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O

main() method

text file named HelloWorld. java

| name

¥ +

public class y

{ ”
public static void main(String(] args)
{ i

System.out.print("Hello, World™);

} R ——
statements
body
Editing, compiling, and executing. O
use any text editor to type javac MelloWorld.java type java HelloWorld

to compile your program
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create your program

¥

to execute your prugr{:m

¥

v
editor |-~HelloWorld.java—| compiler
4
o !
your program

{a text file)

Built-in data types. O

—HelloWorld.class — IVM‘—‘"HeHo, world"
? O S

i

computer-language —
, . i

version of your program

COmmon operators sample literal values

type set of values
int integers +-* /% 99 12 2147483647
double floating-point numbers + =%/ 3.14 2.5 6.022e23 r;wmb«ve—-
e
boolean boolean values && || ! true false g L‘,Ypes
char characters PAY "1 %Y '\n' e 3
S " oo W " ! t tn
String sequences of characters + AB" "Hello" "2.5 8o
class
Declaration and assignment statements. O
declaration statement
- variable name .
assignment
statement
inline initialization
statement
Integers. O
values integers between —2°' and 4231
typical literals 1234 99 0 1000000
operations sign add subtract multiply divide remainder
operators + - + - * / %
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-
L~ t'ﬁvﬂ&fs i

(’.‘X{)I’(’:@Si()?l value cormment O

99 99 integer literal
+99 99 positive sign
-99 -99 negative sign
5+ 3 8 addition
5 =3 2 subtraction
5% 3 15 multiplication
5/ 3 1 nofractionalpart/ ., @
5% 3 remainder
1/0 run-timeerror N o
3*5 -2 13 * has precedence
3+5/2 5 / has precedence
3 ~-5=-2 -4 left associative
(3-5)-2 -4 better style
3-(5-2) O unambiguous
Floating-point numbers. Q
values t real numbers (specified by IEEE 754 standard)
typical literals L 3.14159 6.022e23 2.0 1.4142135623730951
operations % add subtract multiply divide
operators |+ - * /
expression value
3.141 + 2.0 5.141
3.141 - 2.0 1.111
3.141 / 2.0 1.5705
5.0/ 3.0 1.6666666666666667
10.0 % 3.141 0.577
1.0 / 0.0 Infinity
Math.sqrt(2.0)  1.4142135623730951
- Math.sqrt(-1.0) NaN
Booleans. O
values true or false
literals true false
operations and  or not
operators i && I !
a la
true false false false false
false true false true false true
true false false true
true true true true
Comparison operators. .

’lr\f")')’/‘
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goo(&d/\,

op meaning true false O

== equal 2 == 2 2 == 3
= not equal 3 i=2 2 1= 2
< less than 2 <13 2 <2
<= less than or equal 2 <=2 3 <=2
> greater than 13 > 2 2 > 13
>= greater than or equal 3 >=2 2 >=3
non-negative discriminant? (b*b - 4.0%*a*c) >= 0.0
beginning of a century? (year % 100) == 0
legal month? (month >= 1) && (month <= 12)

Printing. O

void System.out.print(String s) prints
void System.out.printin(String s) prints, followed by a newline

- void System.out.printin() print a newline
Parsing command-line arguments. O
int Integer.parselnt(String s) convert s to an int value
double Double.parseDouble(String s) convert s to a double value
long Long.parselLong(String s) convert s to a Tong value
Math library.

public class Math

double abs(double a) absolute value of a B
double max(double a, double b) maximum of aand bV B
double min(double a, double b) minimumof aandb NV B
double sin(double theta) sine of theta
o double cos(double theta) cosine of theta
double tan(double theta) tangent of theta
double toRadians(double degrees) convert angle from degrees to radians
double toDegrees(double radians) convert angle from radians to degrees
double exp(double a) exponential (e2)
double log(double a) natural log (log, a, or In a)
double pow(double a, double b) raise a to the bth power (at) N B
Tong round(double a) round a to the nearest integer M B |
double random() random number in [0, 1) D Oz‘i&’i QQA:"Z lude
double sqrt(double a) square root of a B
double E value of e (constant)
double PI value of w (constant)

“The full java.lang.Math APL

Java library calls.

g 2018/08/17,2:50 PM
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method call library returtt type value
Integer.parseInt("123") Integer int 123
Double.parseDouble("1.5") Double double 1.5
Math.sqrt(5.0%*5.0 - 4.0%4.0) Math double 3.0
Math.log(Math.E) Math double 1.0
Math.random() Math double  randomin(o,1) MNB
Math. round(3.14159) Math Tong 3 B
Math.max(1.0, 9.0) Math double 9.0 nA

Type conversion. = n % O

O expression  expression
EXPression fype value
(L+2+3+4) /4.0 double 2.5
Math.sqrt(4) double 2.0
"1234" + 99 String "123499" e
v 11 * 0.25 double 2ofd
(int) 11 * 0.25 double 2.75
11 * (int) 0.25 int 0 Y.
(int) (11 * 0.25) int 2
(int) 2.71828 int 2
Math.round(2.71828) long 3 né
(int) Math.round(2.71828) int 3 wé
Integer.parseInt("1234") int 1234 N6
Anatomy of an if statement.
boolean
expression
sequence int t = X
statements & y = t;
}
If and if-else statements. O
v 2018/08/17,2:50 PV.
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T F

absolute value

67»':—/\.
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if (x < 0) x = -Xx;

put the smaller ?[f G &0 Vb I _ i
value in X int t = Xx; 5""‘0/0S two values Arowa
and the larger X =Y,
value in y y =1
}
maximum of | if (x > y) max = Xx;
X and y else max = y;
:{::i;iif;i if- (den == 0) System.out.pr1:nt1n("D1'v1'§1'on by zero™); v B8
o else System.out.printin("Quotient = " + num/den);
operation

double discriminant = b*b - 4.0%c;
if (discriminant < 0.0)

{
ervorchutk : System.out.printin("No real roots");
for quadratic o,
formula {
System.out.printin((-b + Math. sqrt(discriminant))/2.0);
> System.out.printin((-b - Math.sgrt (discriminant))/2.0);
}
Nested if-else statement. O
if (income < 0) rate = 0.00;
else if (income < 8925) rate = 0.10;
else if (income < 36250) rate = 0.15;
else if (income < 87850) rate = 0.23;
else if (income < 183250) rate = 0.28;
else if (income < 398350) rate = 0.33;
else if (income < 400000) rate = 0.35;
else rate = 0.396;
Anatomy of a while loop. O
initialization is a loop-
separate staterment continuarion
~_ AN condition ' v =
* / Int fowﬁ-/ =Y
while

braces are {
optional =t )

when body | _power = 2*power;
isa single i

staternent !

Anatomy of a for loop. O

declare and initialize
a loop control variable

57(3.:1")’

initialize another

variable in a ‘ loop-
separate \ continuation
condition

increment [
p ;

statement ' nt f ow e

i

power = 2*power;

body
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Loops. O

compute the largest
power of 2
less than or equal to n

int power = 1;

while (power <= n/2)
power = 2%power;

System.out.printin(power);

compute a finite sum ik Sen =.0; . . n &
(142 +... +1) for (int i = 1; i <= n; i++)
\E R e T sum += 1;

System.out.printin(sum);

int product = 1; NoB
compute a finite product | for (int i = 1; i <= n; i+4)
(mlem X2 X ... X n) product *= 1;

System.out.printIn(product);

print a table of for (int i = 0; 1 <= n; i++)
fun(_‘rf()n values System out. pr‘1 nt]n(1 + " "+ 2*Math. PI*1/n).

String ruler = "1";
compute the ruler function . for (int i = 2; 1 <= n; i+4)
{see Procram 1.2.1) ruler = ruler + " " + 1 + " " + ruler;

System.out.printin(ruler);
Break statement. C
/

int factor;
for (factor = 2; factor <= n/factor; factor++)
if (n % factor == 0) break;

if (factor > n/factor)
System.out.printin(n + " is prime");

Do-while loop. O

Vv /‘{ LD

= do i ~
4 - g 5 " 7 \
{ // Scale x and y to e random in (-1, 1J. /i \\
x = 2.0%*Math.random() - 1.0; _ i \
= 2.0*Math.random() - 1.0; T
} wh11e (Math.sqrt(x*x + y*y) > 1. 0); \\{aﬂk /

Switch statement. O

switch (day) {

case O: System.out.print1n(“Sun"); break;
case 1: System.out.print1n("Mon"); break;
case 2: System.out.print1n("Tue"); break;
case 3: System.out.print]n("Wed“); break;
case 4: System.out.print1n("Thu"); break;
case 5: System.out.print]n("Fri"); break;
case 6: System.out.print]n("SQt"); break;
} - °
o 2018/08/17,2:50

7 af 22



Java Programming Cheatsheet

Arrays. O

a TS
al1]
al2]
al3]
af4]
a[5]
a[6]
al7]

Inline array initialization. O N B

String[] SUITS = { "Clubs",

String[] RANKS = {
Hzll, ll3ll’ |!4ll, Hsll, "6“,
"JaCk", "Queen", "K’ing",

"Diamonds’, "Hearts",

"'7", 'ISH' “9", "10",
"Ace"

https://introcs.cs.princeton.edu/java/l Icheatsheet/

"Spades” };

&

Typical array-processing code. ™ N e

create an array
with random values

double[] a = new double[n]; &
for (int i = 0; 1 < n; i+ Y
a[i] = Math.random(};

#on

print the array values,
one per line

for (int i = 0; 1 < nj i++) N
System.out.printin(alil);

find the maximum of
the array values

double max = Double.NEGATIVE_INFINITY;
for (int i = 0; i < nj i++) INY S
if (a[i] > max) max = a[i];

Hon

compute the average of
the array values

double sum = 0.0;

for (int i = 0; i < nj i++) b
sum += a[il;

double average = sum / n;

Hon

— reverse the valies
within an array

for (int i = 0; 1 < n/2; i++)

double temp = a[il; NE
ali]l = aln-1-11;
a[n-i-1] = temp;

}
copy sequence of values gg:ﬁﬂ?gi ? g?wi dzu?j?egﬂ; N B

to anather array

Two-dimensional arrays. X

8 of 22
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al1] (2]

99 85\/98]

rr)wl'”*l 98 57 |78 l
92 77 |76
94 32 |11
99 34 (22
90 46 |54
76 59 |88
92 66 |89
97 71 (24
89 29 jgi

4

{
column 2

Inline initialization.

double [][] a

#

{
{ 99.0, 85.0, 98.0, 0.0},
{ 98.0, 57.0, 79.0, 0.0},
{ 92.0, 77.0, 74.0, 0.0},
{ 94.0, 62.0, 81.0, 0.0},
— { 99.0, 94.0, 92.0, 0.0},
{ 80.0, 76.5, 67.0, 0.0},
{ 76.0, 58.5, 90.5, 0.0},
{ 92.0, 66.0, 91.0, 0.0},
{ 97.0, 70.5, 66.5, 0.0},
{ 89.0, 89.5, 81.0, 0.0},
{ 0.0, 0.0, 0.0, 0.0}
H

Our standard output library.

public class Stdout O

https://introcs.cs.princeton.edu/java/l Icheatsheet/

void print(String s)
void printin(String s)
void printinQ

void printf(String format,

The full StdOut AP

format
string  number (o print
5 é
Stdout.printf(" Math.PI)
A e
// .
field width conversion
. $ icaty
precision specification

9 of 22

print s to standard output
print s and a newline to standard output
print a newline to standard output

print the arguments to standard output,
as specified by the format string format

2018/08/17,2:50 PM



Input - Scanner Class - Methods

String next( ), Boolean hasNext( ), String nextLine( ), void close(),
String useDelimiter( )

int nextInt( ), long nextLong( ), float nextFloat( ), double nextDouble( )

Input - Scanner Class - Default delimiter
import java.util. *;

String line = “Hello 45 65.9 true”;
Scanner scLine = new Scanner(line);

String greet = scLine.next( );

int num = scLine.nextInt( );

double real = scLine.nextDouble( );
boolean ans = scLine.nextBoolean( );
scLine.close( );

Input - Scanner Class - Reading Data from a text file
NB: Know your character handling methods !!

Multiple fields and two different delimiters. .. default (the space) and #
John Smith#23

Jabulani Nlhapo#45
import java.io. *; // To read text files
import java.util. *; // For the scanner class

public static void main (String[ ] args) throws I0Exception

{

Scanner scFile = new Scanner (new File (“NamesAge.txt”) );

String line=“",name="";
int num, sumOfAges =0 ;

while (scFile.hasNext() )
{

line = scFile.nextLine( ) ;

Scanner scLine = new Scanner (line).useDelimiter(“#");

name = scLine.next( );

num = scLine.nextInt( );

scLine.close( ); // close the line for re-use next iteration
System.out.println(name + “\t” + num);

sumOfAges = sumOfAges + num;

} // end while
scFile.close(); // close the file outside the loop

System.out.println(“The sum of their ages is “ + sumOfAges);
} // end main

10
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public class StdDraw
drawing commands Ma Y he {t} 4 £ nT

void line(double x0, double y0, double x1, double yl1)
void point(double x, double y)

void circle(double x, double y, double radius)

void filledCircle(double x, double y, double radius)

void square(double x, double y, double radius)

void filledSquare(double X, double y, double radius)

void rectangle(double x, double y, double rl, double r2)

void filledRectangle(double x, double y, double ril, double r2)
void polygon(double[] x, double[] y)

void filledPolygon(double[] x, doublel]l y)

void text(double x, double y, String s)

control commands
void setXscale(double x0, double x1) reset x-scale to (x0, x1)

void setYscale(double y0, double yl1) reset y-scale to (y0, y1)

void setPenRadius(double radius) set pen radius to radius
void setPenColor(Color color) set pen color to color
void setFont(Font font) set text font to font
void setCanvasSize(int w, int h) set canvas size to w-by-h
void enableDoubleBuffering() enable double buffering
void disableDoubleBuffering( disable double buffering

copy the offscreen canvas to

void show
= () l"h(;' onscreen canvas

void clear(Color color) clear the canvas to color color
void pause(int dt) pause dt milliseconds
void save(String filename) save to a . jpgor . png file

The full StdDraw APL.

Our standard audio library. m a Y é e- C‘O r P K T

public class StdAudio

void play(String filename) play the given .wav file
void play(double[] a) play the given sound wave
void play(double x) play sample for 1/44100 second

void save(String filename, double[] a) savetoa.wavfile

double[] read(String filename) read from a .wav file

The full StdAudio APL

Command line.

+

18/08/17,2:52 PNV
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Using an object. O SGC— dd{/{ ;tg‘ﬁf\d( /‘Qteﬁ /43 2' 6/

declare a variable {object name)

/ invoke a constructor fo create an object
¥ 2 =
String s; /

s = new String("Hello, World") ;

char ¢ =[s].charAt(4) ; B3

/

object name

Instance variables. O

public class Charge
kY

{ \

instance L Iprive

invoke an instance method
that eperates on the object’s value

variable -
declarations ‘gp riv

te final double rx, ry;
»_final double g;

. access modifiers

o }

Constructors. O

aC0ESS ne refurn constructo parameter
modifier type  {sameas " variables
’ VAN
¥ o,
double y0 , double g0 )|
\r\\
RSt S st
: v of signature
variable  body of 4 =
sames construcior
Instance methods. O
access return method paramalter
modifier  type name variables
' ‘ ' N ,
1 . H i
- public idouble potentialAt(idouble x|, [double y)'
Vi

N

N,
signature

focal
variable

-

call on a static method local variable name

Classes.

15 of 22
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Declaring variables

* int number;

e String lastName;

¢ double interestRate;

e intraceOne, raceTwo, raceThree - allowed by not recommended

Variable naming convention
e Must start with a letter
e Combination of letters, numerals, underscores and dollar sign.

public class HelloApp
{

Area for instance variables, which should be
private - (unless you use the word “static”
— making them available to the whole class.)

public static void main(String[ ] args)

{

Area for local variables - only available to the
local method - in this case “main”.

(5 A
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1) Declaring variables that are going to be used by the whole class
Class variables - static variables

A variable that any method in a class can access including static methods such as main
(this is about avoiding the error message non static variable cannot be referenced from
a static context)

Where to place a class variable
 Within the body of the class but not within any of the class methods.
e Not within the main method.
e Must include the reserved word “static” before the variable type

public class HelloApp

{
static String helloMessage; // static variable
available to whole class
public static void main(String[ ] args)
helloMessage = “Hello World”);
System.out.println(helloMessage);
}
}

2) Variables that are going to be used by a created object for its own use
Instance variables (non static variables)

Variables that are part of an instance of a class (part of a created object) (this is also
about avoiding the error message “non static variable cannot be referenced from a static
context”).

Where to place an instance variable
« Within the body of the class but not within any of the class methods.
« Not within the main method. (Classes used to create further objects seldom have
a main method.)
« Does not use the reserved word “static” before the variable type.

You cannot use an instance variable in a static method - and this includes the main
method. (Static methods are not associated with an instance of a class.)



|5 <

Run time error below ... “non static variable cannot be referenced from a static
context”.

public class HelloApp

{
String helloMessage; //non static, instance variable.
public static void main(String[ ] args)
helloMessage = “Hello World”);
System.out.println(helloMessage);
g
}

The main method is static and therefore cannot access an instance variable.
Example: Instance variables

A class called student. From this class multiple new student objects are created. Each
object has the same instance variables to store student details.

public class Student {
// instance variables private to this class.
private String firstName;
private String lastName;
private int daysAbsent;
private int grade;
private char class;

// Constructor
public Student (String fn, String 1ln, int da, int gr,
char cl) {
firstName = fn;
lastName = 1ln;
daysAbsent = da;
grade = dr;
class = cl;
} // end constructor

// no main method. Student class is called by the
application program where the main method can be found.

// Getter methods to make the internal data of this
class available to the rest of the application.

public String getFirstName( ) {
return firstName;

}

public String getLastName( ) {
return lastName;

}
} // end class - %
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3) Declaring a local variable

A variable that is declared within the body of a method (including the main method).
These variables are only available within that method and cannot be used by other
methods or classes.

Where to place a local variable
* Within the body of the class and . ..
e Within the relevant method
o Within the main method - if relevant

public class HelloApp

{
public static void main(String[ ] args)
{
String helloMessage;
// available only to this method
helloMessage = “Hello World”);
System.out.println(helloMessage);
}
b

4) Declaring a final variable

A final variable, also called a constant, is a variable whose value you cannot change after
it’s been initialized. Useful in a program that makes use of the same variable throughout
the program i.e. a variable that must not change.

e.g. final int WEEKDAYS = 5; // By convention final variables are all caps

Generally you would like your constant to be available throughout your application
therefore final variables are usually class variables so we add the static modifier.

e.g. static final WEEKDAYS = 5;

Where to place a final variable
« A final variable is usually a class or instance variable (but it can be a local
variable.
e See notes on class and instance variables.
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O

F“so Sec ﬂb&c:‘i{

public class Charge <. __

{ T Py =%
T e gluss
instance private final double rx, ry; ;i;;
variables private final double q; - "
P — . public Chargé'(doubk x0, double yO, double q0)
{ rx =x0; ry = y0; q=9g0; 1}
public double potentialAt(double x, double y)
{ e InISTONICE
double k = 8.99e09; variable
. double dx = x - rx| e
yd double dy = y - ry; s
instance return k * q / Math.sgrt(dx*dx + dy*dy),,
methods } /
"\, public String toStringQ) /
{ returng +" at " + "C+ rx + ", "+ ry +)"; }
vest client e PUblTiC static void main(String[] args)
" {
double x = Double.parseDouble(args[0]);
— double y = Double.parseDouble(args[1]);
A —— Charge c1 = new Charge(0.51, 0.63, 21.3);
i’*/fff{'}fﬂf c2 = new Charge(0.13, 0.94, 81.9);%
ovject double vl = cl.potentialAt (x, ¥); smvoke
double v2 = c2.potentialAt (x, y); constructor
StdOut.prinf}fF("%.2e\n", (vl + va));
} / \,\\
} o?;jcét i;xwke
name method

Object-oriented libraries.

v
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public class String

—

MR
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int
char
String
boolean
boolean
boolean
int

int
String
int
String
String
String

String

boolean
Stringl[]
boolean
int

The full javalang String APL

String a
String b
String ¢

instance method call

String(String s)

String(char[] a)

Tength(Q)

charAt(int 1)

substring(int i, int j)
contains(String substring)
startsWith(String prefix)
endsWith(String postfix)
indexOf(String pattern)
indexOf (String pattern, 1int i)
concat(String t)
compareTo(String t)
toLowerCase()

toUpperCase()
replace(String a, String b)
trim()

matches (String regexp)
split(String delimiter)
equals(Object t)

hashCode ()

new String("now is");
new String("the time");
new String(" the");

return fype return value

create a string with the same value as §

<

credte a sil'i.n;; that represents Hhe saine sequence

of charactersasin al]
ne

characters at indices 7 through (7-1)

miemnber of characters
the character at index i
n A
ne
N R

does this string contain substring?
does this string start with prefix?
does this string end with postfix?
index of fivst occurrence of pattern
index of first occurrence of pattern after 1
this S!!’i/(g( with t :?[‘{‘U!e‘{h’tof
nEe
nNE
NI

SEring comparison
; f

this string, with lowercase letters
this string, with uppercase letiers
this string. with as replaced by bs
this string, with leading and trailing
whitespace removed

is this string matched by the regular expression?
strings between occurrences of delimiter
is this string’s value the same as ts?

. T .
an integer hash code

ne

~— a.length(Q int 6
a.charAt(4) char 'qt
a.substring(2, 5) String “woi"
b.startsWith("the") boolean true
a.indexOf("is") int 4
a.concat(c) String “now is the"
b.replace("t","T") String "The Tim"
a.split(” ™) string[] { "now", "is
b.equals(c)  boolean false

18 of 22

Java's Color data type.
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