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Comparator<String> ¢ = new Comparator<String>() {
@Override
public int compare(String a, String b) {
return Integer.compare(a.length(), b.length());
}

YUIN 7V new 0'7'von NNIX INixnY — TN XN

NA'X' NYA .7YINN '97 “NIAINTND 72 DX IXR7' — Y TXN
.compare NN'YUN NX D'UNNN 11NIX OPZ"AIRN
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List<String> beatles = Arrays.asList("John",
"Paul", "George", "Ringo");

Collections.sort(beatles, new Comparator<String>() {
@Override
public int compare(String a, String b) {
return Integer.compare(a.length(), b.length());
}

}
)s

System.out.println(beatles); DY N'N1IIR DRP7NN
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Collections.sort(beatles, new Comparator<String>() {
@Override
public int compare(String a, String b) {
return Integer.compare(a.length(), b.length());
}

)s

Comparator<String> cmp = (String x, String y)-> {
return Integer.compare(x.length(), y.length());
1

Collections.sort(beatles, cmp);
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Collections.sort(beatles,
(String x, String y)-> {
return Integer.compare(x.length(), y.length());
1);
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Collections.sort(beatles,

(SErtng x, Stritprg y)-> {
return Integer.compare(x.length(), y.length());

})s

Java nowa 1 n1DINn
22X 7N NL'0NANIXR



D'"721'¥7219 D'PYIN

N'ONIVIX NNIXA NO N'YY] D'OINIAXN '019'0 Np7ON

nuwn? 2n Comparator n 27 ,NITNNN 7¥ Nn'w1 01'"NN 12NIX =
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Collections.sort(beatles,

(XJ y)'> {
return Integer.compare(x.length(), y.length());

})s
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Collections.sort(beatles,
(x, y)-> Integer.compare(x.length(), y.length())
);
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@FunctionalInterface
public interface I1{
public void funcl(int x);

}
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List<Integer> ints = Arrays.aslList(5,1,2,4,3);
ints.sort(Integer: :compare);

piindY]

ints.sort((x,y)->Integer.compare(x, y));

YOIN NTINNY? 01191

List<String> strings = Arrays.asList("aa"”, "Ab", "BA", "Bb");
strings.sort(String::compareTolgnoreCase);

ﬁ'ﬂpw

strings.sort((x,y)—>x.compareToIgnoreCase(y));

https://docs.oracle.com/javase/tutorial/java/javaOO/methodreferences.html :nioon nixnart
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->x*x)
filter(x->(x%2 == 0))
.forEach(System.out: :println);

i i piidY]

.forEach(x->System.out.println(x));

outout: NXN2 09TI' NN
Z—lL—l Yairh
16
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->x*x)
Filter(x->(x%2 == 0)) D12 NI7IYD
N"910 N71YO .forEach(System.out: :println);
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->x*x)
filter(x->(x%2 == 0))
.forEach(System.out: :println);

stream <: [ filter } — [forEach}

Output: 1 1
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->x*x)
filter(x->(x%2 == 0))
.forEach(System.out: :println);

snean1 <t::3 [ filter } forEach

Output: 2 4 O
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->{

output:

mapping 1
filtering: 1
mapping 2
filtering: 4
mapping 3
filtering: 9
mapping 4
filtering: 16
terminating: 16
mapping 5
filtering: 25
terminating: 25

System.out.println("mapping " + x);
return x*x;
})
filter(x->{
System.out.println("filtering: " + x);

return x>10;

})

.forEach(x->{

n

System.out.println("terminating:

})s

+ X);

?09TI' NN
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);
ints.stream().map(x->{

System.out.println("mapping " + x);
return x*x;
})
filter(x->{
System.out.println("filtering: " + x);

return x>10;

})
—fertack—{—

EZZE

n . * . I

NN TN OX 09TI' NN
?forEach 7 nxpn
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List<Integer> ints = Arrays.aslList(1,2,3,4,5);

boolean res = ints.stream()
.map(x->""+x)

String 7 Integer n b2 DMA'RN '019'0 'Y

.skip(2) DIT2 DAIYRIN DMAKRD Y 7Y AT

.anyMatch(x-> x.equals("l"));<::: AR TINSY DRA

N'n DT NIThNNN
?2"1" nTnnnn

List<Integer> ints = Arrays.aslList(1,2,3,4,5);
boolean res = ints.stream()

1% DOt 0"MA'Rkn 190N NX 0'7'2an . L'l'_m‘i.t(l)

' .allMatch(x-> x ==1));
?1 % 0'nw DO DN2A'RN 7D DXN 4::}

g
.forEach > ,nimoio ni7ve |n anyMatch, allMatch, noneMatch ni7ivon
JIN'712 W nintnn |0, forEach 7 Tiana
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public static int comparesCounter;
public static void main(String[] args) {
List<Integer> ints = Arrays.aslList(5,4,3,2,1,6);
ints.stream()
.filter(x->x%2==0)
.peek(x->{System.out.println("peek " + x);})
.sorted((x,y)->{
comparesCounter++;
System.out.println("comparing: " + x + "," + y);
return Integer.compare(x, y);
})
.forEach(System.out: :println);

System.out.println("num of compares: " + comparesCounter);

}

4 N
output: ,90121 ,N7Y9IM X' 1'7V DT DX N'Thn peek n71y9n
peek 4 | om®d N72'PY N71¥9N DX DITH MA'R 7D 7Y n‘wsn)
peek 2 p
peek 6 NNIXK Y¥AY DIn 7y Nmnaw n71ve na'x sorted nYivon
comparing: 2,4 INZY9In X'A 19V DITA NAN 7D DX IONY W
comparing: 6,2 N =
comparing: 6,4
2 o 0O ®) VY¥J1 DX NINY' NN
4 filter n NY71V9 NX
6 ?sort n n721vo Nnx
num of compares: 3 Java nowa 1 n1dm 19
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Optional<T>

N'Y7119N 12W 2¥N T'NKX [9IX2 XVA7 17 "WoOKN Optional 2 win'wn
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public static Optional<String> findStringOfLenK(
List<String> strings, int k){
for (String s: strings){
if (s.length() == k){
return Optional.of(s);
}

}
return Optional.empty();
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Optional<T>
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List<String> 1st = Arrays.asList("John", "Paul", "George", "Ringo");

Optional<String> strOfLen6 = findStringOfLenK(lst, 6);
if (strOfLen6.isPresent()){
System.out.println(strOfLen6.get());

}
strOfLen6.ifPresent(System.out: :println);
output:
Optional<String> strOfLen3 = findStringOfLenK(lst, 3); George
System.out.println(strOfLen3.orElse("no-value")); George
no-value

https://docs.oracle.com/javase/8/docs/api/java/util/Optional.ntml :nv011 nxP7
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reduce Nn71vo

List<Integer> ints = Arrays.aslList(1,2,3,4,5);
Optional<Integer> product = ints.stream()
.reduce((x,y)->x*y);
Optional<Integer> sumOfSquares = ints.stream()
.map (x->x*x)
.reduce((x,y)->x+y);

S2'NOIN Y NTANN N1910 N71V9 X' reduce n71von

"221'YDIN 1 N'TAN ,NI7D) Y AT NI reduce , P DTRENT'N -
(7"

NIY¥NKI DT DMA'RN 70 NNAY 72U ARXIN N'Thn reduce ,NONK =
0NN9d J']'73.|7YJ X' NNIX N'X;2119nN

BinaryOperator<T> 019'0n XIn N727n reduce ¥ 1UNI9N
.0'9011 DVNIS DY reduce N'¥jI97 NnonNyN NN =
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:BiFunction pwinnn v xin apply 17w

/ D22 DUNIS NWITYW ' Tan BiFunction rzwmn\
q0NS V' Tan BinaryOperator pwinnw Tiva ,(T,U,R)

@FunctionallInterface

public interface BinaryOperator<T>

extends BiFunction<T,T,T>
A\ \

.TA72 TNX M
DUVNT9N )IN7 NaXn Yy¥a7 waT1 BinaryOperator 2%
7v DY NX DNYI7WA 2'¥n XIN .BiFunction 7w T,U,R

AN\

7w maan qounon T
7y n7yom BinaryOperator 7w apply ‘7190 :niynwnn

@Functionallnterface N\N
public interface BiFunction<T,U,R>

Represents a function that accepts two arguments and produces a result.

This is a functional interface whose functional method is apply (Object, Object).

Method Summary

Modifier and Type
R

All Methods Instance Methods Abstract Methods Default Methods

019'0nN INIXK DX NO'TNNIT OI9'UN INIXN DAY ']W/

Method and Description

apply(T t, U u) 24
Applies this function to the given arguments.
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T o19'vn DNA'R 7w oM RN Supplier<T> pwinn

@FunctionalInterface
public interface Supplier<T>

Method Summary

_ Instance Methods Abstract Methods

Modifier and Type Method and Description

T get()
Gets a result.

YINN 7Y XNAIT? win'n

public class NaturalNumbers implements Supplier<Integer>{
private int i;
@Override
public Integer get() {
return ++i;
}

Java nowa 1 n1DINn
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Stream<Integer> s = Stream.generate(new NaturalNumbers());

s.limit(5).reduce((x,y)->Math.max(x,y))
_y .ifPresent(System.out::println);

/
2V 7vom ifPresent

reduce n 1TINW Optional

output:

Stream<Integer> s = Stream.generate(new NaturalNumbers());
s.map(x->x+1).forEach(System.out: :println);

o o) O
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Stream<Integer> s = Stream.generate(new NaturalNumbers());
System.out.println(s.filter(x-> x % 7 == 0)
.anyMatch(x-> x % 10==0)); output:

true

190N 0"y oXN ,70 n DLVENI 7 2 D'P7NNNN DN%0NN AN
?10 2 7nnnn

Stream<Integer> s = Stream.generate(new NaturalNumbers());
System.out.println(s.filter(x-> x % 7 == 0)

.filter(x-> x < 70) °0 O |
.anyMatch(x-> x % 10==0)); N¥N Mt an

?NaN TN
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Stream<Integer> s = Stream.generate(new NaturalNumbers());

List<Integer> ints = s.limit(5)
.map (x->x*x)

.collect(Collectors.toList());

System.out.println(ints);

Output:
[1,4,9, 16, 25]

Stream<Integer> s = Stream.generate(new NaturalNumbers());
Double d = s.limit(5).collect(Collectors.averagingDouble(x->x*x));

System.out.println(d); "”,/",/////?'

—

NN N7'von averageingDouble n'¥j7119n
DTN MAN 7V 210N19D 72y NYIoN
DN7Y YXINNN DX NawNnl
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Stream<Integer> s = Stream.generate(new NaturalNumbers());
Map<Boolean, List<Integer>> partition = s.limit(5)
.map (x->x*x)
.collect(Collectors.partitioningBy(x->x>10));
System.out.println(partition);

output:
{false=[1, 4, 9], true=[16, 25]}

List<String> beatles = Arrays.asList("John", "Paul","George","Ringo");

Map<Integer, List<String>> groups = beatles.stream()
.collect(Collectors.groupingBy(x->x.length()));

System.out.println(groups);

output:
{4=[John, Paul], 5=[Ringo], 6=[George]}
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Enumerated Types

n'"1N '0I19'V

avwnnn 'v1n? 190n nna
2'aN 7N nu'oNanIN




Enumerated Types
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package cards.domain;
public class PlayingCard {

// pseudo enumerated type

public static final int SUIT SPADES = 0;
public static final int SUIT HEARTS = 1;
public static final int SUIT CLUBS = 2;
public static final int SUIT DIAMONDS = 3;

private int suit;
private int rank;

public PlayingCard(int suit, int rank) ({
this.suit = suit;
this.rank = rank;

NIXR'2 Nowa 1 n1dIN 31



Enumerated Types

public String getSuitName () {
String name = "";
switch (suit) {
case SUIT SPADES:

name = '"Spades";
break;

case SUIT HEARTS:
name = "Hearts'";
break;

case SUIT CLUBS:
name = "Clubs";
break;

case SUIT DIAMONDS:
name = "Diamonds";
break;

default:

System.err.println("Invalid suit.");

}

return name;

NIX"A NOwAa 1 NdIN
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Enumerated Types
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package cards.tests;
import cards.domain.PlayingCard;

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

PlayingCard cardl = new PlayingCard(PlayingCard.SUIT SPADES, 2);

System.out.println("cardl is the " + cardl.getRank() + " of "
+ cardl.getSuitName()) ;

// You can create a playing card with a bogus suit.

PlayingCard card2 = new PlayingCard (47, 2);

System.out.println("card2 is the " + card2.getRank() + " of "
+ card2.getSuitName()) ;

}

NIXR'2 Nowa 1 n1dIN 33



Enumerated Types
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(Not typesafe) n'o19'0 nin'va 7y MY '
NINY 2NN 7V NIY 'R

— NONDN |'X) '"N119N AXNNN 77N X7 MTNNNN AIX"? 9770 210 "2 Wpn =
(encapsulation

NADIN 0I9'07 WTN Y NO0IN
NINIEN 190N D"'IN'Y NYIIT =
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New Enumerated Types

enum N12NN NSY7 qoinn Java 5.0 2 7nn
D'0I9'0N NIN'VA N"'VYA NX NION

package cards.domain;

public enum Suit {
SPADES,
HEARTS,
CLUBS,
DIAMONDS

NIX"A NOwAa 1 NdIN
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New Enumerated Types

package cards.domain;
public class PlayingCard2 ({

private Suit suit;
private int rank;

public PlayingCard2 (Suit suit, int rank) ({
this.suit = suit;
this.rank = rank;

}

public Suit getSuit() {
return suit;

}

NIX"A NOwAa 1 NdIN
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New Enumerated Types

public String getSuitName () {

String name = "";

switch (suit) {

case SPADES:
name = '"Spades";
break;

case HEARTS:
name = "Hearts'";
break;

case CLUBS:
name = "Clubs";
break;

case DIAMONDS:
name = "Diamonds";
break;

default:

assert false : "ERROR: Unknown type!";

}

return name;

} NIX"A NOwAa 1 NdIN
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New Enumerated Types

package cards.tests;

import cards.domain.PlayingCard2;
import cards.domain.Suit;

public class TestPlayingCard2 {
public static void main(String[] args) {

PlayingCard2 cardl = new PlayingCard2 (Suit.SPADES, 2);
System.out.println("cardl is the " + cardl.getRank() +

" of "+ cardl.getSuitName()) ;

// PlayingCard2 card2 = new PlayingCard2 (47, 2);

// This will not compile.

}
} n''ya nX NI UThn Nlann
NI'Y] XY NX X7 X NIN'0aN

NIX D2 12'NN LD 7V - DXV XIN 1AT 70 vynd Javaa
JDITY DY) Np'7nn |'vin NiFfn'? enum 2 0901170
(...0'N12 ,NITINN
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package cards.domain;

public enum Suit { AIX NN Q17W7 1Y 'K NYD

SPADES ("Spades") ,
HEARTS ("Hearts"),
CLUBS("Clubs"),
DIAMONDS ("Diamonds") ;

private final String name;

private Suit(String name) ({
this.name = name;

}

public String getName () {
return name;

}

NIX"A NOwAa 1 NdIN

YIN2N NTINNND np'7nnn

39



N'IN 019'V 7vW NNIDN] YiIN'y

package cards.tests;

import cards.domain.PlayingCard2;
import cards.domain.Suit;

public class TestPlayingCard3 ({
public static void main(String[] args) ({

PlayingCard2 cardl = new PlayingCard2 (Suit.SPADES, 2);
System.out.println("cardl is the " + cardl.getRank() +
"of " + cardl.getSuit().getName?ﬂ);

// NewPlayingCard2 card2 = new NewPlayingCard2 (47, 2);
// This will not compile.

NIX"A NOwAa 1 NdIN
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public enum ArithmeticOperator {
// The enumerated values
ADD, SUBTRACT, MULTIPLY, DIVIDE;

// Value-specific behavior using a switch statement
public double compute (double x, double y) {

switch (this) {

case ADD: return x + y;

case SUBTRACT: return x - y;

case MULTIPLY: return x * y;

case DIVIDE: return x / y;

default: throw new AssertionError (this);

}

NIXR'2 Nowa 1 n1dIN 41



public enum ArithmeticOperator2 {

ADD {
public double compute (double x, double y) {
return x + y;
}

b

SUBTRACT {

public double compute (double x, double y) {
return x - y;
}

b

MULTIPLY {
public double compute (double x, double y) {
return x * y;
}

b

DIVIDE {
public double compute (double x, double y) {
return x / y;
}

};
public abstract double compute (double x, double y);

Real Polymorphism

NIX"A NOwAa 1 NdIN
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public class SomeClient {

// Test case for using this enum
public static void main(String args[]) {

double x = Double.parseDouble (args[0]) ;
double y = Double.parseDouble (args[1l]);

for (ArithmeticOperator op : ArithmeticOperator.values())
System.out.printf ("$f %s %$£f = %$£f\n",
X, op, y, op.compute(x,y))
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Bit Flags
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Bit Flags

1PORM 3% PIRODIA FINWA NNWI — NAR 70T

boolean isConvex;
boolean isFull;

Bit Flags-2 wnnwi — 7w 777

int shapeAttributes;

public static final int fullMask = 0x01,; // 000..0001
public static final int convexMask = 0x02; // 000..0010
public static final int straightMask = 0x04; // 000..0100

boolean isConvex () {
return (shapeAttributes & convexMask) != 0;
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enum ShapeAttributes {
FULL, CONVEX, STRAIGHT, COLORED

LI X Swnk

public class Testing {
public static void main(String[] args) {
Set<ShapeAttributes> s1 = EnumSet.of(ShapeAttributes.COLORED);
if (sl.contains(ShapeAttributes.CONVEX))

System.out.println("S1 is convex");

Set<ShapeAttributes> s2 = EnumSet.of(ShapeAttributes.CONVEX,
ShapeAttributes.FULL);

if (s2.contains(ShapeAttributes.CONVEX))

System.out.println("S2 is convex"); [::::::::>>
S2 is convex

Set<ShapeAttributes> s3 = EnumSet.allOf(ShapeAttributes.class);

System.out.println(s3);
) > [CONVEX, FULL, STRAIGHT, COLORED]
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enum Colors {

RED, GREEN, BLUE, YELLOW

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

Map<Colors,String> m = new EnumMap<Colors,
String>(Colors.class) ;

m.put (Colors.RED, "Red");
m.put (Colors.BLUE, "Blue'");

System.out.println(m) ;
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public class Test {
public static void main(String[] args) {
Stream<Integer> s= Stream.generate(new NaturalNumbers());
boolean res = s.filter(x-> x %10 == 0)
.allMatch(x -> {
System.out.print("!");
return x%25 == 0;
1)s

System.out.println(res);

public class NaturalNumbers implements Supplier<Integer>{
private int i = 9;
private static final int MAX VALUE = 100;

public Integer get() { 17 TIV'NA 1707 .anyMatch nn'wY nnima 2w allMatch nin'wa :ndT
i = (i + 1) ¥ MAX VALUE;
return i;

}

boolean allMatch(Predicate<? super T> predicate)
Returns whether all elements of this stream match the provided predicate.
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