Chapter 1: Getting Started with Java
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Last login: Tue Mar 14 11:18:00 on ttys000

The default interactive shell is now zsh.
To update your account to use zsh, please run ‘chsh -s /bin/zsh’.
For more details, please visit https://support.apple.com/kb/HT208050.

Maaikes—MBP:~ maaikevanputten$ java ——version

openjdk 19.0.1 2022-10-18

OpenJDK Runtime Environment (build 19.0.1+10-21)

OpenJDK 64-Bit Server VM (build 19.0.1+10-21, mixed mode, sharing)
Maaikes-MBP:~ maaikevanputten$ ||




Computer Name Hardware Advanced System Protection Remote

You must be logged on as an Administrator to make most of these changes.

Performance

Visual effects, processor scheduling, memory usage, and virtual memory

Settings...
User Profiles
Desktop settings related to your sign-in
Settings...
Startup and Recovery
System startup, system failure, and debugging information
Settings...

Environment Variables...

OK Cancel Apply




Environment Variables

User variables for maaik

Variable Value

OneDrive C:\Users\maaik\OneDrive

OneDriveConsumer C:\Users\maaik\OneDrive

Path C:\Users\maaik\AppData\Local\Microsoft\WindowsApps;C:\Users\...
J TEMP C:\Users\maaik\AppData\Local\Temp

TMP C:\Users\maaik\AppData\Local\Temp

New... Edit... Delete
System variables
3 Variable Value
ComSpec C:\WINDOWS\system32\cmd.exe
DriverData C:\Windows\System32\Drivers\DriverData
NUMBER_OF_PROCESSORS 16
oS Windows_NT
Path C:\Program Files\Common Files\Oracle\Java\javapath;C:\Windows\...
PATHEXT .COM;.EXE; BAT;.CMD;.VBS;.VBE;.JS; JSE; WSF; WSH; MSC
PROCESSOR_ARCHITECTURE AMD64
PROCESSOR_IDENTIFIER Intel64 Family 6 Model 165 Stepping 2, Genuinelntel
New... Edit... Delete

oK Cancel




Edit environment variable X

C:\Program Files\Common Files\Oracle\Java\javapath New
C\Users\maaik\AppData\Local\Programs\Python\Python311\Lib\si...
C\Windows\system32 Edit
C\Windows

CA\Windows\System32\Wbem

C\Windows\System32\WindowsPowerShell\v1.0\ Browse...
CA\Windows\System32\OpenSSH\

C:\Program Files (x86)\NVIDIA Corporation\PhysX\Common DR
C\Program Files\NVIDIA Corporatiom\NVIDIA NvDLISR

Y%SystemRoot%\system32

%SystemRoot% Move Up
%SystemRoot%\System32\Wbem
%SYSTEMROOT%\System32\WindowsPowerShell\v1.0\ Move Down

9%SYSTEMROOT%\System32\OpenSSHY
C:\Program Files\Git\cmd

C:\Program Files\Microsoft SQL Server\150\Tools\Binn\ Edit text...
C:\Program Files\Microsoft SQL Server\Client SDK\ODBC\170\Tools...
C:\Program Files\dotnet\
C\Users\maaik\AppData\Local\Programs\Python\Python311
C:\Program Files\Java\jdk-21\bin

C\Program Files\nodejs\
C\Users\maaik\AppData\Local\Programs\Python\Python311\Scripts

OK ‘ Cancel

= Command Prompt

C:\Users\maaik>java -version
java version "21" 2023-09-19 LTS
Java(TM) SE Runtime Environment (build 21+35-LTS-2513)

Java HotSpot(TM) 64-Bit Server VM (build 21+35-LTS-2513, mixed mode, sharing)

C:\Users\maaik>




g

IntelliJ IDEA

Projects
Customize
Plugins

Learn

Welcome to IntelliJ IDEA

New Project

Get from VCS




New Project
New Project Name: HelloWorld|

Empty Project : -
Location: ~\Documents\Training

Maven Archetype Create Git repository

JavaFX

Language: Java Kotlin Groov

Kotlin Multiplatform
Compose Multiplatform . IntelliJ Maven Gradle
IDE Plugin

Android

Add sample code

Vv Advanced Settings

Groupld: | org.example

Artifactld: = HelloWorld

Cancel




HelloWorld
Java Class

Project Kotlin [File

File
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HelloWorld.java

public class HelloWorld {

public static void main(String[] args) {

System.out.println("Hello world!");

public class HelloWorld {

publi

Q Show Context Actions

> (2 Paste
Copy / Paste Special

Column Selection Mode

Find Usages
Go To

Folding

Analyze

Refactor

Generate...

Run 'HelloWorld.main()' Ctrl+Shift+F10
Debug 'HelloWorld.main()"

(@ Run 'HelloWorld.main()' with Coverage
Modify Run Configuration...

Open In
Local History

[3¢ Compare with Clipboard

"C:\Program Files\Java\jdk-21\bin\java.exe"
Hello world!

Process finished with exit code 0




HelloWorld {

main(String[] args) {
String greeting =

System. .println(greeting)

number =
doubled = doubleNumber (number)
System. .println( + doubled)

doubleNumber( input) A

input *

"main"@1 in gr

main:7,

# Debug = TODO © Problems B Terminal £ 5 s & Build




Chapter 2: Variables and Primitive Data Types

age

25




Chapter 3: Operators and Casting

int x=3;
++X;
System.out.println(x); // 4
System.out.println(x++);// 4
System.out.println(x); // 5
int y=4;
Y--i
System.out.printin(y); // 3
System.out.println(--y);// 2
System.out.println(y); // 2
int X = +6;
int y = -Xx;

System.out.println(x); // ¢
System.out.println(y); // -6

int z = (int)3.45;
System.out.println(z); // 3

boolean b = true;
System.out.printin(!b); // false
System.out.println(b); // true



int a=3, b=2;

int res = 3 + 2 % 4;
System.out.println(res); // 11
res = (3 + 2) % 4;
System.ouvt.println(res); // 20
res = 6 + 4 - 2;
System.ouvt.println(res); // &
res =10 / 4 *x 6 % 10;
System.out.println(res); // 2

int res = a + b;

System.out.println(res); // 5

String s = "abc";

String s1 = a + s; // "3abc”

String s2 = s + a; // "abc3"
System.out.println(sl + " " + s2); // "3abc abc3"

System.out.println("Output is "+ a + b); // "Ovutput is 32"
System.out.println("Output is "+ (a + b)); // "Output is 5"

int
Sys
Sys
Sys
Sys
Sys
Sys

char c
int i
float T
double
float f

X=3, Y=4;
tem.ouvt.println(x == vy); // false
tem.ouvt.println(x != y); // true
tem.ouvt.println(x > y); // false
tem.ouvt.println(x >= y); // false
tem.ouvt.println(x < y); // true
tem.ouvt.println(x <= vy); // true

‘a'; // normal

c; // widening, char to int

i; // widening, int to float

f; // widening, float to double
1L; // widening, long to float

d
2
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// Narrowing

int 1 = GEr)3Es; // narrowing, double to int
byte b = (byte) 233; // narrowing, int to byte
float £ = (Float) 5.5; // narrowing, double to float
System.out.println(i + " " + b + " " +f); // 3 -23 3.5

32 char ¢ = 12;

33 char c2 = 90_000;

34 short s = 12;

35 s$.3.6

36 s = (short) c;

37 C.Z.8i

38 ¢ = (char) s;

39

40 final char cl1 = 12;

41 short sl1 = 12;

42 sl = cl;



Chapter 4: Conditional Statements

P public class Scope {

> public static void main(String[] args) {
int x = 1;
X++;

I

{ // start of block

int y = 2;
Y+
X++,

} // end of block

Kty

y++; // out of scope

if (booleanExpression) statement/block
[ else if (booleanExpression) statement/block ] ...

[ else statement/block ]

int x=5, y=4;

if(x > y)

System.out.println(x + " > "+y);
if(x <y)

System.out.println(x + " < "+y);
if(x == y){

String s = x + " == "+y;

System.out.println(s);



int x=4, y=5;
if(x > y) {

System.out.println(x + " > " + y);
} else if(x < vy) {

System.out.println(x + " < " + y);
} else if(x == y){

System.out.println(x + " == " + y);

I
System.out.println("Here");

int x=4, y=4;
if(x > y) {

System.out.println(x + " > " + y);
} else if(x < vy) {

System.out.println(x + " < " + y);
} else {

System.out.println(x + " == " + y);
}
System.out.println("Here");

final int JAN = 1; final int FEB = 2; final int MAR = 3; // constants
final int APR 4; final int MAY 5; final int JUN = 6;

final int JUL = 7; final int AUG = 8; final int SEP = 9;
final int OCT = 10; final int NOV = 11; final int DEC = 12;
Scanner sc = new Scanner(System.in); // import java.util.Scanner;

System.out.print("Enter month --> ");
int month = sc.nextInt();



int numDays=0;
if(month == JAN || month == MAR || month == MAY || month == JUL
|| month == AUG || month == OCT || month == DEC) {
numDays=31;
} else if (month == APR || month == JUN || month == SEP || month == NOV) {
numDays=30;
} else if (month == FEB) {
System.out.print("Enter year --> ");
int year = sc.nextInt();

if( (year % 400 == 0) || (year % 4 == 0 && !(year % 100 == 0)) ){

numDays = 29; // leap uear e.g. 2000, 2012, 2016
}else{
numDays = 28; // 1900 (divisible by 100)
} else {

System.ouvt.println("Invalid month: "+month);

I3
if(numDays > B){
System.out.println("Number of days is: "+numDays);

switch (expression) {
[case label:
statement (s)
break;] ...
[default:
statement (s)
break; ]

.

.



Scanner sc = new Scanner(System.in);
System.out.print("Enter a sport --> ");
String sport = sc.next();
switch(sport){
case "Soccer":
System.out.println("I play soccer");
break;
case "Rughy":
System.out.println("I play Rugby");
break;
default:// can be moved around
System.ouvt.println("Unknown sport");
break;

Scanner sc = new Scanner(System.in);
System.ouvt.print("Enter a number (1..10) --> ");
int number = sc.nextInt();
final int two = 2; // compile-time constant
switch(number){
case 1:
case 3:
case 5:
case 7:
case 9:
System.out.println({number + " is odd.");
break;
case two:
case 4: case 6: case B: case 10:
System.out.println(number + " is even.");
break;
default:

System.out.println( number + " is outside range (1..10)

break;

-");



//

int numDays=0;
switch(month){
case JAN:case MAR:case MAY:case JUL: case AUG:case O0CT:case DEC:
numbDays=31;
break;
case APR:case JUN:case SEP:case NOV:
numbDays=30;
break;
case FEB:
System.out.print("Enter year --> ");
int year = sc.nextInt();
if( (A) I c B && c)
if( (year % 400 == 0) || (year % 4 == 0 && !(year % 100 == 0)) ){
numDays = 29; // leap year e.g. 2000, 2012, 2016
Felsed
numDays = 28; J// 1900 (divisible by 108)

'1r
J1

F
break;
default:
System.out.println("Invalid month: "+month);
break;

}

if(numDays > 0){
System.out.println("Number of days is: "+numDays);

byte b = 3;
switch(b){
case 127: case -128:
System.ouvt.println("ok");
break;
case 128:
case 12:
case 12:



int nlLetters=0;
String name="Jane";
switch(name){
case "Jane":
case "Sean":
case "Alan":
case "Paul":
nLetters = 4;
break;
case "Janet":
case "Susan":
nLetters = 5;
break;
case "Maaike":
case "Alison":
case "Miriam":
nLetters = 6;
break;
default:
System.out.println("Unrecognized name: "+name);
nLetters = -1;
break;
}
System.out.println(nLetters);

nLetters = switch(name){
case "Jane", "Sean", "Alan", "Paul" -> 4;
case "Janet", "Susan" -> 5;
case "Maaike", "Alison" , "Miriam" -> 6;
default -> {
System.out.println("Unrecognized name: "+name);
yield -1; // 'nLetters' initialized to -1

Fi
System.out.println(nLetters);



System.out.println(switch(name){
case "Jane", "Sean", "Alan", "Paul" -> 4;
case "Janet", "Susan" -> bH;
case "Maaike", "Alison" , "Miriam" -> 6;
default -> "Unrecognized name: "+name;

});

nLetters = switch(name){

case "Jane", "Sean", "Alan", "Paul" -> {
System.out.println("There are 4 letters in: " + name);
yield 4;

I

case "Janet", "Susan" -> A
System.out.println("There are 5 letters in: "+name);
yield 5;

I

case "Maaike", "Alison" , "Miriam" -> {

System.out.println("There are & letters in: "+name);

yield 6;

I

default -> {
System.out.println("Unrecognized name: "+name);
yield -1;

}

};
System.out.println(nLetters);



switch(name){
case "Jane", "Sean", "Alan", "Paul" -> nLetters = 4;
case "Janet", "Susan" -> nlLetters = 5;
case "Maaike", "Alison" , "Miriam" -> nLetters = 6;
default -> {
System.out.println("Unrecognized name: "+name);
nLetters = -1;

}
System.out.println(nLetters);

nLetters = switch(name){
case "Jane":
case "Sean":
case "Alan":
case "Paul":
System.out.println("There are 4 letters in: " + name);
yield 4;
case "Janet":
case "Susan":
System.out.println("There are 5 letters in: "+name);
yield 5;
case "Maaike":
case "Alison":
case "Miriam":
System.out.println("There are 6 letters in: "+name);
yield 6;
default:
System.out.println("Unrecognized name: "+name);
yield -1;
Fi
System.out.println(nLetters);



Chapter 5: Understanding Iteration

while (booleanExprisTrue) {

// do something

}

int x=1;

while (x <= 3){
System.out.println("Loop: "+x); // 1, 2, 3

X++;

hy

System.out.println("Final x value is: "+x); // 4

int sum = 0;
hoolean keepGoing=true;
while(keepGoing){
Scanner sc = new Scanner(System.in);
System.out.println("Enter a number (negative number to exit) --> ");
int n = sc.nextInt();
if(n < 0){
keepGoing = false;
} elseq
sum = sum + n; // sum +=n

F

System.out.println("Sum of numbers is: "+sum);

do {
/[ do something

} while (booleanExprisTrue);



int sum = 0;
boolean keepGoing=true;
do {
Scanner sc = new Scanner(System.in);
System.out.println("Enter a number (negative number to exit) --> ");
int n = sc.nextInt();
if(n < 0){
keepGoing = false;
} else{

sum = sum + n; // sum +=n

¥
} while(keepGoing);
System.out.println("Sum of numbers is: "+sum);

Scanner sc = new Scanner(System.in);
System.out.println("Please enter your age -- > ");
int age = sc.nextInt();
while(age >= 18){
// purchase alcohol...
System.out.println("As you are "+age+" years of age, " +
"you can purchase alcohol.");

System.out.println("Please enter your age -- > ");
age = sc.nextInt();

Scanner sc = new Scanner(System.in);
System.out.println("Please enter your age -- > ");
int age = sc.nextInt();
doq{
// purchase alcohol...
System.out.println("As you are "+age+" years of age, " +
"you can purchase alcohol.");

System.ouvt.println("Please enter your age -- > ");
age = sc.nextInt();
}while (age >= 18);



for (initialization; booleanExpression; incr/decr) {

// do something

// for(init; booleanExpr; incr/decr)
for(int i=1; i<=3; i++)q
System.ouvt.printin(i); // 1,2,3

for(int i=3; i>=1; i--){
System.out.println(i); // 3,2,1

for(int i=1; i<=3; i++);{

System.out.println("Looping"); // only appears once!

for(int i=10; i<=50; i+=108){
System.out.printin(i); // 10, 20, 30, 40, 50

}

System.out.println(i); // i is out of scope

for(int i=0, j=0; i<l && j<1; i++, j++){
System.out.println(i + " " + 3); // 0 0@

int[] ia = {1,2,3};
for(int i=0; i<ia.length; i++){
System.out.printin(ial[il); // 1, 2, 3



for (dataType variableName : array or collection){

// do something

int[] ia = {1,2,3};
for(int n:ia)q{

System.ouvt.println(n); // 1, 2, 3
F

int[] data = {9, 3, 5, 7};

System.ovt.println("[]J\t[n]\tHistogram");
for (int i=0; i<data.length; i++){
System.out.print(i + "\t" + data[i]l + "\t");
for(int j=1; j<=datalil; j++) { // write out datal[i] stars
System.out.print("*"); // print() not printin()

}
System.ouvt.println(); // go onto next line

1 [n] Histogram
Q *kkhkhkkkhkkik
3 *k*k

5 *kkkk

7

WHRARKIRK



System.out.println("i, j");
for (int 1 = 1; i <= 3; i++) {
for (int j = 1; j <= 5; j++) {
if (3 == 3) {
break; // breaks out of inner loop

¥
System.out.println(i + ", " + J);

System.out.println("i, j"); // placed BEFORE label!!
OUTERLOOP:
for (int 1 = 1; 1 <= 3; i++) {
for (int j = 1; j <= 5; j++) {
if (3 == 3) {
break OUTERLOOP;// case sensitive

}
System.out.println(i + ", " + j);

}
System.out.println("here");

System.out.println("i, 3");
for (int i = 1; i <= 3; i++) {
for (int j = 1; j <= 5; j++) {
if (3 == 3) A
continue; // next iteration
I
System.out.println(i + ", " + 3j);



System.out.println("i, j\n===="); // placed BEFORE label!!
OUTERLOOP:
for (int i = 1; 1 <= 3; i++) {
for (int j = 1; j <= 5; j++) {
if (3 == 3) A
continue OUTERLOOP;// continues with OUTERLOOP
I
System.out.println(i + ", " + j);



Chapter 6: Working with Arrays

Index:

0

1

2

31 7 5 1 0
Index 1 2 3
0 2 3 4
1 6 7 8

2 10 11 12




Chapter 7: Methods

P public class Methods {

[ 2 public static void main(String[] args) {
System.out.println("main: before call to simpleExample()");
simpleExample(); // method call
System.out.println("main: after call to simpleExample()");

}
public static void simpleExample(){ // method definition
System.out.println("\tExecuting simpleExample() method...");

Scanner sc = new Scanner(System.in);

System.out.print("Enter a number (1..108) --> ");
int number = sc.nextInt();
if(number < 1 || number > 10){

System.out.println("Invalid number! "+number);

System.out.print("Enter a number (1..10) --> ");
number = sc.nextInt();
if(number < 1 || number > 10){

System.out.println("Invalid number! "+number);

System.out.print("Enter a number (1..10) --> ");
number = sc.nextInt();
if(number < 1 || number > 10){

System.out.println("Invalid number! "+number);



b public class Methods {
3 public static void main(String[] args) {
int number = getNumber();
number = getNumber();
number = getNumber();
b
public static int getNumber(){
Scanner sc = new Scanner(System.in);
System.out.print("Enter a number (1..10) --> ");
int number = sc.nextInt();
if(number < 1 || number > 10){
System.out.println("Invalid numher! "+number);

hy

return number;

[access-modifier] [static] return-type methodName([parameters]) [throws someException] {

// method code

// method definition/declaration
@ public static int performCalc(int x, int y, String operation){ // "parameters”
int result = switch(operation){

case "+" -> X + Y;

case "-" -> X - Y;

case "x" -> X * y;

case "/" -> x [/ ¥y;

case "%" -> X % y;

default -> {
System.out.println("Unrecognized operation: "+operation);
yield -1; // error

F

return result;



public static void main(String[] args) {
int result = performCalc( x 10, y: 2, operation: "+"); // method call; passing down "arguments”
System.out.println(result); // 12
System.out.printin(performcalc( x 10, 1y 2, operation: "-")); // 8
System.out.printin(performCalc( x 10, v 2, operation: "%x")); // 20
System.out.printin(performCalc( x 10, 1y 2, operation: "/")); // 5
performCalc( x 10, y: 2, operation: "%");// return value ignored
System.out.printin(performCalc( x 10, y: 2, operation: "&")); // Unrecognized operation: &, -1
3
public static int performCalc(int x, int y, String operation){ // "parameters"”
int result = switch(operation){
case "+" -> X + vy;
case "-" -> x - vy;
case "¥" -> X % y;
case "/" > x [ vy;
case "%" -> X % y;
default -> {
System.out.println("Unrecognized operation: "+operation);
yield -1; // error

}

return result;

method signature

public static void someMethod(){}

public static void someMethod(int x){}

public static void someMethod(double x){}

public static void someMethod(String x){}

public static void someMethod(double x, int y){}
public static void somelMethod(int x, double y){}

ublic static void someMethod(int a, double b){}
ublic static int someMethod(int x, double b){ return 0;}



public
public
public
public
public
public
public
public

static
static
static
static
static
static
static
static

void someMethod(){}

void someMethod(int x){}

void someMethod(double x){}

void someMethod(String x){}

void someMethod(double x, int y){}

void someMethod(int x, double y){}

void someMethod(int a, double b){}

int someMethod(int x, double h){ return 0;}

public class Methods {
public static void main(String[] args) {

y

int sum = add( x 3, v 4);

System.out.printin(sum); // 7
double addition = add( x 3.0, vy 4.0);
System.ouvt.println(addition); // 7.0

public static int add(int x, int y){

hy

System.out.println("add(int,int)");

return x + vy;

public static double add(double x, double y){
System.out.println("add(double,double)");
return x + vy;



3

I~
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>
| 2

public static void main(String[] args) {

m1Q); // 0
m1( ..args: 1); // 1
ml( ..args: 1, 2); // 3
mi( .args:1, 2, 3); // 6
b
public static void mi(int... args){ // varargs
int sum = 0;
for(int i:args){
sum += ij;
¥
System.out.println(sum);
I

public class Methods {

//
//
//
/!
//
//
//
//

public static void main(String[] args) {
ml();
mLCTAL);
miCA”, "B
m1( n: "A", ..args:"B", "C");
public static void mil(int n, String... args){}

public static void m1(String... args, int n){}
public static void m1(String[] args){} // this is not varargs

public static void m1(String... args){ // varargs
for(int i=0; i<args.length; i++){
System.out.println(args[i]);
3
for(String s:args){
System.out.println(s);



p public class Methods {

> public static void main(String[] args) {
int x = 19; // primitive
int[] arr = {1, 2}; // array
}
The Heap
Stack array object
1|2
—
index: 0 1
Frame for main()
x:19
arr
b public class Methods {
> public static void main(String[] args) {
int x = 19; // primitive

int[] arr = {1, 2}; // array

callByValue(x, arr);

System.out.println(x); // 19, unchanged
System.ouvt.println(arr[@] + ", " + arr[1]); // -1, 2
X = callByValue(x, arr);

System.out.println(x); // -1, changed

I
@ public static int callByValue(int x, int[] arr){
X = -1
arr[0] = -1;
return Xx;
I




The Heap

Stack array object
-———
1 -1 2
1 >
: index: 0 1
Frame for callByValue() 1
1
xi -1 |
aArf = = === L
Frame for main()
x:19

arr




Chapter 8: Classes, Objects, and Enums

class Person{}
> public class PersonExample {

> public static void main(String[] args) {
Person p = new Person();
Iy
Iy
class Person{
Person(){
super();
}

by

» public class PersonExample {

public PersonExample(){

super();
}
| 2 public static void main(String[] args) {
Person p = new Person();
I



>
>

class Persond{
private String name; // instance variable
private int count; // instance variable

Person(String aName) { // constructor
name = aName;
count++;

b

public String getName() { // instance method
return name;

}

public void setName(String aName) { // instance method
name = aName;

}

public int getCount() { // instance method
return count;

}
public class PersonExample {
public static void main(String[] args) {

Person pl = new Person( aMName: "Maaike");
Person p2 = new Person( ahame: "Sean");
System.ovut.println(pl.getName()); // Mooike
System.ovt.println(p2.qgetName()); // Sean
pl.setName("Maaike van Putten");
p2.setName("Sean Kennedy");
System.out.println(pl.getName()); // Mooike van Putten
System.out.println(p2.qgetName()); // Sean Kennedy
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Stack “Maaike” Str_lng “Sean” String
object object
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name count name count
Person object Person object
Frame for main()
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p2




21 »

class Persond
private 5tring name; // instance variable
private static int count; // class variable

Person(String aName) { // constructor
name = aName;
Person.count++;

F

public String getName() { // instance method
return name;

F

public void setName(String aName) { // instance method
name = alName;

F

public static int getCount() { // claoss method

return Person.count;

I

public class PersonExample {
public static void main(String[] args) {
Person pl = new Person( aName: "Maaike");
Person p2 = new Person( aMName: "Sean");
System.ouvt.println(Person.getCount()); // 2
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name
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class Person{

private String name; // instance variable

Person(String aName) { // constructor
/S name = aName;
this.name = aName;
}
public String getName() { // instance method
S/ return name;
return this.name;
b
public void setName(String aName) { // instance method
/S name = alName;
this.name = aName;

}

public class PersonExample {
public static void main(String[] args) {
Person pl = new Person( aMame: "Maaike");

Person p2 = new Person( aMame: "Sean");

System.ovt.println(pl.getName()); // Mooike
System.ovt.println(p2.getName()); // Sean
pl.setName("Maaike van Putten™);

p2.setName("Sean Kennedy");
System.out.println(pl.getName()); // Mooike van Putten
System.ovt.println(p2.getName()); // Sean Hennedy
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Stack “Maaike” m “Saan” m
object object
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_b _’
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Frame for main()
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class Persond{
private String name; // instance variable

Person(String name) { // constructor
name = name; // shadowing/hiding the instance variable
¥
public String getName() { // instance method
return name;
¥
public void setName(String aName) { // instance method
name = aName;

}
[ 4 public class PersonExample {
> public static void main(String[] args) {
Person pl = new Person( name: "Maaike");
System.out.printin(pl.getName()); // null




class Persaond

private String name; // instance variable

Person(String name) { // constructor
this.name = name;

}

public String getName() { // instance method
return name;

}

public void setName(String aName) { // instance method
name = alName;

I

public class PersonExample {
public static void main(String[] args) {
Person pl = new Person( name "Maaike");

System.ovt.println(pl.getName()); // Mooike



> public class PersonExample {
int x; S/ instance variabl

public void m(){} // instance method
e public static void main(String[] args) {
x = 9; e thi =
this.x = 99;
m(); e thi
this.m();

PersonExample pe = new PersonExample();

pe.x=999; // ok
pe.m(); // ok
System.ouvt.println(pe.x); // 999

}

¥
package ch8.farm package ch8.animals
. Dog
Pig

Cat
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package ch8.animals;

public class Dog {
private String dogName;
protected int age;
public Dog(String dogName) { this.dogName = dogName; }
public String getDogName() { return dogName; }
void pkgPrivate(){}

¥
class Cat{ // package private
Cat(){}
public void testDogAccess(){
Dog d = new Dog( dogName: "Rex");
// d.dogName = "Abc"; // dogName is private to Dog
d.age = 2;
d.pkgPrivate(); //ok
¥
¥

package ch8.farm;

import ch8.animals.Dog; // class is public, ok
//import ch8.animals.Cat; // class is pkg-private, error

public class Pig{
void testDog(){
Dog d = new Doq( dogName: "Shep"); // constructor is public
/7 d.pkgPrivate(); // package-private method, error



package ch8;

class Adult{
private String name;
private int age;

Adult(String name, int age) {
this.age = age;
this.name = name;
}
public String getName() { return name; }
public void setName(String name) { this.name = name;
public int getAge() { return age; }
public void setAge(int age) { this.age = age; }
}
public class BasicEncapsulation {
public static void main(String[] args) {
Adult john = new Adult( name: "John", age: 20);
System.out.println(john.getName() + "
+ john.getAge()); // John 20
//john.age = -99; // 'age' 1is private
john.setAge(-99); // uvh-oh!
System.out.println(john.getName() + "
+ john.getAge()); // John -99



package ch8;

class Adult{
private String name;
private int age;

Adult(String name, int age) {
setAge(age);
this.name = name;
F
public String getName() { return name; }
public void setName(String name) { this.name = name; }
public int getAge() { return age; }
public void setAge(int age) {

if(isAgeOk(age)){
this.age = age;
Felsed{

this.age = -1; // error state

F
private boolean isAgeOk(int age){ // private
return age >= 18 ? true :false ; // ternary operator
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class Seniors {
private int[] ages = new int[2];
private int num;

seniors()q{
num = 2;
ages[08] = 38;
ages[1] = 40;
b

public int getNum() { return num;}

public int[] getAges() { // brecks encapsulation

return ages;

F
public class AdvancedEncapsulation {
public static void main(String[] args) {

seniors seniors = new Seniors();
// 1. Returning primitives is okay.
int num = seniors.gethum();
System.out.printin(num); // 2
num = -100;

num = seniors.gethum();

System.ovt.printin(num); // 2, ok, primitives are encapsulated once ‘private’

// 2. Returning references requires care.

int[] copyAges = seniors.getAges(); // ‘copuyAges' and 'ages' refer to the same array object!

System.out.printin(copyAges[0] + ", " + copyAges[11);// 30, 4@

// As we have @ copy of the internal array reference, we can, from HERE
// change the "private" Interngl Seniors array! This breagks encapsulation.

copyAges[o] = -9;
copyAges[1] = -19;
int[] copyAges2 = seniors.getAges();
System.out.println(copyAges2[0] + ",

" + copyAges2[1]);// -9, -19



Seniors object
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import java.util.Arrays;

class Seniors {
private int[] ages = new int[2];

private int num;

seniors(){
num = 2;
ages[0] = 38;
ages[1] = 40;

+

public int gethum() { return num;}

public int[] getAges() { // properly encapsulated
int newArr[] = Arrays.copy0f(ages, newlength: 2);
return newaArr;

}
public class AdvancedEncapsulation {
public static void main(string[] args) {

Seniors seniors = new Seniors();
int[] copyAges = seniors.getAges(); // 'copuldges’ ond 'oges’ refer to 2 different arrays
System.out.println(copyAges[0] + ", " + copyAges[1]);// 30, 40
copyAges[o] = -9;
copyAges[1] = -19;
int[] copyAges2 = seniors.gethAges();
System.out.println(copyAges2[0] + ", " + copyAges2[1]);// 30, 40



The Heap
Seniors object
Stack num| 3 array
2tdCR e 30 | 40 object
/ index 0 1
ages |:|
newArr |:| ............................... > array
> -9 -19 object
index 0 1
Frame for main() “ea
seniors
copyAges 30 40 znl;_r.agt
opjec
copyAges2 » |index O 1
class Tag{}
» public class Cow {
Tag tag;
String country;
> public static void main(String[] args) {
Cow cowl = new Cow();
Cow cow2 = cowl;// reassignment
cow?2.tagAnimal(cowl);
}
@ void tagAnimal(Cow cow){

tag = new Tag();
cow.setCountry("France");

}

void setCountry(String country){

this.country = country;




The Heap

Stack . ,
- String object
. “France”
[lines 15,17]
Frame for
setCountry()
country [line 18] Tag object
Frame for Cow object
tagAnimal() (lines 11,13] 1
cow > country |:|
Frame for main() . [line 14]
line 10
cow2 [ ] b tag |:|/
cowl -
[line 9]
The Heap
Stack . ,
— String object
“France”
(line 18] Tag object
Frame for Cow object
tagAnimal() [lines 11,13] !
cow > country |:|
Frame for main() . [line 14]
line 10
cow?2 [ ] b tag D/
cowl

[line 9]




The Heap
Stack ) .
String object
“France”
fline 18] Tag object
Cow object
i
country |:|
Frame for main() ) [line 14]
line 10
cow? [ | . g |:|/
cowl >
[line 9]
class Dogi}
class Cat{}
| 4 public class InstanceOfExample o
> public static void main(String[] args) {
Dog dog = new Dog();
Cat cat = new Cat();
if(dog instanceof Dog){ // true
System.out.println("dog referring to a Dog object");
}
if(cat instanceof Cat){ // true
System.out.println("cat referring to a Cat object");
I
// if(cat instanceof Dog){ // Cat and Dog are completely separate classes
/7 System.out.println("cat referring to a Dog object");
/7 }



enum Water {

}

STILL, SPARKLING;

public class SimpleEnums {

//
/!

!/
!/

/7

public static void main(String[] args) {
Water stillWater = new Woter();// compiler error
Water stillWater = Woater.EXTRA_SPARKLING; // type safety

Water stillWater = Water.STILL;
System.ovt.println(stillWater == Water.STILL); // true
System.ovt.println(stillWater.equals (Water.STILL)); // true
switch(stillWater){
case STILL:
System.ouvt.println("Still water");
break;
case Woter.STILL: // unqualified enum value required
case B: // cannot use an int

if(Water.STILL == 8){}// Water == int
Water sparklingWater = Water.valueOf( name: "SPARKLING");
System.ovt.println(sparklingWater);// SPARKLING

for(Water water: Water.values()){
// 0rdinal value of: @ is STILL
// 0rdinol value of: 1 is SPARKLING
System.out.println("0Ordinal value of: "+ water.ordinal() + " is "+ water.name());
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enum WorkDay {
// values must be first
MONDAY( hoursofwork: "9-5"),// constructor calls
TUESDAY( hoursofwork: "9-5"),
WEDNESDAY( hoursOfwork: "9-5"),
THURSDAY( hoursofwork: "9-5"),
FRIDAY( hoursofwork: "9-5"),
SATURDAY( hoursofwork: "10-1"){
// constant specific class body
public String getWorkLocation(){ return "Home";}
}Y;// ; required ot end

private String hoursOfWork;

WorkDay(String hoursOfWork) {// constructor is 'privaote’
this.hoursOfllork = hoursOfWork;

}

public String getHoursOfWork() {
return hoursOfllork;

}

public String getWorkLocation() {
return "0ffice";

}
public class ComplexEnums {
public static void main(String[] args) {
WorkDay monday = WorkDay.MONDAY;
System.ovt.println(monday.getHoursOfWork()+", " // 9-5,
+monday.getWorkLocation()); // Office
System.out.println(WorkDay.SATURDAY.getHoursOfWork() + ", "
+WorkDay.SATURDAY .getWorkLocation());

/S 10-1
// Home



public final class Person {
private final String name;
private final Integer age;

public Person(String name, Integer age) {
this.name = name;
this.age = age;

}

public String name() {
return name;

}

public Integer age() {
return age;

}

@0verride

public boolean equals(Object obj) {
if (obj == this) return true;

if (obj == null || obj.getClass() !'= this.getClass()) return false;

var that = (Person) obj;
return Objects.equals(this.name, that.name) &&
Objects.equals(this.age, that.age);
}
@0verride
public int hashCode() {
return Objects.hash(name, age);
}
@0verride
public String toString() {
return "Person[" +
"name=" + name + ", " +
"age=" + age + ']';

public record Person(String name, Integer

age) { }
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public record Person(String name, Integer age) {
// compact canonical constructor
// public Person(String name, Integer age) A

// if(age < 18){

// this.name = "Error"; this.age = -1;
// ¥

// this.name = name;

1/ this.age = age;

// ¥

// compact constructor
public Person A
if(age < 18){
name = "Error"; age = -1;

}
class PersonTest{
public static void main(String[] args) {
Person pl = new Person( name: "Joe Bloggs", age: 20);
System.out.println(pl); // Person[name=Joe Bloggs, age=20]
System.out.printin(pl.name()); // Joe Bloggs
System.out.printin(pl.age()); // 20



Chapter 9: Inheritance and Polymorphism
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package ch@9;

// class Vehicle extends Object
class Vehicleq
public String toString(){
return "Vehicle::toString()";

F

class Car extends Vehicleq{}
class Boat extends Vehicle{}
class Saloon extends Car {}
class Convertible extends Car {}

public class TestVehicle {
public static void main(String[] args) {
Vehicle vehicle = new Vehicle();
System.out.println(vehicle.toString()); // Vehicle::
Car car = new Car();
// next line invokes car.toString()

System.out.println(car); // Vehicle::
Saloon saloon = new Saloon();
System.out.println(saloon); // Vehicle::

System.out.println(new TestVehicle().toString());//

toString()

toString()

toString()

ch9.TestVehicle@378bf509
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+moved :woid




class Vehicled{
public void move(){ System.ouvt.println("Vehicle::move"); }
}
class Car extends Vehicleq
@0verride public void move(){ System.out.println("Car::move()"); }
public void wheels(){ System.out.println("Car::wheels()"); }
}
class Boat extends Vehicleq
@0verride public void move(){ System.out.println("Boat::move()"); }
public void floats(){ System.out.println("Boat::floats()"); }
}
class Saloon extends Car {
@0verride public void move(){ System.out.println("Saloon::move()"); }
}

class Convertible extends Car {}

public class TestVehicle {
public static void main(String[] args) {
Vehicle v = new Car();

v.move(); // Car::move()
v = new Boat();
v.move(); // Boat::move()

// v.floats(); // compiler error
= new Saloon();

|=

=

.move(); // Saleon::move()
= new Convertible();
.move(); // Car::move()

|=

=

Saloon s = (Saloon)new Vehicle(); // ClassCastException



8| class Vehicled

@ public void move(){ System.out.println("Vehicle::move"); }
}
@] class Car extends Vehicle{
ol ®| @0verride public void move(){ System.out.println("Car::move()"); }
public void wheels(){ System.out.println("Car::wheels()"); }
}
class Boat extends Vehicle{
of @0verride public void move(){ System.out.println("Boat::move()"); }
public void floats(){ System.out.println("Boat::floats()"); }
}
class Saloon extends Car {
& @0verride public void move(){ System.out.println("Saloon::move()"); }
¥

class Convertible extends Car {}

| 2 public class TestVehicle {

@ public static void doAction(Vehicle v){
v.move();
3
> public static void main(String[] args) {
Vehicle v = new Car();
doAction(v); // Car::move()
doAction(new Boat()); // Boat::move()
doAction(new Saloon()); // Saleon::move()

doAction(new Convertible());// Car::move()
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class Vehicleq{

double cost = 100.0; // instance data

static int age = 1; // class data

public void move(){ // instance method
System.out.println("Vehicle::move()");

}

public static void sm() { // class method

System.out.println("Vehicle::sm()");

class Car extends Vehicleq

double cost = 20_000.0; // hiding
static int age = 2; // hiding

@0verride public void move(){ // overriding
System.out.println("Car::move()");

}

public static void sm() { // hiding
System.out.println("Car::sm()");

}

public class TestVehicle {

public static void main(String[] args) {
Vehicle v = new Car();
System.out.println(v.cost); // 100.0
System.out.println(v.age); // 1
v.sm(); // Vehicle::sm()
v.move(); // Car::move()
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class Animald{
public void eat(){}
}
class Cow extends Animal{
public void eat(){} // overriding, same signature
public void eat(String s){} // overloaded, different signature!
}
public class OverloadTest {
public void calc(int x, double y){} // calc(int, double)

public void calc(){} // cale()
public void calc(int x){} // calc(int)
public void calc(double y){} // calc(double)

public void calc(double vy, int x){} // calc(double, int)

!/ public veid calc(int a, double b){} // calc(int, double)
// public int calc(int a, double b){ return 1; } // calec(int, double)

public static void main(String[] args) {
Animal aa = new Animal();
aa.eat();

/7 aga.eat("Grass"); // compiler error

Animal ac = new Cow();
ac.eat();

/7 agc.eat("Grass"); // compiler error

Cow cc = new Cow();
cc.eat(); // inherited

cc.eat( = "Grass");
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import java.io.IOException;

class Dog{

}

public void walk(){System.ovt.println("Dog::walk()");};
public Dog run() { return new Dog(); }

class Terrier extends Dog{

//
/7
/!

//
/7

public String walk(){ return "Walk the Dog";} // return type should be void
private void walk(); // access rights cannot be weaker
public void walk() throws IOException {} // cannot throw new checked exceptions
public void walk(int metres){} // an overload, not an override
@0verride public void walk(){System.out.println("Terrier::walk()");};

@0verride public Dog run() {return new Dog();} /7 ok
@0verride public Terrier run() {return new Terrier();} // ok
@0verride public Dog run() {return new Terrier();} // ok

public class OverridingTest {

public static void main(String[] args) {
Dog dt = new Terrier();
dt.walk(); // Terrier::walk()
Dog d = dt.run();
if(d instanceof Terrier){
System.out.println("Terrier object!"); // Terrier object!
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class Employee {
private int empld;
private 5tring name;

Employee(int empId, 5tring name) {
this.empId = empId;
this.name = name;
F
@0verride public String toString() { return "ID:

= m om

+ empld + +
I

class Manager extends Employee {// o Manoger "IS-4" Employee

private 5tring deptName; // o Honoger "HAS-A" deportment

Manager(int empId, String name, String deptName) {
super(empId, neme); // coll porent constructor
this.deptName = deptName;

I

@verride

public String toString() {

// coll the porent toString()

return super.toString() + " Department: ™ + deptName + ", ";

I
class Director extends Manager {

private double budget;

Director(int empId, String name, String department, double budget) {
super(empId, name, department);
this.budget = budget;

F

=

"Name :

+ Name +

m om,
r

@0verride public String toString() { return super.toString() + * Budget: " + budget; }

I
public class EmployeeTest {
public static void maein(Stringl[] args) {
Employee emplDir = new Director( empd 754, name “Joe Blogas™,

System.ovt.println(emplDir); // ID: 754, Nome: Joe Bloggs, Department: Morketing, Budget: 16660.0

department

"Harketing™,

.

wudget  10_000.00) ;

-
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+ Book

che pkoB

~FictionBook

P\

#read) : void

T

~MonFictionBook

~ Magnifier

+daT hingsd © void

~magnify () void

+ooThingsd - void

~ Reader

I

+oloThinosd wvoid

~SpaceFictionBoak

+oloThinosd void

package ch9.pkdgA;

public class Book {

protected void read(){}

}

class NonFictionBook extends Book{

public void doThings(){

}

class Magnifier{
void magnify(){
Book b

b.read(); // same package; no problem

read(); // same package;

new Book();




(=]

[+7]

[4a] L

=

(=]

package ch?.pkgB;
import ch?.pkgh.Book;

class FictionBook extends Bookd{
public woid doThimgs(){
read(]); S different pockoge, vio inheritonce; no problem
this.read();// different pockoge, vio iInheritonce; no problem
FictionBook fb = new FictionBook(); // defoult ctor creoted for us
fb.read(); // no problem

Sf Here, I creote on instonce of the suvpercloss thot hos the protected
£ member. Note thot even though FictionBook hos occess vio inheritonce
Sf to read(), FictionBook must occess it properly.

Book b = new Book();

b'ﬂEEE{): S/ not public!

y
class SpaceFictionBook extends FictionBookd{
public wvoid doThings(){
read(]); S different pockoge, vio inheritonce; no problem
new Buuk[].EEEE[];
new FictionBook().read();

new SpaceFictionBook().read();// ok

y
class Readerd
public void doThings(){
Book b = new Book();

b.read();

Sf caon I occess the protected member vio the svbecloss thot inherits it?
FictionBook fb = new FictionBook():
fb.read();



abstract class Pencil{
abstract void write(); // no {}
}

abstract class WaterColorPencil extends Pencil{}
class GraphitePencil extends Pencil{
@0verride
void write(){
System.out.println("GraphitePencil: :write()");

public class PencilsExampleq{
public static void main(String[] args) {

Pencil pp = new Pencil(); // cannot "new" a Pencil (abstract)
Pencil pdp = new GraphitePencil();

pdp.write(); // GraphitePencil::write()



00 =31 o~ I~ (M

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

final class Earth{}
// cannot extend a 'final' class
class SubEarth extends Earth{}

class Pend
final void write(){}
// 'final' and 'abstract' not allowed together
// as they have opposite meanings
// final abstract scribble();
}
class FountainPen extends Pend
// cannot override a 'final' method
@verride void write(){}

}
public class DemoOfFinal A
final int ONE_YEAR = 1;
void print(final String name, final int age){
// primitives
age = age + ONE_YEAR;
// references - ok to access the object
System.out.println(name.toUpperCase());
// references - cannot modify the reference
name = "Alexander";

ONE_YEAR = 2; // cannot change a constant
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public sealed class Vehicle permits Car{ } // scoping hierarchy

sealed class Car extends Vehicle permits Saloon {}

//sealed class Truck extends Vehicle {} // compiler error

non-sealed class Saloon extends Car{} // opening up hierarchy again
class Volvo extends Saloon{}

class Ford extends Saloon{}

//class Convertible extends Car{} // compiler error

class Parent{
// instance initialization block
{ System.out.println("6&. Parent instance init block 1"); }
// static initialization block
static {System.out.println("2. Parent static init block 1");}
Parent() { System.out.println("8. Parent constructor"); }
{ System.out.println("7. Parent instance init block 2"); }
static {System.out.println("3. Parent static init block 2");}
}
class Child extends Parent{
{ System.ouvt.println("9. Child instance init block 1"); }
static {System.out.println("4. Child static init block 1");}
Child() { System.out.println("11. Child constructor"); }
{ System.out.println("10. Child instance init block 2"); }
static {System.out.println("5. Child static init block 2\n");}
}
public class InitializationBlocks {
static {System.out.println("1l. InitializationBlocks static init block");}
{ System.out.println("InitializationBlocks instance init block"); }
public static void main(String[] args) {
System.out.println("---> Creating first Child object...");
new Child();
System.out.println("\n--->Creating second Child object...");
new Child();



1. InitializationBlocks static init block

--->Creating first Child object...

2. Parent static init block 1
3. Parent static init block 2
4. Child static init block 1

5. Child static init block 2

6. Parent instance init block 1
7. Parent instance init block 2
8. Parent constructor

9. Child instance init block 1
10.Child instance 1init block 2
11.Child constructor

--->Creating second Child object...

6. Parent 1nstance 1init block 1
7. Parent 1nstance 1init block 2
8. Parent constructor
9. Child instance init block 1
10.Child instance init block 2
11.Child constructor



class Machine {
void on(){ System.out.println("Machine::on()"); }
F
class Tractor extends Machine {
@0verride void on(){ System.ouvt.println("Tractor::on()"); }
void drive() { System.out.printin("Tractor::drive()"); }
I
public class UpcastingAndDowncasting {
public static void doAction(Machine machine){
machine.on();
b
public static void main(String[] args) {
Machine mt = new Tractor(); // upcasting
doAction(mt); // polymorphism, Tractor::on()
doAction(new Tractor()); // polymorphism, Tractor::on()



class Machine {
void on(){ System.out.println("Machine::on()"); }
}
class Tractor extends Machine {
@verride void on(){ System.out.println("Tractor::on()"); }
void drive() { System.out.printiln("Tractor::drive()"); }
}
public class UpcastingAndDowncasting {
public static void doAction(Machine machine){

// machine.on();

// Let us try and call the Tractor-specific method 'drive()'
// machine.drive(); // compiler error
// ((Tractor)machine).drive(); // possible ClassCastException
if(machine instanceof Tractor t){
t.drive(); // saofe

}

public static void main(String[] args) {
doAction(new Machine()); // outputs nothing
doAction(new Tractor()); // Tractor::drive()



class Machine {
void on(){ System.out.println("Machine::on()"); }
}
class Tractor extends Machine {
@verride void on(){ System.out.println("Tractor::on()"); }
void drive() { System.out.printiln("Tractor::drive()"); }
}
public class UpcastingAndDowncasting {
public static void doAction(Machine machine){

// machine.on();

// Let us try and call the Tractor-specific method 'drive()'
// machine.drive(); // compiler error
// ((Tractor)machine).drive(); // possible ClassCastException
if(machine instanceof Tractor t){
t.drive(); // saofe

}

public static void main(String[] args) {
doAction(new Machine()); // outputs nothing
doAction(new Tractor()); // Tractor::drive()



Chapter 10: Interfaces and Abstract Classes

3 interface 114
4 public abstract void ml1();
5 void m2(); // public abstract by default
6 private void m3(){};
7 // protected void m4(); // compiler error
8 I
9 interface I2{
10 public static final int VALUEI1=1;
11 int VALUE2=2; // public static final as well
12 s
5 @ interface Moveable{
4 String HOW="walk";// constant - public static final
5 @) void move(); // public abstract by default
6 }
7 b public class Dog implements Moveableq{
8 // MUST be public - cannot assign weaker privileges
9 // void move(){}
10 @0verride
11 et public void move(){// MUST be public
12 System.ouvt.println("Dog: :move()");
L3 }
14 P public static void main(String[] args) {
15 // HOW = "walk"; // cannot change a final variable
16 System.out.println(Moveable.HOW);// walk
17 System.out.println(HOW); // walk
18 // cannot refer to an instance member from a static context
19 // move();
20 new Dog().move(); // Dog::move()
21 h



(8] I~ (&) (%)

0 0 1 o

10
11
12
13
14

16
17
18
19
20

o
o

2e 228

interface MoveableObject{} // tagging interface

interface Sphericalq
void doSphericalThings();

I

interface Bounceable extends MoveableObject, Spherical{
void bounce();

F

// Concrete class Volleyball must implement all abstract

// methods in Bounceable

class Volleyball implements Bounceable{
@0verride public void doSphericalThings(){}
@0verride public void bounce(){}

I

// Abstract class Beachball is ok - can implement

// some, all or none of the abstract methods in Bounceable

abstract class Beachball implements Bounceable{}

public class InterfaceInheritance {

h



package chl0.defaultMethods;

interface Moveable{

// default void m(); // missing implementation body
default void move () { System.out.println("Moving"); }

¥

class Cheetah implements Moveable{
@0verride
public void move () { System.out.println("Moving very fast!"); }

¥
class Elephant implements Moveable{}

public class TestAnimal {
public static void main(String[] args) {

// cannot new an interface type
//Moveable ml = new Moveable();
Moveable cheetah = new Cheetah();
cheetah.move();// Moving very fast!
Moveable elephant = new Elephant();
elephant.move();// Moving

package chl0.staticMethods;

interface I{
// static void m@(); // missing {}
static int m1(){return 3;}
I
public class TestStaticMethods implements I{
public static void main(String[] args) {
// System.out.println(m1()); // fails to compile
System.out.printtn(I.m10)); // 3



interface A{
default void foo(){System.out.println("A::foo");}
F
interface B{
default void foo(){System.out.println("B::foo\n");}
F
public class TestMultipleInheritance implements A, B{
@0verride
public void foo()<{
System.out.println("TestMultipleInheritance::foo");
A.super.foo(); // A::foo
// A.foo(); // does not compile (foo() assumed 'static')
B.super.foo(); // B::foo

}
public static void main(String[] args) {
// A.super.foo(); // fails to compile
new TestMultipleInheritance().foo();
}



package chl0.privatemethods;

interface InefficientTennis{

// Lots of code duplication here.

static void forehand(){
System.out.println("Move into
System.out.println("Hitting a
System.out.println("Move back

,

default void backhand(){
System.out.println("Move into
System.out.println("Hitting a
System.out.println("Move back

}

default void smash(){
System.out.println("Move into
System.out.println("Hitting a
System.out.println("Move back

position");
forehand");

into ready position");

position");
backhand");
into ready position");

position");
smash");
into ready position");



22 ® interface EfficientTennis{

"]

(&

e // encapsulated within the interface

]
I~

private static void hit(String stroke){

System.out.println("Move into position");

[p%]
()]

]
o~

System.out.println("Hitting a "+stroke);

%]
~J

System.out.println("Move back into ready position");

28 }

29 default void backhand(){ hit( stroke: "backhand"); }

30 static void forehand(){

31 // smash();// static to instance not allowed!

32 hit( stroke: "forehand");

33 I

34 private void smash(){ hit( stroke: "smash"); }

35 // void volley(){ hit("volley"); } // abstract by default
36 }

38 // No abstract methods to implement.

29 P public class SportTest implements EfficientTennis{

40 P public static void main(String[] args) {

41 new SportTest().backhand(); // default method

42 EfficientTennis.forehand(); // static method

43 // new SportTest().hit("Serve"); // private method
44 +

[
L=
-



ch10.sealedinterfaces

==irterface==
~Driveable |F-—--

Qnly Wehicle types allowed.

A,

|
==realize== |
|
1

+Yehicle

Only Car subtypes allowed.

1

~car

~ Saloon

Cnly Saloon subtypes allowed.

Qpen

up the hierarchy from here.

~ Ford

~Waolvo

~Tahle

~ Chair ~ iR o
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package chl0.sealedinterfaces;

sealed interface Driveable permits Vehicled{ } // scoping interface hierarchy
public sealed class Vehicle implements Driveable permits Car{ }

sealed class Car extends Vehicle permits Saloon {}

non-sealed class Saloon extends Card{} // opening up hierarchy again
class Volvo extends Saloon{}

class Ford extends Saloon{}

class Window extends Vehicle{} // Vehicle permits Car only
class Chair extends Car{} // Car permits Saloon only



Chapter 11: Dealing with Exceptions

Object

Throwable

Exception (checked) Error

| \ |

. . R Many errors, e.g.
Many exceptions, e.g. RuntimeException StackOverflowError
|0Exception and (unchecked and
SQLException exceptions) OutOfMemoryError

)

Many exceptions, e.g.
NullPointerException and
lllegalArgumentException

HelloWorld JavaBook

target

input.txt

pom.xXmi

External Librari







Chapter 12: Java Core API

public static void usingKeyboard(){
Scanner sc = new Scanner(System.in);
System.out.print("Enter age: ");
if(sc.hasNextInt()){ // integer ready to be read
int age = sc.nextInt();
System.out.println(age);

}
// closes the underlying stream (System.in) which cannot be re-opened
// sc.close();
// Scanner scl = new Scanner(System.in);
// System.out.print("Enter another age: ");
// int age = scl.nextInt(); // NoSuchElementException
// System.out.println(age);

public static void usingKeyboardExtra(){
Scanner sc = new Scanner(System.in);
System.out.print("Enter name: "); // Type in Sean Kennedy
System.out.println(sc.next()); // Sean

public static void usingKeyboardExtra(){
Scanner sc = new Scanner(System.in);
System.out.print("Enter name: ");
System.out.println(sc.nextLine()); // Sean Kennedy



public static void usingFile(){
// Relative path built from "current working directory”, which is
// obtained from user.dir setting -> System.getProperty("user.dir")
// Mine was: C:\Users\skennedy\IdeaProjects\JavaFromBeginnerToProfessional
try (Scanner sc = new Scannenr(
new File( pathname: "out\\production\\" +
"JavaFromBeginnerToProfessionall\\ch12\\ages.txt"))) {
if(sc.hasNextInt()){
int age = sc.nextInt();
System.out.println(age);

}
} catch (FileNotFoundException fnfe) {
fnfe.printStackTrace();

public static void usingString(){
String input = "Maaike delim vandelim Putten delim 22";
Scanner sc = new Scanner(input).useDelimiter( pattern: "\\s*delim\\s*");
System.out.println(sc.next());
System.out.println(sc.next());
System.out.println(sc.next());
System.out.println(sc.nextInt());
sc.close();

b public class StringTest {

» public static void main(String[] args) {
String s1 = "abc"; // string pool
String s2 = "abc"; // string pool
System.out.println(sl == s2); // true

String s3 = new String( original: "abc"); // heap

System.out.println(sl == s3); // false
System.out.println(sl.equals(s2)); // true
System.out.println(sl.equals(s3)); // true

s3 = s3.intern();

System.out.println(sl == s3); // true



The Heap
String Pool
Stack line 8 String object String object
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line 12

public static void howManyObjectsString(){
String s = "The ";
s += "guick "; // s = s + "quick "
System.ouvt.println(s); // The quick
s.concat( str: "brown fox");// lost!
System.out.println(s); // The quick
s = s.concat( st "brown fox");
System.ouvt.println(s); // The quick brown fox




The Heap
String Pool
- String object
Stack ! “The quick” line 18 String object
[ [ r=p I ”
1 | The
i line 19 i
1
1 1
| ! String object
Frame for main() i i “quick ”
1
_____ N
[s T k
. . i j
line 23 String object _g_|_ftr|n ob ec:
> “The quick brown fox” brown fox
line 21 ) Stri.ng object )
The quick brown fox

public static void howManyObjectsSB(){
StringBuilder sb = new StringBuilder("The ");
sh.append("quick ");
System.out.println(sb); // The quick
sh.append("brown fox");
System.out.println(sb); // The quick brown fox




The Heap

String Pool

StringBuilder object String obiject

H-I-h e n

w
—~
I
o
~

i H “"

“The quick brown fox”

String object
Frame for main(})

“quick ”
=]

line 53

String object
“brown fox”

public class StringVersusStringBuilder {

@ public static void whatHappens(String s, StringBuilder sb){
s = s.concat( st " there!");

sb.append(" there!");

System.ouvt.println("whatHappens: "+s); // Hi there!
System.out.println("whatHappens: "+sb); // Hi there!

h
public static void main(String[] args) {
String s = "Hi";
StringBuilder sb = new StringBuilder("Hi");
whatHappens(s, sb);
System.ouvt.println("main: "+s); // Hi
System.out.println("main: "+sh); // Hi there!
}




Stack

Frame for whatHappens()

line 6

The Heap

String object

“Hi there!”

o String object
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StringBuilder object
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Frame for main() .
line 11
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import java.util.ArraylList;

import java.util.List;

final class Farm { // cannot subclass this class and all methods are final

/!

//

// private final instance variables

private final String name; // String is immutable
private final int numAnimals;

private final List<String> animals;// mutable

// private constructor
private Farm(final String name, final int numAnimals, final List<String> animals){

this.name = name;
this.numAnimals = numAnimals;

this.animals = new Arraylist<String>(animals); // create a new ArraylList
this.animals = animals; // breaking encapsulation!

}

// faoctory method to create a Farm

public static Farm createNewInstance(String name, int numAnimals,

List<String> animals){

return new Farm(name, numAnimals, animals);

}

// no 'set' methods, only 'get' methods

public String getName() { return name; }

public int getNumAnimals() { return numAnimals; }

public List<String> getAnimals(){

return new ArraylList<String>(animals); // return a new object

return animals; // breoking encapsulation!

}

@verride

public String toString() {
return "Farm{" + "name=" + name + ", numAnimals=" +

numAnimals + ", animals=" + animals + '}';



> public class TestImmutable {

> public static void main(String[] args) {
List<String> animals =
animals.add("Cattle");

new ArraylList<>();

Farm farm = Farm.createNewInstance( name "Small Farm",

numAnimals: 25, animals),‘

System.out.printin("Created: "+farm); // Crected: Farm{name=Small Farm, numAnimals=25, animals=[Cattle]}

the instance

// Get
String name =

variables
farm.getName() ;
int numAnimals = farm.gethumanimals();
animals = farm.getAnimals();
System.out.println("Retrieved: "+name+" "

+" "+numAnimals+ " “+animals); // Retrieved:

// change what I got

name = "Big Farm";// St

numAnimals = 500; // simple primitive i.e.

animals.add("Sheep");animals.add("Horses"); // safe or

// Any change?: Farm{name=Small Farm, numAnimals=25, animols=[Cattle

System.out.printin("Any change?: "+farm);

small Farm 25 [Cattle]

back - any affect on the "farm" immutable object?

value is just copied back

Unsaofe
unsafe ?

f

rings ore immutable so new objects are created in the background => 0K

Sheep, Horses]}

I3
i3
The Heap
Farm object
Stack - -
name numAnimals animals
O 25 O
\
/ String object
“Small Farm” J
main() / L+~ -~V 4
faim .-~ String object ArrayList object
name Z - » :-_lt _____ 2 ’_ [y 2 i ”
numAnimals " | “Big Farm” :__(_:Elt_tl_e__ Sheep Horses
25 500 T
animals




// private constructor

private Farm(final String name, final int numAnimals, final List<String> animals){

this.name = name;
this.numAnimals = numAnimals;
this.animals = new ArraylList<String>(animals); // create o new ArraylList
// this.animals = animals; // breaking encapsulation!
}
// factory method to create a Farm
@ public static Farm createNewInstance(String name, int numAnimals,
List<String> animals){
return new Farm(name, numAnimals, animals);
}

// no 'set' methods, only 'get' methods

public String getName() { return name; }

public int getNumAnimals() { return numAnimals; }
@ public List<String> getAnimals(){

+
L

return new ArraylList<String>(animals); // return a new objec

// return animals; // breaking encapsulation!
}
The Heap
Farm object
Stack -
animals
O
N\,
//' Arraylist object
getAnimals() Arraylist object “Cattle” Farm()
R
| “Cattle” | “Sheep” | “Horses”
main() ///, ///,,/’ —————————
farm
,/
Arraylist object
animals _ _ main()
Tr1---» “Cattle”




public static void listProperties() {
List<String> 1list = new ArraylList<>();
list.add("J");
list.add("A");
list.add("V");
list.add("A");
// insertion order maintained, duplicates allowed
System.out.printin(list); // [J, A, V, A]
list.add( index: 1, element: "0");
1list.add( index: 3, element: "0");
// precise control of where elements are inserted
System.ovt.printin(list); // [J, 0, A, 0, V, A]

List<String> 1ist = new ArraylList<>();

list.add("Joe"); list.add("Mary"); list.add("Joe");
System.out.println(list.contains("Mary")); // true
System.out.println(list.get(0)); // Joe
System.out.println(list.index0f(2)); // -1, no such Object
System.out.println(list.index0f("Joe")); // 8, first occurrence
System.ouvt.println(list.remove( o: "Joe")); // true, first occurrence

System.out.println(list); // [Mary, Joe]
list.remove( index: 8);
System.out.println(list); // [Joe]

list.set(0, "Paul");
System.out.println(list); // [Paul]



LocalDate nowDate = LocalDate.now(); // get current date from system clock
LocalTime nowTime = LocalTime.now();

LocalDateTime nowDateTime2 = LocalDateTime.now(); // one way

LocalDateTime nowDateTime = LocalDateTime.of(nowDate, nowTime);// another way
System.ovt.println(nowDateTime);// 2023-07-09T13:28:00.3229075600

// Setting St. Patricks Day, 2025

LocalDate 1dl = LocalDate.of( year: 2025, month: 3, dayOfMonth: 17);// one way
LocalDate 1d2 = LocalDate.parse( text: "2025-03-17");// another way
System.out.println(ld2.getDay0fWeek());// MONDAY

LocalDate 1d3 = 1d2.withMonth(5);

System.ouvt.println(ld3);// 2025-05-17

LocalDate 1d4 = 1d3.plusYears( yearsToAdd: 1);
System.ouvt.println(ld4);// 2026-05-17

LocalDate 1d5 = 1ld4.minusDays( daysToSubtract: 5);
System.out.println(ld5);// 2026-05-12

LocalDateTime 1dtl = 1d5.atTime( hour: 13, minute: 45, second: 10);
System.ouvt.println(ldtl);// 2026-05-12T13:45:10

LocalDateTime flightDepTime = LocalDateTime.of( year: 2023,

Month.NOVEMBER,

dayOfMonth: 24,

hour: 13,

minute: 00) ;
ZonedDateTime flightDepTimeZ = flightDepTime.atZone(Zoneld.of( zoneld: "Europe/Dublin"));
System.ouvt.printin(flightDepTimeZ);// 2023-11-24T13:00Z[Evurope/Dublin]

ZonedDateTime arrivalTimeZ =
flightDepTimeZ.withZoneSameInstant(ZoneId.of( zoneld: "Europe/Paris"))
.plusHours(1)
.plusMinutes(45);

System.out.println(arrivalTimez); // 2023-11-24T15:45+01:00[Furope/Paris]
System.ouvt.println(arrivalTimeZ.getHour()+":"+arrivalTimeZ.getMinute()); // 15:45



// Period
LocalDate startDate = LocalDate.of( year: 1861, month: 4, dayOfMonth: 12);

LocalDate endDate = LocalDate.of( year: 1865, month: 4, dayOfMonth: 9);
Period howLongP = Period.between(startDate, endDate);
System.out.println(howLongP); // P3Y11M28D, weeks not represented

System.out.println(howlLongP.getYears()); // 3
System.out.printlnChowLongP.getMonths());// 11
System.out.printlnChowLongP.getDays()); // 28

// Duration

LocalTime 1t1 = LocalTime.of( hour: 12, minute: @, second: 20);
LocalTime 1t2 = LocalTime.of( hour: 14, minute: 45, second: 40);
Duration howLongD2 = Duration.between(ltl, 1t2);
System.out.printlnChowLongD2);// PT2H45M20S

LocalDate date = LocalDate.now();

DateTimeFormatter isoDate = DateTimeFormatter.ISO_DATE;

System.out.println(date.format(isoDate)); // 2023-07-10

DateTimeFormatter fullDateStyle =
DateTimeFormatter.oflocalizedDate(FormatStyle.FULL);

System.out.println(date.format(fullDateStyle)); // Monday 10 July 2023

LocalTime time = LocalTime.now();

DateTimeFormatter isoTime = DateTimeFormatter.ISO_TINME;

System.out.println(time.format(isoTime)); // 15:47:13.3961956

DateTimeFormatter shortTimeStyle =
DateTimeFormatter.ofLocalizedTime(FormatStyle.SHORT);

System.out.println(time.format(shortTimeStyle)); // 15:47



ZonedDateTime zdt = ZonedDateTime.now();

System.out.println(zdt); // 2023-07-11T09:05:50.792542600+01:00[Europe/Dublin]
DateTimeFormatter dateFormatter = DateTimeFormatter.ofPattern("yy-MMM-dd E D");
System.out.println(zdt.format(dateFormatter));// 25-Jul-11 Tue 192

DateTimeFormatter timeFormatterl = DateTimeFormatter.ofPattern("hh:mm:ss a z G");
System.out.println(zdt.format(timeFormatterl));// 09:05:50 a.m. IST AD

// how to insert text
DateTimeFormatter dateFormatter2 =

DateTimeFormatter.ofPattern("'Year: 'yyyy'. Month: 'MMMM'. Day: 'dd'.'");
System.out.println(zdt.format(dateFormatter2));// Yeaor: 2023. Month: July. Day: 11.

// parse

String dateTimeString = "2023-07-10 22:10"; // lost night

DateTimeFormatter timeFormatter2 = DateTimeFormatter.ofPattern("yyyy-MM-dd HH:mm");
LocalDateTime 1dt = LocalDateTime.parse(dateTimeString, timeFormatter2);
System.out.println(ldt); // 2023-07-10T22:10



Chapter 13: Generics and Collections

No-images...



Chapter 14: Lambda Expressions

@FunctionalInterface // a functional interface
o] interface I{

// one abstract method

Ji void m();
Iy
[ 2 public class BasiclLambdas {
> public static void main(String[] args) {

// define the lambda
I lambdal = () -> {

System.out.println("First lamhda!");
}i
// execute the lambda
lambdal.m(); // First lambda!

I lambda2 = () -> System.out.println("Second lambda!");
lambda2.m(); // Second lambda!

// Functional Interface
@Functionallnterface
o] interface Evaluate<T> {
3 boolean check(T t);
}
| 2 public class TestPredicate {
> public static void main(String[] args) {
Evaluate<Integer> isItPositive = (Integer n) -> {return n > 0;};
System.out.println(isItPositive.check( t -1));//false
System.out.println(isItPositive.check( t +1));//true

Evaluate<String> isMale = s -> s.startsWith("Mr.");
System.out.printiln(isMale.check( t "Mr. Sean Kennedy"));//true
System.out.println(isMale.check( t "Ms. Maaike van Putten"));//folse



7 b public class LambdaEffectivelyFinal {

3 p public static void main(String[] args) {

9 ArraylList<String> people = new Arraylist<>();

10 people.add ("Mr. John Bloggs");people.add ("Ms. Ann Bloggs");

11 people.add ("Mr. Mike Bloggs");people.add ("Ms. Mary Bloggs");

12

13 String title="Mr."; // final or effectively final

14 int vy = 0;

15 y++; // no issve, 'y' is not used in lambda

16

17 // Lombdas take a snapshot/picture of local variobles; these local
18 // variables MUST NOT change. Only setting up lambdo here.

19 Predicate<String> lambda = str -> {

20 //title = "Miss;

21 return str.startsWith(title); // "Mr."

22 }

24 /f If 'title' was allowed to chonge, then the method and the lombda would
25 // have 2 different views of 'title'!

26 //title = "Ms";

27 filterData(people, lambda);// lombdog views 'title’ as "Mr."

29 //title = "Ms";

30 filterData(people, lambda);// lombdo views 'title' as "Mpr."

31 }

32 @ public static void filterData(List<String> 1list, Predicate<String> lambda){
33 list.removeIf(lambda); // only executing Lambda here!

34 ¥

35 }

31 public void predicate() {

32 // Predicate<T> is a functional interface i.e. one abstract method:

33 // boolean test(T t);

34 Predicate<String> pStr = s -> s.contains("City");

35 System.out.println(pStr.test( t "Vatican City"));//true

36

Bl // BiPredicate<T, U> is a functional interface i.e. one abstract method:

38 // boolean test(T t, U u);

39 BiPredicate<String, Integer> checkLength = (str, len) -> str.length() == len;
40 System.ouvt.println(checkLength.test( © "Vatican City", w 8));//false (length is 12)
41

42 }



// Supplier<T> is a functional interface i.e. one abstract method:
// T get()

Supplier<StringBuilder> supSB = () -> new StringBuilder();
System.out.println(supSB.get().append("SK"));// SK

Supplier<LocalTime> supTime = () -> LocalTime.now();
System.out.printin(supTime.get()); // 11:00:50.769271700

Supplier<Double> sRandom = () -> Math.random();
System.out.println(sRandom.get()); // 0.13482391499981883

// Consumer<T> is a functional interface i.e. one abstract method:
// void accept(T t)

Consumer<String> printC = s -> System.out.println(s);// lambda
printC.accept( t "To be or not to be, that is the guestion");

List<String> names = new Arraylist<>();
names.add("Maaike");names.add("Sean");
names.forEach(printC); // Moaoike, Sean

Map<String,String> mapCapitalCities = new HashMap<>();
// BiConsumer<T, U> is a functional interface i.e. one abstract method:

!/ void accept(T t, U u)
// Note: Object put(k,v) - return value ignored.
7/ This Consumer has a side-effect.

BiConsumer<String, String> biCon = (key, value) ->
mapCapitalCities.put(key, value);

biCon.accept( t: "Dublin", w: "Ireland");

biCon.accept( t: "The Hague", u:"Holland");

System.out.println(mapCapitalCities);// {Dublin=Ireland, The Haogue=Holland}

BiConsumer<String, String> mapPrint = (key, value) ->
System.out.println(key +
" is the capital of: "+value);
mapCapitalCities.forEach(mapPrint); // Dublin is the capital of: Ireland
// The Hague is the capital of: Holland
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// Function<T, R> is a functional interface i.e. one abstract method:
// R apply(T t)

Function<String, Integer> fn2 = s -> s.length();
System.out.printin("Function: " + fn2.apply( t: "London"));// é

// BiFunction<T, U, R> is a functional interface i.e. one abstract method:
// R apply(T t, U v)
BiFunction<String, String, Integer> biFn =

(s1, s2) -> sl.length() + s2.length();

System.out.println("BiFunction: +

biFn.apply( t: "William", u: "Shakespeare"));// 18

BiFunction<String, String, String> biFn2 =
(s1, s2) -> sl.concat(s2);

System.out.println("BiFunction: +

biFn2.apply( t "William ", u: "Shakespeare"));// William Shakespeare

// UnaryOperator<T> extends Function<T, T>

// T apply(T t)

UnaryOperator<String> unaryOp = name -> "My name 1s "+name;

System.out.println("UnaryOperator: " +
unary0p.apply( t: "Sean")):// My name is Sean

// BinaryOperator<T> extends BiFunction<T, T, T>

!/ T apply(T t1, T t2)
BinaryOperator<String> binaryOp = (sl1, s2) -> sl.concat(s2);
System.out.println("BinaryOperator: " +

binaryOp.apply( t "William ", u: "Shakespeare"));// William Shakespeare
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String name = "Mr. Joe Bloggs";
// Supplier<T>

// T get()
Supplier<String> lowerL = () -> name.tolowerCase(); // lambda
Supplier<String> lowerMR = name::tolLowerCase; // method reference

// No need to say which instance to call it on - the supplier is bound to name

System.out.println(lowerL.get()); // mr. joe bloggs

System.out.println(lowerMR.get());// mr. joe bloggs

// Predicate<T>
// boolean test(T t)

// Even though startsWith is overloaded, boolean startsWith(String) and

// boolean startsWith(String, int), because we are creating o Predicate which

// has a functional method of test(T t), the startsWith(String) is used.

// This is where "context" 1is important.

Predicate<String> titleL = (title) -> name.startsWith(title);
Predicate<String> titleMR = name::startsWith;

System.out.println(titleL.test( & "Mr.")); // true
System.out.println(titleMR.test( & "Ms."));// false

public static void unboundMethodReferences(){
//  Function<T, R>

/7 R apply(T)
// String apply(String)
Function<String, String> upperL = s -> s.toUpperCase();

Function<String, String> upperMR = String::toUpperCase;

// The function is unbound, so you need to specify which instance to call it on

System.out.println(upperL.apply( © "sean"));
System.out.println(upperMR.apply( t "sean"));

//  Function<T, U, R>

/7 R apply(T t, U u)

// String apply(String, String)
BiFunction<String, String, String> concatL
BiFunction<String, String, String> concatMR
System.out.println(concatL.apply( t "Sean ",

// SEAN
// SEAN

(sl, s2) -> sl.concat(s2);
String: :concat;

u: "Kennedy"));// Sean Kennedy

// 1st parameter is used for executing the instance method

// "Sean ".concat("Kennedy")
System.out.println(concatMR.apply( t "Sean ",

u: "Kennedy"));// Sean Kennedy
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// Static method references are considered UNBOUND also. An exomple static method

// 1is Collections.sort(List)

// Consumer<T>

// void accept(T t)

[/ void accept(List<Integers)

// NB: Consumer tokes one parameter => sort(lList) is used, as opposed to sort(List, Comparator)
Consumer<List<Integer>> sortL = list -> Collections.sort(list);

Consumer<List<Integer>> sortMR = Collections::sort;

List<Integer> listOfNumbers = Arrays.aslList(2,1,5,4,9);
sortl.accept(list0OfNumbers);// execution
System.out.println(1istOfNumbers); // [1, 2, 4, 5, 9]

listOfNumbers = Arrays.asList(8,12,4,3,7);

sortMR.accept(list0fNumbers);// execution
System.out.println(list0fNumbers); // [3, 4, 7, &, 12]

// Supplier<T>

! T get()
Supplier<StringBuilder> sbL = () -> new StringBuilder(); // lambda
Supplier<StringBuilder> sbMR = StringBuilder::new; // method reference

StringBuilder sbl = sbL.get(); shl.append("lambda version"); System.out.println(shl);
StringBuilder sh2 = sbMR.get(); sh2.append("method reference version"); System.out.println(sh2);

// Function<T, R>

/7 R apply(T)

// List<String> apply(Integer)

// ArraylList(int initialCapacity)

Function<Integer, List<String>> allL = x -> new ArraylList(x);
Function<Integer, List<String>> alMR = ArraylList::new;
List<String> 1sl = allL.apply( © 100); // initial copaocity 160
1sl.add("21");

System.out.println(lsl);//[21]

List<String> 1s2 = alMR.apply( © 200); // initiol capacity 200
1s2.add("88");

System.out.println(1ls2);//[88]



class Persond{
@ public static Integer howMany(Person... people)q{
return people.length;

F

b public class MethodRefsAndContext {

| public static void main(String[] args) {
// No Person being passed in => Supplier
Supplier<Integer> lambdal = () -> Person.howMany();
Supplier<Integer> mril = Person::howMany;
System.out.println(lambdal.get()); // 0@
System.out.println(mrl.get()); /7@

// One Person to be passed in => Function

Function<Person, Integer> lambda2 = person -> Person.howMany(person);
Function<Person, Integer> mr2 = Person::howMany;
System.out.println(lambda2.apply(new Person())); // 1
System.out.println(mr2.apply(new Person())); /1

// Two Person's to be passed in => BiFunction

BiFunction<Person, Person, Integer> lambda3 = (pl, p2) -> Person.howMany(pl, p2);
BiFunction<Person, Person, Integer> mr3 = Person::howMany;
System.out.println(lambda3.apply(new Person(), new Person())); // 2
System.out.println(mr3.apply(new Person(), new Person())); /72



Chapter 15: Streams — Fundamentals

7 var temps = Arrays.aslList(98.4, 100.2, 87.9, 102.8);
8 long count = temps.stream()
9 .peek(System.ouvt::println) // 98.4, 100.2, 87.9, 102.8
10 .filter(temp -> temp > 100)
11 .peek(System.ouvt::println) // 100.2, 102.8
12 .count();
13 System.out.println(count); // 2
20 List<String> names = Arrays.asList("April”, "Ben", "Charlie",
21 "David", "Benildus", "Christian");
22 names.stream()
23 .peek(System.out::println)
24 .filter(s -> {
25 System.out.println("filterl : "+s);
26 return s.startsWith("B") || s.startsWith("Cc"); } )
27 filter(s -> {
28 System.out.println("filter2 : "+s);
29 return s.length() > 3; } )
30 .limit( maxSize: 1) // intermediate operation Stream<T> 1imit(long)
31 .forEach(System.ouvt::println); // terminal operation
34 /* Output:
35 April - peek
36 filterl : April - filterl removes April
37 Ben - peek
38 filterl : Ben - filterl passes Ben on
39 filter2 : Ben - filter2 removes Ben
40 Charlie - peek
41 filterl : Charlie - filterl passes Charlie on
42 filter2 : Charlie - filter2 passes Charlie on
43 Charlie - forEach()
44
45 Note: 1imit(1) means David, Benildus or Christian are not
46 processed at all i.e. none of them appear in the output
47 via "peek()"



Double[] numbers = {1.1, 2.2, 3.3};
Stream<Double> streaml = Arrays.stream(numbers);
long n = streaml.count();
System.ouvt.println("Number of elements: "+n);// 3

List<String> animallist = Arrays.aslList("cat", "dog", "sheep");

// using stream() which is a default method in Collection interface
Stream<String> streamAnimals = animallList.stream();
System.out.println("Number of elements: "+streamAnimals.count()); // 3

// stream() is a default method in the Collection interface and therefore
// 1s inherited by all classes that implement Collection. Map is NOT one
// of those i.e. Map is not a Collection. To bridge between the two, we
// use the Map method entrySet() to return a Set view of the Map (Set
// IS-A Collection).
Map<String, Integer> namesToAges = new HashMap<>();
namesToAges.put("Mike", 22);namesToAges.put("Mary", 24);namesToAges.put("Alice", 31);
System.out.println("Number of entries: "+
namesToAges
.entrySet() // get a Set (i.e. Collection) view of the Map
.stream() // stream() is a default method in Collection

.count()); // 3

String[] cities = {"Dublin", "Berlin", "Paris"};
Stream<String> citiesStream = Stream.of(cities);
System.out.println(citiesStream.count()); // 3

Stream<Integer> streamI = Stream.of( ..values: 1,2,3);
System.out.println(streamI.count()); // 3

Stream<String> streamS = Stream.of( ..values: "a", "b", "c", "d");
System.out.println(streamS.count()); // 4

Stream<Dog> streamD = Stream.of(new Dog());
System.out.println(streamD.count()); // 1
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// infinite stream of random unordered numbers

// between 0..9 inclusive

// Stream<T> generate(Supplier<T> s)

// Supplier is a functional interface:

// T get()

Stream<Integer> infStream = Stream.generate(() -> {
return (int) (Math.random() % 10);

B

// keeps going until I kill it.

infStream.forEach(System.out: :println);

// infinite stream of ordered numbers

// 2, 4, 6, 8, 10, 12 etc...

// iterate(T seed, UnaryOperator<T> fn)

// UnaryOperator is-a Function<T, T>

// T apply(T t)

Stream<Integer> infStream = Stream.iterate( seed:2, n -> n + 2);

// keeps going until I kill it.
infStream.forEach(System.out::println);

// finite stream of ordered numbers
// 2, 4, 6, 8, 10, 12, 14, 16, 18, 20
Stream

.iterate( seed: 2, // seed
n ->n <= 20, // Predicate
n->n+ 2) // UnaryOperator

.forEach(System.out: :println);



// finite stream of ordered numbers
// 2, 4, 6, 8, 10, 12, 14, 16, 18, 20
Stream
.iterate( seed:2, n -> n + 2)
// limit() is a short-circuiting stateful
// intermediate operation
.Limit ( maxSize: 10)
// forEach(Consumer) is a terminal operation
.forEach(System.out: :println);

long count = Stream.of( ..values: "dog", "cat")
.count();
System.out.println(count); // 2

// Optional<T> min(Comparator)

// Optional<T> max(Comparator)

Optional<String> min = Stream.of( ..values: "deer", "horse", "pig")
.min((s1l, s2) -> sl.length()-s2.length());

min.ifPresent(System.out::println);// pig

Optional<Integer> max = Stream.of( ..values: 4,6,2,12,9)
max( (i1, i2) -> 11-12);
max.ifPresent(System.ouvt::println);// 12

Optional<Object> noMin = Stream.empty().min((x1, x2) -> 0);
System.out.println(noMin.isEmpty());// true
System.out.println(noMin.isPresent());// false



//
//
//
//
//
// entire stream into one value.
Optional<String> any = Stream.of( ..values: "John", "Paul")
.findAny();
any.ifPresent(System.out::println);// John (usvally)

Optional<T> findAny()

Optional<T> findFirst()

These are terminal operations but not reductions
as they can return without processing all

the elements in the stream. Reductions reduce the

Optional<String> first = Stream.of( ..values: "John", "Paul")
.findFirst();
first.ifPresent(System.ouvt::println);// John

// boolean anyMatch(Predicate)

// boolean allMatch(Predicate)

// boolean noneMatch(Predicate)

List<String> names = Arrays.aslList("Alan", "Brian", "Colin");
Predicate<String> pred = name -> name.startsWith("A");

stream() .anyMatch(pred)); // true ("Alan")
stream().allMatch(pred)); // folse ("Brian')

stream() .noneMatch(pred));// false ("Alan")

System.out.println(names.
System.out.println(names.
System.out.println(names.
Stream<String> infStr = Stream.generate(() -> "abc");
s -> s.startsWith("a");
s -> s.startsWith("b");

Predicate<String> startsWithA =
Predicate<String> startsWithB =

System.out.println(infStr.anyMatch(startsWithA)); // true, short-circuit
System.out.println(infStr.anyMatch(startsWithB)); // forever...
System.out.println(infStr.noneMatch(startsWithA)); // faolse
System.out.println(infStr.noneMatch(startsWithB)); // forever...
System.out.println(infStr.allMatch(startsWithA)); // forever...
System.out.println(infStr.allMatch(startsWithB)); // false, short-circuit

// void forEach(Consumer)

// As there is no return value, forEach() is not a reduction.
// As the return type is 'void', if you want something to

// happen, it has to happen inside the Consumer (side-effect).
Stream<String> names =

Stream.of( ..values: "Cathy", "Pauline", "Zoe");

names.forEach(System.out::print);//CathyPaulineZoe



// T reduce(T identity, BinaryOperator<T> accumulator)

// BinaryOperator<T> functional method:

// T apply(T, T);

String name = Stream.of( .values: "s", "e", "a", "n")
.reduce( identity: """ (s1, s2) -> s1 + s2);

System.out.println(name);// sean

String name2 = Stream.of( ..values: "s", "e", "a", "n")

.filter(s -> s.length()>2)

.reduce( identity: "nothing"”, (sl1, s2) -> sl + s2);
System.out.println(name2);// nothing

Integer product = Stream.of( ..values: 2,3,4)
.reduce( identity: 1, (n1, n2) -> nl * n2);
System.out.println(product);// 24

// <U> U reduce (U identity,
/7 BiFunction accumulator,
!/ BinaryOperator combiner)
Stream<String> stream = Stream.of( ..values: "car", "bus", "train", "aeroplane");
int length = stream.reduce( identity: @, // identity
(n, str) -> n + str.length(), // n is Integer
(n1, n2) -> nl1 + n2); // both are Integers
System.out.println(length);// 20

public static void doCollectl1(){

// StringBuilder collect(Supplier<StringBuilder> supplier,

// BiConsumer<StringBuilder, String> accumulator
/7 BiConsumer<StringBuilder, StringBuilder> combiner)
StringBuilder word = Stream.of( ..values: "ad", "jud", "i", "cate")
.collect(() -> new StringBuilder(), // StringBuilder: :new
(sh, str) -> sh.append(str), // StringBuilder: :append

(shl, sb2) -> sbl.append(sh2)); // StringBuilder: :append
System.out.println(word);// adjudicate

String s = Stream.of( ..values: "cake", "biscuits", "apple tart")
.collect(Collectors.joining( delimiter: ", "));
System.out.println(s); // cake, biscuits, apple tart



Double avg = Stream.of( -values: "cake", "biscuits", "apple tart")
// averagingInt(ToIntFunction) functional method is:
// int applyAsInt(T value);
.collect(Collectors.averagingInt(s -> s.length())); // String::length
System.out.println(avg); // 7.333333333333333

class Car{

private String brand;

private int year;

public Car(String brand, int year) {
this.brand = brand;
this.year = year;

I

public String getBrand() {
return brand;

}

// other methods omitted

var cars = new ArrayList<Car>()j
cars.add(new Car( brand: "Tesla", vyear: 2021));
cars.add(new Car( brand: "Ford", vyear: 2022));
cars.add(new Car( brand: "Audi", vear 2018));
List<String> 1ist = cars.stream()
.map(car -> car.getBrand())// Car::getBrand
.collect(Collectors.tolList());
System.out.printin(list);// [Tesla, Ford, Audi]

var cars = new ArraylList<Car>();

cars.add(new Car( brand: "Tesla", year 2021));

cars.add(new Car( brand: "Ford", vyear 2022));

cars.add(new Car( brand: "Audi", vyear: 2018));

Set<String> treeSet = cars.stream()
.map(car -> car.getBrand())// Car::getBrand
.collect(Collectors.toCollection(TreeSet::new));

System.out.println(treeSet);// [Avdi, Ford, Tesla]
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// We want a map: dessert name -> number of characters in dessert name
// Output:
// {biscuits=8, cake=4, apple tart=10}
Map<String, Integer> map =
Stream.of( ..values: "cake", "biscuits", "apple tart")
.collect(
1/ Collectors.toMap(s -> s, // lambda key
// s -> s.length()) // lambda value
Collectors.toMap(String: :toString, // Function for the key
String::length) // Function for the value
)i
System.out.println(map);

// We want a map: number of characters in dessert name -> dessert name.
// However, 2 of the desserts have the same length (cake and tart).
// As length is our key and we can't have duplicate keys, this leads to an
// exception as Java does not know what to do...
// IllegalStateException: Duplicate key 4 (attempted merging values cake and tart)
Map<Integer, String> map =
Stream.of( ..values: "cake", "biscuits", "tart")
.collect(
Collectors.toMap(String::length, // length is the key
String::toString) // dessert name is the value
);
System.out.println(map);

// To get around the duplicate keys issue, we can supply a merge function,
// whereby we append the colliding keys values together.
Map<Integer, String> map =

Stream.of( .values: "cake", "biscuits", "tart")

.collect(
Collectors.toMap(s -> s.length(),// length is the key
s -> s, // dessert name is the value
(s1, s2) -> s1 + "," + s2)// Merge function - what to
// do if we have duplicate keys
// - append the values
);

System.ouvt.println(map);// {4=cake,tart, 8=biscuits}



139 // The maps returned are not guaranteed. What if we wanted

140 // a TreeMap implementation so our keys would be sorted. The last argument

141 // caters for this.

142 TreeMap<String, Integer> map =

143 Stream.of( ..values: "cake", "biscuits", "apple tart", "cake")

144 .collect(

145 Collectors.toMap(String::toString, // dessert name is the key

146 String::length, // length is the value

147 (len1, 1len2) -> 1lenl +len2, // what to do if we have
148 // duplicate keys:

149 // - add the *values*

150 TreeMap::new )); // Supplier
151 System.out.printin(map);// {apple tart=10, biscuits=8, cake=8} Note: cake maps to 8
152 System.out.println(map.getClass());// class java.util.TreeMap

Stream<String> names = Stream.of( ..values: "Martin", "Peter", "Tom", "Tom", "Ann");

Map<Integer, List<String>> map =

129 names.collect(

130 // passing in a Function that determines the

131 // key in the Map

132 Collectors.groupingBy(String::length) // name -> name.length()

133 );

134 System.out.println(map);// {3=[Tom, Tom, Ann], 5=[Peter], é6=[Martin]}

116 Stream<String> names = Stream.of( ..values: "Martin", "Peter", "Tom", "Tom", "Ann");

117 Map<Integer, Set<String>> map =
118 names.collect(
119 Collectors.groupingBy(

120 String::length, // key Function

121 Collectors.toSet()) // what to do with the values

122 );

123 System.out.println(map);// {3=[Ann, Tom], 5=[Peter], é6=[Martin]}

124 System.out.println(map.getClass());// class java.util.HashMap

103 Stream<String> names = Stream.of( ..values: "Martin", "Peter", "Tom", "Tom", "Ann");
104 Map<Integer, List<String>> map =

165 names.collect(
106 Collectors.groupingBy(
1 String::length,

108 TreeMap: :new, // map type Supplier

109 Collectors.tolist())// downstream collector

110 );

111 System.ouvt.println(map);// {3=[Tom, Tom, Ann], 5=[Peter], é6=[Martin]}
112 System.ouvt.println(map.getClass());// class java.util.TreeMap



Stream<String> names = Stream.of( ..values: "Thomas", "Teresa",
"Mike", "Alan", "Peter");
Map<Boolean, List<String>> map =
names.collect(
// pass in a Predicate
Collectors.partitioningBy(s -> s.startsWith("T"))
);
System.ouvt.println(map);// {false=[Mike, Alan, Peter],
// true=[Thomas, Teresal}

Stream<String> names = Stream.of( .values: "Alan", "Teresa", "Mike",
"Alan", "Peter"); // "Alan" here twice
Map<Boolean, Set<String>> map =
names.collect(
Collectors.partitioningBy(
s -> s.length() > 4,// predicate
Collectors.toSet() )
)i
System.out.println(map);// {false=[Mike, Alan], true=[Teresa, Peter]}



Chapter 16: Streams: Advanced Concepts

141 // Stream<T> filter(Predicate)

142 // The filter() method returns a Stream with the elements that
143 // MATCH the given predicate.

144 Stream.of( ..values: "Canada", "Ireland", "Spain")

145 .filter(country -> country.length() > 5)

146 .forEach(System.out::print);// Canadalreland

146 public static void doFilter() {

147

148 // Stream<T> filter(Predicate)

149 // The filter() method returns a Stream with the elements that

150 // MATCH the given predicate.

151 Stream.of( ..values: "", "Ireland", "Spain")

152 .filter(country -> country.length() > 5)
153 .forEach(System.out::print);// Canadalreland

155 I

131 // Stream<T> distinct()

132 // distinct() is o stateful intermediate operation
133 // Output: Before: eagle, After: eagle

134 // Before: eagleBefore: EAGLE, After: EAGLE
135 Stream.of( ..values: "eagle", "eagle", "EAGLE")

136 .peek(s -> System.out.print("Before: "+s))
137 .distinct()
138 .forEach(s -> System.out.print(", After: "+s + "\n"));



134 public static void doDistinct() {

135

136 // Stream<T> distinct()

137 // distinct() is o stateful intermediate operation

138 // Output: Before: eagle, After: eagle

139 // Before: eagleBefore: EAGLE, After: EAGLE

140 Stream.of( ..values: "eagle", "eagle", "EAGLE")

141 .peek(s -> System.out.print("Before: "+s))

142 .distinct()

143 .forEach(s -> System.out.print(", After: "+s + "\n"));
144

145 }

116 // Stream<T> limit(long maxSize)

117 // limit is a short-circuiting stateful intermediate operation.
118 // Lazy evaluation - 66, 77, 88 and 99 are not streamed as they
119 // are not needed (limit of 2 i.e. 44 and 55).

120 // Output:

121 J/ A - 11 A -22A-33A-44B - 44C - 44 A -55B - 55¢C - 55
122 Stream.of( ..values: 11,22,33,44,55,66,77,88,99)

123 .peek(n -> System.out.print(" A - "+n))

124 .filter(n -> n > 40)

125 .peek(n -> System.out.print(" B - "+n))

126 LLimit( maxSize: 2)

127 .forEach(n -> System.ouvt.print(" C - "+n));

119 public static void dolLimit() {

120

121 // Stream<T> limit(long maxSize)

122 // limit is a short-circuiting stateful intermediate operation.
123 // Lazy evaluation - 66, 77, 88 and 99 are not streamed as they
124 // are not needed (limit of 2 i.e. 44 and 55).

125 // Output:

126 // A -11A-22A-33A-44B - 44 C - 44 A - 55 B - 55 C - 55
127 Stream.of( ..values: 11,22, 33, 44,55,66,77,88,99)

128 .peek(n -> System.out.print(" A - "+n))

129 .filter(n -> n > 40)

130 .peek(n -> System.out.print(" B - "+n))

131 LLimit( maxSize: 2)

132 .forEach(n -> System.out.print(" C - "+n));

133 }



// <R> Stream<R> map(Function<T,R> mapper)
// Function's functional method: R apply(T t);
Stream.of( ..values: "book", "pen", "ruler")
.map(s -> s.length()) // String::length
.forEach(System.out::print);// 435

public static void doMap() {

// <R> Stream<R> map(Function<T,R> mapper)

// Function's functional method: R apply(T t);

Stream.of( ..values: "book", "pen", "ruler")
.map(String::length) // s -> s.length()
.forEach(System.out::print);// 435

List<String> nothing = List.of();

List<String> 1istl = Arrays.asList("Sean");

List<String> 1ist2 = Arrays.aslList("Maike", "van", "Putten");
Stream<List<String>> stream0fLists = Stream.of(nothing, 1listl, 1list2);
stream0fLists.forEach(System.out::print); // [][Sean][Maike, van, Putten]
System.out.println(); // blank 1ine to separate outputs

// flatMap(Function(T, R)) IN:T OUT:R

// flatMap(Function(List<String>, Stream<String>))
stream0fLists = Stream.of(nothing, 1istl, list2);
streamOfLists.flatMap(list -> list.stream())

.forEach(System.out::print);// SeanMaikevanPutten



public static void doFlatMap() {
List<String> nothing = List.of();
List<String> 1istl = Arrays.aslList("Sean");
List<String> 1ist2 = Arrays.asList("Maike", "van", "Putten");
Stream<List<String>> stream0fLists = Stream.of(nothing, 1listl, 1ist2?2);
stream0fLists.forEach(System.out::print); // [J[Sean][Maike, van, Putten]
System.out.println(); // blank line to separate outputs

// flatMap(Function(T, R)) IN:T OUT:R

// flatMap(Function(List<String>, Stream<String>))

stream0fLists = Stream.of(nothing, 1listl, 1ist2);

stream0fLists.flatMap(list -> list.stream())
.forEach(System.out::print);// SeanMaikevanPutten

// Stream<T> sorted(Comparator<T> comparator)

// Output:

//  Person{name=John, age=23}Person{name=Mary, age=25}

Person john = new Person( name: "John", age: 23);

Person mary = new Person( name: "Mary", age: 25);

Stream.of(mary,john)
.sorted(Comparator.comparing(p -> p.getAge())) // Person::getAge
.forEach(System.out::print);

public static void doSorted2() {

// Stream<T> sorted(Comparator<T> comparator)

// Output:

//  Person{name=John, age=23}Person{name=Mary, age=25}
Person john = new Person( name: "John", age: 23);

Person mary = new Person( name: "Mary", age: 25);

Stream.of(mary, john)
.sorted(Comparator.comparing(Person: :getAge)) // p -> p.getAge()
.forEach(System.out::print);



// Stream<T> sorted()

// Stream<T> sorted(Comparator<T> comparator)

// Output:

// 0.Tim 1.Tim 0.Jim 1.Jim O.Peter 0.Ann 1.Ann @.Mary 2.Ann 3.
Stream.of( ..values: "Tim", "Jim", "Peter", "Ann", "Mary")
.peek(name -> System.out.print(" 0."+name))

.filter(name -> name.length() == 3)

.peek(name -> System.out.print("

.sorted()

.peek(name -> System.out.print("

.Limit ( maxSize: 2)

1."+name))

2."+name))

// Tim,

// Tim,
// Tim,
// Ann,

.forEach(name -> System.out.print(" 3."+name));// Ann,

public static void doSortedOther

// Stream<T> sorted()

04

// Stream<T> sorted(Comparator<T> comparator)

// Output:

// 0.Tim 1.Tim 0.Jim 1.Jim 0.Peter 0.Ann 1.Ann 0.Mary 2.Ann 3.
S‘tl‘eam.of( _values: "Tim", "Jim", "Pe‘ter‘", "Ann", "Mary")

.peek(name -> System
.filter(name -> name
.peek(name -> System
.sorted()

.peek(name -> System
Limit ( maxSize: 2)

.out.print(" 0."+name))
.length() == 3)
.out.print(" 1."+name))

.out.print(" 2."+name))

// Tim,

// Tim,
// Tim,
// Ann,

.forEach(name -> System.out.print(" 3."+name));// Ann,

¥
int[] ia = {1,2,3};
double[] da = {1.1, 2.2, 3.3};
long[] ta = {1L, 2L, 3L};

IntStream iStreaml

DoubleStream dStreaml =

LongStream 1Streaml

System.out.println(iStreaml.count() + ",

dStreaml.count() + ", " + 1Streaml.count());// 3, 3, 3

IntStream iStream?2

DoubleStream dStream?2

LongStream 1Stream2

dStream2.count() + ",

Arrays.stream(ia);
Arrays.stream(da);

= Arrays.stream(la);

1 +

1 +

Ann 2.Jim 3.Jim

Jim, Peter, Ann, Mary
Jim, Ann

Jim, Ann (stored)

Jim

Jim

Ann 2.Jim 3.Jim

Jim, Peter, Ann, Mary
Jim, Ann

Jim, Ann (stored)

Jim

Jim

IntStream.of( .values: 1, 2, 3);
DoubleStream.of( ..values: 1.1, 2.2, 3.3);
LongStream.of( ..values: 1L, 2L, 3L);
System.out.println(iStream2.count() + ",
" + 1Stream2.count());// 3, 3, 3



public static void creatingFinitePrimitiveStreams(){

int[] ia = {1,2,3};
double[] da = {1.1, 2.2, 3.3};
long[] 1ta = {iL, 2L, 3L};

IntStream iStreaml Arrays.stream(ia);
DoubleStream dStreaml

LongStream 1Streaml = Arrays.stream(la);

Arrays.stream(da);

System.out.println(iStreaml.count() + ", " +
dStreaml.count() + ", " + 1Streaml.count());// 3, 3, 3

IntStream iStream?2 IntStream.of( .values: 1, 2, 3);
DoubleStream dStream?2 = DoubleStream.of( ..values: 1.1, 2.2, 3.3);
LongStream 1Stream2 = LongStream.of( .values: 1L, 2L, 3L);
System.out.println(iStream2.count() + ", " +

dStream2.count() + ", " + 1Stream2.count());// 3, 3, 3

}
// DoubleStream generate(DoubleSupplier)
/7 DoubleSupplier is a functional interface. Its
/7 functional method is: double getAsDouble()
DoubleStream random = DoubleStream.generate(() -> Math.random());

random.limit( maxSize: 5) .forEach(System.ouvt::println);

// IntStream iterate(int seed, IntUnaryOperator f)

// IntUnaryOperator is a functional interface. Its
// functional method is: int applyAsInt(int)
IntStream even = IntStream.iterate( seed: 2, (n) -> n + 2);
even.limit( maxSize: 5).forEach(System.ouvt::println);



24 public static void creatingInfinitePrimitiveStreams(){

25 // DoubleStream generate(DoubleSupplier)

26 // DoubleSupplier is a functional interface. Its

27 // functional method is: double getAsDouble()

28 DoubleStream random = DoubleStream.generate(() -> Math.random());
29 random.limit( maxSize: 5) .forEach(System.ouvt::println);

30

31 // IntStream iterate(int seed, IntUnaryOperator f)

32 // IntUnaryOperator is a functional interface. Its

33 // functional method is: int applyAsInt(int)

34 IntStream even = IntStream.iterate( seed: 2, (n) -> n + 2);

35 even.limit( maxSize: 5).forEach(System.out::println);

36 +

64 public static void maxMinAverage(){

66 OptionalInt max = IntStream.of( ..values: 10, 20, 30)

67 .max(); // terminal operation

68 max.ifPresent(System.out::println);// 30

70 OptionalDouble min = DoubleStream.of( ..values: 10.0, 20.0, 30.0)
71 .min(); // terminal operation

72 // NoSuchElementException is thrown if no value present

73 System.out.println(min.orElseThrow());// 10.0

74

75 OptionalDouble average = LongStream.of( ..values: 10L, 20L, 30L)

76 .average(); // terminal operation
77 System.out.println(average.orElseGet(() -> Math.random()));// 20.0



public static void usingSum(){

IntStream is = IntStream.of( ..values: 4, 2, 3);
System.out.println(is.sum());// ¢

// 1. Using Stream<T> and reduce(identity, accumulator)

Stream<Integer> numbers = Stream.of( ..values: 1,2,3);

System.out.println(numbers.reduce( identity: 0, (nl, n2) -> nl + n2));// 6

// 2. Using IntStream and sum()
// IntStream mapToInt(ToIntFunction)
ToIntFunction is a functional interface:

/!
/7

int applyAsInt(T value);

Stream<Integer> sInteger = Stream.of( .values 1,2,3);
IntStream int$S

public static void stats(IntStream numbers){

IntSummaryStatistics intStats =

System.
System.
System.
System.
System.

numbers.summaryStatistics();

out.println(intStats.
out.println(intStats.
out.println(intStats.
out.println(intStats.
out.println(intStats.

getMin());
getMax());
getAverage());
getCount());
getsum());

sInteger.mapToInt( n -> n);// unboxed
System.out.printin(intS.sum());// &

// terminal operation

// 5 (2147483647 if nothing in stream)
// 20 (-2147483648 if nothing in stream)
// 12.5 (0.0 if nothing in stream)

// 4 (8 if nothing in stream)

// 50 (0 if nothing in stream)



public static void mappingObjectStreams(){

S/ Stream<T> to Stream<T=>

Stream.of( ..values "ash", "beech", "sycamore")
// map(Function<T,R>)
A Function<T,R> => Function<String, String>
A String apply(String s)
.map(tree -> tree.toUpperCase())
.forEach(System.out::println);// ASH, BEECH, SYCAMORE

/S Stream<T> to DoubleStream
DoubleStream dblStream = Stream.of( ..values "ash", "beech", "sycamore")
// mapToDouble(ToDoubleFunction<Tz>)
//  ToDoubleFunction<T> iIs o functional iInterface:
/i double applyAsDouble(T value) => double applyAsDouble(String tree)
.mapToDouble(tree -> tree.length()); // upcost in background
dblStream. forEach(System.out::println); // 3.0, 5.0, 8.0

S/ Stream<T> to IntStream
IntStream intStream = Stream.of( .wvslues "ash", "beech", "sycamore")
// mapToInt(ToIntFunction<T>)
//  ToIntFunction<T> is a functional interfoce:
A int applyAsInt(T value) => int applyAsInt(String tree)
.mapToInt(tree -> tree.length());
intstream.forEach(System.ovt::println); // 3, 5, &

// Stream<T> to LongStream
LongStream longStream = Stream.of( .wvalues "ash", "beech", "sycamore")
// mapTolLong(ToLongFunction<T=)
//  TolLongFunction<T> 1s a functional Interface:
/i long applyAsLong(T value) => long applyAslong(String tree)
.mapToLong(tree -> tree.length()); // vpcast in bockground
longStream. forEach(System.out::println); // 3, 5, 8
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public static void mappingPrimitiveStreams(){

J/ IntStream to Stream<T=>
Stream<String> streamStr = IntStream.of( ..alues 1, 2, 3)
// mapTo0bj(IntFunction<R>)
I IntFunction is a functional interface:
/Y R apply(int value)
.mapTo0bj(n -> "Number:"+ n):
streamStr.forEach(System.out: :println);// Number:1, Number:2, Number:3

J/ IntStream to DoubleStream
DoubleStream dblStream = IntStream.of( .wvalues 1, 2, 3) // re-open closed stream
// mapToDouble(IntToDoubleFunction)
// IntToDoubleFunction is a functional interface:
[/ double applyAsDouble(int value)
.mapToDouble(n -> (double)n); // cast NOT necessary
dblStream.forEach(System.out: println); // 1.0, 2.0, 3.0

// IntStream to IntStream
IntStream intStream = IntStream.of( .values 1, 2, 3)
/7 map(IntUnaryOperator)
/LY IntUnaryOperator 1s a functional interface:
[/ int applyAsInt(int)
.map(n -> n*2);
intStream.forEach(System.out::println);// 2, 4, &

// IntStream to LongStream
LongStream longStream = IntStream.of( .values 1, 2, 3)
// mapTaLong(IntTolongFunction)
// IntTolLongFunction is a functional interface:
/f long applyAsLong(int value)
.mapTolLong(n -> (long)n); // cost NOT necessary
longStream. forEach(System.out: :printin); // 1, 2, 3



public static void createOptionals(){
Optional optl = Optional.empty();
/7 System.ouvt.println(optl.get()); // NoSuchElementException
optl.ifPresent(o -> System.out.println("optl: "+0)); // no exception

Optional opt2 = Optional.of( value: 23);
// Optional.of(null); // NullPointerException
opt2.ifPresent(o -> System.out.println("opt2: "+0)); // opt2: 23

Optional opt3 = Optional.ofNullable( value: 23);
opt3.ifPresent(o -> System.out.println("opt3: "+o0)); // opt3: 23

Optional opt4 = Optional.ofNullable( value: null);
opt4.ifPresent(o -> System.out.println("opt4: "+0));
if(opt4.isEmpty()){

System.out.println("opt4 is empty!"); // opt4 is empty!

public static void doOptionalAPI(){
Optional<Double> valueInOptional = Optional.ofNullable( value: 60.0);
if(valueInOptional.isPresent()){
System.out.println(valueInOptional.get()); // 60.0
¥
valueInOptional.ifPresent(System.out::println);// 60.0
System.out.println(valueInOptional.orElse(Double.NaN)); // 60.0

Optional<Double> emptyOptional = Optional.ofNullable( value: null);
System.out.println(emptyOptional.orElse(Double.NaN)); // Nal
System.out.println(emptyOptional.orElseGet(() -> Math.random())); // 0.8524556508038182
System.out.println(emptyOptional.orElseThrow()); // NoSuchElementException

// System.out.println(emptyOptional.orElseThrow(() ->

// new RuntimeException())); // RuntimeException



public static void doOptionalPrimitiveAverage(){
OptionalDouble optAvg = IntStream.rangeClosed(1, 18).average();
optAvg.ifPresent(d -> System.out.println(d));// 5.5
System.out.println(optAvg.getAsDouble());// 5.5
double dblAvg = optAvg.orElseGet(() -> Double.NaN);
System.out.println(dblAvg);// 5.5

Optionallnt optInt = OptionalInt.of( value: 35);
int age = optInt.orElseGet(() -> 0);
System.out.println(age);// 35
System.out.println(optInt.getAsInt());// 35

public static void sequentialAddition() {
int sum = Stream.of( ..values: 10, 20, 30, 40, 50, 60) Stream<Integer>
.mapToInt(Integer::intValue) IntStream
.sum();
System.out.println("Sum == "+sum); // 210
I
public static void parallelAddition() {
int sum = Stream.of( ..values: 10, 20, 30, 40, 50, 60) Stream<Integer>
.parallel() // Stream<T> method
.mapToInt(Integer::intValue) IntStream
sum();
System.out.println("Sum == "+sum); // 210



public static int dbAction(int x){
try o
Thread.sleep( millis: 1000);
} catch (InterruptedException e) A{
throw new RuntimeException(e);
I
return x;
I
public static void orderedSerialStreams(){
long atStart = System.currentTimeMillis();
List.of(10, 20, 30, 40, 50) List<Integer>
.stream() Stream=<integer=
.map(i -> dbAction(i))
.forEach(i -> System.out.print(i + " "));
long howLong = (System.currentTimeMillis() - atStart) / 1000;
System.out.println("\nOperation took: "+howLong+" seconds.");
¥
public static void unorderedParalleltreams(){
long atStart = System.currentTimeMillis();
List.of(10, 20, 30, 40, 50) List<Integer=
.parallelStream() Stream<lnteger=
.map(i -> dbAction(i))
.forEach(i -> System.out.print(i + " "));
long howLong = (System.currentTimeMillis() - atStart) / 1000;
System.out.println("\nOperation took: "+howLong+" seconds.");

public static void unorderedParalleltreams(){
long atStart = System.currentTimeMillis();
List.of (10, 20, 30, 40, 50) List<Integer=
.parallelStream() Stream<integer=
.map(i -> dbAction(i))
.forEachOrdered(i -> System.out.print(i + " "));
// .forEach(i -> System.out.print(i + " "));
long howlLong = (System.currentTimeMillis() - atStart) / 1000;
System.out.println("\nOperation took: "+howlLong+" seconds.");



public static void parallelReductionl(){
int result = Stream.of( .values: 1,2,3,4,5)
.parallel()
.reduce( identity: 8,
(n1, n2) -> { // accumulator
System.out.print(nl + ", " + n2 + "\n");
return nl - n2;

b,

(subTaskl, subTask2) -> { // combiner
System.out.print("\t" +subTaskl + ", " + subTask2 + "\n");
return subTaskl - subTask2;

B

System.out.println(result); // 5

int result = Stream.of( ..values: 1,2,3,4,5)
.reduce( identity: 0,
(n1, n2) -> nl - n2);
System.out.println(result); // -15

public static void concurrentCollection(){
var names = Stream.of( .values: "John","Mary","Mike", "Paula")
.parallel();
ConcurrentMap<Character, String> map =
names.collect(Collectors.toConcurrentMap(
name -> name.charAt(B), // key
name -> name, // value
(namel, name2) -> namel + ", "+ name2));// key collisions
System.out.println(map); // {P=Paula, J=John, M=Mike, Maru}
System.out.println(map.getClass()); // class java.util.concurrent.ConcurrentHashMap
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