labeling rule.

Labeled because no white
square above and no white
square to the left

Labeled because
no white square
to the left

Labeled because
no white square
above

Unlabeled
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This question uses two classes, a Square class that represents an individual square in the puzzle and a (a) Write the Crossword method toBeLabeled. The method returns true if the square indexed by
Crossword class that represents a crossword puzzle grid. A partial declaration of the Square class is row r, column c in acrossword puzzle grid should be labeled with a positive number according to the
shown below. crossword labeling rule; otherwise it returns false. The parameter blackSquares indicates which

public class Square squares in the crossword puzzle grid are black.

{
/** Constructs one square of a crossword puzzle grid. Class information for this question
*  Postcondition:
* - The square is black if and only if isBlack is true. public class Square
* - The square has number num.
*/ public Square(boolean isBlack, int num)
public Square (boolean isBlack, int num)
{ /* implementation not shown */ } public class Crossword
// There may be instance variables, constructors, and methods that are not shown. private Square[][] puzzle
) public Crossword(boolean[][] blackSquares)
A partial declaration of the Crossword class is shown below. You will implement one method and the private boolean toBeLabeled(int r, int ¢, boolean[][] blackSquares)
constructor in the Crossword class.

public class Crossword
{
/** Each elementisa Square object with a color (black or white) and a number.
* puzzle[r] [c] represents the square in row r, column c.
*  There is at least one row in the puzzle.
*/
private Square[][] puzzle; WRITE YOUR SOLUTION ON THE NEXT PAGE.

/** Constructs a crossword puzzle grid.
*  Precondition: There is at least one row in blackSquares.
Postcondition:
- The crossword puzzle grid has the same dimensions as blackSquares.
- The Square objectatrow r, column c in the crossword puzzle grid is black
if and only if blackSquares([r][c] is true.
- The squares in the puzzle are labeled according to the crossword labeling rule.

* %k ok ok ok ok

/
public Crossword (boolean[][] blackSquares)
{ /* tobeimplemented in part (b) */ }

/** Returns true if the square atrow r, column c should be labeled with a positive number;
* false otherwise.
*  The square at row r, column c isblack if and only if blackSquares|[r] [c] is true.
*  Precondition: r and c are valid indexes in blackSquares.
*/
private boolean toBeLabeled(int r, int c, boolean[][] blackSquares)
{ /* tobeimplemented in part (a) */ '}

// There may be instance variables, constructors, and methods that are not shown.
}

Part (a) begins on page 14.
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Complete method toBeLabeled below. (b) Write the Crossword constructor. The constructor should initialize the crossword puzzle grid to have the
same dimensions as the parameter blackSquares. Each element of the puzzle grid should be initialized
with a reference to a Square object with the appropriate color and number. The number is positive if the

/** Returns true if the square atrow r, column c should be labeled with a positive number; " ¢ A
square is labeled and 0 if the square is not labeled.

* false otherwise.

*  The square atrow r, column c isblackif and only if blackSquares[r][c] is true.

*  Precondition: r and c are valid indexes in blackSquares. Class information for this question
*/
private boolean toBeLabeled(int r, int c, boolean[][] blackSquares) public class Square

public Square (boolean isBlack, int num)

public class Crossword

private Square[][] puzzle

public Crossword(boolean[][] blackSgquares)
private boolean toBeLabeled(int r, int c, boolean[][] blackSquares)

WRITE YOUR SOLUTION ON THE NEXT PAGE.

Assume that toBeLabeled works as specified, regardless of what you wrote in part (a). You must use
toBeLabeled appropriately to receive full credit.

Complete the Crossword constructor below.

/** Constructs a crossword puzzle grid.
*  Precondition: There is at least one row in blackSquares.
*  Postcondition:

* - The crossword puzzle grid has the same dimensions as blackSquares.

* - The Square objectatrow r, column c in the crossword puzzle grid is black
* if and only if blackSquares[r][c] is true.

* - The squares in the puzzle are labeled according to the crossword labeling rule.

*/

public Crossword(boolean[][] blackSquares)

Part (b) begins on page 16.
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1. This question involves the WordMatch class, which stores a secret string and provides methods that
compare other strings to the secret string. You will write two methods in the WordMatch class.

public class WordMatch

{
/** The secret string. */
private String secret;
/** Constructs a WordMatch object with the given secret string of lowercase letters. * /
public WordMatch (String word)
{
/* implementation not shown */
}
/** Returns a score for guess, as described in part (a).
*  Precondition: 0 < guess.length() <= secret.length()
*/
public int scoreGuess (String guess)
{ /* to be implemented in part (a) */ }
/** Returns the better of two guesses, as determined by scoreGuess and the rules for a
* tie-breaker that are described in part (b).
*  Precondition: guessl and guess2 contain all lowercase letters.
* guessl is not the same as guess2.
*/
public String findBetterGuess (String guessl, String guess?2)
{ /* to be implemented in part (b) */ }
}

Name: :}— AP Computer Science A: 2021

(a) Write the WordMatch method scoreGuess. To determine the score to be returned,
scoreGuess finds the number of times that guess occurs as a substring of secret and then
multiplies that number by the square of the length of guess. Occurrences of guess may overlap
within secret.

Assume that the length of guess is less than or equal to the length of secret andthat guess is
not an empty string.

The following examples show declarations of a WordMatch object. The tables show the outcomes of
some possible calls to the scoreGuess method.

WordMatch game = new WordMatch("mississippi");

Score Calculation:

Number of (Number of Return Value of
Value of guess | Substring |Substring Occurrences) x G ( )
Occurrences (Square of the game.scorebuess {guess

Length of guess)

it 4 4 1 *1 =4 4
"igs" 2 2 %3 %3 =18 18
"issipp" 1 1 *6 * 6 =36 36
"mississippi" 1 1 * 11 * 11 = 121 121

WordMatch game = new WordMatch ("aaaabb") ;

Score Calculation:

Number of (Number of Return Value of
Value of guess| Substring |Substring Occurrences) x G ( )
Occurrences (Square of the game. scoreluess (guess

Length of guess)

"a" 4 4 1 * 1 =4 4
"aa" 3 32 *x2 =12 12
"aaa" 2 2 * 3 * 3 =18 18
"aabb" 1 1 *4 * 4 =16 16
e 0 0*1*1=0 0
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Complete the scoreGuess method. (b) Write the WordMatch method findBetterGuess, which returns the better guess of its two
String parameters, guessl and guess2. Ifthe scoreGuess method returns different
values for guessl and guess2, then the guess with the higher score is returned. If the
scoreGuess method returns the same value for guessl and guess2, then the

*/ alphabetically greater guess is returned.
public int scoreGuess (String guess)

/** Returns a score for guess, as described in part (a).
*  Precondition: 0 < guess.length() <= secret.length()

The following example shows a declaration of a WordMatch object and the outcomes of some
possible calls to the scoreGuess and findBetterGuess methods.

WordMatch game = new WordMatch ("concatenation") ;

Return

Method Call Value Explanation
game.scoreGuess ("ten") ; 9 1 * 3 * 3
game.scoreGuess ("nation") ; 36 1 *6 * 6

Since scoreGuess returns 36 for
"nation" and 9 for "ten", the guess

game.findBetterGuess ("ten", "nation"); |"nation"| . R . e
with the greater score, "nation", is
returned.

game.scoreGuess ("con") ; 9 1 * 3 *3

Begin your response at the top of a new page in the separate Free Response booklet and fill in game.scoreGuess ("cat"); 9 1 *3*3
the appropriate circle at the top of ef:lch page tohlndlcat;a the qu‘e;tlon number. If there are multiple parts to this Since scoreGuess returns 9 for
question, write the part letter with your response. both "con" and "cat", the
game.findBetterGuess ("con", "cat"); "con"

alphabetically greater guess, "con", is
returned.

Class information for this question

public class WordMatch

private String secret

public WordMatch (String word)
public int scoreGuess (String guess)
public String findBetterGuess (String guessl, String guess2)
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1. This question involves reasoning about a simulation of a frog hopping in a straight line. The frog attempts
to hop to a goal within a specified number of hops. The simulation is encapsulated in the following
FrogSimulation class. You will write two of the methods in this class.

Complete method findBetterGuess.

Assume that scoreGuess works as specified, regardless of what you wrote in part (a). You must
use scoreGuess appropriately to receive full credit.
public class FrogSimulation

/** Returns the better of two guesses, as determined by scoreGuess and the rules for a {
*  tie-breaker that are described in part (b). /** Distance, in inches, from the starting position to the goal. */
*  Precondition: guessl and guess2 contain all lowercase letters. private int goalDistance;
* guessl is not the same as guess2.
*/ /** Maximum number of hops allowed to reach the goal. */

public String findBetterGuess (String guessl, String guess2) SEETRIES lmiE =Ea: Iy

/** Constructs a FrogSimulation where dist is the distance, in inches, from the starting
*  position to the goal, and numHops is the maximum number of hops allowed to reach the goal.
*  Precondition: dist > 0; numHops > 0

*/
public FrogSimulation (int dist, int numHops)
{
goalDistance = dist;
maxHops = numHOpS;
}
/** Returns an integer representing the distance, in inches, to be moved when the frog hops.
*/
Begin your response at the top of a new page in the separate Free Response booklet and fill in private int hopDistance ()
the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this { /* implementation not shown */ '}

question, write the part letter with your response.

/** Simulates a frog attempting to reach the goal as described in part (a).
* Returns true if the frog successfully reached or passed the goal during the simulation;
* false otherwise.

Class information for this question */

_ public boolean simulate ()

public class WordMatch { /* tobeimplemented in part (a) */ }

private String secret
/** Runs num simulations and returns the proportion of simulations in which the frog

public WordMatch(String word) *  successfully reached or passed the goal.

public int scoreGuess (String guess) *  Precondition: num > 0

public String findBetterGuess (String guessl, String guess2) */ . . . i
public double runSimulations (int num)
r 1w PESE M DU PRSI B S A Y w / 1
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(a) Write the simulate method, which simulates the frog attempting to hop in a straight line to a goal from

Name: :)— AP Computer Science A: 2018

the frog's starting position of 0 within a maximum number of hops. The method returns true if the frog
successfully reached the goal within the maximum number of hops; otherwise, the method returns false.

The FrogSimulation class provides a method called hopDistance that returns an integer
representing the distance (positive or negative) to be moved when the frog hops. A positive distance
represents a move toward the goal. A negative distance represents a move away from the goal. The returned
distance may vary from call to call. Each time the frog hops, its position is adjusted by the value returned by
acall to the hopDistance method.

The frog hops until one of the following conditions becomes true:
e The frog has reached or passed the goal.
e The frog has reached a negative position.
e The frog has taken the maximum number of hops without reaching the goal.

The following example shows a declaration of a FrogSimulation object for which the goal distance is

24 inches and the maximum number of hops is 5. The table shows some possible outcomes of calling the
simulate method.

FrogSimulation sim = new FrogSimulation (24, 5);

Values returned by Final position Return value of

hopDistance () of frog sim.simulate ()
Example 1 5 7, -2, 8, 6 24 true
Example 2 6, 7, 6, 6 25 true
Example 3 6, -6, 31 31 true
Example 4 4, 2, -8 -2 false
Example 5 5, 4, 2, 4, 3 18 false

Class information for this question

public class FrogSimulation

private int goalDistance
private int maxHops

private int hopDistance ()
public boolean simulate ()
public double runSimulations (int num)

Complete method simulate below. You must use hopDistance appropriately to receive full credit.

/** Simulates a frog attempting to reach the goal as described in part (a).
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(b) Write the runSimulations method, which performs a given number of simulations and returns the

proportion of simulations in which the frog successfully reached or passed the goal. For example, if the
parameter passed to runSimulations is 400, and 100 of the 400 simulate method calls returned
true, thenthe runSimulations method should return 0.25.

Complete method runSimulations below. Assume that simulate works as specified, regardless
of what you wrote in part (a). You must use simulate appropriately to receive full credit.

/** Runs num simulations and returns the proportion of simulations in which the frog
*  successfully reached or passed the goal.
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2 Loops — Part 2

Name: Class: Date:

Vocabulary Fa)jLC

Write each word three times. R4S FAIRPE =k

English Fi3C Write it 3 times (English)
while loop TGN
Recall

In Part A you met decisions. Now make the computer repeat work:

o Printing the numbers 1 to 100 by hand would be slow.
o A loop repeats the same steps many times, quickly.

Each idea has a worked example before the Practice.

New ideas

B 1 The while loop
A while loop ffi#f repeats while its condition is true:

AP Computer Science A « Holiday Homework — 2 Loops — Part 2

FOR WHILE REPEAT
count
. no test bod
i=1toN U
yes
a set number test before test after
of passes may run 0 times runs at least once

int i = 0;

while (i < 3) {
System.out.println(i);
i++;

}
This prints 0, 1, 2.

B 2 The for loop
A for loop packs the setup, condition, and update into one line — best when you

know the count:

for (int i = 0; i < 5; i++) {
// runs 5 times: i = 0,1,2,3,4
¥

B 3 Counting the repeats

Aloop for (int i = 0; i < m; i++) runs exactly n times.

Worked example. for (int i = 1; i <= 4; i++) runs 4 times (fori = 1, 2, 3,
4).

B 4 Nested loops

A loop inside another loop runs the inner one fully for each pass of the outer. If the
outer runs 3 times and the inner 4, the inside runs 3 x 4 = 12 times.

Watch out: a loop must change something each time (like i++) so the condition
eventually becomes false. If it never does, the loop runs forever — an infinite loop.

AP Computer Science A « Holiday Homework — 2 Loops — Part 2
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1. This question involves reasoning about a simulation of a frog hopping in a straight line. The frog attempts
to hop to a goal within a specified number of hops. The simulation is encapsulated in the following
Practice FrogSimulation class. You will write two of the methods in this class.

Try these in order. The methods are all above. public class FrogSimulation

2.1 State how many times for (int i = 0; i < 6; i++) runs. [1] { . o . .
o /** Distance, in inches, from the starting position to the goal. */
private int goalDistance;

/** Maximum number of hops allowed to reach the goal. */

2.2 State the values printed by the while loop above (i from 0 while i < 3). private int maxHops;

/** Constructs a FrogSimulation where dist is the distance, in inches, from the starting
*  position to the goal, and numHops is the maximum number of hops allowed to reach the goal.
*  Precondition: dist > 0; numHops > 0
*/

public FrogSimulation (int dist, int numHops)

{

2.3 State how many times for (int i = 1; i <= 10; i++) runs.

s~

goalDistance = dist;
maxHops = numHOpS;

2.4 A nested loop has an outer running 5 times and an inner running 3 times. State how

. . . /** Returns an integer representing the distance, in inches, to be moved when the frog hops.
many times the inner body runs in total. 2]

*/
private int hopDistance ()
{ /* implementation not shown */ }

/** Simulates a frog attempting to reach the goal as described in part (a).
* Returns true if the frog successfully reached or passed the goal during the simulation;
* false otherwise.
*/

2.5 Explain what makes a loop “infinite”. 2] public boolean simulate ()
{ /* tobeimplemented in part (a) */ }

/** Runs num simulations and returns the proportion of simulations in which the frog
*  successfully reached or passed the goal.
*  Precondition: num > 0
*/

public double runSimulations (int num)

r VACRRPURS TONE SIS PUSSRRPUI JE SIS TN 1
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(a) Write the simulate method, which simulates the frog attempting to hop in a straight line to a goal from

Name: :)— AP Computer Science A: 2018

the frog's starting position of 0 within a maximum number of hops. The method returns true if the frog
successfully reached the goal within the maximum number of hops; otherwise, the method returns false.

The FrogSimulation class provides a method called hopDistance that returns an integer
representing the distance (positive or negative) to be moved when the frog hops. A positive distance
represents a move toward the goal. A negative distance represents a move away from the goal. The returned
distance may vary from call to call. Each time the frog hops, its position is adjusted by the value returned by
acall to the hopDistance method.

The frog hops until one of the following conditions becomes true:
e The frog has reached or passed the goal.
e The frog has reached a negative position.
e The frog has taken the maximum number of hops without reaching the goal.

The following example shows a declaration of a FrogSimulation object for which the goal distance is

24 inches and the maximum number of hops is 5. The table shows some possible outcomes of calling the
simulate method.

FrogSimulation sim = new FrogSimulation (24, 5);

Values returned by Final position Return value of

hopDistance () of frog sim.simulate ()
Example 1 5 7, -2, 8, 6 24 true
Example 2 6, 7, 6, 6 25 true
Example 3 6, -6, 31 31 true
Example 4 4, 2, -8 -2 false
Example 5 5, 4, 2, 4, 3 18 false

Class information for this question

public class FrogSimulation

private int goalDistance
private int maxHops

private int hopDistance ()
public boolean simulate ()
public double runSimulations (int num)

Complete method simulate below. You must use hopDistance appropriately to receive full credit.

/** Simulates a frog attempting to reach the goal as described in part (a).

™ e I . S £ TN M T EOC S T O T T S DL S

(b) Write the runSimulations method, which performs a given number of simulations and returns the

proportion of simulations in which the frog successfully reached or passed the goal. For example, if the
parameter passed to runSimulations is 400, and 100 of the 400 simulate method calls returned
true, thenthe runSimulations method should return 0.25.

Complete method runSimulations below. Assume that simulate works as specified, regardless
of what you wrote in part (a). You must use simulate appropriately to receive full credit.

/** Runs num simulations and returns the proportion of simulations in which the frog
*  successfully reached or passed the goal.
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1. This question involves reasoning about a simulation of a frog hopping in a straight line. The frog attempts

to hop to a goal within a specified number of hops. The simulation is encapsulated in the following
FrogSimulation class. You will write two of the methods in this class.

public class FrogSimulation
/** Distance, in inches, from the starting position to the goal. */
private int goalDistance;

/** Maximum number of hops allowed to reach the goal. */
private int maxHops;

/** Constructs a FrogSimulation where dist is the distance, in inches, from the starting
*  position to the goal, and numHops is the maximum number of hops allowed to reach the goal.
*  Precondition: dist > 0; numHops > 0
*/

public FrogSimulation (int dist, int numHops)

{

goalDistance = dist;
maxHops = numHOpS;

/** Returns an integer representing the distance, in inches, to be moved when the frog hops.
*/

private int hopDistance ()

{ /* implementation not shown */ }

/** Simulates a frog attempting to reach the goal as described in part (a).
* Returns true if the frog successfully reached or passed the goal during the simulation;
* false otherwise.
*/

public boolean simulate ()

{ /* tobeimplemented in part (a) */ }

/** Runs num simulations and returns the proportion of simulations in which the frog
*  successfully reached or passed the goal.
*  Precondition: num > 0
*/

public double runSimulations (int num)

r VAORRPURE TONE SIS PUSSRHPUI JE S S TN 1
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(a) Write the simulate method, which simulates the frog attempting to hop in a straight line to a goal from

the frog's starting position of 0 within a maximum number of hops. The method returns true if the frog
successfully reached the goal within the maximum number of hops; otherwise, the method returns false.

The FrogSimulation class provides a method called hopDistance that returns an integer
representing the distance (positive or negative) to be moved when the frog hops. A positive distance
represents a move toward the goal. A negative distance represents a move away from the goal. The returned
distance may vary from call to call. Each time the frog hops, its position is adjusted by the value returned by
acall to the hopDistance method.

The frog hops until one of the following conditions becomes true:
e The frog has reached or passed the goal.
e The frog has reached a negative position.
e The frog has taken the maximum number of hops without reaching the goal.

The following example shows a declaration of a FrogSimulation object for which the goal distance is

24 inches and the maximum number of hops is 5. The table shows some possible outcomes of calling the
simulate method.

FrogSimulation sim = new FrogSimulation (24, 5);

Values returned by Final position Return value of

hopDistance () of frog sim.simulate ()
Example 1 5 7, -2, 8, 6 24 true
Example 2 6, 7, 6, 6 25 true
Example 3 6, -6, 31 31 true
Example 4 4, 2, -8 -2 false
Example 5 5, 4, 2, 4, 3 18 false

Class information for this question

public class FrogSimulation

private int goalDistance
private int maxHops

private int hopDistance ()
public boolean simulate ()
public double runSimulations (int num)

Complete method simulate below. You must use hopDistance appropriately to receive full credit.

/** Simulates a frog attempting to reach the goal as described in part (a).
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(b) Write the runSimulations method, which performs a given number of simulations and returns the 3. This question involves analyzing and modifying a string. The following Phrase class maintains a phrase in
proportion of simulations in which the frog successfully reached or passed the goal. For example, if the an instance variable and has methods that access and make changes to the phrase. You will write two methods
parameter passed to runSimulations is 400, and 100 of the 400 simulate method calls returned of the Phrase class.

true, thenthe runSimulations method should return 0.25.

. ublic class Phrase
Complete method runSimulations below. Assume that simulate works as specified, regardless E{)

of what you wrote in part (a). You must use simulate appropriately to receive full credit. private String currentPhrase;

/** Runs num simulations and returns the proportion of simulations in which the frog /** Constructs anew Phrase object. */
*  successfully reached or passed the goal. public Phrase(String p)

_ { currentPhrase = p;

/** Returns the index of the nth occurrence of str in the current phrase;
* returns -1 if the nth occurrence does not exist.
*  Precondition: str.length() > 0 and n > 0
*  Postcondition: the current phrase is not modified.
*/
public int findNthOccurrence (String str, int n)
{ /* implementation not shown */ }

/** Modifies the current phrase by replacing the nth occurrence of str with repl.

* If the nth occurrence does not exist, the current phrase is unchanged.

*  Precondition: str.length() > 0 and n > 0

*/
public void replaceNthOccurrence (String str, int n, String repl)
{ /* tobeimplemented in part (a) */ }

/** Returns the index of the last occurrence of str in the current phrase;
* returns -1 if str isnot found.
*  Precondition: str.length() > 0
*  Postcondition: the current phrase is not modified.
*/
public int findLastOccurrence (String str)
{ /* tobeimplemented in part (b) */ }

/** Returns a string containing the current phrase. */
public String toString()
{ return currentPhrase; }

Part (a) begins on page 12.
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(a

)
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Write the Phrase method replaceNthOccurrence, which will replace the nth occurrence of the
string str with the string repl. Ifthe nth occurrence does not exist, currentPhrase remains
unchanged.

Several examples of the behavior of the method replaceNthOccurrence are shown below.

Code segments Output produced

Phrase phrasel = new Phrase("A cat ate late.");
phrasel.replaceNthOccurrence ("at", 1, "rane");

System.out.println (phrasel) ; A crane ate late.

Phrase phrase2 = new Phrase("A cat ate late.");
phrase2.replaceNthOccurrence ("at", 6, "xx");

System.out.println (phrase2) ; A cat ate late.

Phrase phrase3 = new Phrase("A cat ate late.");
phrase3.replaceNthOccurrence ("bat", 2, "xx");

System.out.println (phrase3) ; A cat ate late.

Phrase phrase4 = new Phrase("aaaa");
phrase4.replaceNthOccurrence ("aa", 1, "xx");

System.out.println (phrase4) ; xxaa

Phrase phrase5 = new Phrase("aaaa") ;

phrase5.replaceNthOccurrence ("aa", 2, "bbb");

System.out.println (phrase5) ; abbba

Class information for this question

public class Phrase

private String currentPhrase

public Phrase (String p)

public int findNthOccurrence (String str, int n)

public void replaceNthOccurrence (String str, int n, String repl)
public int findLastOccurrence (String str)

public String toString()

The Phrase class includes the method findNthOccurrence, which returns the nth occurrence of
a given string. You must use £indNthOccurrence appropriately to receive full credit.

Complete method replaceNthOccurrence below.

/** Modifies the current phrase by replacing the nth occurrence of str with repl.
* Ifthe nth occurrence does not exist, the current phrase is unchanged.
*  Precondition: str.length() > 0 and n > 0
*/

public void replaceNthOccurrence (String str, int n, String repl)

Part (b) begins on page 14.
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(b) Write the Phrase method findLastOccurrence. This method finds and returns the index of the 2. This question involves reasoning about pairs of words that are represented by the following WordPair class.
last occurrence of a given string in currentPhrase. If the given string is not found, -1 is returned.
The following tables show several examples of the behavior of the method findLastOccurrence. public class WordPair

{

Phrase phrasel = new Phrase("A cat ate late.");
/** Constructs a WordPair object. */

Method call Value returned public WordPair (String first, String second)
{ /* implementation not shown */ }

phrasel.findlLastOccurrence ("at") 11

phrasel.findLastOccurrence ("cat™") 2 /** Returns the first string of this WordPair object. */
public String getFirst ()

phrasel.findLastOccurrence ("bat") -1 { /* implementation not shown */ '}

/** Returns the second string of this WordPair object. */

Class information for this question public String getSecond ()
{ /* implementation not shown */ }

public class Phrase

}

private String currentPhrase

public Phrase (String p) You will implement the constructor and another method for the following WordPairList class.
public int findNthOccurrence (String str, int n)

public void replaceNthOccurrence (String str, int n, String repl) public class WordPairList

public int findLastOccurrence (String str) {

public String toString()
/** The list of word pairs, initialized by the constructor. */
private ArraylList<WordPair> allPairs;

WRITE YOUR SOLUTION ON THE NEXT PAGE. /** Constructs a WordPairList object as described in part (a).

You must use £indNthOccurrence appropriately to receive full credit. *  Precondition: words.length >= 2
*/
Complete method findLastOccurrence below. public WordpairList (String[] words)

{ /* tobeimplemented in part (a) */ }
/** Returns the index of the last occurrence of str in the current phrase;
* returns -1 if str isnotfound.

*  Precondition: str.length() > 0 /** Returns the number of matches as described in part (b).
*  Postcondition: the current phrase is not modified. */ S
s public int numMatches ()
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(a) Write the constructor for the WordPairList class. The constructor takes an array of strings words as
a parameter and initializes the instance variable allPairs toan ArrayList of WordPair objects.

A WordPair object consists of a word from the array paired with a word that appears later in the array.
The allPairs list contains WordPair objects (words[i], words[j]) forevery i and j,
where 0 < 1 < j < words.length. Each WordPair objectis added exactly once to the list.

The following examples illustrate two different WordPairList objects.

Example 1

String[] wordNums = {"one", "two", "three"};
WordPairList exampleOne = new WordPairList (wordNums) ;

After the code segment has executed, the allPairs instance variable of exampleOne will contain
the following WordPair objects in some order.

("one" s "two") , ("one™" , "three") , ("two" s "three")
Example 2
String[] phrase = {"the", "more", "the", "merrier"};

WordPairList exampleTwo = new WordPairList (phrase) ;

After the code segment has executed, the allPairs instance variable of exampleTwo will contain
the following WordPair objects in some order.

(“the", “more"), (“the", “the"), ("t:he", nmerrieru),
("more", "the"), ("more", "merrier"), ("the", "merrier")

Class information for this question

public class WordPair

public WordPair (String first, String second)
public String getFirst ()
public String getSecond()

public class WordPairList

private ArrayList<WordPair> allPairs

public WordPairList (String[] words)
public int numMatches ()

Complete the WordPairList constructor below.

/** Constructs a WordPairList object as described in part (a).

n weue - - -~
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(b) Write the WordPairList method numMatches. This method returns the number of WordPair
objects in allPairs for which the two strings match.

For example, the following code segment creates a WordPairList object.

String[] moreWords = {"the", "red", "fox", "the", "red"};
WordPairList exampleThree = new WordPairList (moreWords) ;

After the code segment has executed, the allPairs instance variable of exampleThree will contain
the following WordPair objects in some order. The pairs in which the first string matches the second
string are shaded for illustration.

("the", "red"), ("the", "fox"), ("the", "the"),
(n the" , n redu) s ( "red" , "fox" ) , (u red" S "the n) ,
("red", "red"), ("fox", "the"), ("fox", "red"),
("the", "red")

The call exampleThree.numMatches () should return 2.

Class information for this question

public class WordPair

public WordPair (String first, String second)
public String getFirst ()
public String getSecond()

public class WordPairList

private ArrayList<WordPair> allPairs

public WordPairList (String[] words)
public int numMatches ()

Complete method numMatches below.

/** Returns the number of matches as described in part (b).

<+ /
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3 Writing a class — Part 1

Name: Class: Date:

Vocabulary &)

Write each word three times. 4G4 EIRFIE =ik .

English E:p'e Write it 3 times (English)
class ES

constructor ARCAE R Ve

Recall

In earlier sheets you used objects like String. Now you will build your own:

o A String is one type of object; you can design your own types too.
o A class is like a blueprint for making objects.

This sheet lines up how to write a class. Fach idea has a worked example.

New ideas

B 1 A class is a blueprint

A class 2% is a blueprint that describes what its objects hold and do. From one class
you make many objects.

— Name : STRING
0 — Area : REAL

— Perimeter : REAL

+ SetShape ()

+ calculateArea()

+ calculatePerimeter ()

private attributes
(= = hidden)

public methods
(+ = the interface)

AP Computer Science A « Holiday Homework — 3 Writing a class — Part 1

S

B 2 Fields
A class’s fields are its data — the values each object stores:
public class Student {

private String name;
private int score;

B 3 The constructor

public Student(String n, int s) {
name = n;
score = s;

B 4 Making objects

Student a = new Student("Amy", 80);

Fach new builds a separate object with its own name and score.

Practice
Try these in order. The methods are all above.

2.1 State the difference between a class and an object.

2.2 State what the “fields” of a class are.

2.3 State what a constructor does.

2.4 Write a line that creates a Student object called b with name "Ben" and score 70.]

AP Computer Science A « Holiday Homework — 3 Writing a class — Part 1

A constructor #43% BRI sets up a new object when you use new:

‘Watch out: a class is only a blueprint — it does nothing by itself. You must create
an object with new before you can use it, just as a house plan is not a house.

2



2.5 Explain why you can make many different objects from one class.

AP Computer Science A « Holiday Homework

3 Writing a class

Part 1

[
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4. This question involves the design of an interface, writing a class that implements the interface, and writing
a method that uses the interface.

(a) A number group represents a group of integers defined in some way. It could be empty, or it could contain
one or more integers.

Write an interface named NumberGroup that represents a group of integers. The interface should have
asingle contains method that determines if a given integer is in the group. For example, if groupl

is of type NumberGroup, and it contains only the two numbers -5 and 3, then
groupl.contains (-5) wouldreturn true, and groupl.contains(2) wouldreturn false.

Write the complete NumberGroup interface. It must have exactly one method.

Part (b) begins on page 17.
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(b) A range represents a number group that contains all (and only) the integers between a minimum value and

a maximum value, inclusive.

Write the Range class, which is a NumberGroup. The Range class represents the group of int
values that range from a given minimum value up through a given maximum value, inclusive. For example,
the declaration

NumberGroup rangel = new Range (-3, 2);

represents the group of integer values -3, -2, -1, 0, 1, 2.

Write the complete Range class. Include all necessary instance variables and methods as well as a
constructor that takes two int parameters. The first parameter represents the minimum value, and the
second parameter represents the maximum value of the range. You may assume that the minimum is less
than or equal to the maximum.

Part (c) begins on page 18.
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(¢c) The MultipleGroups class (not shown) represents a collection of NumberGroup objects and is
a NumberGroup. The MultipleGroups class stores the number groups in the instance variable
groupList (shown below), which is initialized in the constructor.

private List<NumberGroup> groupList;

Write the MultipleGroups method contains. The method takes an integer and returns true
if and only if the integer is contained in one or more of the number groups in groupList.

For example, suppose multiplel has been declared as an instance of MultipleGroups and
consists of the three ranges created by the calls new Range (5, 8), new Range (10, 12),
and new Range (1, 6). The following table shows the results of several calls to contains.

Call Result
multiplel.contains (2) true
multiplel.contains(9) false
multiplel.contains (6) true
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Complete method contains below. 3. The StringChecker interface describes classes that check if strings are valid, according to some criterion.

public interface StringChecker

/** Returns true if at least one of the number groups in this multiple group contains num; {
* false otherwise. /** Returns true if str isvalid. */
/o . . boolean isValid(String str) ;
public boolean contains(int num) }

A CodeWordChecker isa StringChecker. A CodeWordChecker object can be constructed with
three parameters: two integers and a string. The first two parameters specify the minimum and maximum code
word lengths, respectively, and the third parameter specifies a string that must not occur in the code word.

A CodeWordChecker object can also be constructed with a single parameter that specifies a string that must
not occur in the code word; in this case the minimum and maximum lengths will default to 6 and 20,
respectively.

The following examples illustrate the behavior of CodeWordChecker objects.
Example 1
StringChecker scl = new CodeWordChecker (5, 8, "s");

Valid code words have 5 to 8 characters and must not include the string "S$".

Method call Return value  Explanation

scl.isValid ("happy") true The code word is valid.

scl.isValid ("happy$") false The code word contains "$".

scl.isValid("Code™") false The code word is too short.

scl.isValid ("happyCode") false The code word is too long.
Example 2

StringChecker sc2 = new CodeWordChecker ("pass") ;

Valid code words must not include the string "pass". Because the bounds are not specified, the length
bounds are 6 and 20, inclusive.

Method call Return value  Explanation
sc2.isValid ("MyPass") true The code word is valid.
sc2.1sValid ("Mypassport") false The code word contains "pass".
sc2.isValid ("happy") false The code word is too short.
STOP sc2.1isValid("1,000,000,000,000,000") | false The code word is too long.
END OF EXAM

Write the complete CodeWordChecker class. Your implementation must meet all specifications and
conform to all examples.
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3. The StringChecker interface describes classes that check if strings are valid, according to some criterion.

public interface StringChecker

{ AP COMPUTER SCIENCE A « HOLIDAY HOMEWORK {&R#i4EA)
/** Returns true if str isvalid. */

boolean isvalid(string str); 3 Scope, methods, and references —
} Part 2

A CodeWordChecker isa StringChecker. A CodeWordChecker object can be constructed with
three parameters: two integers and a string. The first two parameters specify the minimum and maximum code
word lengths, respectively, and the third parameter specifies a string that must not occur in the code word.

A CodeWordChecker object can also be constructed with a single parameter that specifies a string that must

Name: Class: Date:
not occur in the code word; in this case the minimum and maximum lengths will default to 6 and 20,
respectively.
The following examples illustrate the behavior of CodeWordChecker objects. Vocabulary I‘i‘]ﬂ:
Write each word three times. 4N BAIRTVE =k,
Example 1
) English 225'8 Write it 3 times (English)
StringChecker scl = new CodeWordChecker (5, 8, "s");
Scope A
Valid code words have 5 to 8 characters and must not include the string "S$".
Method call Return value  Explanation
scl.isValid ("happy") true The code word is valid. Recall
scl.isValid("happys$") false The code word contains "$". ; . . .
In Part A you built a class. Now two ideas about how variables and objects behave:
scl.isvalid("Code") false The code word is too short.
scl.isValid ("happyCode") false The code word is too long. < A Va}rlablo ma.do H_lSldC a method only exists thorc.. .
« Passing an object into a method can change the original.
Example 2

Each idea has a worked example before the Practice.
StringChecker sc2 = new CodeWordChecker ("pass") ;

New ideas
Valid code words must not include the string "pass". Because the bounds are not specified, the length

bounds are 6 and 20, inclusive.

B 1 Scope
Method call Return value  Explanation Scope {1 is where a name can be used. A variable declared inside a method (a
sc2.isvalid ("MyPass") true The code word is valid. local variable) exists only inside that method.
sc2.1isValid ("Mypassport") false The code word contains "pass".
; - : global scope (the whole program)
sc2.isValid ("happy") false The code word is too short.
sc2.isValid("1,000,000,000,000,000") | false The code word is too long. global — visible everywhere

Write the complete CodeWordChecker class. Your implementation must meet all specifications and PROCEDURE Calc (local scope)
conform to all examples.

temp local — exists only
while Calc runs

AP Computer Science A o Holiday Homework 3 Scope, methods, and references — Part 2




B 2 Methods return values

A method can compute a value and return it:

public int doublelIt(int x) {
return x * 2;

}

B 3 Passing objects

When you pass an object to a method, Java passes a reference to it, so changes to
its data are seen by the caller.

pass by value pass by reference

caller's %= B == B caller's
variable variable
A
parameter
(a copy) a=5 a parameter

change a, x stays 5

I

|

I

|

|

I

|

I

|

I

|

|

copy } refers to

I

|

I

|

|

I

|

I

|

I

: change a, x changes too
I

B 4 Passing primitives

When you pass a primitive (like an int), Java passes a copy, so changing it inside
the method does not affect the caller.

Watch out: changing an object’s fields inside a method does affect the caller (it
shares the object), but changing a copied int does not. Objects are shared; primitives
are copied.

Practice
Try these in order. The methods are all above.

2.1 State what “scope” means.

2.2 State where a local variable can be used.

AP Computer Science A « Holiday Homework — 3 Scope, methods, and references — Part 2

2.3 For doublelIt above, state what doubleIt(6) returns. 1]

2.4 State whether changing an object’s field inside a method affects the caller, and why.|2]

2.5 State whether changing a passed int inside a method affects the caller, and why. [2]

AP Computer Science A « Holiday Homework — 3 Scope, methods, and references — Part 2
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2. This question involves the design of a class that will be used to produce practice problems. The following The following examples illustrate the behavior of the MultPractice class. Each table shows a code
StudyPractice interface represents practice problems that can be used to study some subject. segment and the output that would be produced as the code is executed.
public interface StudyPractice Example 1

{

/** Returns the current practice problem. */ Code segment Output produced

String getProblem() ;
StudyPractice pl = new MultPractice(7, 3);

/** Changes to the next practice problem. */ System.out.println(pl.getProblem()) ; 7 TIMES 3
void nextProblem() ;

}

The MultPractice classisa StudyPractice that produces multiplication practice problems. A
MultPractice objectis constructed with two integer values: first integer and initial second integer. The first
integer is a value that remains constant and is used as the first integer in every practice problem. The initial
second integer is used as the starting value for the second integer in the practice problems. This second value is
incremented for each additional practice problem that is produced by the class.

pl.nextProblem() ;

System.out.println(pl.getProblem()) ; 7 TIMES 4

pl.nextProblem() ;

. . R X System.out.println(pl.getProblem()) ; 7 TIMES 5
For example, a MultPractice object created with the call new MultPractice(7, 3) would be used 4 p pi.g
to create the practice problems "7 TIMES 3", "7 TIMES 4", "7 TIMES 5", andsoon.
Inthe MultPractice class, the getProblem method returns a string in the format of pl.nextProblem() ;
"first integer TIMES second integer". The nextProblem method updates the state of the System.out.println(pl.getProblem()) ; 7 TIMES 6
MultPractice object to represent the next practice problem.

Example 2
Code segment Output produced

StudyPractice p2 = new MultPractice (4, 12);
p2.nextProblem() ;

System.out.println(p2.getProblem()) ; 4 TIMES 13
System.out.println(p2.getProblem()) ; 4 TIMES 13

p2.nextProblem() ;
p2.nextProblem() ;

System.out.println(p2.getProblem()) ; 4 TIMES 15

p2.nextProblem() ;

System.out.println(p2.getProblem()) ; 4 TIMES 16

Question 2 continues on page 10.
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Interface information for this question 2. Theclass SingleTable represents a table at a restaurant.

public interface StudyPractice public class SingleTable

{
String getProblem/() /** Returns the number of seats at this table. The value is always greater than or equal to 4. */
void nextProblem/() public int getNumSeats ()
{ /* implementation not shown */ }
/** Returns the height of this table in centimeters. * /
Write the complete MultPractice class. Your implementation must be consistent with the specifications public int getHeight ()
and the given examples. { /* implementation not shown */ }
/** Returns the quality of the view from this table. */
public double getViewQuality ()
{ /* implementation not shown */ }
/** Sets the quality of the view from this table to value. */
public void setViewQuality (double value)
{ /* implementation not shown */ }
// There may be instance variables, constructors, and methods that are not shown.
}

At the restaurant, customers can sit at tables that are composed of two single tables pushed together. You will
write a class CombinedTable to represent the result of combining two SingleTable objects, based
on the following rules and the examples in the chart that follows.

¢ A CombinedTable can seat a number of customers that is two fewer than the total
number of seats in its two SingleTable objects (to account for seats lost when the
tables are pushed together).

* A CombinedTable has a desirability that depends on the views and heights of the two
single tables. If the two single tables of a CombinedTable object are the same height,
the desirability of the CombinedTable object is the average of the view qualities of the
two single tables.

* If the two single tables of a CombinedTable object are not the same height, the
desirability of the CombinedTable objectis 10 units less than the average of the view
qualities of the two single tables.
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Assume SingleTable objects tl, t2,and t3 have been created as follows.

* SingleTable tl has 4 seats, a view quality of 60.0, and a height of 74 centimeters.
* SingleTable t2 has 8 seats, a view quality of 70.0, and a height of 74 centimeters.

* SingleTable t3 has 12 seats, a view quality of 75.0, and a height of 76 centimeters.

The chart contains a sample code execution sequence and the corresponding results.

Statement (b‘l]:lllllieitl'{rf(t)u;;fi) Class Specification
CombinedTable cl = new A CombinedTable is composed of two
CombinedTable (t1, t2); SingleTable objects.
Since its two single tables have a total of 12
cl.canSeat (9); true
seats, c1 can seat 10 or fewer people.
cl.canSeat (11); false cl cannot seat 11 people.
Because c1’s two single tables are the same
cl.getDesirability () ; 65.0 height, its desirability is the average of 60 .0
and 70.0.
CombinedTable c2 = new A CombinedTable is composed of two
CombinedTable (t2, t3); SingleTable objects.
Since its two single tables have a total of 20
c2.canSeat (18); true
seats, c2 can seat 18 or fewer people.
Because c2’s two single tables are not the same
c2.getDesirability () ; 62.5 height, its desirability is 10 units less than the
average of 70.0 and 75.0.
Changing the view quality of one of the tables
that makes up c2 changes the desirability of
£2 . setViewouality (80); c.2, as illustrated in the next }ine of the chart.
' ! Since setViewQuality isa
SingleTable method, you do not need to
write it.
, Lo Because the view quality of t2 changed, the
c2.getbesirability(); 67.5 desirability of c2q has zlso changed. ¢

The last line of the chart illustrates that when the characteristics of a SingleTable change, so do those of
the CombinedTable that contains it.

Write the complete CombinedTable class. Your implementation must meet all specifications and
conform to the examples shown in the preceding chart.

Begin your response at the top of a new page in the separate Free Response booklet and fill in
the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this
question, write the part letter with your response.
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2. This question involves the implementation of a fitness tracking system that is represented by the
StepTracker class. A StepTracker object is created with a parameter that defines the minimum
number of steps that must be taken for a day to be considered active.

The StepTracker class provides a constructor and the following methods.

e addbailySteps, which accumulates information about steps, in readings taken once per day

e activeDays, which returns the number of active days

e averageSteps, which returns the average number of steps per day, calculated by dividing the
total number of steps taken by the number of days tracked

The following table contains a sample code execution sequence and the corresponding results.

Statements and Expressions Value Returned Comment
(blank if no
value)
StepTracker tr = new Days with at least 10,000 steps are considered
StepTracker (10000) ; active. Assume that the parameter is positive.

tr.activeDays () ; 0 No data have been recorded yet.

‘When no step data have been recorded, the
tr.averagesteps () ; 0.0 averageSteps method returns 0. 0.
tr.addDailySteps (9000) ; Th1_s is too few steps for the day to be considered

active.
tr.addDailySteps (5000) ; Thl.S is too few steps for the day to be considered

active.
tr.activeDays () ; 0 No day had at least 10,000 steps.
tr.averageSteps () ; 7000.0 The average number of steps per day is (14000 / 2).
tr.addDailySteps (13000) ; This represents an active day.

. . Of the three days for which step data were entered,
tr.activebays(); 1 one day had at least 10,000 steps.
tr.averageSteps () ; 9000.0 The average number of steps per day is (27000 / 3).
tr.addDailySteps (23000) ; This represents an active day.
tr.addDailySteps (1111) ; Th1_s is too few steps for the day to be considered

active.

, . Of the five days for which step data were entered,
tr.activebays(); 2 two days had at least 10,000 steps.
tr.averageSteps () ; 10222.2 The average number of steps per day is (51111 /5).
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Write the complete StepTracker class, including the constructor and any required instance variables and
methods. Your implementation must meet all specifications and conform to the example.
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4 Arrays — Part 1

Name: Class: Date:

Vocabulary Fa)jC

Write each word three times. R4S FAIRPE =k

English Fi3C Write it 3 times (English)
array B
Recall

A single variable holds one value, but real problems have many:

o A class has many students’ scores, not just one.

« You cannot make a separate variable for every value.
This sheet lines up how to store many values in an array. Each idea has a worked example

New ideas

B 1 What an array is

An array %{4l is a fixed-size, ordered list of values of the same type. Its positions
are numbered from 0 to length - 1:

index (0] (1 2 3] [4] (5] [6] (7] (8]
myList 27 19 36 42 16 89 21 16 55
lower bound upper bound
(first index) (last index)

int[] vals = {3, 1, 4, 1, 5};

AP Computer Science A ¢ Holiday Homework — 4 Arrays — Part 1

@

AP Computer Science A ¢ Holiday Homework

B 2 Reading and writing

Use the index in square brackets:

int first = vals[0]; // 3

vals[1] = 9; // change indez 1 to 9
int n = vals.length; // 5

B 3 Looping through

Visit every element with a for loop:

for (int i = 0; i < vals.length; i++) {
System.out.println(vals[i]);
¥

B 4 Common tasks
Summing or finding the largest is a loop with a running result.

Worked example. To sum {3, 1, 4}: start at 0, add each element — 0+3+1+4 = 8.

‘Watch out: the valid indices run from 0 to length - 1. For an array of length 5,
vals[5] is out of bounds - the last valid index is 4.

Practice

Try these in order. The methods are all above. Use int[] a = {7, 2, 9, 4};.
2.1 State the value of a[0] and a[2].

2.2 State the value of a.length.

2.3 State the largest valid index of a.

4 Arrays — Part 1



2.4 Find the sum of all the elements of a.

2.5 State what is wrong with writing a[4].

AP Computer Science A « Holiday Homework

4 Arrays

Part 1
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3. A high school club maintains information about its members in a MemberInfo object. A
MemberInfo object stores a club member’s name, year of graduation, and whether or not the club

member is in good standing. A member who is in good standing has fulfilled all the responsibilities of club
membership.

A partial declaration of the MemberInfo class is shown below.

public class MemberInfo

{

}

/** Constructs a MemberInfo object for the club member with name name,

* graduation year gradYear, and standing hasGoodStanding.

*/
public MemberInfo(String name, int gradYear, boolean hasGoodStanding)
{ /* implementation not shown */ }

/** Returns the graduation year of the club member. */
public int getGradYear ()
{ /* implementation not shown */ }

/** Returns true if the member is in good standing and false otherwise. */
public boolean inGoodStanding/()
{ /* implementation not shown */ }

// There may be instance variables, constructors, and methods that are not shown.

The ClubMembers class maintains a list of current club members. The declaration of the
ClubMembers class is shown below.

public class ClubMembers

{

private ArrayList<MemberInfo> memberList;

/** Adds new club members to memberList, as described in part (a).

*  Precondition: names is a non-empty array.

*/
public void addMembers (String[] names, int gradYear)
{ /* to be implemented in part (a) */ }

/** Removes members who have graduated and returns a list of members who have graduated
* and are in good standing, as described in part (b).
*/

public ArrayList<MemberInfo> removeMembers (int year)

{ /* to be implemented in part (b) */ }

// There may be instance variables, constructors, and methods that are not shown.
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(a) Write the ClubMembers method addMembers, which takes two parameters. The first parameter is

a String array containing the names of new club members to be added. The second parameter is the
graduation year of all the new club members. The method adds the new members to the memberList
instance variable. The names can be added in any order. All members added are initially in good
standing and share the same graduation year, gradYear.

Complete the addMembers method.

/** Adds new club members to memberList, as described in part (a).
*  Precondition: names is a non-empty array.
*/

public void addMembers (String[] names, int gradYear)

Begin your response at the top of a new page in the separate Free Response booklet and fill in

the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this

question, write the part letter with your response.
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(b) Write the ClubMembers method removeMembers, which takes the following actions.

e Returns a list of all students who have graduated and are in good standing. A member
has graduated if the member’s graduation year is less than or equal to the method’s
year parameter. If no members meet these criteria, an empty list is returned.

* Removes from memberList all members who have graduated, regardless of whether
or not they are in good standing.

The following example illustrates the results of a call to removeMembers.

The ArrayList memberList before the method call removeMembers (2018):

"SMITH, JANE"
2019
false

"FOX, STEVE"
2018
true

"XIN, MICHAEL"
2017
false

"GARCIA, MARIA"
2020
true

"SMITH, JANE"
2019
false

"GARCIA, MARIA"
2020
true

"FOX, STEVE"
2018
true

The ArrayList memberList after the method call removeMembers (2018):

The ArrayList returned by the method call removeMembers (2018):
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Complete the removeMembers method.

/** Removes members who have graduated and returns a list of members who have graduated and are
* in good standing, as described in part (b).
*/

public ArrayList<MemberInfo> removeMembers (int year)

Begin your response at the top of a new page in the separate Free Response booklet and fill in
the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this
question, write the part letter with your response.

Class information for this question

public class MemberInfo

public MemberInfo (String name, int gradYear, boolean hasGoodStanding)
public int getGradYear ()
public boolean inGoodStanding ()

public class ClubMembers

private ArrayList<MemberInfo> memberList

public void addMembers (String[] names, int gradYear)
public ArrayList<MemberInfo> removeMembers (int year)
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COMPUTER SCIENCE A
SECTION 11
Time—1 hour and 30 minutes
Number of questions—4
Percent of total score—50

Directions: SHOW ALL YOUR WORK. REMEMBER THAT PROGRAM SEGMENTS ARE TO BE
WRITTEN IN JAVA.

Notes:
Assume that the classes listed in the Java Quick Reference have been imported where appropriate.

L.

Unless otherwise noted in the question, assume that parameters in method calls are not null and that methods
are called only when their preconditions are satisfied.

In writing solutions for each question, you may use any of the accessible methods that are listed in classes
defined in that question. Writing significant amounts of code that can be replaced by a call to one of these
methods will not receive full credit.

This question involves the implementation and extension of a RandomStringChooser class.

(a) A RandomStringChooser objectis constructed from an array of non-null String values. When

the object is first constructed, all of the strings are considered available. The RandomStringChooser
class has a getNext method, which has the following behavior. A call to getNext returns a randomly
chosen string from the available strings in the object. Once a particular string has been returned from

acall to getNext, itis no longer available to be returned from subsequent calls to getNext. If no
strings are available to be returned, getNext returns "NONE".

The following code segment shows an example of the behavior of RandomStringChooser.

String[] wordArray = {"wheels", "on", "the", "bus"};
RandomStringChooser sChooser = new RandomStringChooser (wordArray) ;
for (int k = 0; k < 6; k++)
{

System.out.print (sChooser.getNext () + " ");

}

One possible output is shown below. Because sChooser has only four strings, the string "NONE" is
printed twice.

bus the wheels on NONE NONE

WRITE YOUR SOLUTION ON THE NEXT PAGE.
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Write the entire RandomStringChooser class. Your implementation must include an appropriate (b) The following partially completed RandomLetterChooser class is a subclass of the
constructor and any necessary methods. Any instance variables must be private. The code segment in RandomStringChooser class. You will write the constructor for the RandomLetterChooser
the example above should have the indicated behavior (that is, it must compile and produce a result like the class.

possible output shown). Neither the constructor nor any of the methods should alter the parameter passed to

the constructor, but your implementation may copy the contents of the array. public class RandomLetterChooser extends RandomStringChooser

{
/** Constructs a random letter chooser using the given string str.
*  Precondition: str contains only letters.
*/
public RandomLetterChooser (String str)
{ /* tobeimplemented in part (b) */ }
/** Returns an array of single-letter strings.
*  Each of these strings consists of a single letter from str. Element k
*  of the returned array contains the single letter at position k of str.
*  For example, getSingleLetters("cat") returns the
* array { "c", "a", "t" }.
*/
public static String[] getSingleLetters(String str)
{ /* implementation not shown */ }
}

The following code segment shows an example of using RandomLetterChooser.

RandomLetterChooser letterChooser = new RandomLetterChooser("cat");
for (int k = 0; k < 4; k++)
{

System.out.print (letterChooser.getNext ()) ;

The code segment will print the three letters in "cat" in one of the possible orders. Because there are
only three letters in the original string, the code segment prints "NONE" the fourth time through the loop.
One possible output is shown below.

actNONE

Assume that the RandomStringChooser class that you wrote in part (a) has been implemented
correctly and that getSingleLetters works as specified. You must use getSingleLetters
appropriately to receive full credit.

Complete the RandomLetterChooser constructor below.

/** Constructs a random letter chooser using the given string str.
*  Precondition: str contains only letters.
*/

public RandomLetterChooser (String str)

Part (b) begins on page 4.
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2. This question involves reasoning about pairs of words that are represented by the following WordPair class.

public class WordPair

{

/** Constructs a WordPair object. */
public WordPair (String first, String second)
{ /* implementation not shown */ }

/** Returns the first string of this WordPair object. */
public String getFirst ()
{ /* implementation not shown */ }

/** Returns the second string of this WordPair object. */
public String getSecond()
{ /* implementation not shown */ }

}

You will implement the constructor and another method for the following WordPairList class.

public class WordPairList

{

/** The list of word pairs, initialized by the constructor. */
private ArraylList<WordPair> allPairs;

/** Constructs a WordPairList object as described in part (a).
*  Precondition: words.length >= 2
*/

public WordPairList (String[] words)

{ /* tobeimplemented in part (a) */ }

/** Returns the number of matches as described in part (b).
*/
public int numMatches ()

[ SR TN S, PR I SRS TN A |

(a) Write the constructor for the WordPairList class. The constructor takes an array of strings words as
a parameter and initializes the instance variable allPairs toan ArrayList of WordPair objects.

A WordPair object consists of a word from the array paired with a word that appears later in the array.
The allPairs list contains WordPair objects (words[i], words[j]) forevery i and j,
where 0 < i < j < words.length. Each WordPair objectis added exactly once to the list.

The following examples illustrate two different WordPairList objects.

Example 1

String[] wordNums = {"one", "two", "three"};
WordPairList exampleOne = new WordPairList (wordNums) ;

After the code segment has executed, the allPairs instance variable of exampleOne will contain
the following WordPair objects in some order.

("one™" , "two") , ("one™" , "three") , ("two™" , "three")
Example 2
String[] phrase = {"the", "more", "the", "merrier"};

WordPairList exampleTwo = new WordPairList (phrase) ;

After the code segment has executed, the allPairs instance variable of exampleTwo will contain
the following WordPair objects in some order.

("the", "more"), ("the", "the"), ("the", "merrier"),
("more", "the"), ("more", "merrier"), ("the", "merrier")

Class information for this question

public class WordPair

public WordPair (String first, String second)
public String getFirst ()
public String getSecond()

public class WordPairList

private ArrayList<WordPair> allPairs

public WordPairList (String[] words)
public int numMatches ()

Complete the WordPairList constructor below.

/** Constructs a WordPairList object as described in part (a).

n e - - ~
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2. This question involves reasoning about pairs of words that are represented by the following WordPair class.
Write the WordPairList method numMatches. This method returns the number of WordPair
objectsin allPairs for which the two strings match. public class WordPair

{

(b

=

For example, the following code segment creates a WordPairList object.

/** Constructs a WordPair object. */

String[] moreWords = {"the", "red", "fox", "the", "red"}; public WordPair (String first, String second)
WordPairList exampleThree = new WordPairList (moreWords) ; { /* implementation not shown */ }
After the code segment has executed, the allPairs instance variable of exampleThree will contain /** Returns the first string of this WordPair object. */
the following WordPair objects in some order. The pairs in which the first string matches the second public String getFirst ()
string are shaded for illustration. { /* implementation not shown */ }
("the", "red"), ("the", "fox"), ("the", "the"), . . . .
("the", "red"), ("red", "fox"), ("red", "the"), /** Returns the second string of this WordPair object. */
("red", "red"), ("fox", "the"), ("fox", "red"), PubllC String getsecond()
("the", "red") { /* implementation not shown */ }

}

The call exampleThree.numMatches () should return 2. . .
You will implement the constructor and another method for the following WordPairList class.

public class WordPairList

{

Class information for this question /** The list of word pairs, initialized by the constructor. */
private ArraylList<WordPair> allPairs;

public class WordPair

PUle:-C Wor(liPair(StJIfing first, String second) /** Constructs a WordPairList object as described in part (a).
public String getFirst() *  Precondition: words.length >= 2

public String getSecond() */

public WordPairList (String[] words)

public class WordPairList { /* tobeimplemented in part (a) */ }

private ArrayList<WordPair> allPairs
) . . . *% Returns the number of matches as described in part (b).
public WordPairList (String[] words) /*/ part (b)

public int numMatches () public int numMatches ()

[ SRR TN S, PSR IS RA TN A |

Complete method numMatches below.

/** Returns the number of matches as described in part (b).

<+ /
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(a) Write the constructor for the WordPairList class. The constructor takes an array of strings words as
a parameter and initializes the instance variable allPairs toan ArrayList of WordPair objects.

A WordPair object consists of a word from the array paired with a word that appears later in the array.
The allPairs list contains WordPair objects (words[i], words[j]) forevery i and j,
where 0 < 1 < j < words.length. Each WordPair objectis added exactly once to the list.

The following examples illustrate two different WordPairList objects.

Example 1

String[] wordNums = {"one", "two", "three"};
WordPairList exampleOne = new WordPairList (wordNums) ;

After the code segment has executed, the allPairs instance variable of exampleOne will contain
the following WordPair objects in some order.

("one" s "two") , ("one™" , "three") , ("two" s "three")
Example 2
String[] phrase = {"the", "more", "the", "merrier"};

WordPairList exampleTwo = new WordPairList (phrase) ;

After the code segment has executed, the allPairs instance variable of exampleTwo will contain
the following WordPair objects in some order.

(“the", “more"), (“the", “the"), ("t:he", nmerrieru),
("more", "the"), ("more", "merrier"), ("the", "merrier")

Class information for this question

public class WordPair

public WordPair (String first, String second)
public String getFirst ()
public String getSecond()

public class WordPairList

private ArrayList<WordPair> allPairs

public WordPairList (String[] words)
public int numMatches ()

Complete the WordPairList constructor below.

/** Constructs a WordPairList object as described in part (a).

n weue - - -~
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(b) Write the WordPairList method numMatches. This method returns the number of WordPair
objects in allPairs for which the two strings match.

For example, the following code segment creates a WordPairList object.

String[] moreWords = {"the", "red", "fox", "the", "red"};
WordPairList exampleThree = new WordPairList (moreWords) ;

After the code segment has executed, the allPairs instance variable of exampleThree will contain
the following WordPair objects in some order. The pairs in which the first string matches the second
string are shaded for illustration.

("the", "red"), ("the", "fox"), ("the", "the"),
(n the" , n redu) s ( "red" , "fox" ) , (u red" S "the n) ,
("red", "red"), ("fox", "the"), ("fox", "red"),
("the", "red")

The call exampleThree.numMatches () should return 2.

Class information for this question

public class WordPair

public WordPair (String first, String second)
public String getFirst ()
public String getSecond()

public class WordPairList

private ArrayList<WordPair> allPairs

public WordPairList (String[] words)
public int numMatches ()

Complete method numMatches below.

/** Returns the number of matches as described in part (b).

<+ /
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4 Searching and sorting — Part 2

Name: Class: Date:

Vocabulary &l

Write each word three times. FEEANBATETE =3k .

English 2y Write it 3 times (English)

Linear search e

Binary search R

Recall
In Part A you stored many values in an array. Now two everyday tasks:

¢ Finding a value in a list.
¢ Sorting a list into order.

Each idea has a worked example before the Practice.
New ideas

B ] Linear search

Linear search £k{}:##2% checks each element in turn until it finds the target. It
works on any list and takes up to n steps.

start check each in turn

[A[s]c[ofefe[c[n] 1 [s]]e]m[n]ofp afr[s[r]u]v]w][x[v]z]
12 3 comparison number T

target = W
found at position 23 (23 comparisons)

AP Computer Science A « Holiday Homework — 4 Searching and sorting — Part 2

B 2 Binary search

Binary search 432 works only on a sorted list: check the middle, then throw
away the half that cannot contain the target, and repeat. Each step halves the list,
so it takes about log, n steps.

steo 1 [a[B[c[D[E[F[c[n]1[a][k][Lm]n]o[P[a[r[s[T[u]v]w[x[Y][zZ] ¥ <. goright

low mid high
w2 e[ o[ [l [ W[o [P e[R[s FIUVWIXIY]Z] 7<% s rur
low mid high
step 3 [a[e]c[o[e[F[e[n]1[J]][t[m[n]o[P]o[R[s[T]uv]W]X[¥]z] ¥~ found

low  mid high

Worked example. Search a sorted list of 8 items: 8 — 4 — 2 — 1, at most 3
comparisons — far fewer than checking all 8.

B 3 Sorting

Sorting puts a list in order. Simple methods like selection sort repeatedly find the
smallest remaining value and place it next.

B 4 Why sorting helps

Once a list is sorted, binary search can find items much faster — which is why sorting
is so useful.

Watch out: binary search only works on a sorted list. Running it on an unsorted
list gives wrong answers — you must sort first.

Practice

Try these in order. The methods are all above.

2.1 State how linear search looks for a value. 1]

2.2 State the one thing binary search requires of the list. 1]

AP Computer Science A « Holiday Homework — 4 Searching and sorting — Part 2



2.3 A sorted list has 16 items. State roughly the most comparisons binary search needs

(log, 16).

2.4 Explain why binary search is much faster than linear search on a large sorted list.|:

2.5 State what would go wrong if you ran binary search on an unsorted list.

AP Computer Science A « Holiday Homework

| Searching and sorting

2
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4. This question involves reasoning about a number puzzle that is represented as a two-
dimensional array of integers. Each element of the array initially contains a value between 1
and 9, inclusive. Solving the puzzle involves clearing pairs of array elements by setting them
to 0. Two elements can be cleared if their values sum to 10 or if they have the same value. The
puzzle is considered solved if all elements of the array are cleared.

You will write the constructor and one method of the SsumOorSameGame class, which contains
the methods that manipulate elements of the puzzle.

public class SumOrSameGame

{

private int[ ][] puzzle;

/**

* Creates a two-dimensional array and fills it with random integers,
* as described in part (a)

* Precondition: numRows > 0; numCols > 0

*/

public SumOrSameGame(int numRows, int numCols)

{ /* to be implemented in part (a) */ }

/**

* Identifies and clears an element of puzzle that can be paired with

* the element at the given row and column, as described in part (b)

* Preconditions: row and col are valid row and column indices in puzzle.
* The element at the given row and column is between 1 and 9, inclusive.
*/

public boolean clearPair(int row, int col)

{ /* to be implemented in part (b) */ }

/* There may be instance variables, constructors,

and methods that are not shown. */
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A. Write the constructor for the SumOrSameGame class. The constructor initializes the instance B. Write the clearPair method, which takes a valid row index and valid column index as its

variable puzzle to be a two-dimensional integer array with the number of rows and
columns specified by the parameters numRows and numCols, respectively. Array elements
are initialized with random integers between 1 and 9, inclusive, each with an equal
chance of being assigned to each element of puzzle.

When an element of the two-dimensional array is accessed, the first index is used to specify
the row and the second index is used to specify the column.

Complete the SumOrSameGame constructor.

/'k*
* Creates a two-dimensional array and fills it with random integers,

* as described in part (a)

parameters. The array element specified by those indices, which has a value between 1 and
9, inclusive, is compared to other array elements in puzzle in an attempt to pair it with
another array element that meets both of the following conditions.

* The row index of the second element is greater than or equal to the parameter row.
* The two elements have equal values or have values that sum to 10.
If such an array element is found, both array elements of the pair are cleared (set to 0) and
the method returns true. If more than one such array element is found, any one of those

identified array elements can be used to complete the pair and can be cleared. If no such
array element is found, no changes are made to puzzle and the method returns false.

The following table shows the possible results of several calls to clearPair.

* Precondition: numRows > 0; numCols > 0
puzzle puzzle Return
*/ before call to Method Call after call to Explanation
i i Value
public SumOrSameGame(int numRows, int numCols) clearPair clearPair
0790 0090 .
The value 7 inrow 0, column 1
7416 clearPair(0, 1) 0416 true | is matched with the value 7 in
8418 8418 row 1, column o.
1234 1234
567 8 clearPair(2, 2) 5678 false | Ihereisno elementinrow 2 ora
later row to pair with the value 1.
541 2 541 2
8105 8105 The value 4 in row 1, column 1
is matched with the value 6 in
0436 clearPair(1l, 1) 0030 true | row 1, column 3. Itcould also
3458 3458 have beer} matched with the
value 4 inrow 2, column 1.
179 070 .
The value 9 inrow 0, column 2
265 clearPair(0, 2) 265 true | is matched with the value 1 in
4 4 4 4 4 4 row 0, column o.
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Complete method clearPair.

/**
* Identifies and clears an element of puzzle that can be paired with
* the element at the given row and column, as described in part (b)

* Preconditions: row and col are valid row and column indices in puzzle.

* The element at the given row and column is between 1 and 9, inclusive.

*/

public boolean clearPair(int row, int col)

STOP
END OF EXAM

Name: :}— AP Computer Science A: 2021

4. This question involves manipulating a two-dimensional array of integers. You will write two
static methods of the ArrayResizer class, which is shown below.

public class ArrayResizer

{

/** Returns true if and only if every value in row r of array2D is non-zero.
*  Precondition: r is a valid row index in array2D.
*  Postcondition: array2D is unchanged.
*/

public static boolean isNonZeroRow (int[][] array2D, int r)

{ /* to be implemented in part (a) */ }

/** Returns the number of rows in array2D that contain all non-zero values.
* Postcondition: array2D is unchanged.
*/

public static int numNonZeroRows (int[][] array2D)

{ /* implementation not shown */ }

/** Returns a new, possibly smaller, two-dimensional array that contains only rows
* from array2D with no zeros, as described in part (b).
* Precondition: array?2D contains at least one column and at least one row with no zeros.
*  Postcondition: array2D is unchanged.
*/

public static int[][] resize(int[][] array2D)

{ /* to be implemented in part (b) */ }

}
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(a) Write the method isNonZeroRow, whichreturns true if and only if all elements inrow r of a
two-dimensional array array2D are not equal to zero.

For example, consider the following statement, which initializes a two-dimensional array.

int[]1[] arr = {{2, 1, 0},
{1, 3, 2%,
{0, 0, 0},
{4, 5, 6}};

Sample calls to isNonZeroRow are shown below.

Call to isNonZeroRow Value Returned Explanation
ArrayResizer.isNonZeroRow (arr, 0) false At least one value in row 0 is zero.
ArrayResizer.isNonZeroRow(arr, 1) true All values in row 1 are non-zero.
ArrayResizer.isNonZeroRow (arr, 2) false At least one value in row 2 is zero.
ArrayResizer.isNonZeroRow (arr, 3) true All values in row 3 are non-zero.

Complete the isNonZeroRow method.

/** Returns true if and only if every value in row r of array2D is non-zero.
*  Precondition: r is a valid row index in array2D.
*  Postcondition: array2D is unchanged.
*/

public static boolean isNonZeroRow (int[][] array2D, int r)

Begin your response at the top of a new page in the separate Free Response booklet and fill in

the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this

question, write the part letter with your response.

Name: :}— AP Computer Science A: 2021

(b) Write the method resize, which returns a new two-dimensional array containing only rows
from array2D with all non-zero values. The elements in the new array should appear in the same
order as the order in which they appeared in the original array.

The following code segment initializes a two-dimensional array and calls the resize method.

int[]1[] arr = {{2, 1, 0},
{1, 3, 2},
{0, 0, 0},
{4, 5, 6}};

int[][] smaller = ArrayResizer.resize(arr);

When the code segment completes, the following will be the contents of smaller.
{1, 3, 23, {4, 5, 6}}

A helper method, numNonZeroRows, has been provided for you. The method returns the number of
rows in its two-dimensional array parameter that contain no zero values.

Complete the resize method. Assume that isNonZeroRow works as specified, regardless of what
you wrote in part (a). You must use numNonZeroRows and isNonZeroRow appropriately to
receive full credit.

/** Returns a new, possibly smaller, two-dimensional array that contains only rows from array2D
*  with no zeros, as described in part (b).
*  Precondition: array?2D contains at least one column and at least one row with no zeros.
* Postcondition: array2D is unchanged.
*/
public static int[][] resize(int[][] array2D)

Begin your response at the top of a new page in the separate Free Response booklet and fill in
the appropriate circle at the top of each page to indicate the question number. If there are multiple parts to this
question, write the part letter with your response.

Class information for this question

public class ArrayResizer

public static boolean isNonZeroRow (int[][] array2D, int r)
public static int numNonZeroRows (int[][] array2D)
public static int[][] resize(int[][] array2D)
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STOP

END OF EXAM
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4. This question involves reasoning about a number puzzle that is represented as a two-
dimensional array of integers. Each element of the array initially contains a value between 1
and 9, inclusive. Solving the puzzle involves clearing pairs of array elements by setting them
to 0. Two elements can be cleared if their values sum to 10 or if they have the same value. The
puzzle is considered solved if all elements of the array are cleared.

You will write the constructor and one method of the SsumOorSameGame class, which contains
the methods that manipulate elements of the puzzle.

public class SumOrSameGame

{

private int[ ][] puzzle;

/**

* Creates a two-dimensional array and fills it with random integers,
* as described in part (a)

* Precondition: numRows > 0; numCols > 0

*/

public SumOrSameGame(int numRows, int numCols)

{ /* to be implemented in part (a) */ }

/**

* Identifies and clears an element of puzzle that can be paired with

* the element at the given row and column, as described in part (b)

* Preconditions: row and col are valid row and column indices in puzzle.
* The element at the given row and column is between 1 and 9, inclusive.
*/

public boolean clearPair(int row, int col)

{ /* to be implemented in part (b) */ }

/* There may be instance variables, constructors,

and methods that are not shown. */
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A. Write the constructor for the SumOrSameGame class. The constructor initializes the instance B. Write the clearPair method, which takes a valid row index and valid column index as its

variable puzzle to be a two-dimensional integer array with the number of rows and
columns specified by the parameters numRows and numCols, respectively. Array elements
are initialized with random integers between 1 and 9, inclusive, each with an equal
chance of being assigned to each element of puzzle.

When an element of the two-dimensional array is accessed, the first index is used to specify
the row and the second index is used to specify the column.

Complete the SumOrSameGame constructor.

/'k*
* Creates a two-dimensional array and fills it with random integers,

* as described in part (a)

parameters. The array element specified by those indices, which has a value between 1 and
9, inclusive, is compared to other array elements in puzzle in an attempt to pair it with
another array element that meets both of the following conditions.

* The row index of the second element is greater than or equal to the parameter row.
* The two elements have equal values or have values that sum to 10.
If such an array element is found, both array elements of the pair are cleared (set to 0) and
the method returns true. If more than one such array element is found, any one of those

identified array elements can be used to complete the pair and can be cleared. If no such
array element is found, no changes are made to puzzle and the method returns false.

The following table shows the possible results of several calls to clearPair.

* Precondition: numRows > 0; numCols > 0
puzzle puzzle Return
*/ before call to Method Call after call to Explanation
i i Value
public SumOrSameGame(int numRows, int numCols) clearPair clearPair
0790 0090 .
The value 7 inrow 0, column 1
7416 clearPair(0, 1) 0416 true | is matched with the value 7 in
8418 8418 row 1, column o.
1234 1234
567 8 clearPair(2, 2) 5678 false | Ihereisno elementinrow 2 ora
later row to pair with the value 1.
541 2 541 2
8105 8105 The value 4 in row 1, column 1
is matched with the value 6 in
0436 clearPair(1l, 1) 0030 true | row 1, column 3. Itcould also
3458 3458 have beer} matched with the
value 4 inrow 2, column 1.
179 070 .
The value 9 inrow 0, column 2
265 clearPair(0, 2) 265 true | is matched with the value 1 in
4 4 4 4 4 4 row 0, column o.
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Complete method clearPair.

/**
* Identifies and clears an element of puzzle that can be paired with
* the element at the given row and column, as described in part (b)

* Preconditions: row and col are valid row and column indices in puzzle.

* The element at the given row and column is between 1 and 9, inclusive.

*/

public boolean clearPair(int row, int col)

STOP
END OF EXAM
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4. This question involves reasoning about a number puzzle that is represented as a two-
dimensional array of integers. Each element of the array initially contains a value between 1
and 9, inclusive. Solving the puzzle involves clearing pairs of array elements by setting them
to 0. Two elements can be cleared if their values sum to 10 or if they have the same value. The
puzzle is considered solved if all elements of the array are cleared.

You will write the constructor and one method of the SsumOorSameGame class, which contains
the methods that manipulate elements of the puzzle.

public class SumOrSameGame

{

private int[ ][] puzzle;

/**
* Creates a two-dimensional array and fills it with random integers,
* as described in part (a)
* Precondition: numRows > 0; numCols > 0
*/
public SumOrSameGame(int numRows, int numCols)

{ /* to be implemented in part (a) */ }

/**
* Identifies and clears an element of puzzle that can be paired with
* the element at the given row and column, as described in part (b)
* Preconditions: row and col are valid row and column indices in puzzle.
* The element at the given row and column is between 1 and 9, inclusive.
*/

public boolean clearPair(int row, int col)

{ /* to be implemented in part (b) */ }

/* There may be instance variables, constructors,

and methods that are not shown. */
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A. Write the constructor for the SumOrSameGame class. The constructor initializes the instance B. Write the clearPair method, which takes a valid row index and valid column index as its

variable puzzle to be a two-dimensional integer array with the number of rows and
columns specified by the parameters numRows and numCols, respectively. Array elements
are initialized with random integers between 1 and 9, inclusive, each with an equal
chance of being assigned to each element of puzzle.

When an element of the two-dimensional array is accessed, the first index is used to specify
the row and the second index is used to specify the column.

Complete the SumOrSameGame constructor.

/'k*
* Creates a two-dimensional array and fills it with random integers,

* as described in part (a)

parameters. The array element specified by those indices, which has a value between 1 and
9, inclusive, is compared to other array elements in puzzle in an attempt to pair it with
another array element that meets both of the following conditions.

* The row index of the second element is greater than or equal to the parameter row.
* The two elements have equal values or have values that sum to 10.
If such an array element is found, both array elements of the pair are cleared (set to 0) and
the method returns true. If more than one such array element is found, any one of those

identified array elements can be used to complete the pair and can be cleared. If no such
array element is found, no changes are made to puzzle and the method returns false.

The following table shows the possible results of several calls to clearPair.

* Precondition: numRows > 0; numCols > 0
puzzle puzzle Return
*/ before call to Method Call after call to Explanation
i i Value
public SumOrSameGame(int numRows, int numCols) clearPair clearPair
0790 0090 .
The value 7 inrow 0, column 1
7416 clearPair(0, 1) 0416 true | is matched with the value 7 in
8418 8418 row 1, column o.
1234 1234
567 8 clearPair(2, 2) 5678 false | Ihereisno elementinrow 2 ora
later row to pair with the value 1.
541 2 541 2
8105 8105 The value 4 in row 1, column 1
is matched with the value 6 in
0436 clearPair(1l, 1) 0030 true | row 1, column 3. Itcould also
3458 3458 have beer} matched with the
value 4 inrow 2, column 1.
179 070 .
The value 9 inrow 0, column 2
265 clearPair(0, 2) 265 true | is matched with the value 1 in
4 4 4 4 4 4 row 0, column o.
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Complete method clearPair.

/**

* Identifies and clears an element of puzzle that can be paired with

* the element at the given row and column, as described in part (b)

* Preconditions: row and col are valid row and column indices in puzzle.
* The element at the given row and column is between 1 and 9, inclusive.
*/

public boolean clearPair(int row, int col)

STOP
END OF EXAM




