
S <: T

T

S

S

T S <: T

T <: T

S <: T T <: U S <: U

S inVWanceRf T S <: T

b\We <: VhRUW <: inW <: lRng <: flRaW <: dRXble 
chaU <: inW

S <: T

T S

T

S

WhiV

CiUcle c = neZ CRlRXUedCiUcle(S, 0, Ued); 
// CRlRXUedCiUcle <: CiUcle 

CiUcle CRlRXUedCiUcle

SUiYaWe SXblic

e[WendV

@OYeUUide

abVWUacW claVV ShaSe ^ ... `  // cannRW haYe fieldV

inWeUface geWAUeable ^  
 // meWhRdV aUe SXblic and abVWUacW b\ defaXlW 
 dRXble geWAUea(); 
`

C I C <: I

claVV C imSlemenWV A, B ^ ... `

inWeUface I e[WendV A, B ^ ... `

defaXlW



IQWeJeU L = QeZ IQWeJeU(2); 
LQW M = L.LQWVaOXe();

LQW L = 1;      // L LV aQ LQW 
IQWeJeU M = L;  // M LV aQ IQWeJeU 
LQW N = M;      // N LV aQ LQW

SULYaWe

deIaXOW

SURWecWed

SXbOLc

ILQaO

ILQaO

ILQaO

// CLUcOe <: SKaSe <: GeWAUeabOe 
GeWAUeabOe ILQdLaUJeVW(GeWAUeabOe[] aUUa\) ^ ... ` 
GeWAUeabOe Ja = ILQdLaUJeVW(cLUcOeV);       // RN  
CLUcOe c1 = ILQdLaUJeVW(cLUcOeV);           // eUURU 
CLUcOe c2 = (CLUcOe) ILQdLaUJeVW(cLUcOeV);  // RN

SXbOLc SURWecWed SULYaWe abVWUacW deIaXOW VWaWLc ILQaO  
WUaQVLeQW YROaWLOe V\QcKURQL]ed QaWLYe VWULcWIS

WU\ ^ 
  QeZ CLUcOe(QeZ PRLQW(1, 1), 0);  
 // eYeU\WKLQJ aIWeUZaUdV LV VNLSSed 
  S\VWeP.RXW.SULQWOQ("TKLV ZLOO QeYeU UeacK"); 
` caWcK (IOOeJaOE[ceSWLRQ e) ^ 
 // UXQV LI WKeUe LV aQ e[ceSWLRQ  
` ILQaOO\ ^ 
 // aOZa\V UXQV 
`

cOaVV M\E[ceSWLRQ e[WeQdV IOOeJaOAUJXPeQWE[ceSWLRQ ^ 
 M\E[ceSWLRQ(SWULQJ PVJ) ^ VXSeU(PVJ); ` 
`

throZ

LPSRUW MaYa.OaQJ.IOOeJaOAUJXPeQWE[ceSWLRQ 
SXbOLc CLUcOe(PRLQW c, dRXbOe U) WKURZV IOOeJaOAUJXPeQWE[ceSWLRQ ^ 
    LI (U < 0) ^ 
      WKURZ QeZ IOOeJaOAUJXPeQWE[ceSWLRQ("UadLXV caQQRW be QeJaWLYe."
    ` 
  // aQ\WKLQJ IURP KeUe ZLOO QRW UXQ LI U<0 
`

WKURZ

C(T ) T

C

S <: T C(S) <: C(T )

S <: T C(T ) <: C(S)

C

S <: T ė S[@ <: T [@

E  0

E  1 E  <:1 E  0



FODVV PDLU<S H[WHQGV CRPSDUDEOH<S>, T>  
   LPSOHPHQWV CRPSDUDEOH<PDLU<S, T>> ^...` 
FODVV DLFWEQWU\<T> H[WHQGV PDLU<SWULQJ,T> ^...`

SXEOLF VWDWLF <T> ERROHDQ FRQWDLQV(T>@ DUU, T REM) ^...` 
// WR FDOO D JHQHULF PHWKRG: 
A.<SWULQJ>FRQWDLQV(VWUAUUD\, "KHOOR");

<T>

SXEOLF <T H[WHQGV CRPSDUDEOH<T>> T IRR(T 

W) ^ ... `

B LPSOHPHQWV CRPSDUDEOH<B> ^ ... ` 
A H[WHQGV B ^ ... ` 
A <: B <: CRPSDUDEOH<B> 
CRPSDUDEOH<A> INVARIANT CRPSDUDEOH<B> 
CRPSDUDEOH<A> <: CRPSDUDEOH<? H[WHQGV B>

OEMHFW

T H[WHQGV SKDSH SKDSH

IQWHJHU L = QHZ PDLU<SWULQJ,IQWHJHU>("[", 4).IRR();  // EHIRUH 
IQWHJHU L = (IQWHJHU) QHZ PDLU("[", 4).IRR();        // DIWHU

@SXSSUHVVWDUQLQJV

@SXSSUHVVWDUQLQJV("XQFKHFNHG") 
T>@ D = (T>@) QHZ OEMHFW>VL]H@; 
WKLV.DUUD\ = D;

? e[Wends

S <: T A<? H[WHQGV S> A<? H[WHQGV T>

? sXper

S <: T A<? VXSHU T> A<? VXSHU S>

?

AUUD\<?> AUUD\<T>

LLVW<? H[WHQGV T>

LLVW<? VXSHU T>

<?>

LQVWDQFHRI

LLVW<P\OEM>

P\OEM

<? VXSHU IQWHJHU> OEMHFW

<? H[WHQGV IQWHJHU> IQWHJHU

<>

PDLU<SWULQJ,IQWHJHU> S = QHZ PDLU<>();

A.FRQWDLQV() A.<>FRQWDLQV()

SKDSH

<T H[WHQGV GHWAUHDEOH>

AUUD\<CLUFOH> AUUD\<? H[WHQGV T> T :> 

CLUFOH

SXEOLF VWDWLF <T H[WHQGV GHWAUHDEOH> T ILQGLDUJHVW(AUUD\<? H[WHQGV T> DUU
SKDSH R = A.ILQGLDUJHVW(QHZ AUUD\<CLUFOH>(0));

✓



fiQaO

fiQaO cOaVV CiUcOe ^ 
  fiQaO SUiYaWe PRiQW c; 
  fiQaO SUiYaWe dRXbOe U; 
   : 
  SXbOic CiUcOe PRYeTR(dRXbOe [, dRXbOe \) ^ 
    UeWXUQ QeZ CiUcOe(c.PRYeTR([, \), U); 
  ` 
`

fiQaO

SXbOic YRid Rf(T... iWePV) ^` T[]

@SafeVaUaUgV T

SUiYaWe

this

WhiV

cOaVV A ^ 
 SUiYaWe iQW [; 
  
 cOaVV B ^ 
  YRid fRR() ^ 
   WhiV.[ = 1;   // eUURU 
   A.WhiV.[ = 1; // Rk 
  ` 
 ` 
`

QeZ CRQVWUXcWRU(aUgXPeQWV) ^ bRd\ `

QeZ (cOaVVNaPe iPSOePeQWV VRPeIQWeUface)(aUgXPeQWV) ^ 

bRd\ `

WhiV

fiQaO



QXOO

YRLG

TUDQVIRUPHU<IQWHJHU, IQWHJHU> VTXDUH = QHZ TUDQVIRUPHU<>() ^ 
  @OYHUULGH 
  SXEOLF IQWHJHU WUDQVIRUP(IQWHJHU [) ^ 
    UHWXUQ [ * [; 
  ` 
`;

@FXQFWLRQDOIQWHUIDFH

@FXQFWLRQDOIQWHUIDFH  
LQWHUIDFH TUDQVIRUPHU<T, R> ^ 
 R WUDQVIRUP(T W); 
`

TUDQVIRUPHU<IQWHJHU, IQWHJHU> LQFU = [ -> [ + 1; 
CRPSDUDWRU<SWULQJ> FPS = (V1, V2) -> V1.OHQJWK() - V2.OHQJWK();

CODVVNDPH:VWDWLFMHWKRGNDPH

LQVWDQFHNDPH::PHWKRGNDPH

T\SH::PHWKRGNDPH

CODVVNDPH::QHZ

TUDQVIRUPHU<T, 8> IRR = A::IRR;  
// ([, \) -> [.IRR(\)      A LV D W\SH, IRR LV DQ LQVWDQFH RI WKDW W\SH 
// ([, \) -> A.IRR([, \)   A LV DQ LQVWDQFH, IRR LV DQ LQVWDQFH PHWKRG

TUDQVIRUPHU<IQWHJHU, TUDQVIRUPHU<IQWHJHU, IQWHJHU>> DGG = [ -> \ -> ([ + \); 
 
=> DGG.WUDQVIRUP(1) // JLYHV D LDPEGD 
=> DGG.WUDQVIRUP(1).WUDQVIRUP(2)  // UHWXUQV 3 
=> LQFUHPHQW.WUDQVIRUP(3)  // UHWXUQV 4

@FXQFWLRQDOIQWHUIDFH 
LQWHUIDFH PURGXFHU<T> ^ T SURGXFH(); ` 
 
@FXQFWLRQDOIQWHUIDFH 
LQWHUIDFH TDVN ^ YRLG UXQ(); `

L = 4; 
TDVN SULQW = () -> S\VWHP.RXW.SULQWOQ(L); 
PURGXFHU<SWULQJ> WRSWU = () -> IQWHJHU.WRSWULQJ(L);

LD]\<T>

FODVV LD]\<T> ^ 
  T YDOXH; 
  ERROHDQ HYDOXDWHG; 
  PURGXFHU<T> SURGXFHU; 
 
  SXEOLF LD]\(PURGXFHU<T> SURGXFHU) ^ 
    HYDOXDWHG = IDOVH; 
    YDOXH = QXOO; 
    WKLV.SURGXFHU = SURGXFHU; 
  ` 
 
  SXEOLF T JHW() ^ 
    LI (!HYDOXDWHG) ^ 
      YDOXH = SURGXFHU.SURGXFH(); 
      HYDOXDWHG = WUXH; 
    ` 
    UHWXUQ YDOXH; 
  ` 
`

f : X ¤
Y

f(x) = @ @

f(x)

✓ k

✓

✓



Rf

flaWMaS

MRQad.Rf([).flaWMaS(\ -> f(\)) f([)

mRQad.flaWMaS(\ -> MRQad.Rf(\)) mRQad

mRQad.flaWMaS([ -> f([)).flaWMaS([ -> g([))

mRQad.flaWMaS([ -> f([).flaWMaS([ -> g([)))

Rf maS

fXQcWRU.maS([ -> [) fXQcWRU

fXQcWRU.maS([ -> f([)).maS([ -> g([))

fXQcWRU.maS([ -> g(f([))

IQfiQiWeLiVW<IQWegeU> eYeQV = IQfiQiWeLiVW.iWeUaWe(0, [ -> [ + 2); 

IQfiQiWeLiVW<IQWegeU> RddV = eYeQV.maS([ -> [ + 1); // 1, 3, 5, ...

IQfiQiWeLiVW<IQWegeU> alWEYeQV = RddV.maS([ -> [ * 2); // 2, 6, 10, ...



IOOHJDO6WDWHE[FHSWLRQ

.SDUDOOHO() SDUDOOHO6WUHDP()

CRQFXUUHQWMRGLILFDWLRQE[FHSWLRQ

FROOHFW()

FRPELQHU

FRPELQHU.DSSO\(LGHQWLW\, L) L

FRPELQHU DFFXPXODWRU

FRPELQHU DFFXPXODWRU

LWHUDWH RI

LLVW

JHQHUDWH

6HW

GLVWLQFW VRUWHG

.XQRUGHUHG()

jaYa.OaQg.ThUead

QHZ 7KUHDG

RXQQDEOH UXQ()

YRLG

.VWDUW()

.LVAOLYH()

7KUHDG.FXUUHQW7KUHDG()

7KUHDG.FXUUHQW7KUHDG().JHWNDPH()

7KUHDG.VOHHS(PV)

6WUHDP.RI(1, 2, 3, 4) 
 .SDUDOOHO() 
 .UHGXFH(0, ([, \) -> ^  
     6\VWHP.RXW.SULQWOQ(7KUHDG.FXUUHQW7KUHDG().JHWNDPH());  
     UHWXUQ [ + \;  
 `);

PDLQ 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-5 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-5 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-9 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-3 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-3 
FRUNJRLQPRRO.FRPPRQPRRO-ZRUNHU-3

6\VWHP.RXW.SULQWOQ(7KUHDG.FXUUHQW7KUHDG().JHWNDPH());  // PDLQ 
 
7KUHDG P\7KUHDG = QHZ 7KUHDG(() -> ^ 
  6\VWHP.RXW.SULQW(7KUHDG.FXUUHQW7KUHDG().JHWNDPH()); 
  IRU (LQW L = 1; L < 100; L += 1) ^ 
    6\VWHP.RXW.SULQW("B"); 
  ` 
`) 
 
P\7KUHDG.VWDUW(); 
 
QHZ 7KUHDG(() -> ^ 
  6\VWHP.RXW.SULQW(7KUHDG.FXUUHQW7KUHDG().JHWNDPH()); 
  IRU (LQW L = 2; L < 100; L += 1) ^ 
    6\VWHP.RXW.SULQW("*"); 
  ` 
`).VWDUW(); 
 
ZKLOH (P\7KUHDG.LVAOLYH()) ^ 
  WU\ ^ 
    7KUHDG.VOHHS(1000); 
    6\VWHP.RXW.SULQW("."); 
  ` FDWFK (IQWHUUXSWHGE[FHSWLRQ H) ^ 
    6\VWHP.RXW.SULQW("LQWHUUXSWHG"); 
  ` 
`

⊆



ComSleWableFXWXUe

jaYa.XWiO.cRQcXUUeQW.CRPSOeWabOeFXWXUe

.cRPSOeWedFXWXUe(WhiQg)

.UXQAV\Qc(RXQQabOe) CRPSOeWabOeFXWXUe<VRid>

.VXSSO\AV\Qc(SXSSOieU<T>) CRPSOeWabOeFXWXUe<T>

.aOOOf(...) .aQ\Of(...) CRPSOaWabOeFXWXUe<VRid>

.WheQASSO\(UeV -> f(UeV))

.WheQCRPSRVe(UeV -> CF)

.WheQCRPbiQe(CF, (WhiVCF, giYeQCF) -> ...)

AV\Qc

.geW()

IQWeUUXSWedE[ceSWiRQ E[ecXWiRQE[ceSWiRQ

.jRiQ() geW()

CRPSOeWiRQE[ceSWiRQ

.haQdOe((UeVXOW, e[ceSWiRQ) -> (e[ceSWiRQ == QXOO) ? UeVXOW : VRPeWhiQgEOVe)

fRUk()

jRiQ()

FoUkJoinPool

cRPSXWe()

cRPSXWe()

fRUk()

jRiQ()

cRPSXWe()

jRiQ() fRUk()

OSWiRQaO

  

CS2030S
BooleanCondition < T >:: test

Producer < T >:: produce
Transformer < T, R >:: transform
Combiner < S, T, R >:: combine

java.util.function

Predicate < T >:: test
Supplier < T >:: get

Function < T, R >:: apply
BiFunction < S, T, R >:: apply

   

CS2030S
Maybe < T >
La]y < T >

InfiniteList < T >

JaXaaXeTUKQP
java.util.Optional < T >

N/A
java.util.stream.Stream < T >


