APCSA Summer Assignments

¢ Read Chapter 1 and answer all of the guestions at the end of the chapter. This will help
you review your Intro to Java skills,

* The “APCS Summer Puzzle Packet” is assigned to all students taking AP computer
science next year. The purpose is to promote your own creative thinking skills and your
ability to discuss and design solutions with others. You may work on the puzzles with
family members, or with anyone who will be enrolled in an AP computer science class.
Try your best to solve as many of the puzzies as possible.
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he AP Computer Science course includes algorithm analysis, data structures,
and the techniques and methods of modern programming, specifically, object-
oriented programming. A high-level programming language is used to explore these
concepts. Java is the language currently in use on the AP exam.

Java was developed by James Gosling and a team at Sun Microsystems in Califor-
nia; it continues to evolve. The AP exam covers a clearly defined subset of Java lan-
guage features that are presented throughout this book. The Coliege Board website,
hitp:/ fwww.collegeboard.com fstudent festing fap fubjects.brml, contains a complete list-
ing of this subset.

Java provides basic control structures such as the 1f-else statement, for loop, for-
each loop, and while loop, as well as fundamental built-in data types. But the power
of the language lies in the manipulation of userdefined types called objects, many of
which can interact in a single program.

SSES

PACKAGES AND CLA

A typical Java program has user-defined classes whose objects interact with those from
Java class libraries, In Java, related classes are grouped into packages, many of which
are provided with the compiler. You can put your own classes into a package—this
facilitates their use in other programs.
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58 Chapler 1 introduciory Java Language Features

The package java.lang, which contains many commonly used classes, is automati-
cally provided to all Java programs. To use any other package in a program, an import
statement muwst be used. To import all of the classes in a package called packagename
use the form

b

import packagename.*;
To import a single class called Classlame from the package, use

import packagename,ClassName;

Java has a hierarchy of packages and subpackages. Subpackages are selected using
multiple dots:

import packagename.subpackagename.(Classiame;

The import statement allows the programmer 1o use the objects and methods de-
fined in the designated package. By convention Java package names are lowercase. The
AD exam does not require knowledge of packages. You will not be expected to write
any import statements.

A Java program must have at least one class, the one that contains the main method.
The java files that comprise your program are called sonrce files.

A compiler converts source code into machine-readable form called bytecode.

Here 15 a typical source file for a Java program.

/#k Program FirstProg.java
Start with a comment, giving the program name and a brief
description of what the program does.

*/

import packagel.*;

import packageZ.subpackage.ClassName;

public class FirstProg //note that the file name is FirstProg.java

{
public static typel methodl(parameter kist)
{
< code for method 1 >
}
public static type2 method2{parameter list)
{
< code for method 2 >
}
public static void main(String[l args)
{
< your code >
}
}
NOTE

1. All Java methods must be contained in a class, and all program staterments must
be placed inside a method.



Packages and Classes

Typically, the class that contains the nain method does not contain many addi-
tional methods.

The words class, public, static, void, and main are reserved words, also called
keywords.

The keyword public signals that the class or method is usable outside of the
class, whereas private data members or methods (see Chapter 2) are not.

The keyword static s used for methods that will not access any objects of a
class, such as the methods in the FirstProg class in the example on the previous
page. This is typically true for all methods in a source file that contains no
instance variables (see Chapter 2). Most methods in Java do operate on objects
and are not static. The main method, however, must always be static.

The program shown on the previous page is a Java application. This is not to
be confused with a Java applet, a program that runs Inside a web browser or
applet viewer. Applets are not part of the AP subset,

Javadoc Comments

The Javadoc comments @param, @return, and @throws are part of the AP Java subset.
Here is an example.

FESS
*

* X X X ¥ ¥

*/

Puts obj at locatiom loc in this grid, and returns

the object previcusly at this location.

Returns null if loc was previously unoccupied.

Precondition: obj is not null, and loc is valid in this grid.
@param loc the location where the object will be placed
@param obj the object to be placed

@return the object previously at the specified location
@throws NullPointerException if the object is null

public E put(Location loc, E obj)

This will produce the following Javadoc output:

put

public E put (Location loc, E obj)

Puts obj at location loc in this grid, and returns

the object previously at this location.

Returns null if 1oc was previously unoccupied.
Precondition: obj is not null, and loc is valid in this grid.

Parameters:

1oc - the location where the object will be placed
obj - the object to be placed

Returns:

the object previously at the specified location

Throws:

MullPointerException- if the object s null
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60 Chapter 1 Introductory Java Language Features

TYPES AND IDENTIFIERS

identifiers
An identifier is a name for a variable, parameter, constant, user-defined method, oruser-
defined class. In Java an identifier is any sequence of letters, digits, and the underscore
character. Identifiers may not begin with a digit. Identifiers are case-sensitive, which
means that age and Age are different. Wherever possible identifiers should be concise
and self-documenting. A variable called area is more luminating than one called a.
By convention identifiers for variables and methods are lowercase. Uppercase letters
are used to separate these into multiple words, for example getNane, findSurfacesrea,
preTaxTotal, and so on. Note that a class name starts with a capital letter. Reserved
words are entirely lowercase and may not be used as identifiers.

Built-in Types

Every identifier in a Java program has a type associated with it. The primitive or built-
in types that are included in the AP Java subset are

int An integer. For example, 2, -26, 3000

boolean A boolean. Just two values, true or false

double A double precision floating-point number.
For example, 2.718, -367189.41, 1. 604

(Note that primitive type char is not included in the AP Java subset.)

Integer values are stored exactly. Because there’s a fixed amount of memory set aside
for their storage, however, integers are bounded. If you try to store a value whose
magnitude is too big in an int variable, you'll get an overflow error. (Java gives you no
warping. You just get a wrong result!)

An identifier, for example a varizble, is introduced into a Java program with a dec-
laration that specifies its type. A variable is often initiatized in its declaration. Some
examples follow:

int x;

double y,z;

boolsan found;

int count = §; - //count initialized to 1

doubls p = 2.3, q = 4.1; //p and q initialized to 2.3 and 4.1

One type can be cast to another compatible type if appropriate, For example,

int total; n;
double average;

average = (double) total/n; //total cast to double to ensure
//real division is used

Alternatively,

average = total/(double) n;

Assigning an int to a double automatically casts the int to double. For example,



Types and ldentifiers

int num = 5;
double reallNum = num; J/num is cast to double

Assigning a double to an int without a cast, however, causes a compile-time error. For
example,

double x = 6.79;
int intlum = x; //Exror. Need an explicit cast to int

Note that casting a floating-point (real) number to an integer simply truncates the
number. For example,

double cost = 10.95;
int numDollars = (imt) cost; //sets mmDollars to 10

If your intent was to round cost to the nearest dollar, you needed to write
int numDollars = {int) (cest + 0.5): //numDollars has value 11

To round a negative number to the nearest integer:

double meghmount = -4.8;
int roundNeg = (int} (neghmount - 0.5}; //roundNeg has value -5

The strategy of adding or subtracting 0.5 before casting correctly rounds in all cases.

Storage of Numbers
INTEGERS

Integer values in Java are stored exactly, as a string of bits (binary digits). One of the
bits stores the sign of the integer, O for positive, 1 for negative.
The Java built-in integral type, byte, uses one byte {eight bits) of storage.

The picture represents the largest positive integer that can be stored using type byte:
7 -1

Type int in Java uses four bytes (32 bits). Taking one bit for a sign, the largest pos-
sible integer stored is 2°! — 1. Tn general, an n-bit integer uses n/8 bytes of storage,
and stores integers from —277! to 2*~1 — 1. (Note that the extra value on the nega-
tive side comes from not having 1o store ~0.) There are two Java constants that you
should know. Integer .MAX_VALUE holds the maximum value an int can hold, 2°' — 1.
Integer .MIN_VALUE holds the minimum value an int can hold, -2,

Builtin types in Java are byte (one byte), short (two bytes), int (four bytes), and
Long {eight bytes). Of these, only int is in the AP Java subset.

FLOATING-POINT NUMBERS

There are two built-in types in Java that store real numbers: £loat, which uses four

bytes, and double, which uses eight bytes. A floatingpoint number is stored in two

 parts: a mantissa, which specifies the digits of the number, and an exponent. The JVM
(Java Virtual Machine) represents the number using scientific notation:

SIgA % MMANTISSA ¥ gexponent
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62 Chapter 1 Introductory Java Language Features

In this expression, 2 is the base or radix of the number. In type double eleven bits are
alocated for the exponent, and (typically) 52 bits for the mantissa. One bit is allocated
for the sign. This is a double-precision number. Type t1oat, which is single-precision, is
not in the AP Java subset,

When floating-point mumbers are converted to binary, most cannot be represented
exactly, leading to round-off error. These errors are compounded by arithmetic opera-
tions. For example,

0.1%26 5 0.1+40. 1+ --+0.1 (26 terms)

In Java, no exceptions are thrown for floating-point operations. There ate two situ-
ations you should be aware of:

* When an operation is performed that gives an undefined result, Java expresses
this result as NaWl, “not a number.” Examples of operations that produce NaN are:
taking the square root of a negative number, and 0.0 divided by 0.0.

* An operation that gives an infinitely large or infinitely small number, like divi-
sion by zero, produces a result of Infinity or ~Infinity in Java.

Hexadecimal and Octal Numbers

symbols 0 -9 and A - F (occasionally a £}, where A represents 10, and F represents 15.
To denote a hex number in Java, the prefix "0x" or "0X" is used, for example, OxC24.
On the AP exam, the representation is likely to be with the subscript hex: C24, .. In
expanded form, this nurnber means

(CX(16%)+(2)(16" )+ (A)(16°)
= (12)(16°) + (2)(16) +(10)1)
==3114, or 3114,,,

. A hexadecimal number or hex number uses base {radix) 16 and is represented with the

The advantages of hex numbers are their compactness, and the ease of conversion
between hex and binary. Notice that any hex digit expands to four bits. For example,

Shcx = Oloibm and icx =111 }’bil’l

Thus, 5F),,, = 01011111;,, which is 1011111, .
Similarly, to convert a binary number to hex, convert in groups of four from right
to left. If necessary, pad with zeroes to complete the last group of four. For example,

1011101, =0101 1101,
=3 Dhex
= SDhcx
An octal number uses base 8, and is represented with the symbols 0 ~ 7, On the AP

exam, the representation is likely to be with the subscript oct: 132 . In expanded
P Y P oct P

form, 132, means

(1E*) +3)(8") +(2)(8%)
= (1)(64)+ (3)(8)+(2)(1)
=64-4+2442
=90, or 90y,
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Final Variables

A final variable or userdefined constant, identified by the keyword final, is used to
name a quantity whose value will not change. Here are some cxamples of £inal decla-
rations:

final double TAX_RATE = 0.08;
final dint CLASS_SIZE = 35;

NOTE

1. Constant identifiers are, by convention, capitalized.
2. A final variable can be declared without initializing it immediately. For ex-
ample,

final doubie TAX_RATE;
if (<« some condition >)
TAX_RATE = 0.08;
else
TAX_RATE = 0.90;
// TAX_RATE can be given a value just once: its value is final!

3. A common use for a constant is as an array bound. For example,

final int MAXSTUDENTS = 25;
int[] classList = new int[MAXSTUDENTS];

4. Using constants makes it easier to revise code. Just a single change in the £inal
declaration need be made, rather than having to change every occurrence of a
value,

OPERATORS

Arithmetic Operators

Operator ~ Meaning Example )
+ addition 3+x
- subtraction p-g
* multiplication 6 * i
/ division 10 / 4 //returns 2, not 2.5!
% mod (rematnder) 11 % 8 //returns 3

NOTE

1. These operators can be applied to types int and double, even if both types
occur in the same expression, For an operation involving a double and an int,
the int is promoted to double, and the result is a double.

2. The mod operator %, as in the expressiona % b, gives the remainder when a 1s
divided by b. Thus 10 % 3 evaluates to 1, whereas 4.2 % 2.0 evaluatesto 0.2,

3. Integer division a/b where both a and b are of type int returns the integer
quotient only (i.e., the answer is truncated). Thus, 22/6 gives 3, and 3/4 gives
0. If at least one of the operands is of type double, then the operation becomes
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64  Chapter 1 Iniroductory Java Language Features

regular floating-point division, and there is no truncation. You can control the
kind of division that is carried out by explicitly casting (one or both of) the
operands from int to double and vice versa. Thus

3.0/ 4 -  0.78
374.0 —+ 0.75
(int) 3.0 / 4 - 0

(double) 3/ 4 — 0.75

You must, however, be careful;

{double}) (3 / 4) > 0.0

since the integer division 3/4 is computed first, before casting to double.
4. The arithmetic operators follow the normal precedence rules (order of opera-
tions):

(1) parentheses, from the inner ones out (highest precedence}
@ /%
{(3) +, - (lowest precedence)

Here operators on the same line have the same precedence, and, in the ab-
sence of parentheses, are invoked from left to right. Thus, the expression
19 % 5 % 3+ 14 / 5 evaluates 10 4 # 3 + 2 = 14, Note that casting has
precedence over all of these operators. Thus, in the expression (double) 3/4,
3 will be cast to double before the division is done.

Relational Operators

Operator Meaning Exampte
== equal to if (x == 100)
= not equal to if (age !'= 21)
> greater than if (salary > 30000)
< less than if {grade < 65)
>= greater than or equal to if {age >= 16)
<= less than or equal to if (height <= 6)

NOTE
1. Relational operators are used in boolean expressions that evaluate to true or
false.
boolean x = (a != b); //initializes x to true if a != b,
// false otherwise
return p == q; //returns true if p equals q, false otherwise

2. If the operands are an int and a double, the int is promoted to a double as for
arithmetic operators.

3. Relational operators should generally be used only in the comparison of prim-
itive types (Le., int, double, or boolean). Userdefined types are compared
using the equals and compareTo methods {sec pp. 145 and 176).

4. Be careful when comparing floating-point values! Since floating-point numbers
cannot always be represented exactly in the computer memory, they should
not be compared directly using refational operators.




Comparing Floating-Point Numbers

Because of round-off errors in floating-point numbers, you can’t
rely on using the == or != operators to compare two double
values for equality. They may differ in their last significant digit
or two because of round-off error. Instead, you should test that
the magnitude of the difference between the numbers is less than
some number about the size of the machine precision. The ma-
chine precision is usually denoted ¢ and is typically about 107"
for double precision (i.e., about 16 decimal digits). So you would
like to test something like |x —y} < e. But this is no good if x and
y are very large. For example, suppose x = 1234567890.123456
and y = 1234567890.123457. These numbers are essentially equal
to machine precision, since they differ only in the 16th significant
digit. But |x —y| = 1075, not 107!%. So in general you should
check the relative difference:

| —~
max(fx, [y]) ~

To avoid problems with dividing by zero, code this as

e =yt < emax(|x|. ]y}

An example of code that uses a correct comparison of real numbers can be found in
the Shape class on p. 146.

Logical Operators

Operator Meanlng Exampie :
! “NOT llf (*found) o
%4 AND if x<3&&y>4d
H OR if (age < 2 || height < 4)

NOTE

1. Logical operators are applied to boolean expressions to form compound boolean

expressions that evaluate to true or false.
2. Values of true or faise are assigned according to the truth tables for the logical
operators.
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For example, F && T evaluates to F, while T | | F evaluates to 'T.

3. Short-circuit evaluation. The subexpressions in a compound boolean expres-
sion are evaluated from left to right, and evalvation automatically stops as

T ¥
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soon as the value of the entire expression is known. For example, consider
a boolean OR expression of the form & || B, where 4 and B are some boolean
expressions. If & is true, then the expression is true irrespective of the value
of B. Similarly, if & is false, then & && B evaluates to false wrespective of the
second operand. So in each case the second operand is not evaluated. For ex-
ample,

if (numScores != O g& scoreTotal/numScores > 90)

will not cause a run-time ArithmeticException {division-by-zero error} if the
value of numScores is 0. This is because nunScores = 0 will evaluate to £ alse,
causing the entire boolean expression to evaluate to false without having 10
evaluate the second expression containing the division.

Assignment Operators

Operator Example Meaning
x=2 simple assignment
+= X += 4 X=x + 4
-= y=6 y=sy-6
k= p *¥=5 P=p*xb
/= n/=1¢ n=n /10
n¥% 10 n =

=n % 10

NOTE

1. All these operators, with the exception of simple assignment, are called com-
ponnd assignment operators.

2. Chaining of assignment statements is allowed, with evaluation from right to
left,

int next, prev, sum:
next = prev = sum = 0; //initializes sum tc 0, then prev to 0
//then next to O

Increment and Decrement Operators

Operator Example  Meaning

++ it+or++i  iisincremented by 1
-- k-~or —=k Xk is decremented by 1

Note that i++ {postfix) and ++i (prefix) both have the net effect of incrementing
i by 1, but they are not equivalent. For example, if 1 currently has the value 5,
then System.out.println(i++) will print 5 and then increment i to 6, whereas
System.out.printla(++i) will first increment i to 6 and then print 6. It’s easy to
remember: if the ++ is first, you first increment. A similar distinction occurs between
k--and ~-k. (Note: You do not need to know these distinctions for the AP exam,)
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Operator Precedence

highest precedence — (1) 1, ++, —
@
Gy + -
@ <

(5) ==, 1=

© u

7 Il

lowest precedence —  (8) =, +=, ~=, #=, /=, Y=

Here operators on the same line have equal precedence. The evaluation of the opera-
tors with equal precedence is from left to right, except for rows (1) and (8) where the
order is right to left. It is easy to remember: The only “backward” order is for the
unary operators (row 1) and for the various assignment operators {row 8).

Example
What will be output by the following statement?

System.cut.println(s + 3 < 6 - 1);

Since + and - have precedence over <,5 + 3and 6 - 1 will be evaluated before evalu-
ating the boolean expression. Since the value of the expression is false, the statement
will output false.

INPUT/OUTPUT

input

Since there are so many ways to provide input to a program, user input is not a part of
the AP Java subset. If reading input is a necessary part of a question on the AP exam,
it will be indicated something like this:

double x = call to a method that reads a floating-point number
or’

double x = I0.readDouble(); //read user input
NOTE

The Scanner class (since Java 5.0) simplifies both console and file input. It will not,
however, be tested on the AP exam.

Output

Testing of output will be restricted to System.out.print and System.out.println.
Formatted output will not be tested.

System. out is an object in the System class that allows output to be displayed on the
screen. The printin method outputs an item and then goes to a pew line. The print
method outputs an item without going to a new line afterward. An item to be printed
can be a string, or a number, or the value of a boolean expression (true or false).

Here are some examples:
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System.out.print("Hot");

rints  Hotd
System.out .printin("dog"}; } P orace

System.out.printin("Hot");

rints
System, out. println{"dog") ;} P

dog
System.out,println(7 + 3): } prints 10
System.out.println(7 == 2 + 5); } prints true

int x = 27;
System.ous.println(x); } prints 27
System.out.println("Value of x is " + x);

prints Value of x is 27

In the last example, the value of x, 27, is converted 1o the string “27°, which is then
concatenated to the string "Value of x is .

To print the “values” of user-defined objects, the toString () method is involed (see
p. 175).

Escape Sequences

An escape sequence is a backslash followed by a single character. It is used to print
special characters. The three escape sequences that you should know for the AP exam
are

Escape Sequence  Meaning

'\.Il newline
\" double quote

AN backstash

Here are some examples:
System.out.println("Welcome to\na new line");
prints

Welcome to
a new line

The statement

System.out.println("He is known as \"Hothead Harry\".");
prints

He is known as "Hothead Harry".
The statement

System.out.println("The file path is d:\\myFiles\\..");
prints

The file path is d:\myFiles\..
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CONTROL STRUCTURES

Control structures are the mechanism by which you make the statements of a pro-
gram run in a nonsequential order. There are two general types: decision making and
iteration.

Decision-Making Control Structures

These include the if, i£. . . else, and suitch statements. They are all selection control
structures that introduce a deciston-making ability into a program. Based on the truth
value of a boolean expression, the computer will decide which path to follow. The
switch statement is not part of the AP Java subset.

THE if STATEMENT

if (boolean expression)
{

staterments
}

Here the statements will be executed only if the boolean expression is true. If it is false,
control passes immediately to the first statement following the if statement.

THE if. ..else STATEMENT

it (boolean expression)

{

statemenis
}
else
{

statentents
b

Here, if the boolean expression is true, only the statemenis immediately following the
test will be executed. If the boolean expression is false, only the statements following
the else will be executed.

NESTED if STATEMENT x

If the statement part of an if statement is itself an if statement, the result is a nested
if statement.

Example 1

it {(boolean exprD)
if (boolean expr2)
statement,

This is equivalent to

if (boolean exprl && boolean expr2)
statenent,
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Example 2

Beware the dangling e1se! Suppose you want to read in an integer and print it if it’s
positive and even. Will the following code do the job?

int n = I0.readInt(); //read user input
if {(n>0)
if (n%2==0)
System.ont.printlnin};
else
System.out.println(n + " ig not positive®);

A user enters 7 and is surprised to see the output
7 is not positive

The reason is that else always gets matched with the nearest unpaired 1%, not the first
it as the indenting would suggest.

There are two ways to fix the preceding code. The first is to use <} delimiters to
group the statements correctly.

int n = I0.readInt(); //read user input
if (n > 0)
{
it % 2==0)
System.out.printinin):
}
else

System.out.printin(n + " iz not positive");

The second way of fixing the code is to rearrange the statements.

int n = I0.readInt(); //read user imput
it (n <= 0)

System.out.printin(n + * is not positive");
else

if m%2==0
System.out.println(n);

EXTENDED if STATEMENT
For example,
String grade = ID.readString(); //read user input

if {grade.equais("A"))
System. out.println{"Excellent!"};

else 1f (grade.equals("B%))
System.out.println("Good");

else if (grade.equals("C") | grade.equals("D"))
System.out.println(*Poor");

else if (grade.eguals{*F"))
System.out.printla(*Egregious!");

else
System.out.println("Invalid grade"):

Ifany of 4, B, C, D, or F are entered, an appropriate message will be written, and control
will go to the statement immediately following the extended 1 statement. If any other
string is entered, the final else is invoked, and the message Invalid grade will be
written.
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lteration

Java has three ditferent control structures that allow the computer to perform iterative
tasks: the for loop, while loop, and do. . .while loop. The do. . .whileloop is not in

the AP Java subset.

THE for LOQOP

The general form of the for loop is

for (initialization; termination condition; update statement)
{

statements //body of loop
}

The termination condition is tested at the top of the loop; the update statement is
performed at the bottom.

Example 1

//outputs 1 2 3 4
for (i = 1; i < §; i++)
System.out.print(i + " ");

Here’s how it works. The loop variable i is initialized to 1, and the termination con-
dition i < 5 is evaluated. If it is true, the body of the loop is executed, and then the
loop variable i is incremented according to the update statement. As soon as the termi-
nation condition is false (i.e, i >= B5J, control passes to the first statement following
the loop.

Example 2

//outputs 20 19 18 17 16 15
for (k = 20; k » 15; k--)
System.out.print{k + " *);

Example 3

//outputs 2 & 6 8 10
for (j =27 j < 10; j+=2)
System.out.print{j + * ");

NOTE

1. The loop variable should not have its value changed inside the loop bedy.

2. The imtializing and update statements can use any valid constants, variables,
or expressions.

3. The scope (see p. 100) of the loop variable can be restricted to the loop body by
combining the loop variable declaration with the initialization. For example,

for (dnt i = 0; 1 < 3; i4+)

{
¥

4. The following loop is syntactically valid:
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for (int i = 1; i <= 0; i++)

{
b

The loop body will not be executed at all, since the exiting condition is true
before the first execution.

THE FOR-EACH LOOP
This is used to iterate over an array or collection. The general form of the loop is

for {SomeType element : collection)
{
statements

}

{Read the top line as “For each element of type SomeType in collection ... M

Example

//0Outputs all elements of arr, one per line,
for (int element : arr)
System.out.println{elenent) ;

NOTE

1. The for-each loop cannot be used for replacing or removing elements as you
traverse.
2. The loop hides the index variable that is used with arrays.

THE while LOOP

The general form of the while loop is

while (boolean test)
{

statements //1loop body
¥

The boolean test is performed at the beginning of the loop. If true, the loop body is
executed. Otherwise, control passes to the first statement following the loop. After
execution of the loop body, the test is performed again. If true, the loop is executed
again, and so on.

Example 1

int § = 1, muls3 = 3;
while (mult3 < 20}

{
System.out.print (mult3 + " "};
i++;
multd *= i;

} //outputs 3 6 18
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NOTE

1. It is possible for the body of 2 while loop never to be executed. This will
happen if the test evaluates to false the first time.

2. Disaster will strike in: the form of an infinite loop if the test can never be false.
Don’t forget to change the foop variable in the body of the loop in a way that
leads to termination!

Example 2

int power2 = 1;

while (power2 l= 20}

{
System.out.println(power?) ;
power2 x= 2;

}

Since power2 will never exactly equal 20, the loop will grind merrily along eventually
causing an integer overflow.

Example 3

/* Screen out bad data.
* The loop won’t allow execution to continue until a valid
* integer is entered.

*/

System.out.println("Enter a positive integer from 1 to 100");

int num = ID.readInt(}); //read user input

while (num < 1 || num > 100)

{
System.out.printla{"Number must be from 1 to 100.");
System. out. println("Please reenter");
aum = I0.readInt(};

}

Example 4

/* Uses a sentinel to terminate data entered at the keyboard.
% The sentinel is a value that cannot be part of the data.
# Tt gignals the end of the list,
*/
final int SENTINEL = -599;
System.out.println("Enter list of positive integers," +
" end list with " + SENTINEL);

int value = ID.readInt(); //read user input
while (value != SENTINEL)
{

process the value
value = I0.readInt(); //read another value

The body afawnite.
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NESTED LOOPS

You create a niested loop when a loop is a statement in the body of another loop.

Example 1

for (int k = 1; k <= 3; k++)
1{
for (int i = 1; i <= 4; i++)
System.out.print ("x");
System.out.println(};
}

Think:

for each of 3 rows

{

print 4 stars
go to next line

}
Output:

LE T
* A ok
*kok

Example 2

This example has two loops nested in an outer loop.

for (dnt i = 1; i <= B: i++)

{
for (dimt j = 1; § <= i; j++)
System.out.print("+");
for (int j = 1; j <= 6 - i; j++)
System.out.print ("s");
System.out.println();
}
Qutput:
otk ok
e kokokok
Fobb Aok %
bbbk
FEEE
Attt
ERRORS AND EXCEPTIONS

An exception is an error condition that occurs during the execution of a Java pro-
gram. For example, if you divide an integer by zero, an ArithmeticException will
be thrown. If you use a negative array index, an ArrayIndexOutOfBoundsException
will be thrown.



Errors and Exceptions

An unchecked exception is one where you don’t provide code to deal with the er-
ror. Such exceptions are automatically handled by Java’s standard exception-handling
methods, which terminate execution, You now need to fix your code!

A checked exception is one where you provide code to handle the exception, either a
try/catch/finally statement, or an explicit throw new ...Exception clause. These
exceptions are not necessarily caused by an error in the code. For example, an unex-
pected end-of-file could be due to a broken network connection. Checked exceptions
are not part of the AP Java subset.

The following exceptions are in the AP Java subset:

Exception Discussed on page
ArithmeticException on the previous page
NullPointerException 103
ClassCastException 142
ArrayIndexOut(fBoundsException 233
IndexDutUfBoundsException 244

this page

IllegalArgumentException

See also HoSuchElerentException (pp. 247, 248} and I1legalStateException (pp. 247,
249), which refer to iterators, an optional topic.

Java allows you to write code that throws a standard unchecked exception. Here are
typical examples:

Example 1

if (numScores == 0)

throw new ArithmeticException("Cannot divide by zero™);
else

findAverageScore(};

Example 2

public void setRadius{int newRadius)

{
if (newRadius < 0)
throw new IllegalArpgumentException
{("Radiug cannot be negative");
else
radius = newRadius;

NOTE

1. throw and new are both reserved words.
2. The error message is optional: The line in Example 1 could have read

throw new ArithmeticException();

The message, however, is useful, since it tells the person running the program

what went wrong.
3. AnTIllegalArgumentExceptionisthrown toindicate thata parameter does not

satisfy a method’s precondition,

75
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Chapter Summary

Be sure that you understand the difference between primitive and user-defined types
and between the following types of operators: arithmetic, relational, logical, and as-
signment. Know which conditions lead to what types of errors.

You should be able to work with numbers—know how to compare them and how
to convert between decimal, binary, and hexadecimal numbers. Know how integers
and floating-point nummbers are stored in memory, and be aware of the conditions that
can lead to round-off error.

You should know the Integer constants Integer . MIN_VALUEand Integer . MAX_VALUE.

Be familiar with each of the following control structures: conditional statements,
tor loops, while loops, and foreach loops.

Be aware of the AP exam expectations concerning input and output.
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MULTIPLE-CHOICE QUESTIONS ON INTRODUCTORY
JAVA LANGUAGE CONCEPTS

1. Which of the following pairs of declarations will cause an error message?

I doudle z = 14.7;
int y = x;

II double x = 14,7;
int y = (int) x;

{iI int x = 14;
double y = x;

{A) None

(B) Ionly

(C) Honly

(D) Il only

(E) Tand HI only

2. What output will be produced by

System.out.print{"\\* This is not\n a comment *\\");

(A) * This is not a comment *
(B) \* This is not 2 comment *\

(C) * This is not
a comment *

(D) \\* This is mot
a- comment *\\

(E) \* This is not
a comment *\

3. Consider the following code segment

if (nt=0&& x / n > 100)
statementl;

else
statement2;

If n is of type int and has a value of 0 when the segment is executed, what will
happen?

(A) An ArithmeticException will be throwsn.

(B) A syntax error will occur.

(C) statementl, but not statement2, will be executed.

(D) statement2, but not statementl, will be executed.

(E) Neither statement] not statement2 will be executed; control will pass to the

first statement following the if statement.

77
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4. Refer to the following code fragment:

double angwer = 13 / 5;
System.out.printin{”t3 / 5 = ¥ + answer);

The output is

13/86=22¢0

The programmer intends the output to be

13/5=2.8

Which of the following replacements for the first line of code will #ot fix the
problem?

(A) double answer = (doubls) 13 / 5;

(B) double answer = 13 / {(double)} 5;

{C} double amswer = 13.0 / 5;

(1)) double answer = 13 / 5.0;

(E) double answer = (double) (13 / B);

i

. What value is stored in result if

int result = 13 -3 %6 / 4 % 3;

(A) —5
(B) 0

(C) 13
D) -1
(E) 12

. Suppose that addition and subtraction had higher precedence than muuftiplication

and division. Then the expression
2+ 3412/ 7~ 4+ 8

would evaluate to which of the following?
A) 11

(B) 12

©) 5

L) 9

(E) —4

- Which is true of the following boolean expression, given that x is a variable of

type double?
3.0==x% (3.0 /%)

(A) Tt will always evaluate 1o false.

{B) It may evaluate to false for some values of x.

(C) It will evaluate to false only when x is zero.

(D) It will evaluate to false only when x is very large or very close to zero.

 (E) Tt will always evaluate to true.
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8. Let x be a variable of type double that is positive. A program contains the
boolean expression (Math.pow(x,0.5) == Math.sqrt(x)). Even though x/? is
mathematically equivalent to 4/, the above expression returns the value false
i a student’s program. Which of the following is the most likely reason?

(A) Math.pow returns an int, while Math. sqrt returns a double.

(B} x was imprecisely calculated in a previous program statement.

{C) The computer stores floating-point numbers with 32-bit words.
(D) There is round-off error in calculating the pow and sqrt functions.
(E) There is overfow error in calculating the pow function.

9. What will the output be for the following poorly formatted program segment, if
the input value for num 1s 22?

int num = call to a method that reads an integer;

if {nmum > Q)

if (num % 5 == 0)

System.out.println(num);

else System,out.printin{num + " is negative"};

(A) 22

(B) 4

(C) 2 is negative

(D) 22 is negative

(E) Nothing will be output.

10. What values are stored in x and y after execution of the following program seg-
ment?

int x = 30, y = 40;

if (x >=0)
{
if {x <= 100)
{
y=x %3
if (y < 50)
x /= 10;
}
alse
¥ =% &2
}
else
y =%
(A) x =30y =90
(B) x =30y = -30
(C) x =30y = 60
Oy x=3 y=-3
(B) x =30y = 40
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11. Which of the following will evaluate to true only if boolean expressions A, B, and
C are all false?
(A) ‘A &% 1 (B && 1C)
(B) a1l 1B I tC
(C) v 1l BT O
(D) 1(a & B ak )
(B) 1A 11 18 11 1)

12. Assume that a and b are integers. The boolean expression
t{a <=b) &k (a * b > 0)

will always evaluate to true given that

A a=1
(B) a>b
(CD a<b
D) a>vandb > 0
{E) a> bandb < 0

13. Given that a, b, and ¢ are integers, consider the boolean expression
(a <b) |l t({c ==a+*b) &k (c <ad)

Which of the following will guarantee that the expression is true?
(A) ¢ < aisfalse.

(B) ¢ < aistrue.

(C} a < bisfalse.

D) ¢ == a * bis true,

(E} ¢ == a * bistrue,and ¢ < ais true.

14. In the following code segment, you may assume that a, b, and n are all type int,

ifat=b&&n/ (a-n >-90)

{

/% statement | x/
}
else
{

/* statement 2 */
}

/% statement 3 %/

What will happen if a == b is false?

(AY /+ statement 1 */ will be executed.

(B) /* statement 2 +/ will be executed.

(C) Either /* statement 1 %/ or /[ statement 2 */ will be executed.
D) A compile-time error will occur.

(E} An exception will be thrown.
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15. Given that n and count are both of type int, which statement is true about the

following code segments?

1 tor (count = 1; count <= n; count++)
System.out.println(count);

I count = 1:
while (count <= n)

{
System.out.println{count);
count++;

¥

(A} Tand Il are exactly equivalent for all input values n.

(B) Iand IF are exactly equivalent for all input values n > 1, but differ when
n<0.

(C) Tand I are exactly equivalent only when n=o.

(D) 1andII are exactly equivalent only when a is even.

(E) Iand II are not equivalent for any input values of n.

16. The following fragment intends that a user will enter a list of positive integers at

the keyboard and terminate the list with a sentinel;

int value = 0;

final int SENTINEL = -99%;
while (value != SENTINEL)
{

//code to process value

value = I0.readlnt(); //read user input

¥

The fragment is not cosrect. Which is a true statement?
(A) The sentinel gets processed.
(B) The last nonsentinel value entered in the list fails to get processed.
(C)y A poor choice of SENTINEL value causes the loop to terminate before all
values have been processed.
(D) 'The code will always process a value that is not on the list.
(E) Entering the SENTTNEL value as the first value causes a run-time error.

17. Suppose that base-2 (binary) numbers and base-16 (hexadecimal) numbers can be

denoted with subscripts, as shown below:

ZAhcx = 10131013!11

Which is equal to 3D,,,.?
(A) 111101,
(B) 101111y,
(©) 10011,
D) 110100,
(E) 101101,
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18. A common use of hexadecimal numerals is to specify colors on web pages. Ev-
ery color has a red, green, and blue component. In decimal notation, these are
denoted with an ordered triple (x,,2), where x, y, and z are the three compo-
nents, each an int from 0 to 255. For example, a certain shade of red, whose red,
green, and blue components are 238, 9, and 63, is represented as (238,9,63).

In hexadecimal, a color is represented in the format #RRGGRBB, where RR,
GG, and BB are hex values for the red, green, and blue. Using this notation, the
color (238,9,63) would be coded as #EE093F.

Which of the following hex codes represents the color (14,20,255)?

(A) #1418FE
(B) #OE20FE
(C) HOE14FE
(D) #OFESFE
(E) #OD14ER

19. In Java, a variable of type int is represented internally as a 32-bit signed integer.
Suppose that one bit stores the sign, and the other 31 bits store the magnitude of
the number in base 2. In this scheme, what is the largest value that can be stored
as type int?

@A) 232
{By 2% —1
(C) 231
GD) 231—-i
(E) 2

20. Consider this code segment:

int x = 10, y = 0;
while (x > B)

{
y =3
whila {y < x)
{
y o#= 25
if (y % x==1)
y=x
}
% = 3;
¥
System.out.println(x + * " + y);

What will be output after execution of this code segment?

(A)1 s
By 12
) -3 12
) 4 12

(E) -3 8
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Questions 21 and 22 refer to the following method, checklunmber, which checks the
validity of its four-digit integer parameter.

[** @param n a 4-digit integer

@return true if n is valid, false cotherwise

boolesan checkNumber (int n)

{

}

int d1,d2,d43,checkDigit,nRemaining,rem;
//strip off digits
checkDigit = n % 10;
nRemaining = n / 10;

@3 = nRemaining % 10;
nRemaining /= 10;

d2 = nRemajining ¥ 10;
nRemaining /= 10;

di = nRemaining % 10;
//check validity

rem = {dl + 42 + d3) % T;
return rem == checkDigit;

A program invokes method checklumber with the statement

boolean valid = checkWumber (num) :

21, Which of the following values of nun will result in valid having a value of true?

(A) 6143
(B) 6144
(C) 6145

D) 6146
(F) 6147

22. What is the purpose of the local variable nRemaining?

{A) Tt is not possible to separate n into digits without the help of a temporary
variable.

{B) nRemaining prevents the parameter num from being altered.

(C) nRemainingenhances the readability of the algorithm.

(D) On exiting the method, the value of nRemaining may be reused.

(E) nRemainingis needed as the left-band side operand for integer division.
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23. What output will be produced by this code segment? (Ignore spacing.)

for {int 1 = 5; i »>= 1; i--)
{
for (int j = i; j >= 1; j-=)
System.out.print(2 * j ~ 1);
System.out.println();

~y = =] =]
aon oen
w W

.

(B)

= 0 i
= )
-

—~ WU N DWW
oW o~

o

= 0 R W
ok () O~
W= =~ o,
i
oW =W
i
[

©)

(E)

LT T S S Gy S A WU U Y
W www W W &
g ot ; o o O
~N o~ =
W
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24, Which of the following program fragments will produce this output? (Ignore
spacing.}

It

i

(A)
(B)
C)
D)
(E)

for (int i = 1; i <= 6; i++)

for (int k = 1; k <= 6; k++)
if (k == 1)
System.out.print(2 * k);
else
System.out.print{"-"};
System.out.println();

for (int i = 1; 1 <= 8; i++)

for (int k = 1; k <= i - 1; k++)
System.out.print{"-"});

System.out.print{2 * i);

for {int k = 1; k <= 6 ~ 1; k++)
System.out.print{"-");

System.out.printin{);

for (dnt i =1; i <= §; i++)

for (int k = 1; k <= i - 1; k++)
System.out.print{("-");

System.out.print(2 * i};

for (int k¥ = 1 + 1; k <= 6; k++)
Systenm.out.print(*-");

System.out.printin();

+

Touly

I only

HI only
Tand T only
L1L and I
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25, Consider this program segment:

int newllum = 0, temp;

int pum = k; //% is some predefined integer value > 0
while (num > 10)
{
temp = num % 10;
© mum /= 10;
newNum = newlum * 10 + temp;
}

System. out . print (newlum) ;

Which is a true statement about the segmen?

1 If100 < num < 1000 initially, the final value of newlum must be in the range
10 < newlum < 100.
Il There is no initial value of num that will cause an infinite while loop.
II Ifnum < 10 initially, newNum will have a final value of 0.

(A) Tonly

(B) only

(C) I only

(D) Iland I only
(E) LIL, and IXI
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26. Consider the method reverse:

/+* Precondition: n > 0.

*  Postcondition:

* - Retarns n with its digits reversed.

# - Example: If n = 234, method reverse returns 432.
% @param n a positive integer

% @return n with its digits reversed

*/

int reverse(int n)

{

int rem, revium = 0;
/% code segment */

return revium;

}

Which of the following replacements for /* code segment +/ would cause the
method to work as intended?

I for (int i = 0; i <= n; i++)

{
rem = 1 % 10;
revNum = revlum * 10 + rem;
n /= 10;
1
H while (n '= 0)
{
rem = n % 10;
revium = revlum % 10 + remnm;
n /= 10;
e
Il for (int i =n; 4 1= 0; i /= 10)
{
rem = i Y 10;
reviium = reviNum * 10 + rem;
b
(A) Tonly
(BY Honly

(Cy Tand Il only
(D) 1land I only
(E) Tand 1l only
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ANSWER KEY
1. B 10. A 19. D
2. E 11. C 20. D
3. D 12. D 21. B
4, B i3, A 22, C
5. E 4. C 23. B
6. C 15. A 24. E
7. B 16. D 25. D
8. D 17. A 26. D
9. D 18. C

ANSWERS EXPLAINED
1. (B) When x is converted to an integer, as in segment I, information is lost. Java

requires that an explicit cast to an int be made, as in segment T Note that seg-
ment IT will cause x to be truncated: The value stored in y is 14. By requiring the
explicit cast, Java doesn’t let you do this accidentally. In segment I y will con-
tain the value 14.0. No explicit cast to a double is required since no information
is fost.

(E) The string argument contains two escape sequences: ‘\\, which means print
a backstash (\), and “\n’, which means go to a new line. Choice E is the only
choice that does both of these.

. (D) Short-circuit evaluation of the boolean expression will occur. The expres-

sion (n 1= 0) will evaluate to false, which makes the entire boolean expression
false. Therefore the expression (x / n > 100) will not be evaluated. Hence
no division by zero will occur, causing an ArithmeticException to be thrown.
When the boolean expression has a value of false, only the else part of the
statement, statement2, will be executed.

(E) For this choice, the integer division 13/5 will be evaluated to 2, which will
then be cast to 2.0. The output will be 13/6 = 2.0. The compiler needs a way
to recognize that real-valued division is required. All the other options provide a
way.

. (E) The operators *, /, and % have equal precedence, all higher than -, and must

be performed fixst, from left to right.

13-3+x6/4Y%3
13 -18/ 4% 3

g

= 13 -4%3
= 13 -1
= 12

. (C) The expression must be evaluated as if parenthesized Jike this:
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Brain Teasers- Hidden Meaning
Can you guess the common saYing or expression in each box?
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A worm is at the bottom of a well 8 feet deep. it crawls up 3 feet each day, Question 1
but it falls down 2 feet at night. How long will it take the worm to crawl out of
the well?

a. 3days
h. 5days
c. 6days
d. 8days

By
4!
68
« 5

Which tank wili overflow first?
o
# . 3
21
11t
oft

How many squares are in the figure below? How many cubes are in the figure below?

a. 11 a. 27
b. 5 b. 21
¢ g c. 36

: d. 23
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HOW TO PLAY

Tic-Tac-Logic is a single player puzzle
based on tic-tac-toe.

Each puzzle consists of a grid containing
X's and Q's in various places.

The object is to place X or O in the
remaining squares so that

1. there are no more than two
consecutive X's or O's in a row or
column;

2. the number of X's is the same as the
number of O's in each row and column;
and

3. all rows and all columns are unique.

TICTACLOGIC-1

TICTACLOGIC- 2

o) X X o) X0
X X X XX
0O X X 0O X X

X X X|X 00
X X0 X 0
XX X o O

TIC TAC LOGIC - 3 TIC TAC LOGIC - 4
00X X 0/ X

X X O X X 0
X X O X 0 X

O O X X
O O X O X
X X . 10X )




Birthdays

Five sisters all have their birthday in a different month and each on a different day of the
week. Using the clues below and the grid, determine the month and day of the week each

sister’s birthday falls.

1. Paula was born in March but not on Saturday. Abigail’s birthday was not on Friday
or Wednesday.

2. The girl whose birthday is on Monday was born earlier in the year than Brenda and
Mary.

3. Tara wasn’t born in February and her birthday was on the weekend.

4. Mary was not born in December nor was her birthday on a weekday. The girl whose
birthday was in June was born on Sunday.

5. Tara was born before Brenda, whose birthday wasn't on Friday. Mary wasn’t born in
July.

(Source: puzzlersparadise.com)
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Diffy!

Begin by writing four different numbers into the four circles on each of the
outer corners. Fillin the outer squares by subtracting the smaller number from
the larger number on each comer. Contfinue working toward the center,
subtracting the comers, Whot patterns do you see? Can you get 1o the
middle without a difference of zerg?




Kickball Lineup

Mr. Hammerwood’s PE class is playing kickball. He has 9 students in
kicking order. From the clues below, determine the kicking lineup order

1. Sasha is kicking 5"

2. Dennis is before Marcus

3. Jevel kicks between Dennis and Chris

4. Whitney is after Jevel

5. Chris kicks after Jeve! but before Whitney
6. Cynthia is after Whitney but not after Craig

7. Marcus and Randy are both the either first or last

t 12 13 (4 5 6 7 |8 |9

Sasha
Dennis

Marcus

Jevel
Chris
Whitney
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Cynthia
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