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St43 OIE{H|0| A (Functional Interface)

o 84d QIE{H 0| A (Functional Interface)
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St43 OIE{H|O| A (Functional Interface)
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o Functional Interface® 4% &4 M A7} SHLETE QU
public interface Functional {
public void execute(); // F&HAE
}
/l java.lang.Runnable = Z3% S 2 Functional Interface &
public interface Runnable {
public void run(); // F&HAE
}
o Functional Interface”t Ol 42
public interface NonFunctional {
public void actionA(); // FAHALE
public void actionB(); // FAMHALE

o Lt (lambda expression)2 LIE0| Al E S5O =2
e 2o dEE &= s ZE S50|Ch

4—— =27
LA S O|2SHH HAET Haoh 20| ZHEHS|
HAEE E'Y = Lt
o ECHAI0| ™7} (evaluation)E|™ 11 Z 1} Functional
Interfacel| QUAEAE MMSICE SHCHAO| XE| Autes
BN 552 HAWMSH= AO| OfL|CH CHAI LSO O]
Functional Interfacel| A%t HAE7t A
D Z(invoke)E [ O] E3A Z&52| AMO| YOt
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HCHA ALE o

o ZCH2 (argument-list) -> {body} 1= A25}0] =ty

HAE ATLE - 2ic} saixt - Of|As P
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GinEsasntEb)l -> { return a + b; }

o LA Q| of

() -> System.out.printin("Hello World");
(String s) -> { System.out.printin(s); }

() -> 69

() -> { return 3.141592; };

(String s) -> { return “Hello, " + s; };
(int n, String str) -> { return str + n; }
(n, str) -> str + n

str -> str + 1

”

@Functionallnterface
public interface ArithmeticOperator {
public int operate(int a, int b);
}
public class ArithmeticCalculator {
public static int calculate(int a, int b, ArithmeticOperator op) {
return op.operate(a, b);
}
}

public class ArithmeticCalculatorTest {
public static void main(String[] args) {
int result = ArithmeticCalculator.calculate(5, 10, (a, b) ->a + b) ;
result = ArithmeticCalculator.calculate(5, 10, (a, b) -> a - b) ;
result = ArithmeticCalculator.calculate(5, 10, (a, b) ->a * b) ;
result = ArithmeticCalculator.calculate(5, 10, (a, b) ->a/b) ;




CH& EFQ! =2 (Target Type Inference)

Oj7HH = E}Y =2 (Parameter Type
Inference)

o YYSEUAS AT YA o Dh7HE4 EFRY AFE
new Thread( new Runnable() { button1 .addActionListener> {

@Override textfield1.setText(“HHE E =),

public void run() { }

System.out.printin(“Hello World”); Target type ); Target type

} public Thread (Runnable targey) public interfac&ActionListener{

1)-start(); o Oj7f 2 EFQ =2 void actionPerformed(ActionEven
public interface Runnable { o } P t
N public void run(; button1.addActionListener > { arametey

o BCHAE AFESH "AL textfield1 setText("HE 22)): type
new Thread( () -> { }

System.out.printin(“Hello World”); );

}
).start();

N —
Why lambda? Mol =28 35
SE =HEH QI XAS . .

o MO 28 S5 o=t NaturalNumMaxFinder AbsNumMaxFinder
o OOP &4l : OOP is not a one-size-fits-all solution
o W 0§74 H==(parameterized behaviors)E A&t int max = numbers[0]; int max = numbers[0];

X‘||0'|§§ —%:—é,*fif for (int i=1; i<numbers.length; for (int i=1; i<numbers.length;
o 7t H[80| A E= Y S22 (anonymous class) ) _ )

B A TH% . if (max < numbers][i]) if (Math.abs(max) <
o _.'_—_'_ = =|(Captured Va_.r_-lable) max = numbers[i]; Math.abs(numbers[i]))
o AL Oj7jHE2| =3} } max = numbers[i];
o AtHE8 Z= EfCHA X3 return max; }

return max;
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AbstractMaxFinder
Qublic findMax(li ot ¢

<abstract boolean isLesser(a,b)>
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NaturalNumMaxFinder

AbsNumMaxFinder

boolean isLesser(a,b) boolean isLesser(a,b)

Template Method Design Pattern

abstract class AbstractClass Template method.t is
" final so that you can not
. . ; override it
public final void templateMethod()

{
operationl () :
operationz () ;
operation3 () ;

) Abstract steps which
abstract void operationl(): will be implemented by
abstract void operation2(): subclass

void operation3()

This step is comman !

for all sa impimenting . System.out.println("General operation,will be common for all subclasses"):

in base class

public class ConcreteClass extends AbstractClass{

@Cverride

Subclass void operationl() {
implementiny System.out.println("Implementing abstract method operationl®);
abtract }

steps of @Override
superclass void operation2() {

System.out.println("Inplementing abstract method operation2"”):
)

Strategy Design Pattern

m]

MaxFinder
public findMax(list
Qt Hl= A

interface Comparator

— .
~abstract boolean isLesser(a ;I

NaturalNumMaxFinder

boolean isLesser(a,b)

AbsNumMaxFinder
boolean isLesser(a,b)
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Atdte| B9 of7HH

AF Sci2E ASe A9l tH7iE s

o java.util.Collections S22

= public static <T> T max(Collection<? extends T> coll,
Comparator<? super T> comp)

m public static <T> T min(Collection<? extends T> coll,
Comparator<? super T> comp)

= public static <T> void sort(List<T> list, Comparator<? super T>
comp)

AtHE A AFE0]| 2 H[E

» BE IEE class 20 FlX|0foF & (T AAZ AHE

List<Person> people = getPersonList
plist.sort(new Comparator<Person>()

D

o 2 Sg|AE

0 AHB S $S) of7H B4

st();

@Override

public int compare(Person p1, Person p2) {
return p1.getAge() - p2.getAge();

}

o 29%¥ 22 (@anonymous class)
71 HEO| HA E= 2

o]
|
=7h w FEfA Folt QIAEHA MHO| A0 O|FO{H
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SfLt . S2a MuR AN 2EQ
= 222 0|5 XY = = Y38 ZeHx, F YA SHLio) AAEA S
s WED Y H2 -
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AH SP20A H A A 072 B
o UFE SeHA0AM H= WX (captured variable) o Chet A0 LX2t<=(high-order function) X[
= LIS 24K ol 24H|o ot 9T #F(scope)| B4 2o o gy 220 St
H2 7ts o C# 3.0 ZCHA & LINQ X[ (2007)
w LB K7t 28 HaE final £ 7|52 D E|0{0F H '7 - 1 HEH M % 6 SHVE 2|l
o olod A~ + Ha A < Kp}A] 225 (closure) o KHHE772EX| O A Z 24 M X2 (filter, sort, map S)& 2%

Button button1 = new Button(“press the button”);
ex new TextField(20); AIH= (free variable) Tt
ﬂnal Counfér ggunterT> new Counter();

= oT T—l =

textfield1.setText(“button pressed: ” + counter.count());

SEXOM HIots g Sl Hy

Xtztst Ao CHsH "idk2 LEFH 2HE 2loj B 22|
Guava, TotallyLazy, Op4j, Lambdaj, &

o JVMOAM &= CHE 210{o] et X|&: Groovy,
Scala, Kotlin, 55

o XtHEO| = BCHA X 28 2322, XiHigFE =}
£¢ (2014)




Anonymous Class vs Lambda

Anonymous Class vs Lambda

0 AYSYAE ALBSH 4
Comparator<Person> byName = new Comparator<Person>() {
@Override
public int compare(Person 01, Person 02) {
return o1.getName().compareTo(o2.getName());

} public interface Comparator<T> {
b int compare(T o1, T 02);
}

0 BCHIE AFSEH A
Comparator<Person> byName = (Person o1, Person 02) ->

o1.getName().compareTo(02.getName());

0 AYTHAE ASTH A
List<Person> plist = getPersonList();
// sort by age
plist.sort(new Comparator<Person>() {
@Override
public int compare(Person o1, Person 02) {
return o1.getAge() - 02.getAge();

} public interface Comparator<T> {
»; int compare(T o1, T 02);

0 ZCFAIS ALR S} Al

/I sort by age
plist.sort( (Person o1, Person 02) -> 01.getAge() - 02.getAge() );

Stream API

Stream §¢

for (int n : numbers) {

o Collection O Stream
= BAIH 2|7 e = 5 5
= Mol S8 55 ¢ o B X W3t
= 22H0|1 AFYH @4 = Mol S & F43t
Al = I}O|Z-ZE 7|8t AP
= AXzst RE « Z|Xsiet ¥12|F £2
= 7o HOJE = API = SHEXO| B
= 7ot A% HO[E SF API
= OOl 2 /0, &t ¥4 &
N
10

numbers.forEach(n -> ...)

.

O java.util.stream

= Stream<T> HHYE QAR S}= 7}E YHixol AEZ
= DoubleStream 827} doubleQ AEE
= IntStream Q471 intel AEE
m LongStream 247t long?l AEE
O java.lang

mjo

= Optional<T> 0| AS & QIS == YS I AIE




Stream MM

o Stream & of(*), range(...)

o Collection stream(), parallelStream()
O BufferedReader lines()

o Random doubles(*), ints(*), longs(*)
O BitSet IntStream()

O Arrays stream(*)

o xxxStream.Builder build()

Stream Method

m]

Stream<R> map(Function<? super T, ? extends R> mapper)

= TEIYO Q45 11MZ REIYS Q42 Het 2 AER MY
Stream<R> flatMap(Function<T, Stream<? extends R>> mapper)
s TERO 2AE 1:n22 REIYUS QA2 Hal 5 AEE MY
Stream<T> filter(Predicate<? super T> predicate)

= TEYS| Q45 =l 7|F0| Sitet aaftoz Af AEZ] WY
Stream<T> skip(long n)

s MZnf HEZ £ LMK @42 M AEZ WY

Stream<T> limit(long n)

s NS nlle A2 M AEE MY

Stream<T> concat(Stream<? extends T> a, Stream<? extends T> b)
s FAEEZ AASIH M AER MY

Stream Method

o Stream<T> distinct()

 SSE Q45 HAT 2EE dd
o Stream<T> sorted()

= Comparable 7| EC 2 HEHE AEE %
o Stream<T> sorted(Comparator<? Sup

= Comparator 7| ZC 2 JHE AEF Ma

Stream Method

d
er T> comparator)
4
o

m}

m}

Optional<T> findFirst()

» REW 245 Z0FAM Hhgt

Optional<T> findAny()

= Yolo| R4 HOLA BHet

Optional<T> max(Comparator<? Super T> comparator)
. ZUO| ME JHE 2 24 diet

Optional<T> min(Comparator<? Super T> comparator)
o U0 ME 7Y A2 24 et

boolean anyMatch(Predicate<? super T> predicate)

. FOIT ZAO| LX[St= 247F A2 true

boolean allMatch(Predicate<? super T> predicate)

= FOIT A0 25 AX|SHH true

boolean noneMatch(Predicate<? super T> predicate)

s FOIT =AU 25 S LX|SHH true




Stream Method

o void forEach(Consumer<? Super T> action)
s ZF QA0 X|-HE A4 =3

o R collect(Collector<? Super T, R> collector)
s TEIQO QAZ ZE DO} &IL{o| XIE XL} 3o 2 Het
o Optional<T> reduce(BinaryOperator<T> accumulator)

s TEIYO @4 & M accumulatorZ AHASH HHE2M o2 488 © AZXoz2
SILEO| gt (reduced value)O| =X|SHH Hizt
o T reduce(T identity, BinaryOperator<T> accumulator)
m TEIRO 84 & 4 accumulatorZ AAS| HIEHOo 2 8 & %x|FHo=Z

StLEO| Zf (reduced value) Bzt
o Iterator<T> iterator()
= Iterator Z{H| st

S H4xt 2 g QlE{m o] &

- O O L=

o java.util.function.* T{7| X|
= public interface Consumer<T> {
void accept(T t); // T X & Lo} AH| (Hkgto] gich
}
public interface Function<T, R> {
R apply(T t); // T 44| E 2o} R 4N 2 DjH(EIY HEH

}

= public interface Predicate<T> {
boolean test(T t); // T K| E Wof ZAISHA| boolean ft

riot

}
public interface Supplier<T> {

T get(); // T M| E St

}
public interface UnaryOperator<T> { // Function<T,R> &}9| QIE{H| 0] A
T apply(T t); // T 4K E ‘2ol AL = High

Collection vs Stream

o L0l ZEE AL 24
public static void printPersonWithinAge(List<Person> people, int low, int high) {
for (Person p : people) {
if (low <= p.getAge() && p.getAge() < high) p.print();
}
}
I A&3t7]
printPersonWithinAge(people, 10, 20);

o Streamif EHLIAS AMESH 4
I HAELE 22iA H-Eo0l HHZ AL
people.stream()
filter( p -> p.getAge() >= 10 && p.getAge() <=20)
forEach( p -> p.print() );

Collection vs Stream

//HTHLOl ZN AL )
List<Person> youngMale = new ArrayList<>();
for (Person p : people) {
if (p.getAge() <= 30 && p.getGender() == Gender.MALE) youngMale.add(p);
}
youngMale.sort(new Comparator() {
public int compare(Person p1, Person p2) {
return p2.getAge() — p1.getAge(); // descending order
}
i
List<String> youngMaleNames= new ArrayList<>();
for (Person p : youngMale) {
youngMaleNames.add(p.getName());
} //Streami} lambda expression2 ArE% A
List<String> youngMaleNames = people.stream()
filter( p -> p.getAge() < 30 && p.getGender() == Gender.MALE )
.sorted( Comparator.comparing(Person::getAge).reversed() )

.map( Person::getName )
.collect( Collectors.toList() );




Collection vs Stream

Stream

//HCHRL0| ZENE AL 24

List<Integer> evenNumbers = new ArrayList<>();

for (int i=1; i<100; i++) {
if (i%2 == 0) evenNumbers.add(i);

}

List<Integer> evenNumbersSquare = new ArrayList<>();

for (Integer i : evenNumbers) {
evenNumbersSquare.add(i * i);

}

List<Integer> evenNumbersSquare2 = new ArrayList<>();

for (inti = 10;i < 20; i++) {
evenNumbersSquare2.add(evenNumbersSquare.get(i));

} //Streamit lambda expressiong A& %
int sum = 0; IntStream.range(1, 100)
for (Integer i : evenNumbersSquare?) { filter(n->n%2==0)
sum +=i; :map(n->n*n)
.skip(10)

J limit(10)

.reduce( 0, Integer::sum );

Arrays.asList(5,3,4,7,2).stream(); // 2E& 4
Arrays.aslList(5,3,4,7,2).stream().forEach(System.out:printin);
Arrays.aslList(5,3,4,7,2).stream().map(i -> i*i).forEach(System.out:printin);
Arrays.aslList(5,3,4,7,2).stream() filter(i -> i>3).forEach(System.out:printin);
int sum = Arrays.asList(5,3,4,7,2).stream().reduce(0, (i, j) -> i+j); //
(((5+3)+4)+7)+2)

System.out.printin(“sum=" + sum);

List<Integer> intList = Arrays.asList(5,3,4,7,2).stream() filter(i ->
i>3).collect(Collectors.tolList());

intList.foreach(System.out:printin);

int result = Arrays.asList(5,3,4,7,2).stream() filter(i ->
i>3).findFirst().orElse(null); // 32CF 2 AEW 24 Hist
System.out.printin(“result=" + result);
Arrays.aslList(5,3,4,7,2).stream() filter(i ->
i>3).findAny().ifPresent(System.out::println); // 32Ct & Q4 gt
boolean result2 = Arrays.asList(5,3,4,7,2).stream().allMatch(i -> i>0); //
DECHRLCH 2X

System.out.printin("result2=" + result2);

Optional

Stream

o K| AL
» AEZZ YISt TEQ W G2 7|2E O R X|H(lazy)
X AMS ESH S5 2N} (RAE) S ALY
» BCHOM Al ZE A 23 (Hhg T K| A3}

o EE XNe|
» SUDH IEZ X At B AN 25 XY, ME IS
w =X HAMOIM parallel) HAERZ HEALMOZ M3 JHs
= Collection.parallelStream() 22 HEKXN2| AEE ¥d 7ts
» A0 AER NE| S0= AERY QA E HASIX| OHA| !
= MPET}OHHSIR| QF2 AMMOME HEXNZ| =

o NPE (NullPointerException)
= Null #EZ QI8 Xt JWUXE0| 7+ &X| ot A H&=
=M= 4= 2 Z2lH 02| (NPE)O|LCE.

= Null M2[7} Fofet AEO M= HEFRJIO| NPE 2 =H50| =L

O NPE 2 AJLI2[2
// FE2 o330 #1 Q= EAE HhEstrt
public String getCityOfMemberFromOrder(Order order) {
return order.getMember().getAddress().getCity();

m order?f nullO] E0=
= order.getmember()2| Z1t7} null
= order.getMember().getAddress()2| Z1t7} null
= order.getMember().getAddress().getCity()Z} null g+t
o NPE &0 I &
= 1.3 null M2 2. AFROIM return S|
= Null §=2 22I{Z0| ZE 7I=d 8 |RX| E540] EO{ZICt




Optional

Optional

o TESHQ NPE gof jH

-_O 1
s S null M2

public String getCityOfMemberFromOrder(Order order) {
if (order != null) {
Member member = order.getMember();
if (member !'= null) {
Address address = member.getAddress();
if (address != null) {
String city = address.getCity();
if (city !'= null) return city;
}
}

return “Seoul”; // default

o MSH el NPE gof mfH

L-O 1
s AP0 return 817

public String getCityOfMemberFromOrder(Order order) {
if (order == null)
return “Seoul”;
Member member = order.getMember();
if (member == null)
return “Seoul”;
Address address = member.getAddress();
if (address == null)
return “Seoul”;
String city = address.getCity();
if (city == null)
return “Seoul”;
return city; // default

Optional

Optional

O Java.util.Optional<T>
= EXE X| O TX| REE WA
= NPEE REE £ A= nullg XY CHEX| otz ECh
= Null M3E AE SHX| EotE ElCt
= BAFOR ST MEI nulle =& JUCh= 7tsd
ULt

B &

mlo

o Optional Z4X| A48
m static <T> Optional<T> Optional.empty()
nullE &2 Optional ZiA| 44
m static <T> Optional<T> of(T value)
nullo] Ottl 4K E =2 Optional ZHA| &g
m static <T> Optional<T> ofNullable(T value)
null2!X| OHAX| 4l 5= 2l= AN E =2 Optional Z4H| *4-d

= O—

Optional<Member> maybeMember = Optional.ofNullable(aMember);
Optional<Member> maybeMember = Optional.ofNullable(null);




Optional

o OptionalO| B3 U= 24X HZ
= T get()
Optional g{2 Bt&tstLE nullQl Optional Z4A|0f CHal
NoSuchElementException

T orElse(T other)

Optional f2 BH&SIAHLE null@l Optional ZHA|0f CHel HO{2 QIXtE
gtet

T orElseGet(Supplier<? extends T> other)
Optional Zt2 BH&FSIAHLE null@l Optional Z4A|0f CHsl HO{2 st
OIXIZ E&|| MAMEl 24K Bzt
m <X extends Throwable> T orElseThrow(Supplier<? extends X>
exceptionSupplier)
Optional 4{2 Bt2tSt7 Lt nulll Optional ZiX|0f CH3 Ho{ 2
ol 22| &l
= boolean isPresent()
| 7t EXHSHH(ZF, null OFL| M) true Bt

o=

Optional

o <U> Optional<U> map(Function<? Super T, ?

extends U> mapper)

// FEE T 2RO #1 A= TAE BHgsitt

public String getCityOfMemberFromOrder(Order order) {

return Optional.ofNullable(order) // Optional<Order>

.map(Order:getMember) // Optional<Member>
.map(Member:getAddress) // Optional<Address>
.map(Address::getCity) // Optional<String>
.orElse("Seoul”); // default

}

O Optional<T> filter(Predicate<? Super T> predicate)
n T7OZE TEGHY|
// T2 min EC} LISO0] 8 30| &1 Q= A Htetsict
public Optional<Member> getMemberWithin(Order order, int min) {
return Optional.ofNullable(order) // Optional<Order>
filter(o -> o.getDate().getTime() > min)
.map(Order::.getMember);

Optional

o void ifPresent(Consumer<? Super T> consumer)
w X7t Z=XHSHH(F, null OtL| ) consumer &2t
» 57 Z0tE gtetst= 410 Optional 24| 7F ZEMELD Q= 240|
A O

ZEIY o= R0 0F AE 2RSS sty QXIE U4 5= QL

Optional<String> maybeCity = getAsOptional(cities, 3); // nullO| OFl city
maybeCity.ifPresent(city -> {

System.out.printIn(“length: “ + city.length());
i

Double Colon Operator (::)

A LEX} (Double colon operator)= ZCIAlS
EHXﬂOM HIA = & X (method reference) 2 AtEEICtH

m 5, HCHAO| AFEE &= = Functional Interface
ImplementationOf| M2t AL 7ts

// using lambda
Comparator ¢ = (Person p1, Person p2)
-> pl.getName().compareTo(p2.getName());

// using lambda with type inference
Comparator ¢ = (p1, p2) -> pl.getName().compareTo(p2.getName());

// using :: operator (method reference)
Comparator ¢ = Comparator.comparing(Person::getName);

// method reference
Function<Person, String> getName = Person::getName; // Person -> String
String name = getName.apply(person1); // person1 Z4 X0 X &




Double Colon Operator (::)

User-Defined Functional Interface

A AL (5, method reference)= ZHCHAI D} S st
X1E| St= AOX[2t HAE 222 M3dh= il
71E HAEE O|E2 &2 FXDICL

Function<Double, Double> sq = (Double x) -> x * x; // lambda
double result = sq.apply(3); // 372 =9

Function<Double, Double> sq = MyClass::square; // MyClassH ‘82|l square
(SRS EY=E

double result= sqg.apply(3); // 322 =9

BiFunction<Double, Double, Double> add = (x, y) -> x + y; // lambda
double result = add.apply(3.2, 3.4); // 3.2 + 3.4 = 6.6

BiFunction<Double, Double, Double> add = MyClass:sum; // MyClassOfl 82| &l
sum @& HAE

double result= add.apply(3.2, 3.4); // 3.2 + 3.4 = 6.6

HIHBL7| AR E|= 848 OIE{T|O0|A (Functional
Interface)= java.util.function & APl I{7|X| 2 K&
o User-Defined Functional Interface 4

@Functionallnterface

interface MultiFunction<T, U, V, W, R> {
public R apply(T t, U u, Vv, W w);

}

MultiFunction<String, Integer, Double, List<Double>, String> concat =
(@ b, ¢ d->a+b+c+d;//lambda

String answer= concat.apply(“abc”, 1, 3.0, Arrays.asList(3.4, 4.4, 6.7)); //

abc13.0[3.4, 5.5, 6.7]

Reference

a

a

O O o g
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