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http://notes/74.%20%E6%AF%8F%E4%B8%AA%E6%96%B9%E6%B3%95%E6%8A%9B%E5%87%BA%E7%9A%84%E5%BC%82%E5%B8%B8%E9%83%BD%E9%9C%80%E8%A6%81%E5%88%9B%E5%BB%BA%E6%96%87%E6%A1%A3.md
http://notes/75.%20%E5%9C%A8%E7%BB%86%E8%8A%82%E6%B6%88%E6%81%AF%E4%B8%AD%E5%8C%85%E5%90%AB%E5%A4%B1%E8%B4%A5%E4%B8%80%E6%8D%95%E8%8E%B7%E4%BF%A1%E6%81%AF.md

o 76 (RISKMIRFHE
o M. AERERE

Chapter 11. Concurrency

o 78. FAEIARHEERY AT IELIE

o 79. BREERS

e 80.executor. task #l stream {fi5cFZiE
o 81. HETEMRTF wait Fl notify

o 2. XHENEAEZEZLREM

o 83. BREERIERYEFAERIRML

o 84. AEMIREITRAEES

Chapter 12. Serialization

o 85. {fi5Ei%ksE Java FHILHIB G R

 86. EFiZ{EMECIN Serializable

o 87. BE(EABEXHFEFER

o 88. {RIPHAISRS readObject Bk

o 89. XFILFUEH, HEEFKBURTF readResolve
o 90. EERAFFICREBRERTICEH

IR

o effective-java-2nd FASZKR
o effective-java-3rd EIZhR
o effective-java-3rd jR{tH3

—EERBITEF
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http://notes/77.%20%E4%B8%8D%E8%A6%81%E5%BF%BD%E7%95%A5%E5%BC%82%E5%B8%B8.md
af://n2956
http://notes/78.%20%E5%90%8C%E6%AD%A5%E8%AE%BF%E9%97%AE%E5%85%B1%E4%BA%AB%E7%9A%84%E5%8F%AF%E5%8F%98%E6%95%B0%E6%8D%AE.md
http://notes/79.%20%E9%81%BF%E5%85%8D%E8%BF%87%E5%BA%A6%E5%90%8C%E6%AD%A5.md
http://notes/80.%20executor%20%E3%80%81task%20%E5%92%8C%20stream%20%E4%BC%98%E5%85%88%E4%BA%8E%E7%BA%BF%E7%A8%8B.md
http://notes/81.%20%E5%B9%B6%E5%8F%91%E5%B7%A5%E5%85%B7%E4%BC%98%E4%BA%8E%20wait%20%E5%92%8C%20notify.md
http://notes/82.%20%E6%96%87%E6%A1%A3%E5%BA%94%E5%8C%85%E5%90%AB%E7%BA%BF%E7%A8%8B%E5%AE%89%E5%85%A8%E5%B1%9E%E6%80%A7.md
http://notes/83.%20%E6%98%8E%E6%99%BA%E5%AE%A1%E6%85%8E%E7%9A%84%E4%BD%BF%E7%94%A8%E5%BB%B6%E8%BF%9F%E5%88%9D%E5%A7%8B%E5%8C%96.md
http://notes/84.%20%E4%B8%8D%E8%A6%81%E4%BE%9D%E8%B5%96%E7%BA%BF%E7%A8%8B%E8%B0%83%E5%BA%A6%E5%99%A8.md
af://n2972
http://notes/85.%20%E4%BC%98%E5%85%88%E9%80%89%E6%8B%A9%20Java%20%E5%BA%8F%E5%88%97%E5%8C%96%E7%9A%84%E6%9B%BF%E4%BB%A3%E6%96%B9%E6%A1%88.md
http://notes/86.%20%E9%9D%9E%E5%B8%B8%E8%B0%A8%E6%85%8E%E5%9C%B0%E5%AE%9E%E7%8E%B0%20Serializable.md
http://notes/87.%20%E8%80%83%E8%99%91%E4%BD%BF%E7%94%A8%E8%87%AA%E5%AE%9A%E4%B9%89%E7%9A%84%E5%BA%8F%E5%88%97%E5%8C%96%E5%BD%A2%E5%BC%8F.md
http://notes/88.%20%E4%BF%9D%E6%8A%A4%E6%80%A7%E7%9A%84%E7%BC%96%E5%86%99%20readObject%20%E6%96%B9%E6%B3%95.md
http://notes/89.%20%E5%AF%B9%E4%BA%8E%E5%AE%9E%E4%BE%8B%E6%8E%A7%E5%88%B6%EF%BC%8C%E6%9E%9A%E4%B8%BE%E7%B1%BB%E5%9E%8B%E4%BC%98%E4%BA%8E%20readResolve.md
http://notes/90.%20%E8%80%83%E8%99%91%E7%94%A8%E5%BA%8F%E5%88%97%E5%8C%96%E4%BB%A3%E7%90%86%E4%BB%A3%E6%9B%BF%E5%BA%8F%E5%88%97%E5%8C%96%E5%AE%9E%E4%BE%8B.md
af://n2986
https://pan.baidu.com/s/1R6H9UHbFYubWWY9HrclZ2A
https://pan.baidu.com/s/1mJx5ZrOD_RPjf3ghQnBV5g
https://github.com/jbloch/effective-java-3e-source-code
af://n2994
https://jq.qq.com/?_wv=1027&k=5tscKwN
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S0 A D E 75 PRI AT

IR =ER—1]

R WA IXLRE : ;$795188-6

S & wiEz

1. BEERFSLI FEEEERZE

— PN EATFEFIRRBELINER S X RIRE—AHEER A, HIERE 5 —ARROZL S
FMEFRTEEN—ED. —MEILURE—AHEST A%, ERE—MNREELFIRERSS
5. THEHZE— Boolean EEERIHIF ( boolean EAFBINEIEE) . WHIEE boolean EXR
AR Boolean XISR3IA:

public static Boolean valueOf(boolean b) {
return b ? Boolean.TRUE : Boolean.FALSE;

}

IR, BEL LiESRIHE PRI 75iAE AR Gammags], AFE FHEARIRFES LI 73k
ERIHEFIREERIIFN.

KOULINEEFIRRERSS I 7515, MARLHMIETTE. REFSI I5EMARAHIEN
IZBNRBERSR,

BSIBZN— MIRR, SBELRZERR, BliIREE8FN. WREERENSHASHAE
HRABIREINTSR, NEBBEEREEMINEST B2 T6EHE, HEERNERIRIDESTiRE.
fign, IREI—NEJEEREREEY BigInteger BUMGIENTIA BigInteger(int, int, Random) BJLAEE
YFHIFR 9B/ BigInteger.probablePrime FYERESTI) ik, (XANHFIEARTE Java 1.4 R0
19, )

— M RABEE—MEEEBRIIES L. EFRNEE T RHE MIETS ZRARRIX MRS, XM
MIETTENSEGIRRBEINSEEENINFAR. XE— M IFRERIER. XERI AP BF
BXIZAICERMIET 21, RERSERER, REERXEETEZINBENAREES
RN A RERBAER.

EAMIERF, FUBEFSI] FEASZE EEehrIRE. EXPUFREESHEREEM
ZMEETENBR T, RS DiEBREIETTiE, FHMFREESRRRHEINER.


af://n3008

HSIBZENEIMIER, SIEERZEARRE, BiFSEGXERRMEE—IIER. X
FFARERR (FEISE 17 R) (ERTRSTIERISEA, sEEEEREFLA, HRESEEIILIER
SRRV ENEENS. Boolean.valueof(boolean) FHiZRBETXMGLE: EMNAEIENSR, X
MRARELITF Flyweight fEI[Gammads], WIREFHEIERKENNS, BACHLURAMES MRS, 15
AREREEIINKNIEEBRNERT.

BT RS AREIREERESLARXME s e LA E R REBEERT SLANRIS ™ 18A0H] . 1X
FEMAISEFR OSLHEHIZE (instance-controlled) . BRZEBHREIALENEZRKIIRELHHZHIZE.
SCHREHIRTLMRIE— M2 8] B9 (FNE 3 K) FAILHIEE (¥4 %) . B ERTF—
AATHNESE (FIE 17 K) REAMFERMESEAEEDAELA, BHMBREENE a == b i
A8 a.equals(b) . X2 Flyweight #Ez(AUERGammags], Enum KA (ML 34 &) ATLUM

BSII BENB=EMEIRR, SEERZEAR, BliIULLROHEREIEMEAFRERNHR.
XAREEEREIRISRAISRAHRM T RAINRIEE.

XM RIEE— AR API JLUREIRISRMAZTEATTERIE,  LUXMS T RRISEIRAE AP
FERE, XMAERTETEROMER (FU5 20 %) , EFEONHSI 75EREBAIRE

*x,iuo

£ Java 8 ZHI, BOFRERIHETE. RIBYE, — 188 Type RUEONEESI 75EBA
— M AAISEBMLAMKASE (companion class)  (FWER 4 5%) Types 387, flaN, Java £S1EZEE
45 MEOMWLATRESH, REATEINES. BSEGEFS. I FMEXELHRETHFSTI
TIEE— N ARISEBULAIZE ( java .util. collections ) FREAY. REIRAISEEFIREIAT.

Collections #EZR API BURIIRELL EZENRMEIRY 45 NEMINHEE/IESZ, BNREESIE
ZarhEE— MERIRISCHL., AMNE AP URERDIRL T, REEMES EAOINE: EFRER[ER AP
MERSHIHETTEE., EFRMBERENSISTFEEEOEEM AP, EWAEENTIEE
FHSERRAMIISESI R, o, FRXMESL HiiRERFimEdEOmARsTIEKs | BiRERIXT
%, XBEERIFHLE ((FNFE64%) .

M Java 8 FHR, EOAFREEEFHSTANRGIHRENE T, FlBEIREERIRORM— AT
BUERIERESS. REQTHIFSHRNMZBEXMEAARS, BRE, BER, HXEFHSITIEAER
DAL ER RSB EPRARLER., XEEA Java 8 ERFTEEOAFFSHARER AL
B, Java 9 RIFFAEEFSTTIE, EFSFRIIGBSHRRAXNDATENT.

ST HBEEMAREENRRTLMRESASHNARRAR. SRR ESEEREA
FREEARIT. REIRAIEEALREER R TR,

EnumSet 2§ (J¥NEE 36 &%) RELHEES L, REFHFSI] . & OpenDK SLHIF, BIMRE
[REMERBIIA/INR BN FEP— ML) . KSEREEEES 64 NEREDITE, 8BS
I#IRE—1 RegularEnumSet SLfll, [RER long 3KEY; MNEMEEREEE/+ANHEST
=, WIERE— JumboEnumSet 3Lf, RER long EBIFIEA,

AN LR FE T EF RS AT A, 1R RegularEnumSet XFF/NIIRIESEEIAR
BEBMREMNE, WALIERRRATEESA, BASTEHIARTE, B, WNRATLUERRMN
Enumset AYEZRISCIMAILIRSMRE, BRATERKAINRAATREMSX M. ZRBRAEHEAROM
MATIREINRISAIEE; IIRFEEER Enumset AIFR.

BSIMNBEAMIRRE, EREEEZGENEN, BONNRHRFTEFE. XPRIET

BSI IiEtanL T IRSSIRILEELRAUENY, LUaN Java BUEEEERE APl (JDBC) , ARSSIRMEIERE
RHETMRSNERS, FERREEIMEEFRTA, AEEFIRASIRP o EHE.



RS IRMBERPE=NEAE: RBEN, BRI, ROEEM AP, RAGE BTN
W, LARBRSSHIE) AP, EFimERIZ AP SRENARSSHISEA]. BRSS5IE) AP SoiF S FISEIERESEIAITR
. EROXEFIRERIER T, APHIRE—MEUASSIIRISEAI, BiE RiFE PRI a A BRIsclit
1T, BRSSHIE) AP BRIEAVFHS I, ST IRSRMASERIVEM.

IRGIRHBEZRN— M IENENNMEGE— MRS IRME RO, et T —MERIRS OS]
NI X%, ESERSREESEONBRT, YIS TRITHIY (FI5 654%) . 7 JDBC
BT, Connection ¥EIRSIZEOIM—ER%, DriverManager.registerDriver IRHERE
At API. DriverManager.getConnection EIREZIHIE API, Driver EIRSZHEMEEEN.

IRGSIRHEBERENBITZTM. fld0, RSSHE AP ETLAREFmRE R ERENEFEER
RSO, XEFEERGammads], KEUENEZR (FERE 5 &) AILMREEREANIIRS M
. MJavae FHia, FEE—MERARSERMEES java.util.Serviceloader , FTLMRAFE
B —REFNZECRS (FNE59%%) . JOBCAER Serviceloader , AAFIERTRESE.

RRHBES I HiZENEERER, REAHNZFIMIETENRTEEFRML. fln, =8
¥ Collections MEZRMEIEHAISLIATFRM, BATEEN. ERXFESE®ER, EX
ERMERRERES (composition) MIAEME (NS 185%) , FERAURLEUFRN (F
WE17%K) .

ST BENBESAMRERE, EFRREEREIEN). S MEEIEITI AT AP S RREHRRY
tRELSR. Eit, MTHRETHSDIAMAREIERISESRR, BESRIASL— N RE DR
B, Javadoc TEAJREE—REITEEGHE L ik, SRR, BIEXERSERONETEHRES
%, FEHETFERNGEIR, BILLRMNX—5%, TERE—EHSI SiziIERAER. LATBHR
XEFIH T HEP—NES

o from —— KBUEIETT X, CEZENSHFHREIEEAERSLF], FI40: Dated=
Date.from(instant);

o of —BREAE, BIZISNSHFHRENZAREAISLS], FHEMMNEHE—E, Hla: Set<Rank>
faceCards = EnumSet.of(JACK, QUEEN, KING);

o valueOf — from ] to EIFEMAAIE /5, HI%0: Biginteger prime =
Biginteger.valueOf(Integer.MAX_VALUE);

o instance B, getinstance —— IR[EI—NHESEL QIR ERNE) HARISLHI, (EFRsEREEBHEREN
{&, fIa0: StackWalker luke = StackWalker.getInstance(options);

o create BY newlnstance —— 5 instance By, getinstance Z&{ll, BRIt ZINZ T HIRIER R EARIRE—N
FrHYSCI, f5040: Object newArray = Array.newlnstance(classObject, arraylLen);

* getType — 5 getinstance LA, BREL] HELTFARBIEFIIRHRER. getType #HI Type
BT ARRERIXGSZEE, HIa0: FileStore fs = Files.getFileStore(path);

e newType — 5 newinstance 22{Ul, BEEL] AiZCTFARBIEFIIFHEFERE. newTypesfl
Type 2T HiEREIRITSERSERY, fIg0: BufferedReader br = Files.newBufferedReader(path);

o type — getType I newType EHEHIB ST, HI%0: List<Complaint> litany =
Collections.list(legacyLitany);

Rz, &SI DEMAFKEIEDZHEClIAE, FETEEINENLRZESN. BF,
ST A, REREREEREHS I B FEEREERAHIESIE,

2. SHFEHESHISHIE builder 1=3L
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BSI *l:l’f’]‘iﬁ‘}ﬂ‘Bﬁ—/\BE?ﬁ'J' EfIRERIFt RERSIIASHIER. BEB—ME
BREmMLAEFRMOIRERIGF, XEREE/LMYENEE—8RENENE, SREIMHEN
BHRERE , LUNBY 20 MEEN——C R, (8F0RER0. &IVUBERn. BEEE. #WEE., KEH
FrRABXEARFRPNOHN, BEEIFFE.

RLZ X ERIRRE T ARRMDET S ARSI ? &% L, BFRERTEHSE (telescoping
constructor) METTERT, AEXMIRIH, BREE—RELHESHIETSE, BERHIEINT
—NENESHEERE, ARREENT RN TRSHREERE, FF RETCWERETE3MR
BB, UUTHEEESLETRIEF. ATEEREN, RBrRTHONIREE:

// Telescoping constructor pattern - does not scale well!
public class NutritionFacts {

private final int servingSize; // (mL) required
private final int servings; // (per container) required
private final int calories; // (per serving) optional
private final int fat; // (g/serving) optional
private final int sodium; // (mg/serving) optional
private final int carbohydrate; // (g/serving) optional

public NutritionFacts(int servingSize, int servings) {
this(servingSize, servings, 90);

public NutritionFacts(int servingSize, int servings,
int calories) {
this(servingSize, servings, calories, 0);

public NutritionFacts(int servingSize, int servings,
int calories, int fat) {
this(servingSize, servings, calories, fat, 9);

public NutritionFacts(int servingSize, int servings,
int calories, int fat, int sodium) {
this(servingSize, servings, calories, fat, sodium, 0);

public NutritionFacts(int servingSize, int servings,
int calories, int fat, int sodium, int carbohydrate) {

this.servingSize = servingSize;
this.servings = servings;
this.calories = calories;
this.fat = fat;
this.sodium = sodium;

this.carbohydrate = carbohydrate;

SEEE—LGIRS, JLERESEERENSHIIRESHIRIIEITE:

NutritionFacts cocaCola = new NutritionFacts(246, 8, 100, 0, 35, 27);

BEBRT, XMIEEENRERREITSFAMRRENSH, BRIFFMEAIE(HEE—ME.
EXMERT, Fi1h fat BEEET 0B, [RE] NNSHAR Eﬁ_%?ﬂ' ABLKERE, (BlEES
HEERE, BRRMEKE.



BMS<, ARESERARAEREN, ERLBRSSUN, RERSEFIRITE, AR
g, ETETHNEXEERHARR, AEYRFEEHSHAEREIER. —KBERREN
SHARES S LAY bug, MRFFIRANOER THNXFIZEH, RESAIRE, B
EFEETRSHIERTA (FRB51F) .

LEEIEEFBEF SRS HE, B—ERR JavaBeans iR, EXFREIF, BERA—L
SHNDIETAROENS, RRAR setter HEREES M ENSHFITESEC

// JavaBeans Pattern - allows inconsistency, mandates mutability
public class NutritionFacts {
// Parameters initialized to default values (if any)
private int servingSize = -1; // Required; no default value
private int servings = -1; // Required; no default value
private int calories =
private int fat =
private int sodium =

o 0O O O

private int carbohydrate =

public NutritionFacts() { }

// Setters

public void setServingSize(int val) { servingSize = val; }
public void setServings(int val) { servings = val; }
public void setCalories(int val) { calories = val; }
public void setFat(int val) { fat = val; }

public void setSodium(int val) { sodium = val; }

public void setCarbohydrate(int val) { carbohydrate = val; }

XFMRIEEHEEED AEINRSR. BRUTK, BEELfESZ, FB B TIRSERrERIR
iR

NutritionFacts cocaCola = new NutritionFacts();
cocaCola.setServingSize(240);
cocaCola.setServings(8);
cocaCola.setCalories(100);
cocaCola.setSodium(35);
cocaCola.setCarbohydrate(27);

FERIRZ, JavaBeans RSB EERIGRIE. BATHIESERO BT ZXERA, FrLAEEE
T2 JavaBean AIRELTA—EHRIRE. ZKRBRBEMEMESHSHAIERMEIGRE —EERE
N, EA—HIRS TERERNSRATRESH—EER, XEERSTEENBIBUGREARR, Eit
RAEE. —MEXRVRRZ, JavaBeans IRIVHERR TILEATTTATAIEEN (ISR 175K) , HAEFE
EFRIEINTELABRERER 2,

BIYENSMETREFR [FE] W%, HFEARTFCEREAZEIER, JLUR XS, 8
BIXMINELE P REEERFBERMER., mME, mziTiHeSEEIR, BARERTEHRERR
SEFHANRZENER freeze Ak,

FIzHR, TERE=MIEE, BES T JREEIED AR R 2R JavaBean RIVAYATIEIA,
B2 Builder #8z{[Gammad5] I—MZzl. EFIRAEREIERFINSR, MERA— I E3ELHE
SHOIETTE (SEFS T )BRERE— builder WK, AfE, EFimEMA builder RS
setter RIFERREFERENTIRSH. &5, EFiRERAbuilderfIRA—NTSHI build
FERERMNSR, ZWSBEEARTEM, Builder BEETAMTENEN—MESHRE (FIE 24
%) . UTREESEERIRA:

// Builder Pattern



public class NutritionFacts {
private final int servingSize;
private final int servings;
private final int calories;
private final int fat;
private final int sodium;
private final int carbohydrate;

public static class Builder {
// Required parameters
private final int servingSize;
private final int servings;

// Optional parameters - initialized to default values

private int calories =0;
private int fat =0;
private int sodium =0;
private int carbohydrate = 0;

public Builder(int servingSize, int servings) {
this.servingSize = servingSize;

this.servings = servings;

public Builder calories(int val) {
calories = val;
return this;

public Builder fat(int val) {
fat = val;
return this;

public Builder sodium(int val) {
sodium = val;
return this;

public Builder carbohydrate(int val) {
carbohydrate = val;
return this;

public NutritionFacts build() {
return new NutritionFacts(this);

private NutritionFacts(Builder builder) {

servingSize = builder.servingSize;
servings = builder.servings;
calories = builder.calories;
fat = builder.fat;

sodium = builder.sodium;

carbohydrate = builder.carbohydrate;



NutritionFacts ZREARTIEH, FTERISEENABEEE—MEBT. builder BY setter F5i%IR[E]
builder 5, XHFAILUHITHEZUAMA, MmER—NAEH AP, FTEEEFHAZHRG):

NutritionFacts cocaCola = new NutritionFacts.Builder (240, 8)
.calories(100).sodium(35) .carbohydrate(27).build();

ENMEFHBREZRE, FEENESTIHIE. RABuilder EzEMSTIIRIRIRTIESEET L
fEPythonFScalaZBE] LAKE!,

ATEGEEL, SRTERHCE. BERRIGNTHSE, 1E builder AMIEITENITIEFHIZ
M. £ build JISEEARRBEIESEZTREES ST SHRIAENE. ATHRERERZEARZ
IE, EM builder ERISHENNSBILHTIOE (FUE 50 %) . WRIEGEXMY, WitH
IllegalArgumentException F& (FWSH 72%) , HiFMESERPLSETM (FUE 75

Z]_&\)o

Builder IR AFEIEGRBEREN., ERTATERAY builder, S builderfREEMEMNAIEF. K
KBEMSAY builder; BRRIZEEERIRE] builder, g0, FEBARSFALFEHAVRERESHIAHHERE:

// Builder pattern for class hierarchies
import java.util.EnumSet;

import java.util.Objects;

import java.util.Set;

public abstract class Pizza {
public enum Topping {HAM, MUSHROOM, ONION, PEPPER, SAUSAGE}
final Set<Topping> toppings;

abstract static class Builder<T extends Builder<T>> {
EnumSet<Topping> toppings = EnumSet.noneOf(Topping.class);

public T addTopping(Topping topping) {
toppings.add(Objects.requireNonNull(topping));
return self();

abstract Pizza build();

// Subclasses must override this method to return "this"
protected abstract T self();

Pizza(Builder<?> builder) {
toppings = builder.toppings.clone(); // See Item 50

BFR, Pizza.Builder B—oAE1BIFZEEISEL (recursive type parameter) (FEMEE 30
%) BUZEIEER, XEHSM self Fii—iE, RIFARBETFEPRIERTE, MATEEHEE,
Java B Z BEEBRIXF BRI S EBFROEIAE RS (simulated self-type) .

XEEWPTEARY Pizza BYFE, HP—MIFRENVHLINERREE, B— 1 EFEREILE
e, BIEE—IATRIIRISH, MEENRIHEEE RSN EERSEINE:

import java.util.Objects;

public class NyPizza extends Pizza
public enum Size { SMALL, MEDIUM, LARGE }



private final Size size;

public static class Builder extends Pizza.Builder<Builder> {
private final Size size;

public Builder(Size size) {
this.size = Objects.requireNonNull(size);

@0verride public NyPizza build() {
return new NyPizza(this);

@0verride protected Builder self() {
return this;

private NyPizza(Builder builder) {
super (builder);
size = builder.size;

public class Calzone extends Pizza {
private final boolean saucelnside;

public static class Builder extends Pizza.Builder<Builder> {
private boolean saucelnside = false; // Default

public Builder sauceInside() {
saucelnside = true;
return this;

@0verride public Calzone build() {
return new Calzone(this);

@0verride protected Builder self() {
return this;

private Calzone(Builder builder) {
super(builder);
saucelnside = builder.saucelnside;

HER, BNFE builder FRY build FHiEWABAHREIEMRIIFE: NyPizza.Builder AY
build /57%iR[E] NyPizza , [f Calzone.Builder HHY build 7/53%IR[E] Calzone , IXFF
A, BE—NFREG A AR AREEEEFEPINRERBIFHEE, FRAMIDRERZEE! (covariant
return typing) . BRTFEFIR{ERIXL builder, M ZiRHIEEIR,

X% [432 builder (hierarchical builders) | BIZFIHCIBEARESEER NutritionFacts
builder BIIBIERE., ATEEEN, TEERITHEFIHESRISNEEEFERSEN:



NyPizza pizza = new NyPizza.Builder (SMALL)
.addTopping (SAUSAGE) .addTopping(ONION) .build() ;
Calzone calzone = new Calzone.Builder()
.addTopping(HAM) .sauceInside().build();

builder XHHIIEFTERI— MV R, builder AILABZAN IS, EABNSEEEREECH
CHAERIEEN. 5&, builder AILUSEIRE S MEARNSHERSEIENEMSS, WeIEN
addTopping FiAFmERAYABEE.

Builder IH{AFERIE. A builder AILIESFERAFITES MR,  builder ISHFTLIEIGETS
IERERZ AR TERE, LKEEEIEAIRISR. builder TLERENISATEMER—LEN, HNER
BIEXISRETIEIINFSIS.

Builder BB BELR. AT EIENSR, BHRWAEIETR builder, BABIEIXA builder BIRLATE
SCEAAKT R TRE, (BEEPHENZE TXAEME— N, A, builder EI{EH4EIEIE
BFEEXERK, AR EEEEBNSHI A ESEFERTE, (il sEZ. BREcE, (Rasek
LIESBERMIEZSE. B2, NRF—FREFERISES EHEST, SXENISHHE
KIEHIRHEAEEEEIBuilderi®s, IIRTAVES I ZEERS L MamIfBmaotisE. AL, BERTFN—
FHAFBIE— builder,

RS2, JRIEEAIEER ESES T ISEGREIJ LAY, Builder BILE—NMARBHNERE,
BIRURIFZSHENENESERZEEN., buildertETE i CIBELFEREEET% (telescoping
constructors) BERSZIES, FHbuilderf®T( LY JavaBeans E&L L,

3. (ERFABTEIES AT ASEEEIR Singleton [B1E

BHIR— MM —IRAIZE[Gamma9s], BFIRISIBERTIINEIR, WAL (RE 24) B—1
REEME—RRFEM. LD RAARHSENRENEFRREEME, FARIESE—MEIEEE
A0, SNAATRER—MERISEIIEERM,

BRMELRTTERSSIERS, REBETRIFEEEAEMNSHA TSR IR ME—L
BlRE), FES—MEER, KRE final EIHREM:
// Singleton with public final field

public class Elvis {
public static final Elvis INSTANCE = new Elvis();

private Elvis() { ... }
public void leaveTheBuilding() { ... }
}
FAEMNETSEREAA—IR, KA TEEH final Elvis.INSTANCE @M, RO—MRHYES

FIPROETE, (RIE T 2BRME—M: —B Elvis 59051, —1 Elvis FILfImSFE—A St
AL, BRI AIEBBIENDX—R, EFEIENR: FEFRTLIER
AccessibleObject.setAccessible J5i%, LARSISZVEARMBIEIETE (FUSE 65 %) . MRTE
ERHHEILINE, BIEBUIERE, EEEBREESE _NLAIRHSHE.

ERANLIBRGIRGER, RHERRE—NFSII k!

// Singleton with static factory

public class Elvis {
private static final Elvis INSTANCE = new Elvis();
private Elvis() { ... }
public static Elvis getInstance() { return INSTANCE; }

public void leaveTheBuilding() { ... }
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FrB%d Elvis.getInstance AYARERREIEREONSREIE, HEARSEIEEMAY Elvis 326 (5
BIEREIAVESHER) .

RNHEMTENERMRZE API BRFRRZER— M. AHFFSEMR final B9, FILIERESR
BEENNSREIA. FNFLEREERER.,

BSI AEitBz—ET, SRETRIEMN: EAKNEE APIAJEHR T, HATTLANETIZER
BRZARGIREE. T 5EREIZZENE—SLA], B2, SREZMER, thal, S8 MERZ
FERNERRBRE—ME—RISEf]. BTNMFARE, NRIFRONAREFFEE, RS —NZEEGIT
I~ (generic singleton factory )  (FEMEE30 %K) . FRFHSL N&EE—MIRZ, ILUBEEES B

(method reference) {ENIRMHE, 40 Elvis::instance ZEETF Supplier<Elvis> ., [RIEHSE
U EEE—FMAE, BUERMRTERA B (public-field) A7,

NTE LR EPLIMARFIZETRARAIFINN (B 12F) |, {UWE implements
Serializable RINEIFEBAFEARBH. ATIRIERFIRENAWRIA, YREBRERLFI=ERS
transient , FHEMH— readResolve J5iE& (FEME89FK) . BN, SHFFIHUHILHIHRFS
KRS, HSBEE—FROSCRI, TEFRAIGIF, SEHIERRY Elvis STFI. A TRELLXMERALE,
BUITEY readResolve F5iEAANE! Elvis 35:

// readResolve method to preserve singleton property

private Object readResolve() {
// Return the one true Elvis and let the garbage collector
// take care of the Elvis impersonator.
return INSTANCE;

LU RPN =M AR ABR—TRAESR:

// Enum singleton - the preferred approach
public enum Elvis {
INSTANCE;

public void leaveTheBuilding() { ... }

XMAREMTAEEMSE, BEREE, TEMRET RIS, FRE TEHEZ N SEhLRT
RERIE, BMERESFIIFIIMCERSIBERIRER . XMTEIRREERAER, B2 87
EEXNEERTHMBMINRERN . IE, MRBFILEE Enun LIIMIRSE (REFLIFE—
Enum SRSCHMEN), BRARAREERIXMTIIE.

4. (ERFABSISERATAEEAIL

BRFSEE— N RESFSTIAREFRATE, XEXNBFFEERYT, RABEABRXLE
ENMERAEENRAEENMRSERUANER, BEC(IMLEERTANAR. BiILIAE%
IR java.lang.Math Bf java.util.Arrays BISIC, SEEARSRBEAWEEEENRE FRIBEXTSE
EERER, BAILATLUBIE java.util.Collections BT, IBSLIUSEREO LEMNERSH AT
PHE, BEFEI AL GENE 1) . (MJava 8 TR, {REATLUSXLSEMIEREOF, BEZ
EROZMRSATLAHTIEN. ) &E, XEREILRTE final £ EXGEARITHE, ENREE
BemiEsR+.

XEFRITESE (utility classes) NERITAFBEOMLRY, RAELHMEIEIRBIEHTEN. A,

ERBEIERIBR T, WmEREH T — IR, TESREOATER. WTAFKR, 2155
SEMMIERRIRBHTAKE. EEAHH AP hEEBRITTRIRARSLHIRE.
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HEIED SR SR R FIRFIMITIELAMRITAERI. ZSET AR, FEFEAT LRSS
. W5, BIRSBFIANZERAMETMRITY (FUE 19%) . AY, B MEBRAERBR
IEsLhift. RBESXABSBIWERN, Z2EN—IBANGIERR, BlAlEEa8s— M MARlISE
BRI ESEHIL -

// Noninstantiable utility class
public class UtilityClass {
// Suppress default constructor for noninstantiability
private UtilityClass() {
throw new AssertionError();

}

. // Remainder omitted

FABEESREABRY, PRI LERRIIMEBIEIAE. AssertionError BEANEMEERXK
19, (BEREHLUERA/INOERNAEABIERE. BRIEREEEER FTEASELAI., XNIIR
BEBERERER, FEIEIEsHEIRITAAERMAN—F. Eit, WMemEfR, FEEEEFEBEER
{507

XMIMBEE—NENER, MEEE—1NETEEFRMN. BTSSR BT UHE AR
OISR, MEXEHER M FRNRBeERNA RIS RKEA.

05. IXFHENNFIEEEZIR (hardwiring

resources)

FERRBT IS TN RERR. fl0, HEREREKETFH, [HISESSSS TR
AW (FRFE4FK) -

// Inappropriate use of static utility - inflexible & untestable!
public class SpellChecker {
private static final Lexicon dictionary = ...;

private SpellChecker() {} // Noninstantiable

public static boolean isValid(String word) { ... }
public static List<String> suggestions(String typo) { ... }

RRE, BENTMARMRMEEHAARDR (FREB3FK)

// Inappropriate use of singleton - inflexible & untestable!
public class SpellChecker {
private final Lexicon dictionary = ...;

private SpellChecker(...) {}
public static INSTANCE = new SpellChecker(...);

public boolean isValid(String word) { ... }
public List<String> suggestions(String typo) { ... }

XFAMTTERACARRE, BAMIIBERIRRAEG—AFHATA, Lirt, SMESHEECHF
8, FARRFERABTIARICER. B9 TR RERARNAEE TN, BSAIAN—FF
HPRE T, X2—RIRRIEE.
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AJLABIEAE dictionary BMERENIE final , FHRII— A RERINBHERERTHIF
B, ML SpellChecker 3fFEFil, ERXHARBEREIFERM. BRWE. FELEHT
T BSTRXEMPHXRFESETESIHREIFZE.

XEFEEAIREEFEIZ NN (FEFRIBRPIhRERE SpellChecker ) , BPSLBIEREE
FRAEFHAEEER (ERIOFIFHE dictionary ) . BEX—FRPEEEXZ, ECIEHN
LHIRHGFREEEN ISR, XTI (dependency injection) H—FhZE: FHEEHE
B MRBIN, HELENBREANTIHEIGERF.

// Dependency injection provides flexibility and testability
public class SpellChecker {
private final Lexicon dictionary;

public SpellChecker(Lexicon dictionary) {
this.dictionary = Objects.requireNonNull(dictionary);

}
public boolean isValid(String word) { ... }
public List<String> suggestions(String typo) { ... }

KEGENE AR ER, (FEREFRERESFMANEEE— 18T, EARINHERERRAY
PIFRE— AR (FH) , ERERBITEIANTLUERISHENTFIERRNE. SRIFTAES
(FWE 17 %) |, BESMEFPRTUSEERINS (RIREFFEERNRERR)  KEEINE
HERTEERS. BT (NS 15) # builder B3 (FNFE2K) .

ZEXN— N E BN REERREL EiREMEss. 1/ S LAESERAUSIESELAIAIT
&, XM AT I 5A&Z (Factory Method pattern) [Gamma95], Java 8 A5 A
Supplier<T> #EOIEBEANREL . TMALXE supplier<T> WAEEBERMZERERE
BCRFREY (bounded wildcard type)  (IFIISE 31 4%) LRI RIKEISE, LMBEEFmBEBIEANA—L
I, REIBIEEXRERIESFRE. flaN, TEHER—MEFESERNAGE BFBREFinRRHEINTI kK
4rg—RE5ER:

Mosaic create(Supplier<? extends Tile> tileFactory) { ... }

REEBENRAMIRS T RIEERNTTEYE, BET8eEAMETERIL, XEMBEEES
T MK, (FRKEBTENIESE (40 Dagger [Dagger]. Guice [Guice] &, Spring [Spring]) BTLAHBRIX
LOREL. XLAEZRMERBE TABISEE, BER2EEE, AFMKBEANMIZITH AP EEEGIXL
HEZRAY(ER.

RS2, AERBRIMFSTRISELIKE— I SENRERRIER, BixERIMTASINE
BiZRR T, EAEERAXDIEROEXERR, MMZGXERIREE L (CEiEss (5367
I, BEWERR) | BIE(REESR, XPEEFBARMERETEA, BRCHRT 7RIRE
. ATERAMAIAEE.

6. kR BB A W ERIRIR

EERFEENER— I YRMARE— M FRIEENENREERIEEM. ERTLERER
17. MRMNREBATER (FUE 17FK) . SRRIUKER.
ER— N ROZX AR IR G, BERIUATED:

String s = new String("bikini"); // DON'T DO THIS!
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IETERPUTHIESCIE— 1Y String ST, MIXEXIRAIEIZEB AR VTR, String MG
("bikini") RISEIABHME— bikini L, BESMESECEZAMEXNSRAIIIEEER. MR
XMBERKEERERTD, SEERERERGIET, NeETUEEIEEEFSA String LA,

BORERIRRAIN T :

String s = "bikini";

IZHRAMERIERA String ST, MIARERHUTRIEIZ—NTSER, 15, BRLURIENSIEITHER
—REH ERMEEIEMRER, MXEARIEFrEaERNF FRFER (LS, 3.10.5],

BEFERESSI] A% (FIE 1K) MiEiEss, LB RIEBEATERNS. fltl, T Bk
Boolean.valueOf(String) EtUMEE Boolean(String) ERIEY, [FE&TE Java 9 PHEHER. 14
B ESIREA R ENRBIE— NS, ML BEKEABERXE Y, ELEPEAFE, RTE
FAAAENSR, NRMETC(IFASHER, RaILAER TSR,

—EISRRICRILEMNN SRR ERREE., NREBESFAXE— [BRINS] | &S
HEFRRLMEFESFER, FF=MNE, YEXE—IUSHHAEREREMBERN. BRiRIFES—
NEEFRRE—NEFREAE— BT EHE. U TEERIENREAR AR EI &SRS
g

// Performance can be greatly improved!
static boolean isRomanNumeral(String s) {
return s.matches("*(?=.)M%x(C[MD]|D?C{0,3})"
+ "(X[CL]|L?X{0,3})(I[XV]|V?I{0,3})S$");

XNCERRAET BT String.matches J3ik. 2BPA String.matches BRIGEFFFEH
EESENRAXLENGEES X, BEMEaEMSInRNER TESFER. REECENSPAIE
NFRXLBE— Pattern 3L, HERFHE IR, ZEEHBESHITEERIE. B
Pattern LHIZEEMN, EATCEEGENRLARHEMEIRIRSHL (finite state machine)

HNTIREMRE, FREBHH—ES, BENRXXEXRFEL— Pattern SEf (AReJ
), BFE, HE isRomanNumeral FiERNEMARGSESERERAISLE):

// Reusing expensive object for improved performance
public class RomanNumerals {
private static final Pattern ROMAN = Pattern.compile(
"A(?=.)Mx(C[MD]|D?C{0,3})"
+ "(X[CL]|L?X{0,3})(I[XV]|V?I{0,3})$");

static boolean isRomanNumeral(String s) {
return ROMAN.matcher(s).matches();
}

SNREZEVIA, isRomanNumeral AIBUHMAIMRESEEIRTT. ARAWEL, RIGIRAER
A S NFRIRIFATER ERE L1 1R, MSUHAIRANIRE 0.17 fiF), EEIRST 6.5 8, 1488 LAY
BEE, MEEREENT. AT Pattern SLEIBIEEEES fina IEITHIBME, HAIFHAT 1B
F, XNEFHIENREANAZER S,

WEREE isRomanNumeral J5iARIBUHARABIEHAIIAW, EZF5EZNKEVER, N ROMAN
MR HERIE. FESE—IXEA isRomanNumeral J3iARY, BILABEIEIRYIMRM ( lazily
initializing) /B (FEWEE 83 &%) RHERVIAN, BE—RAENXEY. ERVATEESSEETINE
Zuy, mtRERBEEENNUH (ENE6THK) .


https://docs.oracle.com/javase/specs/jls/se12/html/jls-3.html#jls-3.10.5

ST NREATZRN, RBABEATLREEMER, BRERMERT, SmIBIABE,
BEERERETHN. FRIEECR (adapters) AIENIGammags], HIARAME (views) . —MERZE
— MR, BERILNIFHIR (backing object) , fRE—IRIERANEO. BT ERRIEEHER
USRS, EEAEENEENREIES MEEEECRRAISLA.

a0, Map #EOMY keySet F5iKIR[E] Map JISAY Set B, B& Map FHIFAE key., KEMHIH,
IF=RIEA keySet EBRBIFE—FAY Set LI, (BERIAETE Map JIFHY keyset HIEIXIER
FIREERIAY Set S, KREREIR Set SLABEERAZN, BEFBIREIIXISRIEINEE LEBEER
1: HEP—NRENREETHR, FIEEMSSIBERTN, ERTII23BHER Map SLAI5Z
¥, BACE keySet NEINSKHNSNLHIEALELEN, BXEREVEN, HiREFHEIFL.

B—FAERN BRSNS EEEHEM (auto boxing) , BRFERRIEFEAREEEN
HAKR, IRIESEEMEHETIRGE. BEEENAE, ERSBREARREFNEEEAR LT 2 EHY
X3, BB XAIFIFIAEMIMREER (FUF 615K) . FERTEAGE, BitEBLIE
BHISH. BEMEIX—R, BFLMER long £B, EA int FRRELUREFAMBERHN
#0:

// Hideously slow! Can you spot the object creation?
private static long sum() {
Long sum = 0OL;
for (long i = ©; i <= Integer.MAX_VALUE; i++)
sum += 1i;
return sum;

XMEFRISERZIER, BRTEET 17, BITNEREIIMERS. T8 sun #F
BARLY Long MIAR long , XERERFMEIE T KL 23 FUEM Long ST (KABIRE
Long 3XEUHY sum ZEHIEIN— long REMGIEAILH]) , 8 sum ZTEAISEEIH Long BN
long , TEFRAONEE EIE1TRTEIN 6.3 RUPEEEY 0.59 70, XANHUIMRBE: MEERAEREMARE
ANEFXE, BEIEXTERNBMEA.

ENFEFNIZIRFENETIROERERA, NMERtENsR. Bk, EREESECIEN
EUNTRISRBAERE RN, WESERSMRONERT(F, THEEINA WSS E,  SUEEIMY
MRLIERIEFIEWE, BREEIEEERRMTS.

B, REtPNNSIFEEER, SNEEHHFE CRINSRtRERNSREER—MAER. X
SIHEAGIFHREUEREER. EINERNNAIEES, ERERXENSREEENM. B2, —&
Fi, “4EHPB MRS ERIERL, EINRGESA, FREME. TN M SSREEEENRIL
RWEeRs, ElERERNR LRI IS,

XN BRIXIN AR XIS 50 RUBGTEESHI (defensive copying) . BRIRIFZBW: [HIREOZ
HRE— MBS, FAECIE—MINSR] |, MEE R [FEESFERANEHINSR, SR
MOAZBEE—MNRINSRAY. | BEE, EREEMEEHIFERNNSAMTHIRN, B K TANE
HOIEESINSR. ReERENER FHEESHSSEEENERIRESRE,; MANEeIERY
SR MEFRIXASFIERE.

7. iHFR I HARIXI RS

MSARMNERFEHNREEENIES (U0 C 8F C++) TR Java XTSRRI HIFNE
5 BAEANEFRNITFMEEERZST, EARINNSREERTEVEMENERT. JIRFE—
X CRI R, CHEEEZ—F. XEEZUIAREFRIFTELRATERE, BXATEIER.

EBLIT BRI

// Can you spot the "memory leak"?
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public class Stack {
private Object[] elements;
private int size = 0;
private static final int DEFAULT_INITIAL_CAPACITY = 16;

public Stack() {
elements = new Object[DEFAULT_INITIAL_CAPACITY];
}

public void push(Object e) {
ensureCapacity();
elements[size++] = e;

}

public Object pop() {
if (size == 0)
throw new EmptyStackException();
return elements[--size];

}

/[ **
* Ensure space for at least one more element, roughly
* doubling the capacity each time the array needs to grow.
*/
private void ensureCapacity() {
if (elements.length == size)
elements = Arrays.copyOf(elements, 2 * size + 1);

EXNMEFRSEHABENER (BENTFZEMA, B8H%HE 29) . FILNEHTIFRATN
W, CEtsAtETE—IlN, B5— N NEENER. EBRitik, BFRE— [RfFEtts] , BT
LR EESAYTESIRUIEIN, SRFELERYEIN, BRI AMEETRE. ERAIERT, XHENAE
R Re = SEEE DR (disk paging) , EESHWF & (OutOfMemoryError) RIS, {BRIXHE
BOEFREAEXT R,

BLAMERET AfFR? MR—MEUERKENGE, BANLSRHIISRASRIIRIEE, BMERE
FERREFABES IBRENSR, XEERIKGEFIHXEXIRANIEIS|IA (obsolete references) . iJHA
5| AEERIRME NI ARG IE. EXMERT, TTREA [TEaEBD (active portion) | Z4b
BYEES | FRERRITHRRY. iEaNERD REERS | TIVT size BITTERARK.

BIRKEEESFRIRETR (BEAFTRATEIINISIRE unintentional object retentions) 2B
WY, WREBPRBTUREIE, BAMUXMNISHFRERIRERZ 5, TEIZASS:5 | REHYERIRS
SR, BMERBLENISS |BAHAERE Tk, tBaILE LESREHLHIRTIF S XI5RAEIIL,
XS MHBEF= R ARIFAE,

XRERBRTTERER: —ENRSIATH, BE(HRERN null, EFHAIAY stack XAIBER
T, REMEFEY, STRAYSIBAMIRENTH. pop FIERUEIEMRAL FATR:

public Object pop() {
if (size == 0)
throw new EmptyStackException();
Object result = elements[--size];
elements[size] = null; // Eliminate obsolete reference
return result;



B ES IANS—MFLR, REEERERS IR, EFZEMH
NullPointerException =&, MARIHEEMALHIERAIER. RURREAIEFPRIERE
BT,

LREFRBIRBIXNIRESR, IS EEFEREANE=ENRE A, XBEARY
21, BARITRR, EALEREL TIEF. FENRSIARZEGIMAZIE. HIRIHIS AR
RE7ERILEES BZEEHTEE. MRERONFREEENEXBIEZE (FRHESTHR) |
XFE A HILXARER.

BBAARMERNIZEZ— N5 IAE? Stack FENPNAHEFECEZZRINFRIOEMN? E8i
W, EEEECHNTE. F#EID (storage pool) H elements FARITTERAR (WHRSIAHET, MA
BUSAT) . HEPENSHTE RIEEXN) #Hotc, HRINTHEEETRN. LRIRERSE
BINEADEIXLE; SFLRIKEESEsR, elements HEAFPHFFENSE | BHEHEER. REEFR
FEFERAEENE N AEE., EFRAYUAMBIRIESSHEIRAXE— NS, —BEEPITETAIE
A —EBD, MAILAFESXETTRAS A,

—iKin, S—1XREACERNEN, EFRRNZERRFTRERNE. S5 R,
TTETEEINEARISRS | BEBRIZ AR,

S—MERMNRFETERERERF. —BEEUSSIBRAEFY, REZcelEE, HExE
CEELEXEEZG, MARREEEFP. WFXNIRE/MBRAZR, NRREFESI T —ME
7 REAEFEZIMFENEAN (entry) AIRE (key) 51, FPAXIMFERREXREN, MAILIA
WeakHashMap RFRER, XUIMEEHIZ GBI, 12F, REXEFPFENESEIREH
SNERSIFARURE (key) MIARE(E (value) RTERT, WeakHashMap ZAHBH.

EEINERE, EFNERNERBEA K, MENEREE— LI EHREIENE.
FEXMERT, EFNZEREEEELRAN,. XaLIBI—Naa%E (hire
ScheduledThreadPoolExecutor ) BREHBIILAINEIEZITIVESIEE, LinkedHashMap EFEHEE
B removeEldestEntry JSEALITE—MAR. MTEESMNERF, tsEEEEMH

java.lang.ref ,

BEAERNRERRRRETESFIEBENE, NSRRI 7 —1 AP, HEFimEEE, 8
SLEEEEFMENE, BRIERE—LEE, BSUSIIESER. BREEELIREN—MTE
BREFM#ES55|H (weak references) , BIal, {EEIURFE WeakHashMap BIHE (key) A,

RARNFHREEASRNABRERNE, MUCIIRESERSETRIFSE. BHEREFEN
I EEEEIHEDHTER (heap profiler) RIEHTEASWAN. B, FIMATANXLEE, FiH
IEXEERARE, BIFFEEST.

8. it (i Finalizer #0 Cleaner #lil

Finalizer HIEI AT TR, FERRKA, MEBEEAEN. SNERSSEARENT
BN, ERERMREANBEMRIRL. Finalizer MlHIE—AFHAAIE, BRITEESEXNEZEHFNA, ER
BERZERE]. M Java9 FHa, Finalizer HHIEHFA, B54% Java REEFER. Java 9
Cleaner HlHEUXE T Finalizer #l#l. Cleaner HLHIAEN Finalizer HFEIFEBHEEIE, (BIBHREARRTON, =17
ZiEFHEERAEDN.

1288 CHIZERFRAEIE Java FEY Finalizer B Cleaner Al Z4RLAY C++ MTHARENAIEMN . 1E C++
F, FERESERKISRIBXRRRNEREAR, B5WEREENMNN, £ JavaF, H—PUREE
AONAR, LORWEEESEIKSIISIBRENEIETE, AEEFRARMEIMIIIE, C+ ORED
W RREWEMIFRFRIR, 7 Java H1, try-with-resources 8k try-finally $REBFLLERY (IS 9

%) .
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Finalizer # Cleaner #lHIA— MR EAR S RIUEMBIBE RATHATILS, 12.6], TE—PNFREEL
EIBERY, Z Finalizer F1 Cleaner HlHIFHRIEITH, XHABMBTEIERERKN. XERERKIZARIZ
Finalizer #] Cleaner #lIBMUFARIRTEIEURE (time-critical) HYZEIS. 40, H<ERT Finalizer #1 Cleaner #/1
FISRRANGBIEREIR, EAFTHFHEARFEBRNER. RATFREFRRRRBIET
Finalizer #[1 Cleaner HlHIMISEFE)HHFTH, BFAIREREN, EACAREBIIAXMT.

BT Finalizer F0 Cleaner HLHIREIRIESIZN— I8, XMEEEARIISSIHHERAL
AE. FEFEUTKIT Finalizer 71 Cleaner HLHIRINATHUT, EATHWAIBERAAR. XERIERFT
SR LERRR I _E5ERIETT, AMErRERNEFRIRE LS TMaRM.

JEIRLREE (finalization) ARRE—NMERICHEM, A—PSERME— Finalizer HlHIRLUERIEEERY
SCHIRIENL, —(ESEEE T —MAHEEITHY cUl MR, XN ERFEEH—
OutOfMemoryError fEIRfHMMESTIE, DITER, TEFLAIIHE, RFBFERAY Finalizer HlHIASI LH
BT ERHERRIEESSFHREE. AFERNRE, Finalizer HHILERIEI TIARETHARRA
TEFFLEte, ATLASSHEANRERTHANIIRIERE. ESHBHARIERMEFENIT Finalizer 1
Hl, FEUEpR T R Finalizer HEIZ45), IRBEENGERGLLIXRAR, EX5HE, Cleaner HlH!
LY Finalizer HHIEF—L, EA Java ERIBIEETLUZFIE S cleaner HlHIRIZFE, (B cleaner HlHH]S
REREET, ELREESIEHTEIT, BRRIERITEE,

Java HISBAEEIRIIE Finalizer 1 Cleaner HlFIBERANETT;, EEEABLERIEEC(IRBRIET. H—
MEFERG, —HARaNARSS: LAY Finalizer # Cleaner HlEIRAIRBIE T, B, ARRLZAKET
Finalizer F Cleaner #lEISREFIFAMIRZ. FIaN, KT Finalizer 1 Cleaner HLHISREHIIHERIR

(ANEHERE) BURFAR, XE—MEENDHRAERRBNETHEGIE.

AEHES System.gc F System.runFinalization J5i%k, fiJATRESIENN Finalizer 1
Cleaner HLEREHUTAILER, ERBRIE—ESHIT, BEEFRMEHIXMRIERNRNTTE:
System.runFinalizersOnExit FIBEHIZEEESE Runtime.runFinalizersOnExit , B EH
TR, HEHFTA T /LT (ThreadStop],

Finalizer HlHIAYS — NAIREEHIT Finalizer HIFIIFEF, FREBRNBESHZE, HEIZNHH
Finalizer HlHBSEELE [ULS, 12.6]. FEPRNFESFEEMBIIREN—FMRIAGRTE (corrupt state) .
MRB—NEFBXEFERXF—MIAINSR, TS SEUTRARENTA. BEBR N, KR
SEBERILEEFTENHRIRER ( stacktrace) , {BUNERALETE Finalizer i+, NASEHES,
Cleaner HlHZBIXMNARE, EEF Cleaner HHIRIZEER LISHIELLFE.

{$5F8 finalizer F1 cleaner HFISSE=ERIMEERE. TEHAWIE L, AE—EHE
AutoCloseable XJ&R, fFF try-with-resources XAE, FittiRkEIWESEKERIRTEIXLIZ 12 48
b, B finalizer HLFI, FMORSEMGHNZE] 550 40FP, HaEiEid, EA finalizer HHICUEFIHERXIRANERE
FHi2 50 {5, XFERREN finalizer MHIRFRISERAILARE. WRERCIIRBESEAIFFB LA
(FEERAONES ERBNSLBIRLTR 500 48F2) |, BBA cleaner HlFIHNEES finalizer HlHIRTEEHES,
BERUNRMNEENBIELZEM (safety net) , M cleaner HFIEREZE, WA, TEXMRET, €l
i, EEAER— I NSERANE FEEAA 66 HF, XEREBUNRIARNEALENINE, EEX
5% (MAR501E) HHRK.

finalizer HlHIB—NEINILZL2E: BiISFTFHRIVSERHT finalizer HFIBTE. finalizer HHIK
HIVEERER: MR—BREEMIET ZHEHNFFIEFHHE—— readobject 0
readResolve FiL (58 12E) ——BETFERM finalizer HIHBTLUSITEAMZ [Fi&KiT (died on
the vine) | BUEBDIEIERIS L. finalizer HIH BT LAERRS =B IICRINISRAS 1A, BHLEEFLRIRIK
&. —BiERTEHEAONS, SoERBERZNSR EAERSE, MXLERS AR ARIZICIF
FE. WNEIESEPMESEMZERLEXISHIL; T7E finalizer NIFEIFET, WAR. XENKT
SHRAANER. Final 2 finalizer HIFIIERIM, RAZBEATLURE— final XETERT
K, ATHRIPIE final A finalizer HINE, ME—final Y finalize 75K, BHAEAHL,



BRA, IRROZEREEMIR? ANSIRFEERNER (WIXHHERE)  MARNZERS
Finalizer # Cleaner #l#? TE{RAYZESCEN AutoCloseable ¥EMRIA, HEKREFEEABZEATAR
BN close 757k, BEER try-with-resources F{REZLE, AMFEXIBEREMHIBER (ENE 9
%) ., —MEE—ENETELFIVRIREEREEXE: close FENRICEENSBERAEERINE
M, HftmieieEmzElt, NRENSGXAGEERATN], Wl IllegalStateException §
H.

BB, Finalizer F] Cleaner HlEIBHAFLLIE? EIRIREERNGIEAR. — M RIFAI—LEN
(safety net) , LABSRIFRIABERBIE T BRI close J3iK., EFARBERIL Finalizer # Cleaner HlHI&
TRZE1T (HERALEIET), RFSEREFERIERLER, BEFEEFImSEXES. NRIR
FEEBREIXFILER Finalizer lHl, BFAERE— TXHRIPESEETHIMAIRMN. —L Java
B2, W0 FileInputStream . FileOutputStream . ThreadPoolExecutor [
java.sql.Connection , BME/ERZEMHAY Finalizer #1Hl,

FEFEIEER Cleaner HFINZESAMIXIER (native peers) BX, AMXNERE— I HEE
IRFICHIAME (JE Java) WFR., BT AHIIERAREE Java WG, FrLABIRKERSHAFIEE,
HER Java WENRFEEIAT, AHITERBASER, BRIZUSERATLUEZN, HEAENEES
BRHEREIR, BBA Finalizer 71 Cleaner HlH AT RERIXTUESHISIEN T E, (BUNRMEERAIES
8, SEAMERFENNRREAER, BARMZE— close J5ik, IEAREIEFMA.

Cleaner HlHIERERE mfiFE., TEHRENZINEEN—MEEM Room 2K, {RIZ Room XJH
MEHEEWETEIET%. Room ZESLHL AutoCloseable 1E[M; BRIEmNEEZEMERIIE—
Cleaner #l&#, X{YXE—NLIAET. 5 Finalizer HlEIARE, Cleaner HlHIARSI—NZEHINIE API:

// An autocloseable class using a cleaner as a safety net
public class Room implements AutoCloseable {
private static final Cleaner cleaner = Cleaner.create();

// Resource that requires cleaning. Must not refer to Room!
private static class State implements Runnable {
int numJunkPiles; // Number of junk piles in this room

State(int numJunkPiles) {
this.numJunkPiles = numJunkPiles;

}

// Invoked by close method or cleaner

@Override

public void run() {
System.out.println("Cleaning room");
numJunkPiles = 0;

// The state of this room, shared with our cleanable
private final State state;

// Our cleanable. Cleans the room when it’'s eligible for gc
private final Cleaner.Cleanable cleanable;

public Room(int numJunkPiles) {

state = new State(numJunkPiles);
cleanable = cleaner.register(this, state);

@0verride



public void close() {
cleanable.clean();

}

FSIER State EHH Cleaner HFIFEFEMENERER. HXE, BNEE
numJunkPiles B, BRAKEIFIDNEE. FELhritti, BolaeE—1 final {8IHRY long 2KEY
RSAAMNTEERATIEET, State ESTIMT Runnable O, H run FESSREGER—R, R
BEMEA I7E Room FETT AR Cleaner #HIEA State SCHIRISZEIA Cleanable @A, X
run FARVRABEELATRMAAMA : BFE, BEEAR Room B close F5iEWTER
Cleanable Y clean JFZiEKAtA. SR Room SLFIBEEMSHITHAREUAIHES Fim 2B TER
close J3i&, BBA Cleaner #&IE (FL) @A State B run %

— State SCHIRSIAERY Room SLEIRIFHEEERI. WRESIAT, WEIET—NMER, B
IET Room SEFIRLALIRIIEERIERS (LIRBENEMR) « Eit, state W/UEEWSAIERAIERR,
J7IAFESREREE A EBEXRAILAINSIA (FUE 24 F) . AR, (£ lambda RIATNBEAHE
89, EAE(MREZRIIEELEIRATSIA.

FEFAIZANRAY, Room AY Cleaner HIHENXHAIE— 1 LE2M., WMREFEFFE Room AYSC
BIRIE try-with-resource tReP, MKIEAFEBMNBE. THRFNEF im0 TRR:

public class Adult {
public static void main(String[] args) {
try (Room myRoom = new Room(7)) {
System.out.println("Goodbye");
}

IESMRRTFUIEY, =17 Adult F2RRSRFTED Goodbye ZFRFER, BE/SFJED Cleaning room ZFfF
B, BRURHAENEER, ENKNEECHBREZTARR?

public class Teenager {
public static void main(String[] args) {
new Room(99);
System.out.println("Peace out");

{ROJREHAEBEFIEDH Peace out , #AG¥IED Cleaning room ZFRFER, {BEFKAUMI=EL, BEM
AFTED Cleaning room FFFER; {UXEEFEHT. XEHNZAXEIRIATTTANME, Cleaner #]
BT : « System.exit J5AHAERGEET AR ET . MRULERTAREHER. ~
BANSEIRERE, (BENTFIEENEFEHBENL., ERAWISELE, 8 System.gc() FiERINE
Teenager ZFEM main FEEBLULERIBHZBIFTED Cleaning room , {BARBEFRUEE(REIHIEE L
SEIFHEBETA.

B2, BRTEA—NREMEERIEFERBAIAEIR, AZ6EA Cleaner HlH, SERZE Java 9
KRInZEIRY finalizers Hl, BIERXE, BEIOAHEEMEMERERN.

9. {8 try-with-resources 1IBA)E{X try-finally
i5a


af://n3198

Java REFEEFSVRBSAR close HEFHXANER. gl InputStream ,
OutputStream F1 java.sql.Connection , EBFEEAMXARER, HtsERIEMM. RE
XEFFPERSER finalizer HHWEAZEM, (B finalizer HIAIABERIFIBTIE (GEWEE 8 £%) .

MLERE, try-finally BRERRIESRIERXANSELS, BIFEEEEFNHSESIREIRIER
:

// try-finally - No longer the best way to close resources!
static String firstLineOfFile(String path) throws IOException {
BufferedReader br = new BufferedReader(new FileReader(path));
try {
return br.readlLine();
} finally {
br.close();

}

XETREEREHAR, BEIAFMIBANRR, BRaREEE:

// try-finally is ugly when used with more than one resource!
static void copy(String src, String dst) throws IOException {
InputStream in = new FileInputStream(src);

try {
OutputStream out = new FileOutputStream(dst);
try {
byte[] buf = new byte[BUFFER_SIZE];
int n;

while ((n = in.read(buf)) >= 0)
out.write(buf, @, n);
} finally {
out.close();

}
} finally {
in.close();

}

XETRERMENE(S, (ERMERASIEFR, ASHIMRESICEIR. Bk, KT Java
Puzzlers[Bloch05] BI5E 88 TA EFEE T, SZEERKIRBAERE, F|XLE, 2007 & Java KEFER
close FiEMI=0Z —#HEHERAY.

BIfERA try-finally IBEGXARRVERMKI, WRIEAMERGFTR, BE— MRS,
try-with-resources H#0 finally 3RAPFMCIEEFRI LN R E., A0, £ firstLineOfFile FAi&#, H
TEEVESERENIE, X readline FHZMERARRESSIARE, HEBTHEENERER, EHA
close FEAJRERKM., AXMIBERT, ENRETEMETE—NFEE. EREHERRIRTR
BEBRENER, XAELRRATIELIEEER —BEXEIFEEZHIENE— =
H. BRULRSRISRIHEC N NRE, BRLRERBAXEY, BACKTKT.

& Java 7 5|\ try-with-resources IBERY, FrEIXLAfl— FFEBERI T #ER[ILS,14.20.3], EfE
FIXMEE, SIFMRSEEL AutoCloseable M, ZIEOB—MNRES void By close #HpK.
Java KEMBE =5 L EPRNFSEMBOIEERSIIE AT AutoCloseable M., WMRIFRHEH
FERTRKIDNER, BPAXNRBRNZLI AutoCloseable [,

LUTEHAIBISE—AMER try-with-resources B9~ :



// try-with-resources - the the best way to close resources!
static String firstLineOfFile(String path) throws IOException {
try (BufferedReader br = new BufferedReader(
new FileReader(path))) {
return br.readLine();

LATEHAIBIBZAMER try-with-resources B9 :

// try-with-resources on multiple resources - short and sweet
static void copy(String src, String dst) throws IOException {
try (InputStream in = new FileInputStream(src);
OutputStream out = new FileOutputStream(dst)) {
byte[] buf = new byte[BUFFER_SIZE];
int n;
while ((n = in.read(buf)) >= 0)
out.write(buf, 6, n);

MY try-with-resources IRALURIAIR AT G, BHFAIANEY, MEC(IRETEFaI2H. *
& firstLineOfFile 7%, SNERAA readLine F1 (RAJ) close FEEMHEE, WE—
NEEBHHIE (suppressed) , MARRIE. HFXLE, ATHREBFEIEEEINGE, TREIIHIZ
MNEE, XEMHNSESEENTE, METEEERRERY, FREABINET . RETLUER
getSuppressed FELMREANIAEIAIEL], 1Z5/AE Java 7 FERINZIAY Throwable Hh,

BJLATE try-with-resources IEEIHRIN catch FA, BUGIEEMAY try-finally IBRP—HF, XAIHR
WEBFE, MASER—ERETZIMUB. (FA— I HMELEERNNTF, XEE— R
firstlineOfFile 735, BARMERE, ERNREAFETFEIEECUY, WREIFME:

// try-with-resources with a catch clause
static String firstLineOfFile(String path, String defaultVal) {
try (BufferedReader br = new BufferedReader (
new FileReader(path))) {
return br.readlLine();
} catch (IOException e) {
return defaultVal;
}

EICIREBM: ENIRVIKIARNRIRRT, (HFE try-with-resources IEEE(Y try-finally iIB9. 4RI
RIBEDS, FEW, FEERPNREEEA, try-with-resources IEQERE VAR T E BRI LBNS
BE5%, tASEE, mERA try-finally IESCR_ EEA0TEERY.

10. 855 equals BiENETERLIE

B Object B—EMARIZE, EBEEERIMWEMIZITH. BRAAEIE final 73i%& (equals,
hashCode, toString, clone ] finalize) &PEEWIANEBERAZIZE ( general contracts) , EANENI#IZITH
WFREES, (HIXEEEXLHEN, HENSEENEIINBERYE; NEAXEM, BELEE
R F29ERISE (15140 HashMap #1 HashSet) SItEE—ERIEETF,


af://n3218

AREICIMARTLARUMAES object ZERIIE final 5L, X—EBIRT finalize Hi%, EAEBE
%8B 8 {77148, Comparable.compareTo JFiEERAAZE Object FEIGE, EHAEEREZH
FBEME, FrLAEEX BT,

B equals TiZERKXRER, EEERELASSHETLE, HERUREETIHN. BRLtn
AR EERTT AR B equals 737k, FEIXFHERT, KB IMLHIRSEBEE. RBEU™E—
TEM, WikBBRERIIEE:

o BNERLHIERREBHE—M., XTFHER Thread HFRFRENLAMARENFKN, XEIER
B9, Object F2HAY equals SCPINGIX LT R IEFRRIITA.

o EATERM— [BIEEF (logicalequality) | RYMIHINEE. HI4N

java.util.regex.Pattern BJLAETF equals FFiARERNEAREEHERENENFRIA
Pattern 3Cffl, (BRIRITEBHFNANEZFEESHLEEALINEE. mXMIER T, M Object PAEAY
equals LI EHEIERT,

o RFECDEFFT equals 5i%, MRFITHREESTIZTFEE. o, KZ2EL Set M AbstractSet 4%
7&T equals SCHI. List M AbstractList 247 T equals 3£}, Map M AbstractMap B9 Map 4¥i& T
equals SCHY,

o RENERIEBERIABR, TTLBEERY equals BiZKITASEKER. NRIFAEERTXE, 7
PAEE equals J5i%&, IIBRASHEIMNER:

@Override
public boolean equals(Object o) {
throw new AssertionError(); // Method is never called

}

HARHRFEES equals 5iA1R? MNR—PMEBE—MNBEHEZE (logical equality) AIEES, LE#E
SHBRFIISRIRR (objectidentity) , MERXRBZRBESIL equals 57k, XBEREES (value
classes) BIIEN, EXERE—NERERIZE, FIU0 Integer BE String 2, FEFRRIFEA equals J5iALLIR(E
NRA51AH, BEAME(IEZELEEHEE, MAESIAHEENNSR. &S equals FiANXEILABRE
EFRAVEE, BIRFESIT equals FISEHIVES Map RO (key) , BiE Set BRYTTE, LARETHEA
FOHAERAYT .

—FHAFE equals FIEEBRMEREFMBLAIES (instance control) (NS 1 5%) BIZE, LI
REMEEZSEE— NS, HEEER (S 34 %) BFXANER, WXk, BEEEsys
FRRE—H#9, FrLA Object B9 equals 55X ERBIBLE equals 775%,

LIREE equals FiERY, HRETFTERIBRALIE. Object BIALBIIT: equals AL 7 —1NE
MZZ (equivalence relation) . BELATXLLE:

- BRM: WFHE@IEZ5IHX, x.equals(x) WIUR[HE true,

o XERME: XHEAIE=SIExFy, WRBNE y.equals(x) iRE]truefd x.equals(y) #4R
JR[E] true,

o (Bt WHEEEHE=SIAX y. z, IR x.equals(y) iR[E]true, y.equals(z) R[]
true, M x.equals(z) WZUR[E] true,

o —EE: WHHIIE=SIAxFy, WRTE equals LERPEEANERIREER, N

x.equals(y) HIZIRIEARRWIIALLIRE] true BRIALZIR[E false,
o XWHHITIE=5IAx, x.equals(null) WIURME false,

BRAMREREE, SUXEERERITA, EFERIRE! IR—BERTE, RUBSKIRR
BFisTREEER, FERERERWAIRER. ERYEZE (John Donne) AINLE, RBWIE
BRI, — M RRLHEERERES—PRAISEN. EK, SEERIEGE, #RmTE
AT TEST equals ZIRERITTER,

BRACETIREER equals ORI, IEF(IFMITNE—TXMIE. FHER, RALE,
XHARRER. —BIFREHT, HAEETX—AE.



BAARENRXRER? Bk, BE—NEER, Ao IR TEBENFE.
XLEFEFFRAEMZE (equivalence classes) . ATE equals FiEBER, BIMNENEFHFIEITEY
MMAFPRIBERRET LA (interchangeable) B9, IELLEAWRRE TXNANEK:

BRME (Reflexivity) —SF—1ERRARR—INRLMEEBEE, REBKLEFERTX
MRE. MRIFERTE, RRERNIOIFINE—NEESR, A contains FEARERIRES
iRBBENAINAISER.

YIFRTE (Symmetry) —F-AEKE, (HIWPMNRUERSESHIR LA —H. 5%—
PMERFEZ, BNAHEERELETER 7IX—EK. fliN, FETEE, BEWT RSN
ERFFE. FAFERH toString fR1F, {BTE equals LIS

import java.util.Objects;

public final class CaseInsensitiveString {
private final String s;

public CaseInsensitiveString(String s) {
this.s = Objects.requireNonNull(s);

}

// Broken - violates symmetry!
@Override
public boolean equals(Object o) {
if (o instanceof CaseInsensitiveString)
return s.equalsIgnoreCase(
((CaseInsensitiveString) o).s);
if (o instanceof String) // One-way interoperability!
return s.equalsIgnoreCase((String) o);
return false;

}

...// Remainder omitted

LEEEPRT equals IME SIERNFARHITEE, RN FAROANNEHNFFFHEN—PIE
LENEREE2K

CaseInsensitiveString cis = new CaseIlnsensitiveString("Polish");

String s = "polish";

System.out.println(cis.equals(s)); // true
System.out.println(s.equals(cis)); // false

IEANFEl, cis.equals(s) iR[E] true, |BRRE, RE CaselnsensitiveString ZEAHY
equals FARIBEIEEFRE, (B String E2HY equals AR T AX D ANERNFRFE, Et,
s.equals(cis) JR[E false, BEERERXIFTRME. BRBE—FAXDKNENZFEMRA—NESH:

List<CaseInsensitiveString> list = new ArraylList<>();
list.add(cis);

list.contains(s) REITHA? HERLEVE? 2RI Open)DK L, ERIRME] false, {BiX
RE—II. ER—IEUH, ETLURSZMIRE true IHIEITIIRE. —BIER T equals
E, RAREEMYREEHRINSRITSUETRR T .

FHERXNMAE, RFMER equals 75iEFS string FEERFRTEESR. XEMZE, FJLUSZ
TiEEEABRENREER:



@Override
public boolean equals(Object o) {
return o instanceof CaseInsensitiveString &&
((CaseInsensitiveString) o).s.equalsIgnoreCase(s);

f&iBME (Transitivity) — equals UERIHE=TEKE, WREF—NIHRSFTEAIMWR, A
MERFETFE=ANER, BABF—IURUAFTE=INR, A, BAEESR, TEPER TX—E
KR, BEFEIER, BEBM (value component) FRIIZIERSEH. #WaNER, FEERITT—
SR, BT equals JiALLR. TERIIM— MBI AT 3R —4EREEISEAY Point 25FH4A !

public class Point {

private final int x;
private final int y;

public Point(int x, int y) {

this.x = x;
this.y = y;
}
@0verride

public boolean equals(Object o) {
if (!(o instanceof Point))
return false;
Point p = (Point) o;
return p.x == x && p.y == y;

// Remainder omitted

RIIERIX R, FERTENERY Color ZEFHINZY Point 38:

public class ColorPoint extends Point {
private final Color color;

public ColorPoint(int x, int y, Color color) {

super(x, y);
this.color = color;

// Remainder omitted

equals FIENIZETAHT? WIRTE22EE, NSCHLZEM Point 28 ERIEAY, BREB(SETE equals 5
BRSPS, BAXHAIER equals K98, BXSAREFRTESH., BRIRIFSE T — equals /5
%, ERECHESHERS—EEHEENEFIEER ColorPoint SLAIRTIRIE] true:

// Broken - violates symmetry!
@Override
public boolean equals(Object o) {
if (!(o instanceof ColorPoint))
return false;
return super.equals(o) && ((ColorPoint) o).color == color;



H{RELER Point X35RF0 ColorPoint XIIERAT, HJLARBEIARARNER, RZIMA. ISR T
EBEENE, MEENRS—EIRE] false, EASEAIEEREIRN. AT LLRBEINIEMR, FH(I60E=E
—~\ Point X&#[ ColorPoint X&:

Point p = new Point(1, 2);
ColorPoint cp = new ColorPoint(1, 2, Color.RED);

p.equals(cp) R[] true, {B2 cp.equals(p) iIR[E] false, {RATAEAE(EFT ColorPoint.equals BB AL
B TR RN,

@Override
public boolean equals(Object o) {
if (!(o instanceof Point))
return false;

// If o is a normal Point, do a color-blind comparison
if (!(o instanceof ColorPoint))
return o.equals(this);

// o is a ColorPoint; do a full comparison
return super.equals(o) && ((ColorPoint) o).color == color;

XM ERESLIRML T XIFRME, (BRRKRTESBM:

ColorPoint p1 = new ColorPoint(1, 2, Color.RED);
Point p2 = new Point(1, 2);
ColorPoint p3 = new ColorPoint(1, 2, Color.BLUE);

WMFE, pl.equals(p2) F1 p2.equals(p3) IR[E]T true, BR pl.equals(p3) FMRET
false, RIARES TEEMEK, AIRNUREEAESABEEN, ME=N RIS IMEE

Cho

ItEah, XM RESHTIRIEIT: BRIKEFA Point B9FE, ELAN ColorPoint 1 SmellPoint, &
MNEFBEIXF equals J5i%. AEVER myColorPoint.equals(mySmellPoint) EaH—1
StackOverflowError &,

BABRASRRMAA? FLER, XRARNSIESTRTFENXREZN—IERTE, RIFSE
BHFEENSHRATLE, SNFTEMERTSLEMCRISE, FHEREE equals (UERRRSRII—MESR
.

{RAJREITY, BTLAMEA— A SSAMCROSEHRIN—MERY, BINEEHE equals & EER—
getClass JUFHAES instanceof UKSRARER equals AI%E:

@Override
public boolean equals(Object o) {
if (o == null || o.getClass() != getClass())
return false;
Point p = (Point) o;
return p.x == x && p.y == y;

REANREEHERSTIER, Zer-EHERINER. XERRTEIZIAER, BRERE
FEJHEZRY:— Point SEFEAYSLHUAR— Point RISLHI, EIHATEIEN— Point K17, B
RUNFFRAXANTTE, KW RRBANEE— 1 5ERFT— Point JRESTE unitCircle &5
B, FlIETLAUXEHE:



private static final Set<Point> unitCircle = Set.of(
new Point( 1, @), new Point( @, 1),
new Point(-1, 8), new Point( @, -1));

public static boolean onUnitCircle(Point p)
return unitCircle.contains(p);

BAXAEARIMINEENRRTTIE, BETLUERIF. BRRU—MANFMERHIE SRSl
A Point 38, LUANLEERIMIE T AIREFCROIE 7SI

public class CounterPoint extends Point {
private static final AtomicInteger counter =
new AtomicInteger();

public CounterPoint(int x, int y) {
super(x, y);
counter.incrementAndGet() ;

public static int numberCreated() {
return counter.get();

BERERREN (Liskov substitution principle) 1§, (HIXBRIEERMENIZIERTFRBRIFE
B, FEHIOXMREYRERY G AEBROZEE TR RIS [Liskove7], XEI(1ZRIABRII—
IETCBRIAR, BP Point B9F2R (40 CounterPoint) {3#A2—™ Point, WUWEA— Point FKERF. (B
2, BRIgE(E— CounterPoint ITHRIEIHLS onUnitCircle 75i%, AR Point ZE(EAET getClass iY
equals 737%, MFGIE CounterPoint SCHIRY x #1 y AA4RANME], onUnitCircle 75iA&BEIRA] false, XZEEH
AZHES (B4F onUnitCircle J37A(FRRY HashSet) #B(FEA equals IFERMAESEaTE, HE
CounterPoint SECHIHAETFE Point 3L, {BR, R Point LERATEIMNETF instanceof
Y equals 737%, WFESERS CounterPoint SCHIEINAT, FEHEAY onUnitCircle 737ARLAIERE TAF,

BINRB S NBRRI AR — I SRR II— MBS, BEBE—MRIFIZES
A RIREE 18 AU, “UERASTARME". BUTLRE Point 2849 ColorPoint 2§, ATLATE
ColorPoint ZEFRTEN—NFAR Point B, FI—PAHEEIIE (view) (FEWEE 6 %K) A%, FRKIRME
BEBHERENER ColorPoint IT&,

// Adds a value component without violating the equals contract
public class ColorPoint ({

private final Point point;

private final Color color;

public ColorPoint(int x, int y, Color color) {
point = new Point(x, y);
this.color = Objects.requireNonNull(color);

/%%
* Returns the point-view of this color point.
*/
public Point asPoint() {
return point;

@0verride



public boolean equals(Object o) {
if (!'(o instanceof ColorPoint))
return false;
ColorPoint cp = (ColorPoint) o;
return cp.point.equals(point) && cp.color.equals(color);

// Remainder omitted

Java FEEREFRE LA LUMKRTSTHNLRISFHRII—MEE M. g,
java.sql.Timestamp &Y java.util.Date FFARADT— nanoseconds =FE&, Timestamp HY
Z equals FESDIER 7XIFRME, FEUR Timestamp # Date WRER—MESHEER, HELEMS

R, WETRESEARENITA., Timestamp K2E—MAESR, SHEFRAEER
Timestamp ] Date, BARREBZENIDFERMASBRRA, ERKBHALIELREEITRESRE
—ie, FHEBAMNEREIRATEERMEEIR., Timestamp XN TAER—MEIR, AROZEHL,

(RIS ERMHRINERMSERFEF, MARER equals AE, XY FETERES 23 MEEF
“PAETEERER (class hierarchies) SRAAETRICE (tagged classes) "HRIBINTIIRISHIKER, 23F
HEEWN, i, sTLAE—NREEEMIIHSEE shape, F3 Circle B— radius B, B—1MF3%E
Rectangle 83 length #1 width B . REABEZOIERIELA, MiASHIAIEFRAEME,

—5E (Consistent) ——equals AENBINEKRE, WRFEMNIREEE, BRIE—D (FR
D) WRWEH T, BBABNIMITARHRFES, Bk, TSR LERRNETLAS AR
WEEE, MATTNRUAR. HEE—ERN, BNEBEECEBMZIRITARTEZN (FIE
174%) . WMRIRAARIZIXEEM, IBAFHRIRAY equals F5iRBHEIHITIXHEERIRS : HSENXISKITE
%, TMHEENNSKTEAI2EE.

RE—NERARATRR, BAES—MRIT A ERIRRY equals 757k, MNRBERIX—E
< RETHMEREIFEEMEN. FIa0, java.net.URL 3EREJ equals J5iAMKER TS URL KEXRY
EHAY 1P HBULATELE:,  BENREERRDY 1P HIUTREREINENES, FEARERIEEER AR
ERRIVER, XATREESE URL 25AY equals J37EIER equals 497, FESCEPISAUAE. URL 359
equals 7ERITAR—MRARUEIR, FIOZBEUE. FFERZ, BTREMNER, BREEKNE.
AT EGXMPAE, equals TTENIZ A REFHENSHITHESEITE.

JE=2ME (Non-nullity) —5R/5 equals AENERIRBEANEIR, FTLAREKRIEIRZ HIE=
., BERRRRIEINSREBUAARET null, BAREERERERE o.equals(null) BIERFER
AMtERE] true, {BAREESRA/IVOHBE NullPointerException RERIER. WBRANLIEZLHEH
XHERIRE. FE2EFM equals FiEEBSBEFRIELEXISA null A9BSR :

@Override
public boolean equals(Object o) {
if (o == null)
return false;

XPMHAMRADEN. ATHENSHESTES, equals TiELRBETHESEELIRANGESR
B, LMERAnEsRSPhaiEE. ERUTRESRZ AT, 1273 ARER instanceofl EEFFHRIE
EHSHESRIERRIRE:



@0verride
public boolean equals(Object o) {
if (!'(o instanceof MyType))
return false;
MyType mt = (MyType) o;

WNERIEARNOERIE, FH equals FiAEBE T EIREENSE, B4 equals FiEEHIH
ClassCastException J&, XiERT equals AE, BER, WMRFE—MEEECH null, NIEE
instanceof IZEFHIR[E false, MABHEZ MEEEHPHIUTFSEELILS, 15.202], Fitk, WNEREN

null, REEEIZIRMA] false, ELWAFE BB null 1€E.

Zetek, LITRREBAE equals FiABIELS (recipe) :

1. == EEfRESHERMZNSNEIH. MRE, RE true, XRE—FPEEMNIL, B2
RIXFHLURATBeR B RANE, BBRESEM.

2. i instanceof EEFFREESHETEBIEMAIEE., WNRAR, WRE false, BE, IE
TRAVSRELE equals JIARTERYAR N, BRHE, BEESCIl 7 —E420, WRKLLM T — MO,
ZEEOF LS equals OELASTITFSLIE ORISSHTINER, BRAEREO. £&8%%0 (U0 Set,
List, Map #1Map.Entry) BB,

3. SR AIERRSETR, ENEIRIEEIE instanceof HEEZLMED, FRLIEEESKI.

4. WFERFPEN [EE] NEM, BREZSHEMESEZUSENMNANEMEIE. NRAE
XLEMEH AT, R[E] true, BRLRE] false, WRLE 2 PREREIE—NEO, BBAav/ETEOS
ERASHNEMEINREEZESE, WITLBEELREYE, XEUATEMEANLEESR,

X F2REL9F float B, double RIEAZEE!, (A == EEFFHITILR,; WFXISR5|IREM, @3
VA equals J57%; XJTF float EAERINE Y, (FEERS Float.compare(float, float) Ji%; XF
F double EAZERIRIEM, (A Double.compare(double, double) Fi%k, HFEFE

Float.NaN , -0.0f FNZ{IAY double ZEBIYE, FTLATRERY float F] double BHEHITASFRAIAME,;
BXIFMESE, 15519 JLS 15.21.1 B Float.equals J7iERTFANA, RAREILUERRSITIEA
Float.equals ] Double.equals 57%&XT float #1 double EAERIBHEHITILE, XEESHEBX LRI A
4HEE, 5IRIFEENMRE. XTHEARY, BXYENNATFE N TR, NRSEHESFIE
NTERHREE, BEREP—IEEM Arrays.equals 733%,

RESE IBNBMTREEEEEE null.  J9BEREIL NullPointerException FHE, 15
§475753% Objects.equals(Object, Object) I EIX LB R EEE,

SPF—EbZE FIgN_ERY CaselnsensitiveString &, BELCEET T EERENBESEENI{ES Y
8%, EXMBERT, (FMEEEREFERMA—MIEEAE (canonical form) , X equals J5iAFMBILAE
FIXMEBR A S M ERIRBMRILE, KB ERANAEREE. XM A ELRES A
E (FERFEL17TR) . —BUREERT, —EERFESNIHTEH A EREIRF.

equals 73 ERIMRERT BER BB I LLRIMFRRISINE, A TIRISRAEMRE, (REZE SRR ERR
EME, FFEBIEYE, SERIFEMEEHE (derived fields) . (FAELBRARTHRIEEN
THEM, BIANATREICERIER lock Bit. AFELCRATLUNEEZRBM TTEHROIRERME, B2
XEATLAIRS equals 7375091ERE.  INRIREBMAITHEMNNRIBERR, WRX MRS
BELLBRRMAT ARSI AR, fIa0, RIRBE— Polygon £, HEFZXIE, WRHED
ZIHFRERAES, WAGER ORISR,

SRFERRS T equals 737ARY, EHRES=NE@: SRR CEEEBCE B2k
st wEEBTUAIILAEFE, PRIFGER Autovalue fEER (55 49 T1) RAER equals 737%, TEIXFRE
A LZEERIN. NRFERNEERN, HHRE, FENIEN equals 75ik. 22, equals
iRt mm R RN B (BREIEEY), EXANETEREHSHE.

ATEXNMEEA PhoneNumber EHRERTIRIEZBIMIECSEER equals F5ik:



public final class PhoneNumber {
private final short areaCode, prefix, lineNum;

public PhoneNumber(int areaCode, int prefix, int lineNum) {
this.areaCode = rangeCheck(areaCode, 999, "area code");
this.prefix = rangeCheck(prefix, 999, "prefix");
this.lineNum = rangeCheck(lineNum, 9999, “line num");

private static short rangeCheck(int val, int max, String arg) {
if (val < @ || val > max)
throw new IllegalArgumentException(arg + ": " + val);

return (short) val;

@Override
public boolean equals(Object o) {
if (o == this)
return true;
if (!(o instanceof PhoneNumber))
return false;

PhoneNumber pn = (PhoneNumber) o;

return pn.lineNum == lineNum && pn.prefix == prefix
&& pn.areaCode == areaCode;

. // Remainder omitted

UTE—LHERE:

1. YEE equals FiZlY, FHBEES hashCode ik (¥RE 115R) .

2. AEik equals FiLREIARIERE., MRAZHRBIBTESNEN, BBAEEST equals AE
HAEME, MNRGESHESIEITEH, BPARBSIBNRM. —iRkR, EEEHEEF A
BIBBEE—MAER. 70, File ERMZIXEES | BNGFSHEERETE—UFNR. E=F
File EZHIZIXAM.

3. fEequal B7GERIER, REEGSE Object BHRREHMAER, XNTFREFEKR, BE— T
T equals 5%, REELIANN\EEERRAARELEE TIEHERHALR:

// Broken - parameter type must be Object!
public boolean equals(MyClass o) {

AEETXNEEFIKBES Objectequals 7374, BRISELE Object KB, XIHFEREEH 7
equals 737% (FEMEE 52 4%) . BIERTIEERIAIEZIL, R SERELRY equals FFiAHEARA
ZH, BACHESESHTFERFPEY override jEFEFEIRR, RIEAZ2ET. TXE, {FH Override
RS LIHRIERMER (FRSE 405R) . X equals FiEASRE, HIRBESSFREIRETEH
B



// Still broken, but won’'t compile
@0verride
public boolean equals(MyClass o) {

}

FRSFIMIL equals (70 hashCode) JTiAREB, ERINBEAETE. BERFNRESMNNXLTS
IERYATROFRZ, (EREIK Autovalue FRRIESR, IZIERBMNIREMIXET5E, RFMEE LHN—
NERERDR], FERZEBRT, Autovalue HEZREMAYISIASIRE CRENLIERN R LEER.

1R%Z IDE ({740 Eclipse, NetBeans, IntelliJ IDEA £5) tHE4RE equals F1 hashCode /57AR9TNRE, B
EERAIREAABELER Autovalue FEZRRIRBE UK. TEMEE, FERRETIEN, ELE
BTN, XEEN, (FF IDE TR4RK equals(f hashCode) HiABELLFEMNRECHIEAIN, HAH
IDE TEASICHOXEER, MAEUE,

Bz, BAEMR: ERSIBRT, AEEE equals 755%, M Object AEMILI=L 2(REERN,
WRFHHSEET T equals ik, IFA—EEWRIXMNENFFEEZEREMY, HBELMFEPEIE equals 48
BRMIENAR L,

11. 885 equals ;2B REIFRIEEEE hashcode
BiE

EB1 ¥R, £EE equals HiEHIIHR, —EEEE hashcode Bk, WRAXE, (RE9EE
X7 hashCode HIIBRAIE, IXEHLIEETE HashMap F[1 HashSet iIXHRIESPIEETE. HRIE Object #il
8, LATBTEARLIRE.

L WEREBIEN equals FiAFRELLLERIER, ENERFI—XPITEEFN— I NRESER
hashCode J57&RY, BXIALREHEENE. EMRBREFNZIMITIREF, S MTEREEZ
XI5 EIRENIE BT LAAHER.

2. WIRMPMISRIRHE equals(Object) AR EIEEN, BPAER NI LA hashCode FA4ZR™=
ERVEREHERRIEL.

3. WIRMPMISRIRYE equals(Object) ITARHAEE, WAEKEE NS LTEA hashCode s
WrEARNER. BR, BFRMNZERE, AMEENNRERARNERTESIRSET
% (hashtables) B9MEEE,

SFEES hashCode B, FTERB-IMXEFMNE: HSFHVROAEFHESHLFEIS (hash
codes) . RIERAY equals 75i%, WD AERISEHIRTREEIZAE ERBRAY, {BREXSTF Object ZEAY
hashCode 73i%, BMREZMMNRBMHAHREZLEHRISR. EIL, Object 3AY hashCode F7EIREFHA
BRERIET, MARROERRIIFA MEFAVET.

5B, BRIRIREEFASEE 10 FAY PhoneNumber ZEAISLEIMIT HashMap BIE (key) :

Map<PhoneNumber, String> m = new HashMap<>();
m.put(new PhoneNumber (707, 867, 5309), "Jenny");

{REJREHAZE m.get(new PhoneNumber (707, 867, 5309)) J3iXiR[E] Jenny =FFER, {BSLR
L, RET null, TR, XEEREIFED PhoneNumber 3Lffl: —PLAFHENE HashMap 1, B—
ERFIRTHEZERISTHIRERIGER.  PhoneNumber ZEZBES hashCode F3iASEF MEFRISLHNIRE] 7
REANEFERS, B/ T hashCode Z9E, put J5iEIE PhoneNumber SERHRTFEE T — NS ( hash
bucket) #, {B get FEZFHENABRIEHEBHEER, BMEEEFRNLAIBER—NMEHEER, get /5
ENVFEEESIRE null, EJ9 HashMap 7L, EIF TS8R (entry) 1BXHIGFHERE, WRIG
HIBALE, WASKEENRESEET .
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BRXNAIRREER, RFEEN PhoneNumber EEEF—HIEA hashCode J5i%. hashCode /5
ERMAAER? 5S— 1A ENERESEN, UUTRE, BAKEESIERN, (BEXNAEXEFE
FH:

// The worst possible legal hashCode implementation - never use!
@0verride public int hashCode() { return 42; }

XEEIZE, EACHRTESFINRESHERNRRSE. XRER, ENCHRTSINRES
HEREHRS. Eit, SMNREHFIE—ME, BHERRUINER. MZELERERIETHIRE
Fr, IE{TRIEIZER T RA. MTERERANIERERNS, SFMEIEBIERTIE.

—MFHT hash T5iAERAITAFESRISLHIEMAEFAIER. XBIER hashCode LUEHFHE=5
BRIA. HRBRT, hash EAEETRAMEFAILHRITMSE int STERAIGHD., SCIXFPIERE
ERATREEEMR. FEHE, BRE—EERNELRILNFAAYE. IR ESRAIECTS

1 FEB— int REIRTEE result, FAGEMRUAXNRFE—NEERNE ¢ FIGHE, NTFEL
B 2.a PAATENBME. (BEFKE 10, EENEMEMINLCRIEEAME. )

2. WTRRPRIFOEEREE |, BHITATEE:
a. tEREME f SEME c BYint XERIEHRD:

- L RN EEEREARREN, £H Type.hashCode(f) 73iEIHE, HF Type KEX
NEMY f BEAERINEEEE,

-~ ii. IRZBHER—IXRE|F, FHEIZERM equals ZiEBITEEITEA equals SKELERIZBM,
FiEAMEIER hashCode 753, WRFTEEESFAILLER, MitEHFEAISEIL (“canonical
representation) ”, FIESEZ, LA hashCode, MERIZFERAVENZ, NIERA 0 (WBalLMERE
L, BEEEFRMERFR) .

~iil. NREHE f B—1NEE, EEEESIEENTRBE—NENE. BHRiR, &8
S8 X AN EESNEETENIRES, HEEBN SR 20 NEESFH. NRHER
BEENRR, UERA—EE, RFAERN . NMRABTTREBREE, WEA
Arrays.hashCode 7%,

b. BEE 2.a HEM c TEHAIEHIBEH AN TER: result = 31 % result + c;
3. R[] result (&,

S{R55c hashCode 75i%/a, HHCESHEFHLAIBHERRIEES. REHETUNRGIHRIIE
W (BRAEIRAEER Autovalue HEZRRAERL(RAY equals F1 hashCode 73i%, FEIXFRER T, (RETLABCHEZ
BOXE) . ARBRRISEAIEAAESAIERE, HHREFARREE,

ALMIEFHISTHEFHBRIRERME (derived fields) . #AIER, MR—MNEBUHETLURESS
HENEMEIHETEL®R, BATLUBRXFNEIL. BUWRHRTE equals tERFIRBERIVERE
M, BENETEESIER hashCode LIEAIE K,

£ 2.b PRBRET RERBATEEINT, WMRXHEESMBUENE, WA EFaIEEISR
. flan, WESRATTEMN— String B REHEN, NWAENFFHSESHERESIE. 2
LU 31, RAER—IEHIIRY. WRCEBH, ARKEnY, FEREEER, E/skll2|
ST, ERFREINTFEAKBE, BIREERXAMAY. 31— MRIFANTE, BE—EAR
EPIEETURBEIR NS ELSREEFAIMRE: 31 » 1 == (1 << 5 - i, FRwwH
LAB I TIXFMIL.

EEAHE BRI ER AR PhoneNumber &b



// Typical hashCode method

@0verride

public int hashCode() {
int result = Short.hashCode(areaCode);
result = 31 % result + Short.hashCode(prefix);
result = 31 * result + Short.hashCode(lineNum);
return result;

EAXNGERE—MERAREETTERER, SHE—IVMAR PhoneNumber SCfIHRRI=
NEENENYE, FLUEREEN PhoneNumber SCHIEBEHEEINKRERD. SLfrL, XANGER
PhoneNumber BJ—NEEIFAY hashCode SEH, 5 Java FEEKEDRISTHI—H, TREH, HEEH
HiR, FEESEMEFERNEIESESBER BRI HET.

SBREXNMNRENGEEERFNRH RS, EFFAERLHN. BlINEES Java FEEKE
BUEREAIRERIEAREESY, NTAZHAERRAESEBH. NRENFTERHREMAKTEE
FEAERIE, 1527 Guava HEZRAYAY com.google.common.hash.Hashing [Guava] /7%,

Objects EE—NESHIE, TEIAEHENNNSHATCIIRE—MEHB. XNBE hash
B AR LA RRE—1T hashCode /574, HRESRIEXMNNEFH LERENSGEESE. 70
B, BiNzTEEEE, AACEECIEEEIMERTHENSE, DR HISHEREASE
B, MUBHTEFAETIECERAE. XTeH RIS REAEEAIER MEA. LA TRERX
FRARGRERY PhoneNumber BIMSFSEREL:

// One-line hashCode method - mediocre performance
@Override
public int hashCode() {

return Objects.hash(lineNum, prefix, areaCode);

}

IMR—MREATEN, HEIHTERFEBIANERKR, BATUEEENRPEFIRTD, A2
ESREKRNENTERHNE. WRIRANXHRBNOASHISERBIERRE, IBARZELIEL
BIRHHEAAETS. BN, FTLUSREERIER hashCode RIFERFIMAM (lazily initialize) 1B7FE. EE
EERRIAEFEERRUEIIER MRSEIERS (INH 83) . PhoneNumber ZEAEAXM
B, EREATRIERETHAN. BEER, B hashCode AIIMAE (FEABIFH 0) REiZZE
1B 5 U AISLAIRINE #5RS -

// hashCode method with lazily initialized cached hash code
private int hashCode; // Automatically initialized to ©

@0verride
public int hashCode() {
int result = hashCode;
if (result == 0) {
result = Short.hashCode(areaCode);
result = 31 * result + Short.hashCode(prefix);
result = 31 % result + Short.hashCode(lineNum);
hashCode = result;

}

return result;

FAEAENSFEBITEFHHREENEERIESEE. AU ENRFRETREIETEER, A
HERERETRESFRIEARAIELE, EELEFER. BIRR, RHRARESIBEIKERRRISE
B, XL FEERBIIXEFERAR. MRKEXFER, 165 REUHEREIXLLFIRTE
DYFIRARR L, MALZIAL MR B TR RIS RIE T R AR (A,


http://com.google.common.hash.hashing/

BOMRURE— MBI, 1E Java 2 2B, String KIATERAIERA FHEPBSER 16 15
B, NE—FRTHE, EEAFHETIIER. NTFABNFERRSHOES (R , I
IEEER R T AR T,

AEA hashCode IREIRIEIREIFMATIIE, BUERIHRARSIBIKHRYES, RAIEBHRE
M, Java EEDFHIFSZE (40 String F1 Integer) #BIE hashCode /75 RBIFNFEYIEISEASLHNERT
HRE., XAR—NMFER, ME—NEIAEARZNER: s T ERRRAF SIS FHRERIEE
. NRFKIECHDHEHGIREP ARG, B3R TEFNIEHERE, el AEEESRAFIIH
HITEH.

B2, BIREE equals 5iAREBURETS hashCode ik, BURFELEALEEEGT. RHY
hashCode 75/E/UEM Object KIEEARIEMAE, HEVHUTEIENTIIE, KBAESHNBRHIESE
ISABFAISLA). GNERAERSE 51 TAVECTS, XIREZHLM. W%KHE 10 ik, Autovalue TEZEAFHNYR
5 equals #1 hashCode J3iEIRM T —MRIFAUERE, IDE tIRM T —LEXAFAITIRE.

12. JRERES toString FiE

B Object R toString 77ARISLHL, (BEIREINFHEEEANZRIXNBREZEEEN.
CHEBRERE— [at] 5 (@) FRFBHNERFEHNHTHIFRREMN, Fian
PhoneNumber@163b91 , toString BIBAYNEEXK, REINFHBEMZE [—NMIEHFENBTFENIE
=~ SNAPRRESREZFNEN] . BARILUAJN PhoneNumber@163b91 BiEZiE, {EMELLF 707-
867-5309 , (BHARIREE . toString BARNE [BINFTBRIFEREEXMN Al . FHGEN, A
anitk!

BIARCHAMRIEST equals F hashCode LIERPHEE (5H 1070 11), ERRMH—PRTFAY toString
ST RIVREZ TR, HOFERUENAEREZ TR, HXISEEIEE printin, printf, FRFEH
EERERSNS, SEREINESFTENET, toString JASBEIEER. BMERMAERNS R
toString, Eftsb AtBaTlA, #la0, XG5 |RINAETEE AEHTRIREEFNRNZHFEER.
WNERFKBEETS toString, MBS RIRERTCRRY.

SRS PhoneNumber 1BHT—/MRIEFHY toString /1%, BPALER— N ERNZHIEEHMEG TE
IR

System.out.println("Failed to connect to " + phoneNumber);

ERRELUXMAREMIZETHE, FERERES toString, {BERIMRXIFEN, BSUXLHES
BASER. RMH—MRIFRY toString FERFAAMNEIERAILS, FEEEETEELHIS RN
R, BRIRES. FIE) map WREHFREEBRIE—, {Jenny=PhoneNumber@163b91} £Z
{Jenny=707-867-5309} ?

SCRR b, toString AERIZIRERISRHEMIMERTEXRTRIEE, NEIESHERFIFR. MR
WRRAHE DS TZRHERNIRTS, BV, EXFER T, toString RiZiREI—1
#HE, 40 Manhattan residential phone directory (1487536 listings) BZ%fE [main, 5,
main] , IEEERT, FHEMNZEASEHB (LERIFRBETXR) . MERKBEBMEXNSR
NESXINEEEIEFRERTT, WSSH—MFARARRETT: WiXABIREN TRR:

Assertion failure: expected {abc, 123}, but was {abc, 123}.

SCIR toString J3ARY, WBHERI—MERERER: EXEHEERENERIEII. BRIESSH
TR, GIAIFBIE SRR, BERIIFCRETLMEARER, BB, AENSRET.
XMFRFZAAUBTEA. BHURSAAEEEEE ISR, W0 csv X, MREE TR, B
BRE—CESS I 8015755, BNMFER, UER R LRI SRAF A HRRR (A
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kEEEHe, Java ERREFHINFZSERESRA TIXMGEL, BF Biginteger, BigDecimal fIAEDER

ESiSaL

BAE toString IREHEAVETURIRAR, RIRIFAIEHZER, —BisE T8, MaRBERA.
EFRERENIERETRAIN, £RE, FRBERAZISAEES. WRERBRARANFHER T8
TR, BRASBIMBMNRCIRFIEGE, FAEESER, EBTEENMEERIN, MALUREEELER
AR ISR RS RIE .

TICRAREEER, (FEAZEEMEXEPRBRIEE. REETHEN, NEZXEF
., HEn, 1XEBBE— toString /7%, 1%5AESHE 11 F{ER PhoneNumber E&:

/**
Returns the string representation of this phone number.
The string consists of twelve characters whose format is
"XXX-YYY-Z2Z27Z", where XXX is the area code, YYY is the
prefix, and ZZZZ is the line number. Each of the capital

If any of the three parts of this phone number is too small

*

*

*

*

* letters represents a single decimal digit.

*

*

* to fill up its field, the field is padded with leading zeros.
*

For example, if the value of the line number is 123, the last

*

four characters of the string representation will be "0123".
*/
@0verride
public String toString() {
return String.format("%03d-%03d-%04d",
areaCode, prefix, lineNum);

NRIRREAEERSIN, BAETRENIZ B

/%%

*

Returns a brief description of this potion. The exact details
of the representation are unspecified and subject to change,
but the following may be regarded as typical:

* k% ok

"[Potion #9: type=love, smell=turpentine, look=india ink]"
*/

@0verride

public String toString() { ... }

ERETIXFIRLZE, BREEMKM TR ATINBERANEIENERR, EXFMEIURE
BERRORTR, REEEfEiIBC.

TR BIEER, #aILABEmES A toString IRBIFMEFREEHER.  fFilul,
PhoneNumber ZENIZEE areaCode, prefix, lineNum IX=NEME, WRANXEM, B EERERE
EXUEERBITZAE. RIEEMEIIRFREAIVENTIEZIN, XNIEREZHE, RN
TSR, HEEIGHENRS. HTREeEMEAIEE, BFECEEESREEN, BalliE=x

FrEEt& UL 95 SE RV AP,

RS TRR (FU5E 4 %K) RS toString TNERIRBENA. (REARIZERSEIAALE
(52H 34) FE— toString 737%, EA Java AR T —PMIEREFRGE. B2, (REOZE(HTH
SERPEN toString 75)E, ZRMFEHFT—PRHEFRFRFTAA. Hll0, KSHESTI LR
toString 73, AEBRMIISR EE G SRR IRAT,



Google FIFFHURAAS Autovalue TEESHE 10 TS, BAIRER— toString 737%, MEKE
#HIDE TE—., XEFEAFEESSFFEMNEENRE, EAFREEENENEX. B, 4
a0, FFEAIEY PhoneNumber SREEFIEENAERM toString FiARASIEN (RABIESBEEINEN
FREBEXRAA) |, BEYFEINN Potion KKk, XETEULUEZR. EHMENR, B
toString 73 ALUM Object ERITIZEIFEE, BEASSTIFIRNRIE.

ER—T, BRIERLELXEM T, BNESNLAICAIZRFHES Object AY toString SCH, BfF
ERENNEFEIERFINENEIX. toString JFiEMIZLA—FHSENMAE R BRI S AVE RS FIRYHRIA.

13. {EREMES clone 5k

Cloneable FZMRIERIZIEA— mixin O (FWSE 20 %) |, RfIXFAISEARIFRIE. FERT
2, CiRBRIXANER. CHEERRZRD clone 737X, T Object AY clone FiAEZMARIFHY. RA
B8, NMEBIREY (FWSE 65%%) , (UXEANESLIT Cloneable 21, BFFAXIS LAY clone 737, BN
ERRTEREARERN, RAREMRENSKEGHIHAN clone 5i%. REFETSHRE, ZHHITE
BIERSEENER, AMAERERESHN. XMEBESFRIMIEIR—MIARFA clone 757X, H&
SRHMRITICIXATTiE, FHREBNGE.

BEA Cloneable #HOAEEEHAGE, IPCARMITA? BRET Object FISHEIFHY clone /5743E
MAYTA: WR—NZESCINT Cloneable 0, FBA Object BY clone FiABIREIZISRANZENE M
(field-by-field) #¥M; BUEHIH CloneNotSupportedException FBE, XE—NMNEEREREO
R, MAMZERB. BEBRT, SH—MEOBXRFRAILUAZF M4, {BXTF Cloneable
A, BB EZFFEEITA.

BAMEFIRBIRE, BESLEF, SCI Cloneable EARIRABBRM—NERIZITHINEE clone
73ik. ATEIX—BR, ZENREMEREEE—EHM0. AT, MERRSEY. B
WEF=ERIHHEIRAEIE0Y. EIAANAZIESRMAY (extralinguistic) : BEIEXNRMAFTERBIIES
i%.

clone 7iERNEAALERESSHI. LATRZERM Object AEAHERIHRAY:

SIEEHREILIISRIEIAR. [EF (copy) | RIS NATREEUA TSR, —REERE, X
FHEIE x, FTIXIL x.clone() '= x RE]true, F¥H x.clone().getClass() ==
x.getClass() tHiR[E true, BENIAREIIRIEXK, EEEBRT, x.clone().equals(x) iR[ME
true, HAXNMEKRBAZRLEIIRI.

RIEAE, XMNARRENSNZETEE super.clone FEFEHN. WMBRE— N EEHRT
BRI (Object B&oh) EPETFIXNAE, BRFEWLL, x.clone().getClass() ==
x.getClass() ,

RIBAE, REIINSNIZINT FHEEAONSR. A7 LINXMET M, EREIRISZE], AfeH
EEM A super.clone IREIAIXISRAI— N ZNE M.

XMHESHEEERE (chaining) fRAEIL, RECIKBHEEEFIHNIT, TR—1REY clone FiEIR
E—METEEEIE S AR EMARIBIT B super.clone FISLH, IPALRITEADHIG, (BEWNE—
MNERIFISABT superclone, FPAREIINNSEREIRAIZE, MTELEFE clone FFAIEEH#IT. W
R—NELESM clone FiERE final (BIHHY, IPAXNMNIETLKEZ SR, FRAFEAZTEALD.
B2, R final FBE— 1AV super.clone B clone 757%, BPAIXNEIKBIRHSLL Cloneable #2
O, EREAMKET Object BY clone SLEIRY T/,
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RIZIRFBEE—RPELIN Cloneable O, BRIRXKRMET—MTAREFH clone FFi%. B5EH
g super.clone, BEIAINNSIERFERNTEINEENET IR, TRIERFFBENHUIBETHEEESRIA
BHEENE. RSN EMHEEFREESNATETNENS A, MRERXISeIEIER(RATRERN,
EXMERT, FFEA—SHRE. a0, XIFHKEB 118 PhoneNumber 2§, ERFMEBXEE, (E
EiETe, FAAZERKTANZRG clone 75i%, AAXRSRESH., BTXNES, LUTE
PhoneNumber ZERY clone /57%:

// Clone method for class with no references to mutable state
@0verride public PhoneNumber clone() {

try {
return (PhoneNumber) super.clone();
} catch (CloneNotSupportedException e) {
throw new AssertionError(); // Can't happen

NTEXRNGERIER, PhoneNumber HISRERBAMIIER, LASRBBESEILT Cloneable 21,
B Object 2RA9 clone J5i4IR[A] Object 28, {BEIXA clone AiEIR[E] PhoneNumber 2§, XHEFEMES
EMAERY, B Java IFHENREKE, #OiER, E55A0REEEAUEESEARRERR
BgFER, XBRTESFIRERRINER. TREIZE], BHIIWE Object B super.clone FI4ERE!
#2879 PhoneNumber , {B{RUESEHIFLIEIN.

super.clone BRI STE— try-catch $reh, XZEEJI Object AT BRI clone F7LEHbH
CloneNotSupportedException J&, XE—EEISE. BT PhoneNumber SCIITY
Cloneable $£[1, FRLAFAIXNEER super.clone Ak, 1XEE5|BIIFRERR
CloneNotSupportedException MIZEFRWHEEAT (FNEE 715%) .

MRS A5 FAENSNENE, NEIEERAEE clone SCHIATRER MM, a0, FEK
B 7 A9 Stack Z£:

public class Stack {

private Object[] elements;
private int size = 0;
private static final int DEFAULT_INITIAL_CAPACITY = 16;

public Stack() {
this.elements = new Object[DEFAULT_INITIAL_CAPACITY];

public void push(Object e) {
ensureCapacity();
elements[size++] = e;

public Object pop() {
if (size == 0)
throw new EmptyStackException();
Object result = elements[--size];

elements[size] = null; // Eliminate obsolete reference
return result;

// Ensure space for at least one more element.
private void ensureCapacity() {
if (elements.length == size)



elements = Arrays.copyOf(elements, 2 * size + 1);

BRI N LATERE, 05 clone F5iE{)0R[E super.clone() TEFEAYRTSR, BBASERLAY Stack
SLHITEE size B EBIEMANE, {8 elements [BIES|ASRIA Stack SEAIBERIAVEEE, (SHRIASE
BRSHIARIEFIIATE, RZITR. (RERRAIRIIERFET XREXHER, i3t

NullPointerException F&E.,

XAMEKERSRE, ENEARA Stack XPRIE—MIETTA. SCBRE, clone J5AFASB—THHE
&% UIBREASIRIARIANIR, FEAILERE FIEEAEE, 7T E Stack £AT clone
TEIERE TR, BRMEH stack JWRAIAEL, &ERAITERXITTREABIIEAA clone J3i%:

// Clone method for class with references to mutable state
@0verride public Stack clone() {
try {
Stack result = (Stack) super.clone();
result.elements = elements.clone();
return result;
} catch (CloneNotSupportedException e) {
throw new AssertionError();

}

BEE, BRIIFRIE elements.clone FULEEREEIRA Object]] #0148, 7EE14E LA clone £IREI—
#H, HizTFIfmiEiB 5RmiEnsaaRE. XESFEANEESIIE,. HLE, HEE clone
HHRIE—E DR EIE.

EETER, UIR elements BIER final Y, NLARIRIRERSEZBAERIER, EARESHEEELRZ
BESECHRIE. XR—MEARE: GFFML—FE, Cloneable (AREHI S5 IR final /B
MRNERERIRS, RIEFENSREUUENSIIERE AReitt=, ATE—DETLURE,
BEREN—LERBIETHBER final {2177,

(RIRBIBEIF clone ITEHARNSZRBEH. HlEl, RIREEEARHERRS— clone 7375, H
REPEE—MERIENE, B MR IEEEE [BE] MERNFE—IN. ATRSME, &KLMT
BCVEERHREER, TREMEM java BEHEMHHY java.util.linkedlist :

public class HashTable implements Cloneable {
private Entry[] buckets = ...;
private static class Entry {
final Object key;
Object value;
Entry next;

Entry(Object key, Object value, Entry next) {
this.key = key;
this.value = value;
this.next = next;

}

. // Remainder omitted

RIRIRRBBIM TR RAREE, PRSI0 Stack ATHEYABEE:



// Broken clone method - results in shared mutable state!
@0verride public HashTable clone() {
try {
HashTable result = (HashTable) super.clone();
result.buckets = buckets.clone();
return result;
} catch (CloneNotSupportedException e) {
throw new AssertionError();

BANGEAIISRAEE CRIER LA, BEX M ES BSRNHERRNER, XREZSH
FREMNSARIANRPNABELTA. BRRXNIHE, (ROMEHESSMEINEER. TEHE—
DUy

// Recursive clone method for class with complex mutable state
public class HashTable implements Cloneable {
private Entry[] buckets = ...;

private static class Entry {
final Object key;
Object value;
Entry next;

Entry(Object key, Object value, Entry next) {

this.key = key;
this.value = value;
this.next = next;

// Recursively copy the linked list headed by this Entry
Entry deepCopy() {
return new Entry(key, value,
next == null ? null : next.deepCopy());

@0verride public HashTable clone() {

try {
HashTable result = (HashTable) super.clone();
result.buckets = new Entry[buckets.length];
for (int 1 = 0; i < buckets.length; i++)

if (buckets[i] !'= null)
result.buckets[i] = buckets[i].deepCopy();

return result;

} catch (CloneNotSupportedException e) {
throw new AssertionError();

. // Remainder omitted

#AF2E HashTable.Entry B4 F8LASHF [IRESH] 75iE. HashTable ERY clone 50T —1 G
EA/NRIFISREERE, SRR ENE, FEEFESMIF=IEHME. Entry £AY deepCopy 73
ERFEAEA CUSHRATRITRIENMER. REHHEARAK, XHHARERAETE
IEH. BR, REMERAR—NELE BEAEARPHEIENITRBRE—IEM (stack frame) . 4



RAIRBRK, XRBZSEMREH. ATHIEXFMERASE, TSR RERR deepCopy AT
3:

// Iteratively copy the linked list headed by this Entry
Entry deepCopy() {
Entry result = new Entry(key, value, next);
for (Entry p = result; p.next != null; p = p.next)
p.next = new Entry(p.next.key, p.next.value, p.next.next);
return result;

RSN RNRE—I /T A2 superclone, BERMNSHNFTEREIERENEIK
&, REEAESRAIRTEREFNERRIEIIRAMAZE. LA HashTable A6, bucket BIHRGHATIAIL
A—HE] bucket 2140, FH put(key, value) 757k (Rtt) #HERATHEIZRINSR R TAIRER
5. XMEEBEFE—ER, SEINHE cone 5%, HIETHREANERFHENERIRITGIE
R, BRXMTEETEH, BES5EA Cloneable RREHWEXIN, RATEE BHIESHIAIAER
EHIERRZE DN BIEIRES.

SHIETTE—HE, clone JSEEX AR LIEMEETRES, WA—IILEBRSE (FI5% 19
%) o 2R clone HEFRER—MEFRTEBNLGE, WEFRENSAERETMESCRIREZAHT
Z73i%, RAUESECENFIAISRARIA, Eit, BAVEREITIER) put(key, value) 75ERIZHAT final
By, private {21509,  (ANZRAT private (21, IBAKBEE—NIF final RFLTTIERTHEENSIE) .

Object ZEH clone 7% ABE I CloneNotSupportedException §&, (BEBEEHANAEZE, A
1t clone BiARIZERE throws 76, EARHBICERNSENSZESSER (EFRE 1K) .

TERREI— AT (008 19 %) | BAETORIARE, BTSN —H, SRR
Clonable #E[, {RAJLASREITSLIIERIZITHISZRIPH clone J3iARIE(S Object BT, %A
AIEAHEE CloneNotSupportedException F&E, X5 T FEII Cloneable EOWBEH, ¥
GEFEMIK Object —#F, =&, BILUSEASTILTIERY clone 73i%, FHBITIRMLAITEF clone SCHISE
BEIEFEIHE:

// clone method for extendable class not supporting Cloneable

@Override

protected final Object clone() throws CloneNotSupportedException {
throw new CloneNotSupportedException();

}

EE—MEEEERET . NRIRHE—PZIL T Cloneable EAER RIS, IC5EHRI clone 75
IEINEMETTE—RF (IS 78 &%) FEIEMAIEL. Object 28A9 clone J5ERARIERY, FTLARD
FERTMRESARER, BAERERS—1iRME super.clone() BIEZE clone 73i%,

EIfi—T, SCH Cloneable HIFFEEMIZES N1 clone 55k, MIXMNAIERNREEREIERAS,
XANFIAMIZE AR super.clone, REEEHITFEEENELE. BE, XEKRESHIHIEER
B [RELEE] NS, HBERFNSRAE | ERABRERIEAIXLENSENE . BRXLENIE
MBEALUBTIEITVEF clone R, BEXHARERFNGE NRERDEEALBHGARATE
NEMS |, BBARIUEESEEMEEEENER. XMNEELSN. Fln, FrFFISEEM
HE— 1D EMENFEEREARRINE AT TN, hEERIEIE.

XABFERENEVE? R, MRFME—NEELILT Cloneable FEORYIZE, (RBIFTIERER,
REESTI—MTHRIFA clone F5i%. B, BEMGRFARUS—MIRETHE. WREHEFIS
ERRH—ENEL ARSI . SFEEREESSE, HEAEBIERERZE, f
N:

=y

// Copy constructor
public Yum(Yum yum) { ... };



S8 T XUTEREETERRFS I

// Copy factory

public static Yum newInstance(Yum yum) { ... };
SHIEETS AR EEFS T /KRS Cloneable/clone HHELEIFSim: BIIMKEIXISRAINES

SMIRISREIEANSE], AERETFILAABHINRG, A5 final BIEAVIEMREREPS AMHER
VERGERE, MEATERELIR,

Itoh, SRMMERASESI T afLUESZRBZETMAEOSE. flan, =BIEG, e
BESLIMERME T —MIIERE, HSE\I3EEYA Collection 8¢ Map, EFEONEFIEIESAMNE
BT (BIESMFRAEIRSE AR T ) AFEFmEEEHRISCIIRE, MAREEIE i
EZFASCIISERY, fln, RIRIFE— HashSet, FHEIFEIBEEHII— TreeSet, clone J5iEAEE
RALXMINEE, (BEAEIREIERARSS: new TreeSet<>(s) ,

#E[BZES Cloneable IEOMEXAIFEARE, FANZEOFMIZARE, FHIATY BERMZINE.
EBPASLI Cloneable ORI T final KRBHARE, EMIZGENAMEMUIABE, ERDEIER
TAREGEN (FUB67%) . BF, SHINERIFRWIETERT 2. XMN—1 SR
BISNEER, EERIFA clone 75iEEH,

14. E[ESCI Comparable 20

EXRENCHEMGIEARE, compareTo FHAFHEBRE Object FEAEA, HHk, B2
Comparable EOFHME—TTEA, B5 Object M equals IFiAEMR EZHBI, BRTERITFES
BEERZIMIRFIR, E©RizEN. B Comparable 30O, —/NERIBTCRISLHIG—
MBI (natural ordering) ., YISCEL Comparable EOMIXISREEHEFIFERRE, NTFR:

Arrays.sort(a);

CREZERK, ITERHEE, DREF Comparable MNREANBMHIF. figl, ETFEHONK
B3, #KELT String RLIT Comparable #ZM, EBRGpHMTSHMANEENTFRH, FHRRFEIR
FrHER:

public class WordList

public static void main(String[] args) {
Set<String> s = new TreeSet<>();
Collections.addAll(s, args);
System.out.println(s);

BIISCH Comparable 30, AJLALRAIESFRBEKILEOERE A IESIIHTEER
£, RELBMSHMEILEREEARRIGEE, JIF Java EEEETHIMTEEEUNFIEREEER (f
058 34 5%) #PLPY Comparable 3O, WMRREERSEBHEEERAINF (W=BINF, =R
FFERRTIEINA) AOESE, MIRLZSCEL Comparable $#M:

public interface Comparable<T> {
int compareTo(T t);

}

compareTo JiEAIBANES equals B
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RIS SIEEINSIZIRAFFETILR., REHEATRENGREEL, TaIEEL, ARSI/
F. FTHATEENSR. MRIEENRAVEELSHIRAEHTHER, 51K

ClassCastException .

THEHRYEAT, FFS sgn(expression) REFEFRY signum R, ERIEBRANIEAREL. =,
IE%L, YRnRE-1, 0701,

o SCHISKWTFRIRERE x 1 y #B#HE sgn(x.compareTo(y)) == -sgn(y. compareTo(x)) .
(XEHREZENZ y.compareTo(x) HHFFERS, x.compareTo(y) WIMBHEE. )

o SCHIKIAVITFRIRIZ AR ZREIBAY: (x. compareTo(y) > 0 & y.compareTo(z) > 0) =
k& x.compareTo(z) > 0,

o BfE, STFEER z, SCIZEWIRBE x.compareTo(y) == 8 EBKE sgn(x.compareTo(z))
== sgn(y.compareTo(z)) .

o JRRUERF (x.compareTo(y) == 0) == (x.equals(y)) , (ERZLFEM. —HKR, 1HAIL
WY Comparable EOMNEBER 7IXNRUEBIOIZEREMRFXNEX, EEFESE [T
B XMEEBEAINF, 5§ equals X—E .

5 equals FiE—H, FER EARNENEERERTESRE. XNMIEHAGEERIPAES. 5
equals J5iEAE, equals FNEAERTBXRLEENNTEBHMRKXR, compareTo FALEHMARZE
BIRRgsR: LBRIARSEERINGSERAET, compareTo #ERIFUH ClassCastException BE. B
B, XIEERTHH. NAERILAEPHTARREER, XFLiEEE RS RIS SCERYEO
FEN,

IEAN—"MER hashCode UERIRA BESTIMKI T IR RIE th—1F, E/R compareTo LJERY
KRS IMRI T LUIRAVE MBS, KRBT ECIRRYSE, BIEHEFRERES TreeSet # TreeMap 2§,
DR SRS ARISLBIEFE Collections F1 Arrays ,

HABREE compareTo HEMME. F—FNE, WRRER MRS IAZEELERSRE, T
SRETHER: WRB—AVSNTE AR, BABZ IR TE D, WRE—IT
SETHEA, BABNMHRORFTHE D WRB—IURKTE A, BBAE-MRAUNTE
—. BIIYER, WR—IPRATEANNR, MB_IURATE=THUR, WE—IHHL
MATHREZANR. BE—FHE, MBHRESFINSRSHITEMRISAL, EBeSEIERE
R

X=FMEN—ERE, compareTo J5EFLHERIFEFNINLINEST equals J3iALIERTHEND
AUOHERERRE: BRI, MFREMESE. B, AFEFEIENE: RHIEEMFEENSHSR (F
WEE 10 %) HOIFLL, BNFEIEREE compareTo AEHIIER MERFHEBMALRTTSLHNLAIZE,
ERRRSARIER. MREBSEEMFFINZISTI Comparable HIEH, BABREE,; RE—
BEF—PERLOINAERAE. RERHE—NREIESLAR [HEITE. XEFRITLUEESXE
SLHUEA compareTo 73i%, ERIEFIRERER, EEERNLHIMBLL— RIS,

compareTo LUERIRE—ERE—MEZAGEN, MAR—TEIENEXK, RERBH compareTo
FEFEMAESEMENE, BEMZRES equals EEERIER, MRBFXNAE, N
compareTo JREMBINBINFAIAS equals HH—H., WRER, INFXFHASS equals K
—%. H compareTo FiEMEINIS equals A—HIMFEXRBEFDPREN, BEEZETEZNER
EETEERIRMIBRIEES#EEO (Collection, Set 8¢ Map) H—HRLIE. XEFRAXEZEORBRANER
FA equals IEENH, ERHIFENESHERA compareTo SEMAVEFMHEMHKNRE equals .
MRREXMER, BATE—HRE, BNRE—HEESTENES.

fgn, &R BigDecimal 2§, H compareTo J3i&5 equals A%, WRFEIE—N=HY
HashSet SC{5l, PAfE#RAI0 new BigDecimal("1.0") #1 new BigDecimal("1.00") , NiZESEBE
BFINTTR, BAS equals FFAHTHERES, HRINFIESHMA Bigbecimal LBIEAHEEFN.
B2, WR(EA TreeSet MAR HashSet HUTHERIIE, WZzEESHERBE— R, EAE



F3 compareTo J5iABHTHUERAS, B BigDecimal SLAIRIEERY. (BXRIFHER, B5EH
BigDecimal 3%, )

M5 compareTo J5iAEMRE equals J5iARM, BEE—LXENKXSI, EA Comparable
BEORSHN, compareTo FiARESHEEN, FLMAAEEHNEEREERTHISE,. R
SHRIERAVEE, PBLAARBASHEE. RS9 null, WAEBMZIE—
NullPointerException B&, HE—BiZzBEE=XAREMR, EMSZEMHX N EE.

£ compareTo FiEdR, HWREMNINFMARESE. ERXSS|IHEEMK, HERER
compareTo Jik. MR—NEMKBSLIL Comparable, SEIREE— M ENENINR, BPAER
Comparator &M, HLUREBCHILCEESSERIMERILLKE, INESE 10 Y

CaseInsensitiveString ZEMY compareTo FikMh:

// Single-field Comparable with object reference field
public final class CaseInsensitiveString
implements Comparable<CaseInsensitiveString> {
public int compareTo(CaseInsensitiveString cis)
return String.CASE_INSENSITIVE_ORDER.compare(s, cis.s);

}

. // Remainder omitted

EE=, CaselnsensitiveString ZEILHLT Comparable<CaseInsensitiveString> =
[, XEWKE CaselnsensitiveString F|FHRBESE—" CaselnsensitiveString 3|FE#ITEL
R, HEBE—SESREI Comparable #EORMY, XEIEREERER.

BEABEIRY, SREFNRCREBEANLBNENSE, FREXREERT (<] 1 [>] , FF
RSEBIEARARIEM, A Double.compare 1 Float.compare B#&JFiE. fEJava7H, B
EERTTEMGRINE] Java RURTEREERH., £ compareTo JSERERAXREESR [<] 1 [>] BRK
BEZHEN, FEEE.

MER—NEEZNEENEN, BPALRMIININFREXEEN. NEEZENEMFR, TP
BENEERN. NRIBRERARE (BR5-E%) | WFRRIESSH; RRIREILER. NRKRE
BENFREREN, WRT—EENEN, KIEE, BRREIAEENES S RRIAFIPAEE
HEM. LUTESKHE 115 PhoneNumber 28RJ compareTo J3i%, B 7 IXFAA:

// Multiple-field ‘Comparable’ with primitive fields
public int compareTo(PhoneNumber pn) {
int result = Short.compare(areaCode, pn.areaCode);
if (result == 0) {
result = Short.compare(prefix, pn.prefix);
if (result == 0)
result = Short.compare(lineNum, pn.lineNum);

}

return result;

f£ Java 8 i Comparator ¥ERMT—RIILLIRETSE, ATLMEVRES AR, XU
BRAJLARESCIL compareTo J3i%, W& Comparable #EOFTESRAVEREE. ITSIERREEWIXF
FERVENEE, RETHIMREH AR : EFAWNES EHERF PhoneNumber SCIRVEEIREIE 7 XL
10%, TEERXFAIAR, EEEER Java BUEESSAN, LMETLUBITEEREFREKS |BLRessaSH
%, LAMEEEMIEE. LAT2E PhoneNumber Y compareTo J5iARYEREIA:



// Comparable with comparator construction methods
private static final Comparator<PhoneNumber> COMPARATOR =
comparingInt( (PhoneNumber pn) -> pn.areaCode)
.thenComparingInt(pn -> pn.prefix)
.thenComparingInt(pn -> pn.lineNum);

public int compareTo(PhoneNumber pn) {
return COMPARATOR.compare(this, pn);
}

ISEIE NIRRT IR IREE, R MRS A. F— N2 comparingInt Fik. B
B IESHE BERA—ERIEEREEIEO (key extractor function) {EASEY, KBXIHRS |G
B int EEIAGEE, FHRE—MRIEZEHEFRISLHIRtEREs. ERIEAYREIF, comparingInt F5ik
{#F lambda FRIAR,, B PhoneNumber HZENXIHARS, FHRE—
Comparator<PhoneNumber> , RIBEAINKISHISRHEFERIESE. T8, lambda RAXERIEE
TEISNSEHIZEEY (PhoneNumber pn), SE3CUFRE, EXFMERT, Java BUSREUERTINEEARIEER,
TEBETHREER, EREIINEAREIELAEEFRE.

MERNRIESIELAEGHEENXS, WEEH—SHEHULIR, RIEREZNURSEESE,
BP thenComparingInt J5iAfMEY. B& Comparator ERI—SLBIGIE, S int REURIEEN
BREREECEEO (key extractor function) {EASEL, FHREI—MURES, ZLURESE TN ARIALLRES,
AT BRI THER:. (R LURIBERNANZRIARE thenComparingInt J3i%, MW=
—NFHINF. ELERGIFR, BIMERDNERBEME] thenComparingInt , FE—NMEF, B
"R HER prefix, MEAZRER lineNum, EFE, BIIFIEEE®EL thenComparingInt BYE
A—NEEN R R IEONSEEEE: Java BUKTBUENTEEINIE, LA CHEH S80I

;_—:Flgo

Comparator XEBFEAMETE., YT long # double EAKRY, tBAITRMAIEIUT
comparingInt 1 thenComparingInt RYF3IE, int IRARIZERRILAN BFEUESEE/NT int RYSEEY
£, @0 short 2884, 40 PhoneNumber SCBISRFR7R, ¥3F double ARARYFF AR ATLARRTE float 28 |, X
IRET G Java HEAHFEANES.

thENS S| BRI S HE TR, B85 75i% comparing BIEANEEAR. F— N GiAFER
RS EOHRENBEAINF. EfA AR REREsREEEOMRes, BT EAYHE
FF. thenComparing FAB=MEH. F— I EHRFTE— LS, FHERERER—ZHREE
F. 82OREZERFTE—MEEDEERSRED, HEBRNERAIRFEAZRHF. RENERSE
B ERA— MEREEE R O — M s Sk FTEIRENE £,

Bit, {RAJgEREE] compareTo B compare FEKMTFRMEZBNEE, WMRE—MEN
FHEAME, Whth, MRBEMEEENUAE, NRE—MELXTF, WHEE. XE2—MIF:

// BROKEN difference-based comparator - violates transitivity!

static Comparator<Object> hashCodeOrder = new Comparator<>() {
public int compare(Object o1, Object 02) {
return o1.hashCode() - 02.hashCode();

}

TEFEAXMEA! BreaSEEHGEAKERLF IEEE 754 FRIEELENRBRKILS
15.20.1,15.21.1], kA, BHIFEERGEAARTTRELUER LA ARERI G ERE S, [FRERS
compare J5i%:



// Comparator based on static compare method
static Comparator<Object> hashCodeOrder = new Comparator<>() {
public int compare(Object o1, Object 02) {
return Integer.compare(ol1.hashCode(), 02.hashCode());
}

B E&ER Comparator HIMIEETGIE:

// Comparator based on Comparator construction method
static Comparator<Object> hashCodeOrder =
Comparator.comparingInt(o -> o.hashCode());

RMEZ, TeENTHESSEHFESR, (FEMZILZELI Comparable MO, LUEE
ETFURINE SRR ESIARH TR, BRFER, LR compareTo F5iAMISCIIHRIFER(E
BY, BERER (<] 0 [>] 287, Bk, EREEEPHEHFS compare J5iAEL Comparator
EOFROETTE.

15. {E2EFN Rk RETRTIGIA RV

Bigit RIFNEHSRITAMENEHF XSO RNIREENRERR, FERASEEEF ST T
BE. —MRITRIFRVAMIRE 7 ERIFFESSIIET, T3S AP SERNSSIS Bk, RiE,
AHRBITEIRY AP HTIBE, FEXIFIRINEITIE—FA. X—i&, HFRAEEEREEE
&, BT ERREN[ParnasT2],

SRREREEGREZRRE, HPHoKRTEREMRRFENAHDEIR, RFeliIggRiit
FR, Wik, Kk, R, BEER., XINETRAEFR, BAEGRTLIHTHR, BRiE T HRN
i, RATLIEREIEEANG, EdsERAY, MARBMREEMEN. ERAERREASSH
FSHRIFIMEE, EEILIERtHTHEERE . —BRFTAFESITHE 7 BLBHSIE 7t
BB (B 67) , WATLMIXLEAN, MASHAARIERIAY. SEERIENTREER,
EEENAHERERTRENZIMIEMAEHIERRERN. &, BEEEEETHEAE
RRING, EARERAAEET, SMNRZAEMHEATEE B,

Java IRt TS HISRESBEEB25E.  ARIEHEIHEl (access control mechanism) [JLS, 6.6] 185%E
T, BEOMKRNENAEN, SSAREHARIMEBURTFERERIMNE, IR AERRFEERLLAEIE IR
(private, protected 1 public) . IEFB{FERIXLEIBFIIEEREHEXEE.

ZWFNRER: LS KEMRBUEMARSE, #O1ER, ERARTEENERRS, 5
{RIEFESRERIE RIS M I RERTF— L

MFINE (AERER) RKMEQ, REWNTRERNERARG: BB (package-private) FIRtt
B9 (public) . WNSRAR(EER public (EIHFFAEBEINETIEN, BACEATHY, B, ERE8HRNE
B, SNR—NEREEOTLGEARRFAE, BBAENZE. BIHERENBRMEG, JLUBH
EREMA—EBS, MARSHAI AP, (RAILUENRE. BRE, BETREMATHERE, MAE
DIREWEIE iR, MRFEERT, FMENSKEIFE, LIRSREME.

RN EBRIBTRETIEARW— N KER, BATLUERIX DR ENERCRIE—RAIFAS
BSHER (FNS 24 %) . XBerEhaENERNFEER EERE— K., B2, B
AMOERI ARG AR ORI ERITRREEEER : AHEREH AP H—ERD, MERFABRY
TRREBLEBX MBI —BD T .
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MTHR (FRR. 75iE. RERNRERN) . AFATRRIERRS, EXE, ZRAGEEN
INEIAFI:

* private — ZA R REEEFRBRERITRKREAIAIA.

* package-private — R R AT AN BBRIE PRUEMZEFiGE. WAL, MRBIEEhE
I (FEORRRRSL, ERARAHRY) |, XERALRRE.

* protected — PR AT AN BRRISRATFRFPINE (2 —2PRH (LS, 6.6.2]) , LARERIERIE
SRR,

e public — IZBXRATLANE Tt 5855715,

FEFHESIHREIIAT AP 25, (RIIRRNEZEILFFBEMARIZTATABN. REEE—
BRNEMEENEELARRN, TEMMRFABEIETT, NMERRERABEABN. WRIREN
BCEEXEN, (REZEFEEIRNAERNRIT, BRI OBOs-ERIFFENE. BHa
W, AERRNBRFAERRERETLINN 2D, BEASFIIESHA AP, B2, R
Serializable [ (M55 86 #0187 £%) , MIXLLFEROILA [t (leak) | EISHAY API A,

MNFAHEMIAR, BRI CAEEIZRIFRE, TNEEMERAKIEMN. ZRF
(protected) AIRNRZEXRFZHA APII—EED, FHEOIUKIESTF. I, SHENZRIFRRETY
ST RONTHRE (S 19%K) . XNRRIPARIFERMOZERTR D,

B KBRS TR AERIMNEED. MR—NNEEEE—MEXESGE, BATCHET
K RE AR BIFABE(E T RZEHRIGIDRBIILS, 8.4.8.3], XX TFHAIRFZEAISLAIFERZEAYSLFInT
AU 2RI FERY (Liskov B[RRI, WKE 15) BHERN., MRBERHHMN, mESEESLMET
EKIEMERBER. XMHRUN—MFFIE, NR—DEILIMT—MEO, BPABROPRIFEETGAE
WARIEIZZEFEEBEA public,

ATETMARIOAE, (FTRESEERL—R, BONERRESZHENA. XgE#. A7
MRS AR B RRISE N ERFAEETLIEEZR, BRRS2ESILARAEZRRTEZAT.
BmEER, BR, BOSMRIEABRSHR AP —ERoREHUHEATESZN. FENE, XF
RYARY, EURTLMEARUAER—ERDIET, NMERIEBAETRRIAE,

AR LHIFERIBERTRA public (B9 (R 16 ) . WR—NDLHIFERZIF final
8, BERNTENSRNSIA, BBABIBEAT, (FReihE T IREILFHEEFRPAVENEN. X
BREIREF TITERZFRIAZERIBED. B, SFRBIENET, B 7 REUHERIFRI8E
1. BHFELIHTEFROXEEFRREERZSMN . IFE—FRE final 1Y, FESIBT—MFH
TRRXIR, BIHERTF, (R THREI— M ASEERTIRIEE, MzFRANMFE.

FEFRVENERTESTE, BE— 5. RIREERRMIMR—1E/RED, ReyLiBEd
public static final FERBEEE. ZRIEM, XUFERNBFHAEFEAMN, FEBEATUESR (F
HE 68 %K) . REEN—RE, XUFRESEARLBNERIIATENRNEIA (FRE17FH) .

BENT LRSI BNFRERIF final ZRAFFERR. BASIAREERIEN, B5IBIIISRATLL
BIER, HEHRRIEMRIEER,

HIE, IFERKENAECDETEN, FXEEAHES final HAFER, WRERF—I1FR
BIBRREERN. MR EEXFNFRELAGE, SRRSEBEEENRS. XB%E
TR R

// Potential security hole!
public static final Thing[] VALUES = { ... };

BU/NOIXHEERIEESE, —L IDE AR ANEIRARREINFABEAFERANS|IA, EMTXNTR. BR
FAETLBBERX N, (Rl LAEAESEFAEHFRII— N AR TSR
private static final Thing[] PRIVATE_VALUES = { ... };

public static final List<Thing> VALUES =
Collections.unmodifiablelList(Arrays.asList(PRIVATE_VALUES));



&, ATLUSEARIRE N private, FRRII—MNREFABEARE NS E:
private static final Thing[] PRIVATE_VALUES = { ... };

public static final Thing[] values() {
return PRIVATE_VALUES.clone();
}

BHEXETTEZERHTIAR, BEEEF R seILIERERIER. BMREEEISE TS E?
BB SEIFHIRIL?

£ Java 9 7, {FAERESE (module system) BI—ERHDSIN TR MEIMIELARS]. HRE
B8, PG e AL, ERIYLIETERFEPEPISE (export) FRAEIMMSHE
L8 (X2 module-info.java FIRXAHEEHILIE). ERPRKRSHENAHMZRIPMRERRZ
SMNRAENLRRY; R, BIEEMEARZSH (export) FREBRISINE, ERERESAIHREERZ
[EHZR, MALETNBIRGEIN. ERSHEF, AHMRRIPIQHLRMIRRETEMME
LinAgKE, XREBAHMZRIPRBIFIAISEMRIER. XMAZHFREENDRN, FEALL
B EHL AR FRISESRIERR.

SONMEERERBIAR, XEPETRRAOVFHIEEZEWY (advisory) . INFRIGHEIRAT JAR 3L
AN FRRERFRISRIS M AR ERRISZ T, BBARRPINLBIRENIMERETA: SRR
B AR RIFRREEEES BRI, F1EEREHERSH Reinhold, 1.2, H5IAARY
IHIARBIFAEHATAIMTT R JOK RF : Java REFRSHIIBARIRZINEIEREE,

XIFELBYAY Java FEFF R, NMUEFERATRHATHIERIPFERRMGE, MEAEFRLRRK
REEENER, ATFRE, ROICRRBESHIER, EERAERRBIMIERIRR, =i
THHREVRIBMER, FRBUSIRIVMTEISRERRIMERAEARIIFERC AR Reinhold, 3], T
ERERERSTE JOK ZIMSEIZRIEREARHER, SWER, RIMAMEEINER, SUF
RIFERE].

RS2, MiZRAaggtE EFRTENehhEt (EEEeER) « ESFmt— 1 &I
HAPI ZfE, {REOZFHIHFHTEELRYZE, BOSRMA AP I—ED . BRTIEAEENAHES
final FEBZH, AHERNZEAHFER. R public static final FES|BRINSEARH

38

16. (R RPEAHAG ZNAR 2 HEE

BR, RogeilEE—LIBAIZE (degenerate classes) , BRT EFPSLAHIEEZIMNIFEH
b

// Degenerate classes like this should not be public!
class Point {

public double x;

public double y;

RTIXLEAEIERME T LAEERNE, FHXEEARMEIIRAFE (FRE 155) . MRF
BEH AP, WEEREFRTR N, TREHFTAZE, FEELOEMERT AR THENRE. B
HEEMNSRIEFRIEESXFIRRREN, NMzEEMEREAIRIINEITIERISE (getter) FTEX
X, MXFTAEISKE, SlIINIZRER setter IRIETTE:

// Encapsulation of data by accessor methods and mutators
class Point {

private double x;

private double y;


af://n3521
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public Point(double x, double y) {
this.x = x;
this.y = y;

}

public double getX() { return x; }

public double getY() { return y; }

public void setX(double x) { this.x

1}
X
~

public void setY(double y) { this.y =

1
<
-

R, MTFAHISKR, B EENSREER: MR- PREREZINETHEE, WREHE
HiERFREENRABPRFORENE. UR—NAHEBEEHGERYE, BAEENEER AR
A LigETRE, FAZFiREILEHERSI.

BR, MR—IXEBHLBH, HHE—ILBHIAGEE, BARECTHMIERERIBHAF
B ERSEIR—— (R EliR L B iR Z R LR, £ *yéfﬁ)ﬁﬂﬁﬁﬁ ERNERREE, XM5E
EERETTEF-EEDRIMEIREL. EREFRIERIEAINERER, BRXEABRTE 3%
. NREAIAERTETIRY, JLTEARARAEEINMUEFEHCERIER FEHTEKR. ERAERERE
RIBR T, EXEREER—S IR,

Java Slzéu‘%FE‘EPE’\J)'L/P%EJiT AHERANVEZREERMIEIN. E/AGIFEIE java.awt @
Y Point #1 Dimension 28, XEESEFIRZHRAZERMERRG], MAREBIGIF. W05
67 Mk, BIESH, 88 Dimension HINEMEHIRNRENASEEE/ILEERI,

EANLRERBRERUAFRE—FER, ERURE TE/—ET AT, BABEMABAKT .
S—ERUHERRIEIRR, BRTESEER AP b, (RAREMERRAINERR T, tHAREREL—L4RED
A91T79, (BRAILIMEAZEM. BN, TEAIGIFHRIESNEARR— M EMARTE):

// Public class with exposed immutable fields - questionable

public final class Time {

private static final int HOURS_PER_DAY = 24;
private static final int MINUTES_PER_HOUR = 60;
public final int hour;
public final int minute;
public Time(int hour, int minute) {
if (hour < @ || hour >= HOURS_PER_DAY)
throw new IllegalArgumentException("Hour: " + hour);
if (minute < 0 || minute >= MINUTES_PER_HOUR)
throw new IllegalArgumentException("Min: " + minute);
this.hour = hour;
this.minute = minute;
}
. // Remainder omitted
}
B2, ZHEANZBETLENL. AHEEEFTTRENEEEANAFHETE, EHEER
N, A, BENREERNERIERNITKREERRY, TIeHEERETEN.



17. RIMEETE [

AR BRI LA BEmIE Iz, BEEENIAITHNBEEENSRIEREEFE
ElERY, EHASURENE TN, Java FERESIFSATEZAIE, BIF String 3K, EHARRE
BEERLAK BigInteger ZEH BigDecimal ¥, BRZRFHVIER: ALEAITREZ TR
it, SCHIFOEA. MIIAS5LE, FEERS.

BE—PNRAFTEE, HEELUTAFEMN:

L AERMEIHSFIRERGZE (BER mutators, IRERZX) .

2. MR ERGEESR, X LB LR OSE BRNFREEENSARSEENEE, WA
MATZ TR, BHLEFEL, BEEET final BinE, BERIMIBEEETCE—AE.

3. BFIBFERIZEN final, BIRFEESHITRIS, BREMRATIRNEE. 35, WRE—
FrEUERAVSCAIRS | BERZ RAESHIHRIER FN—NMEEEREI S — NS, A RIEERAYT
79, IEUNNTFERLJLS, 17.5; Goetz06 16] FmiA,

4. BRRERIFEREEN private, XATLARGLEE iRk SRS | FRVRT EXISRATHENIR, HE
EESUXLENR, BARALATFARREEEEARERHENABR final FEREXIAR
AIENISRRIS A, BRENXEFEN, EAXEFEEELVRIMAST L EBRETNIPNENS (F
WE 15016 %) .

5. BEFRHMEAUEAHNERIBE. NRRRIEEEHE5 I BRIEXNSRFER, BRRZENE i
ToFIREXIXLXI RS 1A, 2BXEFNEMIREAZPiRRMANISR5 IR, SNEEEE
REEY, EMEESE, HEAEF] readobject 3% (GEIEE 88 5%) AiH{TRAMMEIEM (3F
WHE50%K) .

LRI B PRNF S0 EARATTN. HP—MIFE5%HE 11 B8 PhoneNumber 2, BEH
BANFERANEAGE (accessors) |, {EIRBHEMANIKREE (mutators) . FE—MERHMEZ—=E94]
-

// Immutable complex number class
public final class Complex {

private final double re;
private final double im;

public Complex(double re, double im) {
this.re = re;
this.im = im;

}

public double realPart() {
return re;

}

public double imaginaryPart() {
return im;

}

public Complex plus(Complex c) {
return new Complex(re + c.re, im + c.im);

}

public Complex minus(Complex c) {
return new Complex(re - c.re, im - c.im);

}
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public Complex times(Complex c) {
return new Complex(re * c.re - im * c.im,
re * c.im + im * c.re);

}

public Complex dividedBy(Complex c) {
double tmp = c.re * c.re + c.im * c.im;
return new Complex((re * c.re + im * c.im) / tmp,
(im * c.re - re * c.im) / tmp);

}

@Override
public boolean equals(Object o) {
if (o == this) {
return true;

}

if (!(o instanceof Complex)) {
return false;

}
Complex c = (Complex) o;

// See page 47 to find out why we use compare instead of ==
return Double.compare(c.re, re) ==
&& Double.compare(c.im, im) == 0;

}

@0verride
public int hashCode() {

return 31 * Double.hashCode(re) + Double.hashCode(im);
}

@Override
public String toString() {
Feturn "(" + re + " + " + dim + "i)";

}

XPRART I EH (BELPHEPIET) o BRTIVER Object JHEZIN, BIEJILER
MREERRALAETTE, FHEMIUNERNEANIZE: INE, WiZE, RERZE ETRENZENEEE
FHRE—HTEY Complex SEf, MARIEBRXANLH. XMRIIRARETTE, BEAGERE
RN AT RERER, MAMEREN]). SEXMANIIEINAY (procedural) Ba< AT

(imperative) BYTIEAERILL, TEXFUTES, B— P TEEAERIERLE, SEERKSHE. BE
B, HEEmENE (W plus) MAENE (W1add) . XEE T HEASBEISAEREE,
BigInteger 1 BigDecimal ZERBETXMWRLIE, HEEIFSEREER.

RIRAEREETTE, TRSTEEREAER, BEEEFXN, BRI, AUX
HREEE. — DM ATZENRALSEET—IPRES, EHREREIENIPRE. NRHBERIEMNE
ETTIEEREN TRAEE, BAMRIEXEARZEEHARHRERIFAE, ERLRIEFRITHERM
FHMIIME. B—HHE, JRNKAUEEERERRSTE., MR BREHERE
(mutator) JTiEHITRORSHEIRAURSHREIA, FPAR et RT3 r] R R M ERTER T BERT.

FAIEHSFRLREEZSH: CSIFARERS. BSMHERNEE(, F2ERK
I, XELNEAERTEHNRERTTE. BTREEETUMEREB—MAEI AT ZNRAIE, Fr
DA RELARERES. FEit, FRRvasErinRaEERNENEsl. — i ME8H
AR BERANERMAHAES final B2, flU0, Complex XAJRERHLXLEER:



public static final Complex ZERO new Complex(0, 0);

public static final Complex ONE new Complex(1, 0);

public static final Complex I new Complex(0, 1);

EMTEATUER—E, — P AIZREATLIREESHNI (FRE 1 5R) REFEERIEKRAY
LA, LABSREBIARISCAI EZEFTRISERI. FrEEASRERIBARSSH Biglnteger SEEBRIXIF
B9, ERXEFIRHST] EZFRHELAMARZEEILE, MR RfE S RMEIRE AR,
ERIHEERS, SRS T RBLHMEIESE, JUELISEIIEFRREE, MAREENER
it

A ENRALIBHAPENERE, (KEABEMERHEMEE (defensive copies)  (FEIIES 50
%) . FXLE, KAFEMIHTEN, RAXEEIUKTETRIENS. B, (fAEEEARIZ
FE— A ZRIZE HRE— clone FiEFHEINMEIETT A (copy constructor)  (FEMEE 13 4%) . X—
BTE Java FENEBHIMNEBRRAAR2RIFIER, Ll String EE—NMENWESE, BECHNIZRER
MER (FNFE65K) .

MR ERTERNSR, MEATLHZREMER. FI90, BigInteger XERIERMFSE
BXRNE fFSH int EFRR, BER int HEFRR, negate IiFER T — M EUEERIERS
HERATFET BigInteger SEffl. BDEERAER, BAFESHEA, #eIEAY Biginteger fEAS
[ReatEEAIAEREA.

FUERFAEMIIRIRM 7RIFAIE (building blocks) , TICEATEAIEREAFATER). R
ME—EREMNRENSRASRERE, PBAEFERISNAIEMRERET. FITRNREMN
FHMRGHEINES TRRX—RUNEEGF —BEARTENSRIES Map RIREL set BAITER, X
MATERD Map Bl Set AIRZEMRIXLERISRANERIZICFTAIR.

AAEHREERE THEFEMING (FRB 76 F) . SIRPRSKEAEHEE, FLAARE
BEHIVIGRIATA—EL,

FAUEXNHEBRIENTFENFRNHEBTE—TRHEPONR. CIEXETRARLNERS,
SRIRRABBMRT. flgl, BRFE— I EAMUA Biginteger , {REBERERIEAL:

BigInteger moby = ...;
moby = moby.flipBit(9);

flipBit J3iABIE— A BigInteger SEffl, BR—BEANMK, SFRBMNERE—NIAE.
ZEMEERES BigInteger A/NKELHIRATEIFI=E, EHES java.util.BitSet Xitb, &
BigInteger —#f, BitSet Fr—MEEKEMIFS, B85 BigInteger AR, BitSet &
aJERY,  BitSet ERMT—MEIE, AIHRERENBINENE A AEEFFENMBVAES:

BitSet moby = ...;
moby .flip(9);

MERNT—NESLERE, BE—TER—NITNER, BRREERZINERENSR, WS
WK, XEERMHAICRAEXNTE, F—FME, TEl—TEERRIMLSoaRE, R
HENWEREARLEURE, NR—NSSIRMEREN—NERLEURHEM, BATRTEERANTEES—
LOIE—MEZAINISR, ERER, AUTRERAURERRER. Fl70, BigInteger B—PMERFA
BRIETZHY kS (companion class) ”, BRRIIESSERIE, LWAERIZE (modular
exponentiation) , HFBIEFMARNFEIRRE, FERTEKEERILER BigInteger BREMESES, ==
BEHE, RARERE: Biglnteger XAISLHMENFMH TRZSE A,

ANERARETLUERAFINES FimE e (RAYARR) 2528 FHATIRLE SIATIRIE, BRABRFAB IR
BINAILAERE TR, NRAEMNE, BARFRIINEMERE—NATRIRT L, XMTTEE
Java FEEFEFIEEFIFRE String 2K, BIRTERKEFELRRE StringBuilder (RESHHIRIS

StringBuffer ) ,



NErEfEn@elE— A REER, FETHRAZEMRMAIIRS, TERIIFIIEIL MR
H7h%E. BE—T, ATRIERZME, —PEAMERITFFRMN. XITLUEIEXRA final {2iH, B
BAERI—NEREERE, MAREATRRREN final , JLUEEMBREIES ZAERE
BB, FRMAHESTI, MARLHMIESE (RSB 1K) . ATEEREXMTE, TE
Complex A, BBEUIERXMITIE:

// Immutable class with static factories instead of constructors
public class Complex {

private final double re;
private final double im;

private Complex(double re, double im) {
this.re = re;
this.im = im;

}

public static Complex valueOf(double re, double im) {
return new Complex(re, im);

}

. // Remainder unchanged

XM ERRIFINER., XERRREN, EHACAIHERSMERAELIE. NTHEE
BZIMIZFR, AARELPRER final By, RARARERFEKRES—MERIE, FERDLHE
ZRIPRMIETTIE. BRI RS PEIERNRIFEELS,, XA B SHEFS T AINRER
DIRERIAEE IR ERhR AR SRRITERE,

24 BigInteger F1 BigDecimal RIBYREHRAIAHE, “FRILRMAME final "AIIEAESR
BERAZER, EWC(INFELEEUHRES. A=NE, ATHREAERSNE, X—a@Ex
EBLIE, MRFRE— N L2 BRTREAZEENE iR BigInteger B BigDecimal
SHAIATRE, WATHEEZSEERNELRY” BigInteger & BigDecimal , MIARAZEAR
ZEEFRAIELA]. NREREE, NARERIREIEEETHIER FMRIPI4EL (defensively copy)

(ENEE 50 %) -

public static BigInteger safelInstance(BigInteger val) ({
return val.getClass() == BigInteger.class ?
val : new BigInteger(val.toByteArray());

EARFBEFFLXTAILRMNIREE, RETETLMESISR, AEENEREELRE
final BY, FB/LE, XEHNECERFENERE—L, HLAJLIBMIRERESEE. FLL, F
AT EEBA RN SRAVAS /MBI WA L. #AT, —EATBEREE— P EENME final
B, AR XFERHFHEHERNTTEEREFEXERESY. URBXEKEENE, WREEF
BB, NMTETEFNTERNAE. XMRIGEERIRIERENNREATER, XRIETIRESHY
&, HESEIHERNER.

50, PhoneNumber 2¥A9 hashCode J5ik (FIWEE 11 %) EEIXERMGARITERS
B, FERXERI MEHTER. XMIERVMIAN (ERS 83 5%) BM—M5IF, String ZEthFERZ!
T,

KFFIMEROZIN E—1NES., WMRAREREERRIAR R Serializable ¥, HEEE
B—NEES S AT ENRINEYE, WHRMEIRY readobject By readResolve J3i%, B(&E
{£f ObjectOutputStream.writeUnshared #] ObjectInputStream.readUnshared 7F3%, BPEX
INNFFCH R R LIRS, BNREETRERtIE— M BRIENLA, XPNERSESRHE 88



SHENMA.

B2, BRAEAGNEMRE— get HiEZEBRE— N set 5i%. BRIFEFRIRIE
HfESpEARIER, BURNZEARAIEN. FUITERMTITZSMR, BE—HNRREERLERT
ATRESHINMEERE, (REAZIRE(FERER/NIEXS (W1 PhoneNumber F1 Complex ) , EELAH
T, (Java EEEEDFLNZE, W java.util.Date FI java.awt.Point , ANROZEARIZEHY,
BXfREHAR) . (RMZAEESCIFEEARRIENIS, HI40 String F1 BigInteger , IREGAH
BN, RESFHAGYELNS NHERIMEE (EIEE 67 5K) BY, AROZAREERSEHE—
NFFRIRT R RS,

I F—LeEskit, AR, MR—PEFREGITAATESE, BABEROEERE
CHEEN . BOXNSELEENRSHE, JUESZOTESR, UREEHERNTTEEM.
tt, BRIFEEBRIEEIEERENIE final MBER T, BUNZENEMENREN final B,
EAZBRIEINESE 15 UENESESER, FEANEEHE: RIFERSHERRXER, BN
ZIBB N EIEREIRRFAB final B9,

BIERERZERSRAINSR, FEZMBNAENE. RFESAGRIER, SUAE
RAURS TGRS T NAHIGRNSE. B, REREMH— M reinitialize”)TiE, FERSRA
LHER, MFGERRARNIINESEER. XENDEEELIBIINEZRERRN, NURHIER
DEIMEREMES.

CountDownLatch ZREXLEREBAIFHE. BEUTH, EERSTEEEREFRIEER.
BlE—ANSL, FRT—K, H5em: —B countdown HRIHEEEELZARE, FeEEERT.

EXANEBR, MIZRMNXTF Complex EMIRE—NERE. XNMIFREATIHBATHE, X
AR LIEEESZFNEHEI. SNERFERTRE R EIREAT, XEALAIERHSHITA
ISR, IREASEEEY NaN FITHKRMRIFAYE Y [Kahan9l, Smith62, Thomas94],

18. HS T4k

WERRLIABERNERIN, EAFCRKREFNIR. FAFS, SSEMRSBIEYG. £8+
ERMERETEN, HhFStpIstEER—MERRRVEHZ T, XN THEMIRLT
8, FEEXERBIESKR (FUSE 195F%) | ERWAEERSRI. A, NEBRIERKENE
TDFRYE, 2RI, RBE—T, SBER (WK —§, HESNE LHHR (B— KRB —
NER) o« EAREPITCNERNERT ZO47% (SRTIED, SESENMEZ—MEO
BF) .

S55ERBAR, SRIIHTEESnyderse], REIER, — N FRKBTHEREAISTIMATIRR
UEEIERRYTNEE. SERAYSCEIATRES MR ThRAARMIZE N, WNREXF, FRARESBBIA, BIEER
RIBRBETHRE. B, — N FROMEEBR—REFMEMN, FRAFRSSRIEE N THERIIBRIM
EIHRtE, FAXNAEIAERIRE,

ATEMEE, RIRE—MER Hashset RIER. AT EEREFAIMEE, TEHA Hashset
. NBIEZEZREZRFNTSOINITR (RENISRNTREERE, STEaMRNEERST
b%) . ATRHEXANINEE, RWET— Hashset TR, BRETEHTREANNHE, HEHTIX
MENBERI—NMAAGE.,  Hashset EBEPMNRMNTHRAVIE, D8IZ add 1 addAll , B
LIBAIESXWTIE:

// Broken - Inappropriate use of inheritance!

public class InstrumentedHashSet<E> extends HashSet<E> {
// The number of attempted element insertions
private int addCount = ©;


af://n3581

public InstrumentedHashSet() {
}

public InstrumentedHashSet(int initCap, float loadFactor) {
super(initCap, loadFactor);

}

@0verride public boolean add(E e) {
addCount++;
return super.add(e);

}

@0verride public boolean addAll(Collection<? extends E> c¢)
addCount += c.size();
return super.addAll(c);

}
public int getAddCount() {
return addCount;

}

BANKERRAE, BEFHERTIE. BRR— TAFER addAll FHEFI=AT
= IRER—, B, TERBERIE Java o SRMNES T 5% List.of REIE—FI
% WEEANERIILE, BEER Arrays.asList :

InstrumentedHashSet<String> s = new InstrumentedHashSet<>();
s.addAll(List.of("Snap", "Crackle", "Pop"));

HAJHAZE getAddCount FTEIRMEIMERE 3, (BLPR ERET 6, PPEHSKARE? £ Hashset W
#B, addAll JSERETERY add J5iEKSEMAY, BIfE Hashset MEFiRBIERESLIIAT, &

BE5IRY. InstrumentedHashSet Y addAll FiEBESLE addcount BHIEEN 3, RE(EFE
B super.addAll FiEERT HashSet B9 addAll SCHL, ARRISSENERTE

InstrumentedHashSet FEHEEBR add Fik, BNTRARA—K. X=XBARAX D54
addCount f01, FRLA, —Hi&INT 6: @Y addAll HEEMEINNTEREEITE THIXR,

BATRTLABE B addAll FENESXREE FX. REERNETLUEET(E, E2EKH
FTEMIEHTGE, EA Hashset BY addAll FEARAEHE add AEZ EXHN., XN BIERER
(self-use) "B— LTS, HARIERE Java FEFMEXLIIHEALAER, HERTLEAHBIRE
k. Et, 774/ InstrumentedHashSet ZEEABIEHY.

AT —RBER, ES addAll HABHIEEES, AEANTHEREA add FiE—R. &g
HashSet BY addAll FEAREBMEH add HiALEI, #BSIRIEEMRILER, EA HashSet Y
addAll SCEUSAB#ER. AT, XMSAHARAIENEE, XESTERLM T RES
%, XSG ERTRERBERERES 2B (self-use) BY, SCINERERWR, FHHIH, BHHEH,
FETTRESIEEMRE. thh, XMARXHAREEREEN, RATRLEAL—EIAEREY, FRUELS
B FCIESLE.

SHFERIB—MEXRRERR, elINREERERABRAFTLIRIENGE. RIg— M2
FRZSHERITFXFE—EL: fIEHFEAIISEFPHTREHE—NTREN. TLABENESHT
FENE, REHESMBERMITRNGZE, DRERERIS N TRZEIBEX N ORES, KHfRX—
B, WREGEEAMAS, RFSEFMBMMITRENG L, BBAXFEREEEE. B8, —BR3EE
N7 XENFHEE WRETRETRE T RESNIFHAE, BIEARITTERRINEIFRA9LHH, X
ABRNEERFRIRICIARE, 78 Hashtable F1 Vector ZEANAZI Collections HEZEHHIRHE,
EE 7T NSRRI Z 2R,



XA NIRRT ES %  ARRINFSEZHEAEESIARGE, RSN SER—
PMREREM., BENRXMT RENTE, BXHIFERBENE. MNRREEFLRAFRINT — N HHY
ik, ARIFAZEET FE— T ERERESNARRRBIERENTTE, BAMRRIFEGRERLLILS,
8.4.8.3], WIREBENFEREET —SHIREGZEBHERERIREIRENTITE, BBARIELERE
B5Y, RISBZIREMAREE,. Lhh, (RISERESETHINRKRGZENNE, XE2EENEE
8, EAERREFERDEN, RPMEEREELXE,

FERE, B—MAEAn LR BARBNR, AEMRER—NIBRIZE, MEOZLA{REVFEEEM
— N FABREMY, ZEME ARSI, XMZIHEFRAES (composition) , EAMERIZERMN
JFRRERERD . TIPS GG AR BNERNE AL LAVER 5 EFHREIER., 1XHEFRA
&k (forwarding) , MFEEPHISIEFIRAERGE. HIEFERRERNER, MOITFREEN
SCHARTS. BPERSERAYAARIIZIINERIEF, BASXIFERT4ER . ATEMRE, TEBER
HEE AT EEN InstrumentedHashSet 2&, BFR, LMD ARED, RASN— I TERD
Rk, HPESsFBENERAZE. IRBAINGE:

// Reusable forwarding class
import java.util.Collection;
import java.util.Iterator;
import java.util.Set;

public class ForwardingSet<E> implements Set<E> {
private final Set<E> s;

public ForwardingSet(Set<E> s) {
this.s = s;

}

public void clear() {
s.clear();

}

public boolean contains(Object o) {
return s.contains(o);

}

public boolean isEmpty() {
return s.isEmpty();

}

public int size() {
return s.size();

}

public Iterator<E> iterator() {
return s.iterator();

}

public boolean add(E e) {
return s.add(e);

}

public boolean remove(Object o) {
return s.remove(o);

}

public boolean containsAll(Collection<?> c¢) {



return s.containsAll(c);

public boolean addAll(Collection<? extends E> c) {
return s.addAll(c);

public boolean removeAll(Collection<?> c) {
return s.removeAll(c);

public boolean retainAll(Collection<?> c) {
return s.retainAll(c);

public Object[] toArray() {
return s.toArray();

public <T> T[] toArray(T[] a) {
return s.toArray(a);

@Override
public boolean equals(Object o) {
return s.equals(o);

@0verride
public int hashCode() {
return s.hashCode();

@Override
public String toString() {
return s.toString();

// Wrapper class - uses composition in place of inheritance
import java.util.Collection;
import java.util.Set;

public class InstrumentedSet<E> extends ForwardingSet<E> {
private int addCount = ©;

’

public InstrumentedSet(Set<E> s) {
super(s);

@0verride public boolean add(E e) {
addCount++;
return super.add(e);

@0verride public boolean addAll(Collection<? extends E> c)



addCount += c.size();
return super.addAll(c);
}

public int getAddCount() {
return addCount;

}

InstrumentedSet RAVRITRIBEIFEN Set IR, ZEOBEE Hashset ZKAIIN
Bt ME. BRTINEEEAK, XMRITERIFERIEMN. InstrumentedSet KLY Set FEMO, HE—
MIESE, HEHBE set RKEBN, AFRELE, XPMEE set FIAF—NHEE set , FEISHRM
TiTERIThEE. SETRENGERR, 1ZAANERTRENERSE, HERXKIEINEEXIFEES
5, IRERIMAEIET A, PRI LAERERESSREEER set ST, HEIUSHATSHFENIE
EAEEER:

Set<Instant> times = new InstrumentedSet<>(new TreeSet<>(cmp));
Set<E> s = new InstrumentedSet<>(new HashSet<>(INIT_CAPACITY));

Instrumentedset XEZERLIRTIGRERILBITETHEE MERESLA):

static void walk(Set<Dog> dogs) {
InstrumentedSet<Dog> iDogs = new InstrumentedSet<>(dogs);
. // Within this method use iDogs instead of dogs

InstrumentedSet ZFEWIRNEEEZE, FAEN InstrumentedSet LFIFES (“B%E") B—
A Set SLfhll, IXBHFRAEIHESEIL[Gammas], EJ InstrumentedSet ZRBERINTETNEER &
t—NEE, BIESTIERNESHAEHEIRAFIT (delegation) , WAL, RIEEE
NWRIBESEBEWERENSR, BUAZEEE(Liebermanss; Gamma9s],

BEERRARY, —NEEREEENESERVIEL (callback frameworks) H{ER, HAT
SEBERXs I BEEEHEHMNRUBTEEER ( [EE] ) . BA—MEEEINSRANEE/NENE
W%, L EEE—NMERBERISIA (this) , EERNHARNCEINENEENTSR, XFEFRS SELF
[B]&X[Liebermans6], BLAIBOEEFIEARBIMEETM, DUREENSNNEFELHE. MEESLEF
ESEAKRNN, REEALEZELEN, EERSASNMNEORSAIERNE LS, HERH
K3, BlaN, Guava AFTBRY Collection EOFRMHEEAZE(Guaval,

REEFRENRENFERENERT, EFIREEN. ROIER, REERMEZEFE
[is-a] KFRRUBRT, BEAREMIR A, MRIFAEILL B MK A KBS, BESX/MAIE: 18
#HEAB? NRFABEFMAILL R REZXNEE, BRA B BANIZME A, WRERESEN,
B4 BBEBHEBZ— ARFAEXLS, FEEE—IFERAP . ARE BHNEED , REHTIH
=B

£ Java FEEEFE—LAEBOERXNENAYER. Fla0, stacks SLBIFHAR vector 3L
5, FRLL Stack ZEARROZYEE Vector 2K, @, —PMEMIIRAR—IMREER, AL
Properties AMIiZ4E7 Hashtable 2K, EXMMIERT, AEHXEI,

MBESEASHSERME, WSROV EMATSCIAT. HIF=ERN AP IESRIASCIIEER
e, KNEPRFIZEAIMEE. EEENE, BEEEEANSS, BRiRtLEEREEi]l. £, B
SECRAEN., BN, B p #8A Properties 3ff, BBA p.getProperty(key) #0
p.get(key) FBTHREIARNER: AIEERTHRANBYER, MEEIRMHE Hashtable HY,
EUEBEEEHIABEIIR. HmENE, BFmILIBTERESBRISKIAFRINAEM. &
Properties 2, RItEHFEREFHEWAVHEAEINE, (EEZHAKEN Hashtable RFEH
RIZANAEM, —BiER, SARCHEFERAEN AP FIEMERS ( load 1 store Ai%) . FERILX
MNEIRRIEHE, HEXMNTEAREKE, BEABZ RS ERIEFRIEEET .,



EREFERWFERNBASZR, RNiZAECKRE—HRAE. WTXEMERIZE, B APIHIR
BiRfae? WMRE, RESRESSXLHRIEERERNRIISA APl fh? PIREREERT API RAYE(TER
B3, MARSALALRIRT— MR L ERFERIHT AP,

Bz, #EREAN, FEERATEN, RAEERIR. REEFRNKXKZEFERIENTE
BXANER. B, WRFERESEAER—IMEF, ARRSEARIWEMIRIT, HET
BESSERSIE. ATERXMMESME, ERASHHERARERER, FHRIRFE—GENEO%
STIEARE. BARMILFEERL, MEEREX,

19. BRIGTHIRFHEMENSIRIE, EAFEAY
VE

%H 18 PIRERIEMRIBEIRITASAERAY [Fhk] HKROFRMNBK. BBANTFEIIAT
HEMRITFHEEARFXIRPIIERNS, XNEREHANE?

B, XN ERERBEAES BN AT RN, ROER, ZENIGERATEE A
BBEAM (self-use) , XFFEA public 5 protected BU/55%, MAYMIIEIRS ZABMLTIES /5
%, LMIfIREERR, URSXERINERY WA MEENE., (BEEHE XBEREIE
final {EIRRYFGIA, TICRATFERFIFN. ) E—dhi, — PSRRI seERArE
BEiiaER. fli, EEEESEFSIRABRI SRS E.

WA ES A AN A AN FRERNE XX EREA, XEHAEISePESES D, =
189 [Implementation Requirements| , By Javadoc t7& @implSpec 4Rk, XEREMEIZTRHIN
IIIEFEE, TERM java.util.AbstractCollection ZERYHISEA#ENAYAEIF:

public boolean remove(Object o)

Removes a single instance of the specified element from this collection, if it is
present (optional operation). More formally, removes an element e such that
Objects.equals(o, e), if this collection contains one or more such elements. Returns
true if this collection contained the specified element (or equivalently, if this
collection changed as a result of the call).

Implementation Requirements: This implementation iterates over the collection looking
for the specified element. If it finds the element, it removes the element from the
collection using the iterator’s remove method. Note that this implementation throws an
UnsupportedOperationException if the iterator returned by this collection’s iterator
method does not implement the remove method and this collection contains the specified
object.

MNZEEHRPRIEETRAVRDES] (WNRIFE, optional SEFIR(E) . B MOk, NRXIE
BEE—NEHSMNEXFNTITER ¢, BMREPH—NERE Objects.equals(o, e) HITTERe. UNRIL
EEEAEENTR (BEFATHESEBRMAETER) , WiRE true,

SER: XNLINERBHESEKIEETTR. URKITR, WERAERESE remove 75
ENEESHHIBRTR. BFE, NRIESH iterator FAREIAIELEERII remove Fi%,
HEMESBREENSR, NIZLIES|A UnsupportedOperationException J&E.
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XN EBERNIRE, ES iterator FEBEFNM remove FiERTA. BREAT
iterator J5AREIAY Iterator {TABUMIENM remove F5iERYTAH. 558 18 HHYIERE
R, EXMERT, BFRRMAE HashSet HABERAES add HEERASTM addAll FiEAYT
?go

RTEFIEEORS: 1709 AP SUEROZHA—MAERITEM T HATIE, MAREAERN
AHEIRT. B4, LEXFMGEREIES TXOESE? 29, BRsUEST ! XIERMREIA T %
MERTESREVAZRR. BTl ATRIF—PERINE, LIEEEBRE e FRN, (ROEASER
LA RIRERE AYSEIART.

@implSpec FRESZTE Java 8 FRINAY, FETE Java 9 P AEEA, XMREMIZEVABHA,
BEM Java o FHR, BIEBEIIARSITFFK -tag "apiNote:a:API Note:" , &N Javadoc TE{BAS

AT REMBATINZT AU R BRI RSGEIRT. AT FEFREEERS HEINEMRIT
X, MRSV ERRFES, RGBS OHEER protected 73RS, IRHELANEF
(hook) , PAEHANERESIER. SEFEENNERT, BUZFRFESE. flan, &=
java.util.AbstractList HHY removeRange J5i%:

protected void removeRange(int fromIndex, int toIndex)

Removes from this list all of the elements whose index is between fromIndex,
inclusive, and toIndex, exclusive. Shifts any succeeding elements to the left (reduces
their index). This call shortens the list by (toIndex - fromIndex) elements. (If
toIndex == fromIndex, this operation has no effect.)

This method is called by the clear operation on this list and its sublists. Overriding
this method to take advantage of the internals of the list implementation can
substantially improve the performance of the clear operation on this list and its
sublists.

Implementation Requirements: This implementation gets a list iterator positioned
before fromIndex and repeatedly calls ListIterator.nextfollowed by
ListIterator.remove, until the entire range has been removed. Note: If
ListIterator.remove requires linear time, this implementation requires quadratic time.

Parameters:
fromIndex index of first element to be removed.
toIndex index after last element to be removed.

MIEFIRFRIBRZRS [F fromIndex (BF) 1 inclusive (F8) ZERFIBETE. BE
ARgTRMER (BPERS]) . XMNEE@EE ( toIndex - fromIndex ) JTERUEFESIFR. (W
B toIndex == fromIndex , MIIERIEFLRL. )

EXNGEREIFIRNEFER clear BIEKERI. ESXNTENRYIRAZSTIAINLSE,
AILAKKIRETIZRFFRAY clear BFMARE.

SCMER: XANLIEREN—MIRIEREE, BAF fromIndex ZgI, HESEHA
ListIterator.remove F] ListIterator.next Fi%, EHRIEE/TEIRMER. FES: R
ListIterator.remove FBELZLMEAIE, MUSEMEEZFEHRKATE.

S5
fromindex BEREIRAVE—NITRAIES|
tolndex ERRIIRE— N TRZEHESI



ENGET List SLHREZAFPRREZEENH. SUERTHEFERIIRME—MRE
clear L. EXHE removeRange FiERIERT, BEFVERLER clear L, FHREASE
AMEAFEARORTE, BN, SMLESEA sublist HEH—XAE—HSEHNEE!

BBAZRIRT—MRFCKRIR R, (RAMARERBBLHIZMRIFAINRYE? FFERIR, RERAY
7, FReMAIRFAMMESNEE, MESFIOUR, REBEREFERE TR, NiZRFA8e>
WREZRIFAIRR, EASNARERTIEIMATRIAE. S—HH, RAEREXYD, BALE
TRIFIIRSSH— L LF AR THR.

Mt dEmigitiXNE—GERRSFE., NREBR T — M XRBIOZRFHORR, HER
B FEEatEEREatRERE. Bk, WRESHI/LNTFER MERE—MERZMRIFAIK
R, BANZGHEIRAE, FHREFR, =ANFREERANA—TRERE, XEFERMIZHER
KEELIMIARS.

SRABFGRT— I REHT 2 ERRISRAIIHER, BERRENRKIZAE(R SRR B AEIIAR
FEARERERPRSABMPRISEILRE. XERET s EEEhRA i E SRR AT RE SR
BAATRE. Eit, ERHEZE, RPRBEREFREUXMAIE,

B, BER, WERTERMTARSSREL TIERRNE, XENEIRERAISTHIFER BER AR
BEFRIRTH. EREAXNE, IFRETIERBEER AP MRS FRIIMANER, DB

EE— RSB T VP ARAUIRE].  19ERAEAEERKEERATESSGE. NREBER
XA, HESBIERRW. REMIGTTEEF ARG EZRNE T, FAEFEIE SR TZAT,
FRTPNESSERER. MRESLEAKT FSETZTHEIDGE, NISEREASEMT
Hiiz1T. ATERRA, XE—MNERXMRNAISE:

public class Super {
// Broken - constructor invokes an overridable method
public Super() {
overrideMe();
}
public void overrideMe() {

}

IUTR—NEE overrideMe FiEHIFE, Super FEWNHE—MEER EZSEIREERE:

public final class Sub extends Super {
// Blank final, set by constructor
private final Instant instant;

Sub() {
instant = Instant.now();

}

// Overriding method invoked by superclass constructor

@Override

public void overrideMe() {
System.out.println(instant);

}

public static void main(String[] args) {
Sub sub = new Sub();
sub.overrideMe();



{RETREHAEIXMERFFTEIRIR instant 3L, BREEIXRITEIE null , EAE Sub &
FEBINEEN instant BYEZRAT, overrideMe # Super ¥HE/EARA. BIR, XNME
FMRAENABRESH final B! AEIRE, MR overrideMe J3EMAIY instant ST
HEGE, BAZBRKEEELEZRERA overrideMe B, BRH#EH— NullPointerException &
B, XMEFEASHE NullPointerException HOME—RER println FEBRZE null 82,

HEE, MNOELETRERMETIE, EPMHI—DEESATESH, BBA final J5EHIRS
BERREH,

Cloneable #] Serializable EAERIHMARISTHHITARIENME. XITFTHYRMIRITAISE
i, LPXEROBERR—MFER, EAXSLRFERIEFRTREANGE, A, 2R
BUSTARY TR AT FSEIlIX O, MAF R, XEBRIFESRE 13 F1%E 86 hHfHE

NEARREEAMETILITHIZEPLI Cloneable B Serializable #E[M, BBARLZAIE,
BF clone 1 readObject FASHNEAEML, FTLABERGIAIRE]: clone
readObject EBARSEEHENSAARIESHAGE. T readobject MERT, EEHEBETE
FRSERFFINZRENET. £ clone BIBERT, EESAEEETEN clone FHEABHRIEER
PERORSZRANETT. TEI—FMERT, HURSHIEFRLSE. £ clone BIBERT, HiETRES
RINFIAN SRR RENRAS., i1, MREBEHARECIERESNSNREERNER, B2
EARCIEE N, NegeREXMIER.

&E, WRRREEAWEIZITRIEPLI Serializable #O, FHRZFEEFE—
readResolve B writeReplace J5i%, MIWASMfE readResolve Bf writeReplace FiXIZEN
ZRIPMARAE. NRXEF ARG, BlIEHFELERE. XEB—MIER, B
TR AP B9—E87>, LASCIFERIR,

FERIAL, BT MEREFERKNEN, HEWNZNXEERAMRE. XFE—MERY
RTE. BLBRBAZIERRY, tLalmsRE, SEEONBIREI (skeletal implementations) (¥
F205%) . EEEMNBREAZER, AT FRE 175) .

BETENERER? E5LE, BIBEAR final B, BAREAT FRUMIITHI R
8y, (ERXMERICRA. BRIESUXERIZE, MR FIGHERIR. XAMYUNE— N ESH
M, EEEEE final MNERSKHINERZE, BISFEERIERREHADON, REKREHH%
ZNnpaagin L =itz R

BRENMTERRES ZRFUEMER T LN ERIBRSA ISR 2 F R ERHTFHMA.
XERMTEELLFREN. REPREZOERPRA final . B—HTEREMBRIEIETTEER
RIEREERIER, FEMIAHES I RABMWIESE. XMORERBRETERFERNR
iEtE, ERB 17 RS, WHSEEE R L.

XMENATREEL SN, BATFEERRESIMRTHATBRIRMRSSKIZININGE, @R
TERE, BIRFIRARINEE. WR— PRI TREARN—EEO, gl set , List 5
Map , BBARNGZA T REIEFRUMBEIRR. 58 18 iR B RSE NIRRT 4k
RIS,

WR—NEARRRRELI—MIERRD, BAREIHRATEE—LREFRTHRAE. WRIR
TASRISCIF X EERIEA R, — N EERSERRRIN BT ESRISE, FXERAEX
B, REER, TTEHEREEINERA (selfuse) AIEBMGE. XM, MIGEIR— N GEZE
TR, BEENTEASIEHIEATTERTA.

IRETLANVS BRI B R ERNESSE, MASKERITA. BE N UESRISENEREE)
BB EBERRTE, SN TESARRENGRIR=RSE. AeRERARTES
AT AR RN AR ERE T BRI ES A,



EmsZ, ENATHWEAMRITHRRE—MHMRFEENIME. (RO ERBEENE REN,
HE—BEREY TN, X MR ERRRFEORET. MRREME, FRMSMRBIRLSEIE
DET, WRLRNLIRETEZN, EHETEERRIR. AT RIFEMARRSHERAFE, R
EVRBRBE—NEESNZRIPIGE. BRIERRIENTEFE, aURFBITEESRR
final , BREMRRIREAHIEAIMEIGERTRES SR,

20. FEOIEFHISRE

Java BIFEFMEISREX SEIFE N SEIMAISEEL: OMMSRE., HTE Java 8 [JLS 9.4.3] F5INT#E
HRIBOATTE (default methods ) , ELCIXFRFRHLHEIERARIFARLSLAERMII. — P EEIX
PR ESCI RS RENRIEE, REMREAITFR. B Java AATFERE—40K, FRLAIHSRE
AOIXFRPRHIFHEIRE T e WEAELE XRIER. (HAE X B UETTEFIRMIBRLIERIZSERATLASE
P—MEO, MAERERRREETRINE.

WA LMRE St IO RS — N a0 0. (RREFMIMENGE (REAFEL
iE) |, HEEEBRRHREIN— implements Fa, 40, % Comparable , Iterable , F
Autocloseable IE[HMNZE Java FER, BREUEXFETINEAIRMLASGH, —kix, WEWN
ERBEBUH LA R — NSRS, NRFBILR N REERRIMSRE, (R iBCHEREERSE
BN EEMNE, ERMMENES. FE=NE, XeXWREEREMNEMERIIMTIRE, BFEHY
HSERMBEANEHIT RN, TIeXEERRETEE.

RORENEGRE (mixin) RUEBIERE, —HKR, mixin 2—PK, RTBREREZIH,
ERILARSBAE IR T —LEeIERY{T . fIgN, Comparable R—NEEYEEM, BRAWF—IMEFHEEM
SLHRES T EMATEELCRINSREEFN. XEFRORIRARE, RACRITFIIENER BE 2
RENEEINRE. HSERAERTENRGR, XEREAE(IFERINERIEEREF: — P ERER
21K, AREEREREEFRAGENMERBA—KE,

EORFRIEERERINIESE, BRI TFRAFLEYRGERTFN, BREMIISEYHAR
BESHTENTBERSEAP. Fla0, BgFHIIE—MEEHRFNEO, M5 —MIERERRE
A:

public interface Singer {
AudioClip sing(Song s);
}

public interface Songwriter {
Song compose(int chartPosition);

}

EMSLAEEF, —LRFHEFHR. FRARIERROMAZHSRSESRENXESE, fLAED
RCMHFIUEHRI MEORTE TN, FLE, HTTUENL —MORRFFMERMRIB =15
H, FMIEETXMEGHIHE:

public interface SingerSongwriter extends Singer, Songwriter {
AudioClip strum();
void actSensitive();

FAREEEEXMRIEYE, EESRXEHMIN R, BEOR—KE. B—MEEENTENZ
YRHNEMES, 28— RRAREINRERED. MREXBERFEHE n NMEM, WAREEEXS
2n METRENAES. XHMEFMBINESIRELE (combinatorial explosion) . BEMMRIREREETRERSE
BETFZH AN, XESEESEEEE FBRAR, EAXREREETREREENERT
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(-]

EOBITAEMERRE SN, SBARNIIEEIERAITIEE (FI5E 18 %) . WRERMSRSSE
EXRE, BAWILIERREERNITIRE, RecdR, ERRIEILESKESS, BEsS.

HEMEO A ZEHEEANZOEEASIN, JUEERERRIRHEEIAS AL, BX
IWRARRRGI, 1BSIR5E 104 TWAY removelf FHik. WERIRMEGATL, BRER 0implSpec
Javadoc #RiE (5RH 19) BEl 1 ERBA AL,

ERFATEILIRHSIAE SZ 2 D D EE LRGN, REWSEOEET Object KHTE
(80 equals F hashCode ) BT/, (ERRIFAE(IHREEOATIE. M5, ZFOFRITFEELH
BUBAFRHERHSHER FAERHSITIERIY) « &E, FEBERATEMIEIAZ=HAsZOF,

BE, {FaILUBTRH—MESHIEZECIZE (abstract skeletal implementation class) 50—
RER, BEOfmMSRENMAEEIEER. BOEN TXRE, TR 7T —LESANGEE, mesEstl
EKAEFRREO R ENTESSI 7 ®IRIERGEO S L. HRBELINFEAISO I LIERII— Mz
A. X@EERapiERitERGammads],

RERIRGY, BEESCIRMFRA AbstractInterface , H Interface EEMIEIANEOAIR
PR, N, EEEHEZR ( Collections Framework) IR Y —MERLIILRSBNEEESEN:
AbstractCollection , AbstractSet , AbstractList F1 AbstractMap . BJLASE, EEIFR
79 SkeletalCollection , SkeletalSet , SkeletalList F[ SkeletalMap ZEHEEM, B
RMECERZ THRAOE. NRIRITHEY, BRI (LeRRMAHSISARNEEO LIS
EARL) FILAMERFRIEERSHRMEMNBCEOXTE. fian, TEER—MESLI B &
AbstractList HIESE—\TERINEESTEM List SCHR:

// Concrete implementation built atop skeletal implementation
static List<Integer> intArrayAsList(int[] a) {
Objects.requireNonNull(a);
// The diamond operator is only legal here in Java 9 and later
// If you're using an earlier release, specify <Integer>
return new AbstractList<>() {
@0verride
public Integer get(int i)
return a[i]; // Autoboxing ([Item 6]
(https://www.safaribooksonline.com/library/view/effective-java-
third/9780134686097/ch2.xhtml#lev6))

}

@0verride
public Integer set(int i, Integer val) {
int oldval = a[i];

a[i] = val; // Auto-unboxing
return oldVal; // Autoboxing

}

@0verride

public int size() {
return a.length;
}
b



BIREE— List LIARMORESEN, XMIFE— BRI ER. IER
—4), XMIFR—MERCEE (Adapter) [Gamma95], BAF— int #EWEIF Integer Lf
FiZR., BT int (BFIEEEELH) CGEFEFNIRTE) ZERUKEEKR, EMREHARIEER. 5fR, X
IRAEZRIF (FIE 24 K) .

BRSTIMERIMAET, SRR TIAEE), MARIRIHSRIFAZEEE AR
8RR, W TFEABRIIEAEONASHELIE R, WRXMEEREMBUEE, BEFrE
DEN. MR—PEREYRERSIIN, XPRITUEETINEN, 2R MAZm T EORSHET
BOANTTIZE. Lok, BIRSCISSBATLAENZORISEEL. SCIZRORIRA USROS A AR R LAYk
EBRILHAAERERNE AL, XMEFREINSERRIRASEE 18 ITieRERENE
X, CRETSEWRANTESIFAL, FrTES TR,

HE— " BERNIIE—MENERERE, BERBYZK, Bk, MREO, HREPLHER
AN, HtbATLMRIETIIREEH. XEEAGEZRFNBECIIRFTIHEHE. BTk A
FrBR L BEEREEAR G A2 ELM A AR ORI GE, BIE—T, {RalgeAa B
Object 28 equals F hashCode FEFARMEINGE. WMREARGENING ERE 7
O, B4Rk S, HEAFEBRLME., BN, RE— I FECIEONZE, FHOIETRITRYE
A5iE. ATESTZES, WETSEEEHEAEATBEFAE.

ERA— 1 EERAIF, ERB—T Map.Entry #0. EMZUNELRGIER getKey ,
getValue F1 (AIiEHY) setValue , ¥EOFERET equals F hashCode B91TA, HEEEART
HAEBE— toString RIBAEAISCHL. HBITFAAIFA Object FESHIRMIIASTI, FEULFFBSE
I ETE BRI

// Skeletal implementation class
public abstract class AbstractMapEntry<K, V>
implements Map.Entry<K,V> {

// Entries in a modifiable map must override this method
@0verride public V setValue(V value) {
throw new UnsupportedOperationException();

}

// Implements the general contract of Map.Entry.equals
@Override
public boolean equals(Object o) {
if (o == this)
return true;
if (!'(o instanceof Map.Entry))
return false;
Map.Entry<?,?> e = (Map.Entry) o;
return Objects.equals(e.getKey(), getKey())
&& Objects.equals(e.getValue(), getValue());

}

// Implements the general contract of Map.Entry.hashCode
@Override
public int hashCode() {
return Objects.hashCode(getKey())
A Objects.hashCode(getValue());

}

@Override
public String toString() {

return getKey() + "=" + getValue();
}



IR, XNBZESLUABEE Map.Entry EOSSH, tBABHEATFZOSI, EAKAGE
AAFESEW equals , hashCode F1 toString & Object K,

AT BZRSLIEN TURMIRITHY, FrLUMRRIZERESRE 19 FRIFTEIRITFINAIRE. ATE
EEll, BEAGFRER TR, BRIFINAESRIIFRENVUERN, TtEEAEs —
MEOS— P ERIRAHSREAIRIATT A,

S58RLNEHIFARNIREELI, LA AbstractMap.SimpleEntry Afl, —/NEERAISCHL
ME—NBRII, BT T —MEQ, FAEEATHREMLITH, BRENFRZAETFEREHSR
1. EREESENIIEII, RILUZRERERE, RaLURERERHIT AR,

R, —MEOBEEEN TSN IIRENSRELN. RESH—EEEA, &
ZERZIE SR BRI, ERRERER T, Miz@idEO ERENATERME SR, LUME
EORMESIIELALMERE, EHElR, XHEEOREIEEERK BRSNS RS R,

21. AlEfigitEO

£ Java 8 ZRI, AAIBEEARIAIESLIAIER FARORNINGE. MREREORINT — 575
%, ANLIERESRMZITE, NMSERFENER. £ Java8 s, RINTEOAGE (default
method) EIE[ILS 9.4], BRIRIFRSEMIZINERED. (B2EIFRSEZINEIHEORTH
XUBEZAY,

FOATTEABBEE— M RUASIHL, %70 ARIFLERORRERER, MARLIRIATGIE. &
A Java FINIIECATT I ERTLUS TS ERINEIIEED, (ERRERIEXETT A LIRS EBRIEI S
£, FARYITEH [EN (injected) | ZIIBRISEIF, IRELTEIRANENEE. £ Java 8
ZAl, XELHZAARZEORSHY, ENREOKTASIRIGEEFHATTE.

VFSHTHIERIATTIEMRINE] Java 8 RORDEE SO, £ERN T HERFER lambda FRIAT (56
B) . Java KERFUATSZRESREEASII, EAZHIERT, EIITFER. (B8, R5—1
RMIAGZHASETUERN, SRETS/URISINAEREER.

f5Ian, =EIE Java 8 FRINZE] Collection ORI removeIf ik, WAEMIBRGEERRAE
(8 Predicate REREEN) RE] true RITBETTER. ALIHEEHERERR[ERES, B
BEANTTERBE, FHERIEREEN remove FSEMBRBIERE] true BOTE. EHEN, XNEHH
ERGXE: BATIIRIEENERIENSRBRES, ARSI ITRR Predicate REEEO,
FHERIEREM remove F5iAMIBR Predicate BREFEEIRE true RITTER. RIBHEN, X4NFE
BRERTSRIGIXEE :

// Default method added to the Collection interface in Java 8
default boolean removelf(Predicate<? super E> filter) {
Objects.requireNonNull(filter);
boolean result = false;
for (Iterator<E> it = iterator(); it.hasNext(); ) {
if (filter.test(it.next())) {
it.remove();
result = true;
}
}

return result;
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XZO[EEA removelf FHiEmEHIRIFHIBASIIN, BEEE, BE—LLRY
Collection SCHIAREMIT ., fHlgN, &Ei&
org.apache.commons.collections4.collection.SynchronizedCollection A%, IXPEHE
Apache Commons ZEFEH, 5 java.util S9REESI
Collections.synchronizedCollection JFiKIREIAIZEIBI, Apache WRAKIRE T (ERAEimE
HAOXISHTEIERIRES D, LMKEBES. BOIER, BER—IMEEEX (KH 18) , BlINFRBAEER
FRAEEESEZAE— NS LHTEL.

Apache B SynchronizedCollection ZE{BATERMRMER, BEREEANE, HKRES
removelf J3i%., WISRIXNERS Java 8 —iofif, B4R removelf RIBNIASLIL, {BCPRLEAEE
REEENERRE: BRS8N EAER. RAINELS—TAH, FEARBEHRESHENSRH

B, MREBFIRED—MEAERIHESERERIIBER TER SynchronizedCollection SEff_ERY
removelf J3i%, MIAJEESSEL ConcurrentModificationException FEEEMMFIEENITN.

AT FHLIEFERA Java FEEELMFREXMER, ol
Collections.synchronizedCollection REINERFATHIZE, JDK HIFEVRESEIAR
removeIf SEIIANEMMBSSURIEERERRAIASIZ B THENRL ., RERABT Java FEHE

BB SSEOESHTERIRINE, BERRBIXFM.

ERAGZEOER T, EONNAESHATELAERNESHER THE, EEETHaX
WM. EAFARFESE, EXNMIREAR—MIINEH., £ Java 8 FIRINEIESEON—LITE
BHIRZZHINN, FEEM—LMENENEZEIFIME,

RriziE S e FRROATT ZR BB RROAMIEAITE, RIBXNFERREN, EXFERT, (RN
ZFEER, LHBERSZOSIMESSHENARTESSIFRIAR. 28, FIATTESTEeEEN
AHREMRER S ESIAFEBA, LUBESSIEORNES (FRE 20 %)

RMEETEHR, BALERRMARRT, FKSHFNROPRBIRTIAEE NN EERH
B, EARAIAERRAIBR T, XEROBATERERN,

ENZEEN. RERATEIER Java T35S, (BRIEZZUZIHEOMGARIERE
2. BANTETLBERIZIAERED, BXFEEERANNKE, MR- TEOgs—
INERRE, ATRESIKIZAEARAET. WIR—MEOFERNE, FJRESBAESER AP

Eitt, ERMZEAEMIEORIFEEEN. SMEFRNZUABNSGSEREMEN,
ED, (RMZEE=MARRIEI, RESMERS RO TSMMESHEFIRIEFERE
BE, XEAKHBERESMNEOMEREETENTERR. XESREAITHMERMZRIRIEOS
AYERRE, (BIRARTLURIEIEE ). SAERORRTREIESEE—LEFERRE, BFREXE

\\\\\

22. IO ASRE X 258

LESESCPEORY, 1ZEOEA—FPSEEY (type) , SJLARSRS|FEZRAISEH. B, — NS T—
MEO, EHFRBEFimA LAEIESEa0sLfl. AEMMBNE X IEORFASIEN.
— MM ESIZEOFEMMBEEEO (constant interface) . IXHEORAESHTSE ERES

S final B, 8MRH—EE, EAXEHEENEIIERD, NERKFERXBRERFES. X
EE—MF:
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// Constant interface antipattern - do not use!
public interface PhysicalConstants {

// Avogadro's number (1/mol)

static final double AVOGADROS_NUMBER

6.022_140_857e23;

// Boltzmann constant (J/K)
static final double BOLTZMANN_CONSTANT

1.380_648_52e-23;

// Mass of the electron (kg)
static final double ELECTRON_MASS

9.109_383_56e-31;

FEEOSARHEOMERER. XERPER—LEE, =2RTIIAT. IH—EE
EO2SEX LM REISEAISH AP B, IRAIAFFRNR, KLU —EERORRAREN
B, FLE, CEETREMNIBEIER. EEREINE, ERETT RS NRESRINRAPER
TR, TBEEEAEE, BACHAISEIEN, LBR_HEFRSME. WR—1IF final 255L
TEEEN, PBLACHIE FEmR T A BIZATRIE MR,

Java FEEEHESNEEEO, W java.io.ObjectStreamConstants. IXESIECINIZHN
ARIEER, ARIZA.

MBMESHERZ, B/INABENEEAR. NREESWENRSEOEEREX, NEEERMN
FiziedzO. fla0, FrEREEARERINEEZE, W Integer 1 Double , EEE
MIN_VALUE F1 MAX_VALUE EE. NREERFEEIFELBNME, NEOZERKERE (F
WEE 34 %) SHEl]. BN, REZE— M AN TEREREHERE (FERFE4K) . TE/
[HFT7RRY PhysicalConstants 7RBIFITESRAGARAS :

// Constant utility class
package com.effectivejava.science;

public class PhysicalConstants {
private PhysicalConstants() { } // Prevents instantiation

public static final double AVOGADROS_NUMBER
public static final double BOLTZMANN_CONST
public static final double ELECTRON_MASS

6.022_140_857e23;
1.380_648_52e-23;
9.109_383_56e-31;

IfER—T, BEREHFFPERATEFTR (U) « MJava 778, SERTRILENEHFTE
HENELEFN, BRNEFREANETLUEEERZ0E. TeREEZERE, WREIIE
BANHESHIESHT, ERETHEREHFTFEES. WFEEN 10 NEF, TieEBIE
BFREN, EROZA LB FIR="8FE, Fr—TRERE.

BE, SATEXEKREFInFEREZRREEESR, fi
PhysicalConstants.AVOGADROS_NUMBER , MR AXEFEALATARXSHNESE, WEIFERERS
SNKIREEEEXENER:

// Use of static import to avoid qualifying constants
import static com.effectivejava.science.PhysicalConstants.*;

public class Test {

double atoms(double mols) {
return AVOGADROS_NUMBER * mols;

// Many more uses of PhysicalConstants justify static import



Bz, BEORERTENEE., BiIFMZXATSHEER.

23. KEIRGEAMFIRZESE

BIMFATRERRRI—1 3K, ERLABERIHESZHNG, FEEE—MrEFR (tagfield) |
FRLBIRINAS. BIal, EEXANEK, BHFRT—MEERER

// Tagged class - vastly inferior to a class hierarchy!
class Figure {
enum Shape { RECTANGLE, CIRCLE };

// Tag field - the shape of this figure
final Shape shape;

// These fields are used only if shape is RECTANGLE
double length;
double width;

// This field is used only if shape is CIRCLE
double radius;

// Constructor for circle

Figure(double radius) {
shape = Shape.CIRCLE;
this.radius = radius;

// Constructor for rectangle
Figure(double length, double width) {
shape = Shape.RECTANGLE;
this.length = length;
this.width = width;

double area() {
switch(shape) {

case RECTANGLE:
return length * width;

case CIRCLE:
return Math.PI % (radius * radius);

default:
throw new AssertionError(shape);

XERIFEREBTESRR. BIIRFERILTENERIE, SEEER, REFRMN
switch E6., AEMEZE, RASPLIE—DEFRERE—R. AFEREN, RALFIRERE
TEMNASFERNE. FERAGENR final, BRAMSIETZNRUAEXRIFR, SEESHIFR
8. MIESAERIFSRAVREIT, YIREREFEFIIRCIERRNEIETR: WRIDBERIF
B, EFBEETRARN. FRIFTLUESERNG, SNAEERIZFRCAIZES. MRIRFII—
MG, (RICELED switch IBERIN— case , BURXMRBEETHEN. &E —
PMEFIREBIERREISBRAMHIXTNSHER., B2, FEXETIKN, SSHEN, mENER
T.
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FER, & Java XERIHEANSRANES AEX — B RRSHXIEIIRAVR—EIEEE R 4t
TEIFAIE: FAEEUE (subtyping) o TRERNNE— P ERERIIEBIIEL.

BISTESRERNRER, BAEN— N EaMSUTEHEE, FERT IR TR,
7 Figure ¥th, RE—NXEIAE, B2 area Bk HAMSKRRDROR. WRGEA
TR TR RIS, EENERA g, [, NRERENAEROSETR, B
ITMPEAK, Figure KRR SRBFAMTIENTER,

BTR, NSRS SBE N —MREEBRIRTR. ERI0F+H, BRNEE: B
M. ESNFRTPESTETICRENEIETR. ERMNNGF+, FEFRERTEN, KE
MBEFRERETN. TEESNFRPEIREPEMMRTEVESSIN. XERMNT

Figure ZERYZERIR:

// Class hierarchy replacement for a tagged class
abstract class Figure {
abstract double area();

}

class Circle extends Figure {
final double radius;

Circle(double radius) { this.radius = radius; }

@0verride double area() { return Math.PI * (radius * radius); }
}
class Rectangle extends Figure {

final double length;

final double width;

Rectangle(double length, double width) {
this.length = length;
this.width = width;

}
@0verride double area() { return length * width; }
}
XNMERRMIET ZAREIIRESENENRR, NIBERBET, FEIFEFPHERG. &

FhRARISCHIER R R E CRISSED TR, MXEERRBRARNEIEFRIGA. IENFRE
final By, YRIFSFHRTDRAEETZNRCEEIETR, FAEENEEE— M IR ER
HEMESESII. XGHR T BT switch-case BAMSHENSITRILMAITREE. &1
EFRAELURSthRRERIR, FETLMEERE, MARDIREIRNE. SHAEE— MRz
EIRRE S ZEXIR, RFEFRIBHEEREE, AREEMBASEHIRGINSERISEL

KERNA— MR LAEEIRREEZBNBERERRER, NMEE T RiEE, RS TR
FERPRBMEGERNE., BRRFEARIIPaRSEE R ERIES. KEXATLUARRR—NEST
B MUISIARIRER, (RIRENRATER) -

class Square extends Rectangle {
Square(double side) {
super(side, side);

}

HIs, DARREMTNFREERNEN, MAREIRERTENDN. XERATEEE
0, MRERRZBAF (FHEE 16 %) , KR MERINRIT,



Rz, HEXRIOBERNBR. WRFEE—NTHEEIIREFRIER, BERrEFRESY
LA#iER, FRGEGSRRENER., JB—NTETREFRIVIIEEN, FJLEERHEER—
MNEREIREEN,

24. ZIFERAFFSHRRMARIFEFSSR

BREZR (nested class) BEF—IEFENRIZE. WERNZRFETHRBES (enclosing
class) 1, WMB—MHREXTEEHMB—LERTEEEN, BATCMZE—NIHKE. BEUMEHES:
FBSRYE, FERSHRYE, ERFFEEER. RTEFLVL, RTRI=FERRIRANERSE (inner
class) . XNEESFIFHARMZERBFEEFBRERUNR T AER.

BSRRERRERIHRER. RFICCEER— BB, BIFER—1XFERE, FEALL
NEEBERNMR, EEEBERAREANERNMR, FSHREREBERIHFSHR, FiE
BEESEMEFSARBRANLEMENRN. WMREHERA private , MRBEERBERFIANE, FF,

BSHREN—NELRRRIEAATEIE, (NESH/INE—RERNAER. W, &E—
MERTTEESS T IFAERERON A A (I ENEE 344%) . Operation #ZFRMIZE Calculator ZEHY
NHERSRRZE, Calculator EFumAILUER Calculator.Operation.PLUS 1
Calculator.Operation.MINUS Z&FRE2|BEE.

HEEEL, FHSARINARFSARRZANIE—XBIZFFSHRREEFAPEE static &
F. REQEEM, EXAMRERRIFEFEN. IFHSHRERNES LRSI SEE S
RAYEESLHIRERER. TEARRFSARERISEATSES, STLURREESLSI LM%, & ERRERE
IE[LS, 15.8.4] FKIEXMBELHINSIA. WRIRERNLAIDIUUSEBERNLOIRETE, PARKE
RVEBEFSARES . ARIBEEIRAB LAY eI AREFSAMREAISEA,

RSB R SRS AIFNELTE L Z [BIRIKEX R OB A RS FIRTESZRY, HEZEAREMIESL.
BEERT, BEEEEENLAGEPEBIRRRSRRIINET ARBEIREK. RERDETEE
{EAFIXT, enclosingInstance.new MemberClass(args) FalFEIZKEL, IEARPAFUEIAIBERRE,
ZKRBATEARR SRR SR T =, FAEMEERIIT B,

IFEFSHRE—ENAEREN— Adapter [Gamma95], ERIFIGINBERAISEHIMATEA
AHERZERICI. fign, Map ¥EEORISCIUBEEFERIFFFSHRISEIINEIRNESNE, XEER
Map HY keySet , entrySet # values FiEREl, BEff, 5O (W0 Set F List ) B
SCHLE E(FE RIS RIS B JR0E RS

B mE bE SF

// Typical use of a nonstatic member class
public class MySet<E> extends AbstractSet<E> {
. // Bulk of the class omitted

@Override
public Iterator<E> iterator() {
return new MyIterator();

}

private class MyIterator implements Iterator<E> {

}
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MRIRFER T — M ABENEELFIRIMRE, SRIE static (EIHFFHECRIFRR, EEkA
— N ESHIRE, MARIRFSHRERE. WNRIFRBETXMEMT, SPLOEEE— MR
RS IRLERIBESN. WMEIFMA, FEXASIARELRENZE. BEENR, AESSEED
EBEEREHEIRERIR MR NAREEATS (FUE7H) . ATERNAFTIRIERX
YEMERY. EATSIARAWAY, FrLUBEELACNE,

FABESHERNELREREFRFHENNEEIERTONSAAN. Fian, EREESEEXEK
B9 Map L, T Map SCEIXTFMURHHSMEEXNEE—IWERY Entry W&, HB4
entry &S5 Map KBRHEY, entry EBI/GE ( getKey , getValue F1 setValue ) REEiFH
Map ., B, FRIBFSKRISEERR entry BRIRZERY: AEFHSHRERRSFN. MERIME
ZBRETY entry FEBAHRRY static {BIMFF, Map BAARILATIE, BREA entry HSBEXY
Map BISIF, REFE=EIFOAT(E.,

SNERFMTICRIRR SHHRRIAHEZRIFKRR, NEFSHIRFSHREZ AIEMARERIFEEE
B, EXFRER T, ARERSHAIAPI TR, MRFTERAGHREYE, HABERERATIIEFS

IEARFFEAEERY, — M EZRREEF. BIAEHBEEERIMR. BAESHEMKR—ERA,
MEERRENERFISLAt. EREAXNESERINBES, EBXERTN. SIBXIT(IHIAEIE
S LTI, ERXASEESLA. B2, BFESIIHIESRSLETYF, BliltfEairEEn
TEZINMIHEEESHKR, XEESRTEEIE final NEASEE, SEZVBRHEEREARNNF=RHE
BEEILS, 4.12.4],

ERRIEREERERE. BRTEFPBIINRZI, FEELOMLEN]. (RARERIT
instanceof FNEMIHEEMTAEMTZRRGEAIR. FEFB—IERISRIMSMNRO, 5FE
PE NSRRI —MEO, ERRAEFin A REERRRASEERRIB R AT MIEAI B R.
NERBFRERAAFHMR, FUESIIDRREEE —— D788 — BNENEMEEZEIRME,

£ lambda FRIAHFMNZ Java (5B 6 E) ZA1, ERXECE/NREISIMENISRAIEIER
%, 1B lambda RAXIEREE (FUFE 2 %K) . EBENS—NENBEERELMEST Ak
(1B2R%HE 20 P89 intArrayAslList ) ,

FERRRIFERERPERRIDN. — N ERRI LA LISERRRRZENMITEE, FiET
BREERENN. BEREESEMIAENHREREEHRNER. GARE—F, Bi1a8F, Ak
ESFEA. EERX N, REEIFSETITHENER, BilFat8axfl, FREE(I78E
BESHR. GERX—RF, NZRFEE, URREAIEY.

E—T, BUMAENERESR, S MEEHRE. NR— RERNEFRE— N TEZIM
R, BEAKMAERIFEN—TE, ER— MRS, MR—HREFNLFERFE—IT
HEELAIRSIA, RIS, B, FEHS. RIRXDEBET I I5ERR, RIRRFE
EN—MTT OISR, FEFE— N TRERERRBX N EAHE, BABEFA—ERE &
W, BEEMEEBE.

25. BRI IRBIA B TR

B2 Java RRIFFRAIFERNEAFPEN SRR, EXFMBETrt, FEFEEERN
b, KBZFETERMEPEL SN IPEEENRUS NI EN AT, ERBNEXEZRFX
eI AR RIS,

ATEMRE, BEETEERXE, ERRE85— 5 |BEMM MRS ( Utensil ]

Dessert 38) AYRLEAY Main 25:
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public class Main {
public static void main(String[] args) {
System.out.println(Utensil .NAME + [Dessert.NAME](http://Dessert.NAME));

MERIZE Utensil.java ANBENMEFETENXT Utensil F Dessert :

// Two classes defined in one file. Don't ever do this!
class Utensil {

static final String NAME = "pan";
}
class Dessert {

static final String NAME = "cake";

HR, main BFBESFIED pancake .
MERZFAINOEIEET B—1NE/ Dessert.java BRI, BEN THEREIFRNZE:

// Two classes defined in one file. Don't ever do this!
class Utensil {

static final String NAME = "pot";
}
class Dessert {

static final String NAME = "pie";

WMERREWBFEIE, FAMS javac Main.java Dessert.java RiFER, WMBEBEM, Hmi%ss
SERR, IREBRZIRENTHR Utensil F Dessert , XERIRFIFEHTMIFE Main.java ,
HEEERTS Utensil BISIA (BTE Dessert BISIHZAN) BY, BIE Utensil.java HFEIKX
MNEFHIKE Utensil FO Dessert , HImFFFEMSITLIBE] Dessert.java B, BHEHRIANIZ
X, SHEiBE Utensil F Dessert HIEN.

WR{FEHAS javac Main.java B javac Main.java Utensil.java Z@iFEERF., BHITH
5%4RE Dessert.java X (BI4TED pancake ) ZEIRYTAIER. (B2, MRFERA®S javac
Dessert.java Main.java %ii%fi)y , BISFIED potpie ., FEFANTHEILSZREXHEBRLRIF
SRIRFFRIRNE, XBARAATEEZRY.

FRRXNARREER, BIESR (W0FENBOBIF+EY Utensil FO Dessert ) DEIEIHAYE
X1, MNRAEGSNTRESEMNENE P, BERFAFSKRE (IS 24 &) (FABER
DARMEXHFNRRG R NRXUENETE 1L, BBAKEIITRERSHRIEBEEZEIF
E, RACIES TohEY, HELUEEFEBRE(IATAE (FRS 15 %K) KR REEEtE, T
HERNGIFERRNDIEREEFERSMRE:

// Static member classes instead of multiple top-level classes
public class Test {
public static void main(String[] args) {
System.out.println(Utensil.NAME + [Dessert.NAME](http://Dessert.NAME));

private static class Utensil {
static final String NAME = "pan";



private static class Dessert {
static final String NAME = "cake";
}

EXMO)IRBE: KEAEGS MR GEARE—NEX P, BEX MR ERERA
BEESMNEN. XNRIE T miFE RIS AR A AR T/ SR & B imiF R AIT7o
XKo

B Java 5 LIk, ZBIBERMMZESH—RD. EZELZH], (RO ES TIEERIE Y
K. MRBARNNMMENTHEIREEIXSR, WESTHATRESEAN. #RZE, (RERREERES
PMEEPATFPLRENNNR, RESFSEDBENEFER, FERENSFRESSNBNERER
XIS, XEMERERZENEMRER, BXEmit, FRTES, BN, FESHIFIR
IR APRENIRS I, FEHRERER(R.

26. AE(HH[RIG3E

B, BILAAE. — M EEdEN, SREBRE— MRS EESEL (type parameters ) |, #HARZ
FZBUSSELZEEOILS, 8.1.2,9.1.2], g, List HOBBBRNRASHE, FrHETRFE, &
HRI2E2 List<e> (EfF [E] B9PIR) , BRAMNKEREN List . ZBESSFIROFMRZE

AU (generic types) .

FNZEENT—ASHUIEL (parameterized types) , BAIJBEEEOSIRENR, BR—N5
i BISBINIRZZURBISE (LS, 4.4,4.5] TERINVAISCRRRELSHIIRIES [<] FU%k. fian,
List<String> (IEfF [FRFERFIR] ) B—1S8HNRE, FrETRIEN String BIFIZR.
( string BEWRESE £ ENNAISEIREEISEY) .

Rla, BNZEENT—MRIERE (raw type) , BRIRBHUXEESHANZREENATR
LS, 4.8]. BlgN, XRF List<E> RURIAKRELIR List . JRIRRERITARGATERIZEEEEYS
BENESEPPHIERR—. BIINFEEERN T SIREZEZARIEERS.

EZEORINE] Java 2R, XEB—MABNESHER. MJava o FHR, BIBRREEN, BHA
BHBREELIT

// Raw collection type - don't do this!

// My stamp collection. Contains only Stamp instances.
private final Collection stamps = ... ;

INFURSKERXANER, REAIVME coin SEBIMANIRRY stamp &, HRABARFE
METgBER (RERESRAH—MENES)

// Erroneous insertion of coin into stamp collection
stamps.add(new Coin( ... )); // Emits "unchecked call" warning

BFESHM stamp EEPFRE coin EHIRASKRERER:

// Raw iterator type - don't do this!
for (Iterator i = stamps.iterator(); i.hasNext(); )
Stamp stamp

(Stamp) i.next(); // Throws ClassCastException
stamp.cancel();
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IENAPAHREIR, ERFETHRERREAISREESEN, BEREREEREN. EXMER
T, BRIETHZAIER, EERAEENRIK—ERNE, DIRAEEES R BEaRa.
—B%Z| ClassCastException , FATHERNIBERE, B coin LFIKAN stamp EEHS
EAR. WEESAREEER, EATHERE MG [{NE8E stanp L] ASFR.

WFiZE, REFBESER, MARER:

// Parameterized collection type - typesafe
private final Collection<Stamp> stamps = ... ;

WXAFERRH, RiFSRANE stamps SEENIZREBE stamp LHI, FRIEFER true , RIRIR
REMUSRERERAAL (&S, 2W%E 27) HUES. SERSHEESERR
stamps BY, EIRAUBASER—MRIEINBIRER, SFFREIRAET HABIR:

Test.java:9: error: incompatible types: Coin cannot be converted
to Stamp
c.add(new Coin());

A

SNEEPIETTERN, WEFRSARBEANTUABERESR, FHREEIIFA2RW (BRIZIRR
FrEBEASEREE I IRFRES) . EXRBIMEIG coin SLAUEAN stamp EEGHITRHART
EEERRER, EXNMIBWEESLH. HN, REZESIE Biginteger MA—TRESE
BigDecimal SCAIRIEREH.

SIRURmA, (ERRIERE (RBERESHNNZE) BE6iEN, ERFFNIZXFS. MRIRER
[RIaRE, WSREKZEPAMERSMMFELOME. ETIRTMZEREN, MAESRITE
BRAIFRIREE? BEREATHRAM. ZEGMNET, Java BIISHAS N F, FEEXREN
REREFERAZE. EXERIEHESEN, FESERZENHFNEHTRERIFUANREXE
ZH, HSEUSRERILAUSBE NRIEEURITT S ZUMREIEN, RZTFAR. BMEK, #HR
FIEEHREN, WERRIFRIAEE, FEREIRRIIZE (FUF 28 %) .

BARTRNEREN List ZXEAMEKRER, ETLUERSHEREAFBNEENSR (10
List<Object> ) , JRUASKEE List ISEULER List<Object> ZEBHAREN? #&UthiR, BiE
BREIETZRERBRG, MESPMHESRRES CRBEFRFTAURENNSR. 8RS
List<String> f&EBLS List FBUNSE, ERBEEEEEL List<Object> XKENSEH, ZE
BFEBRN, List<String> REIAKE List HFEE, BRESHEMWEE List<Objects>
BIFRE (B 28) . Ft, WMBEFEFEEWN List ZRMEEER, NSELERLeM, BENE
(EFRASEILEE (FIE0 List<Object> ) MRE,

ATEMRE, BEEIATERF:

// Fails at runtime - unsafeAdd method uses a raw type (List)!
public static void main(String[] args) {
List<String> strings = new ArraylList<>();
unsafeAdd(strings, Integer.valueOf(42));
String s = strings.get(@); // Has compiler-generated cast

}

private static void unsafeAdd(List list, Object o) {
list.add(o);
}

R LURR, CERRnRESIER, ElEIES:



Test.java:10: warning: [unchecked] unchecked call to add(E) as a
member of the raw type List
list.add(o);

A

PR E, NRETZER, WEEFRERER strings.get(0) RIER (— Integer ) it
73— string Bf, &18% ClassCastException FH., XE—MmFESERAGEHELE, FLL
BESRIERD, EEXMERT, BIPIETHERZEHTHETRMN.

WRA unsafeAdd FEBHPRISEYLEEL List<Object> BIEFRIAKE List , HEHXEFR
FZiER, WA erBRmE, meEktERER:

Test.java:5: error: incompatible types: List<String> cannot be
converted to List<Object>
unsafeAdd(strings, Integer.valueOf(42));

(RETgE i B ARG ESRMETTRLBEARNBL KR EERNES., fll, RIRIFERE—1N7
%, ERERMESHREC(IHXERBRTRIVERE. MREZEHNTF, BABTLUXES:

// Use of raw type for unknown element type - don't do this!
static int numElementsInCommon(Set s1, Set s2) {
int result = 0;
for (Object o1 : s1)
if (s2.contains(o1))
result++;
return result;

XMEARILATAE, BEFRREXRE, XECKN. 2B SXEERTRGIBERTEE
(unbounded wildcard types) . INREB(FRZEIZEE, (EARMERXOLREESHENTA, WALL
(ERRERAE. flan, 2RI set<E> HNLIRTIBEFFREE Set<?> (EH [EMERINE
al) . CERREBRNSHUN set FB, BRBRFERFEUES. THEHE numElementsInCommon
75 A TR B A AR B AR BRI B -

// Uses unbounded wildcard type - typesafe and flexible
static int numElementsInCommon(Set<?> s1, Set<?> s2) { ... }

FoRRBIBECAT Set<?> SIRIAKAL set ZABHARXE? RISERVEIRBUFAFRARL? XA
RER, EEEFRERTEN, RIBRERR. FULUBEEITERNARERIARENESS, B
IR SRIREIAZTM (A056 119 TLERY unsafeAdd J5iERR) ; IRABEIBIHATTER (BR null Z5h)
MA—A Collection<?> i, HEXFMESTE—MRXFRIREIERES:

WildCard.java:13: error: incompatible types: String cannot be
converted to CAP#1
c.add("verboten");

A

where CAP#1 is a fresh type-variable:
CAP#1 extends Object from capture of ?

AEBAR, XMEREEE N T —EFEERA, BRFFERCETH T ENIE, FECH
TRRBBEMA, BASBIREGHREATM, FAMUAEBETITR (] null LN BA—D
Collection<?> i, HEMATEBWFREEBBFIRAEANIR. MRXLIRFEFATEZN, &
ERZETTE (FRLSE 30 %) EVEPRFIRIEECA TSR (RIS 31 %)



SIFARRIZ RGN, B—E NS, ARERTRIE (class lterals) SEERIFS
#KB, WOHLRITERSEWEE (RECAITEAERBFIEARSRE) (LS, 15.82], G)IFEIR,
List.class , String[].class #1 int.class EPESiEHY, {B List<String>.class #[
List<?>.class EBERAETEM.

MUBIB=MIFMS instanceof BMERFEXR. RZEXEUSEIEIEITRIHRIERR, FTLAELHR
FIBEARELIMIS SR EFRA instanceof EEMFRIEEN. FERLRHIBETEERER
IaRBY, A2XY instanceof EHEFAWTAFEHTRIN, EXMERT, RES (<) HES
(7)) MEBZR. UTREMZEIEEN instanceol ERMFRIERESZE:

// Legitimate use of raw type - instanceof operator
if (o instanceof Set) { // Raw type
Set<?> s = (Set<?>) o; // Wildcard type

HEE, —BfE o MRE— Set , NUSHERIBERF Set<?> , MARRIAEE
Set , XB—MEMER (checked) ¥R, FILUASSHIRIFRES.

Rz, ERFERAEAESEIETHERE, UAREREN). RnRERENTS3INZEE
ZARGEBR IS TREMEAMEHN. (FA—MRUEEE, Set<Object> 2—PSEULEE,
KRNI UBEHIRENRIES, Set<?> B—NEEFAEE, RrR— 1 REEESFLRME
BYRIES, Set B— M RIGEE, EAEZERERRZY. AR IMEERTEN, &a—1F

o

ATRESE, TRPRETHAER URFEHENEN—L) PNBENAE:

AiE &Y 451 ERfEREB
Parameterized type SR List<String> %H26
Actual type — o
P STRRKRIS String £E26
parameter

%&H 2605

Generic type it i List<E> 5 29
Formal type . o
F KBS EL E %H26
parameter
Unbounded wildcard I EBEAT
u wi %BE@LEEM Lictens sH 26
type it
Raw type [RIGEEY List %H 26
Bounded type .
yp FR&IZEEIS 2] <E extends Number> B 29
parameter
Recursive type . w
boundyp 1HBIFEBIRE <T extends Comparable<T>> £H 30
Bounded wildcard ETEES
PRAIBRCRZS List<? extends Number> £H31

type i



AiE PEY 45450 FRESRE

. 3 static <E> List<E>
Generic method 2R

%H 30
asList(E[] a)
Type token KESHS String.class %HB33

27. HIFFEEES

ERZERIERT, SEIITSHERES . RENENBHERES, RENBTERRES,
REMGBENSHWAIRRKEXRBESUSRZGENERES. (REMZEEREIERHS, RIGIE
S, EREREHREINBES T E bR,

WERENBNESREZER. M, RIFANOETLATER:
Set<Lark> exaltation = new HashSet();
IR IRRMMEE T A

Venery.java:4: warning: [unchecked] unchecked conversion
Set<Lark> exaltation = new HashSet();

A
required: Set<Lark>
found: HashSet.

REELUHTIERELE, LBEHEEL. BI8, LR EAFFEEERESH, REATERRES

Java 7 FEINBEAEER ( [<>] ) —EHM. ARREFESHEN L IERISSIRERSE (EAG+
3 Lark ) :

Set<Lark> exaltation = new HashSet<>();

(E—LEEFHLIER. AERH TXMESH6F. SRREIFEA—SBENES, B
M BuRstiERE— M RENENES. URIFRERAENES, (RO, RRBREEE
T2y, XR—MIERIFNER. XEWEEETIHREAREEI— ClassCastException #
®, FRENTRIERSERIRIEEITERELD.

WMRRAREEHRES, (BRULLERS I RZHZHNBEXRZLR, BA (FEREEHE) B
@SuppressWarnings("unchecked") ERERIFIES. MRFESEETIABEEXEZ2E
NEHES, BBAREECS—MERNZER. BURSEARBEIZEENER THTHE, B
BENATLAEE{TIEE ClassCastException &, BRE, MIRFRRE TIRANRLEIRE
MENZES (MAZMHEEN]) | BBAR—MHNESHII, REFASFERRIXE— N EIENE,
HINE SR SIS S EFBIEREE S+,

SuppressWarnings EEJRATEHASERE, NBENEEHREFPRE MK, REERTTER/\RY
SEEAER SuppressWarnings iEff, BEXE— N ZERPEE—MERENITESIETE. 1)
DEEANKEER SuppressWarnings i, XHHMARESBEERNES.

MERFRERIE CAEKEBY—THEESNEIET A LEA SuppressWarnings jE#E, NWETLUGH
BEIREEERPE L, (RAIRERERA— M THNESREE, BX2EEN. fldl, EEXkE
ArrayList HY toArray Ji&%:

public <T> T[] toArray(T[] a) {
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if (a.length < size)
return (T[]) Arrays.copyOf(elements, size, a.getClass());
System.arraycopy(elements, 0, a, 0, size);
if (a.length > size)
a[size] = null;
return a;

WHEREFE Arraylist 28, NZ LS4 L.
ArraylList.java:305: warning: [unchecked] unchecked cast
return (T[]) Arrays.copyOf(elements, size, a.getClass());

A

required: T[]
found: Object[]

EREEGHIRE SuppressWarnings JERRIFEN, EABCARR—PFEAULS, 9.7 RATEE
SIHEEERRERN L, EEFAEXEN. Bk, R EREERREFEREEFRIEE
B8, Q0 FATR:

// Adding local variable to reduce scope of @SuppressWarnings
public <T> T[] toArray(T[] a) {
if (a.length < size) {
// This cast is correct because the array we're creating
// is of the same type as the one passed in, which is T[].
@SuppressWarnings("unchecked") T[] result =
(T[]1) Arrays.copyOf(elements, size, a.getClass());
return result;

}
System.arraycopy(elements, 0, a, 0, size);
if (a.length > size)
a[size] = null;
return a;

FRFAERITE TS mE, eI VEREIEERE SRR EE.

fB4(EM oSuppressWarnings(“unchecked”) FRERY, ERIERE, RBIHLAERZEH.
XEBBTABRAR, EEENE, XEBRDBABRREETEEN, NETEAZSE. R
WERESXEAER, BHRERE, R, (RRETRESARNASEBEINRIERRAZTEN.

Bz, REMENESEEERN. FEZMME). SN RENENESAREETHHN
ClassCastException SFERIATREME. RYRFTREHMRXLES., MRTEHMAREZGENES, 7
BRILUERAS | RiZEERRBRELEREN, NILERAsNNSEERER
@SuppressWarnings(“unchecked”) JEFRFEIESE, CRIRREETEPMHILE SRR,

28. FUFRINFENE

HAERNEELHSZERE, Bk, HERMEN (covariant) , XNMFARRIFEREAE
FR Sub 2 Super RUFEEY, MIERLEZEEY sub[] Z2EERBY super[] RIFSEEL, #HELLZT, ZEBRE
AZERY (invariant) : X EAIRFMHARRIZEE Typel 1 Type2 , List<Typel> BEARE
List<Type2> RYFEBUBARRRE, [JLS, 4.10;Naftalin07, 2.5], {RETBEANIXERE ZELERE
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8y, (ERLAREEERE. XEBRABRGIER:

// Fails at runtime!
Object[] objectArray = new Long[1];
objectArray[0] = "I don't fit in"; // Throws ArrayStoreException

// Won't compile!
List<Object> ol = new ArrayList<Long>(); // Incompatible types
ol.add("I don't fit in");

TSN, (RABEE— String REUREI— Long XKEURIRH, BERA—MEE, IR

SERIEETHFET—MER, TR, TLERENMEAIIER. IR, (RTEERFNHE
HiRo

HEZEZ BNE N EEXFIREAWENRLT (reified) [JLS, 4.7], XEBEHREFHEEZITS
MEFEFHRITENAITRSER. WRIFNA, MREWNE— String AN Long #EF, BEI—
/N ArrayStoreException F&E. H&E, ZEUBITERE (erasure) EELIU[ILS, 4.6], XBHKRETEA]
REMFENPITREAR, HEETHER (3#8KR) BT ER. BREMFZEERSR
SRR BEERERIE (£ 26 &) , MITIFRERTE Java 5 PEEITERZE,

HAFXLEAES, FEAMZERERFBE—RESMER, fli0, 6FEZESEERIEE, S51L
KRIREE, DANKEBEISHREEERRIEER. A, XEEACIERIANEASLE: new List<E>
[1 ., new List<String>[] , new E[] . FTEREMENSEZEEZVAELIZEER.

R AEE—NZEERERIEEN? RAACAERELTeN. IRXESEN, RmFESEMIE
FERIEFEFEIZ{ TRY AT BERE D ClassCastException BEMAM. XEERIZEFEBRFIRMHA
BRI,

RTEMRRIE, BEETEAIIBAE:

// Why generic array creation is illegal - won't compile!
List<String>[] stringlLists = new List<String>[1]; // (1)

List<Integer> intlList = List.of(42); /1 (2)
Object[] objects = stringlLists; // (3)
objects[0] = intList; /] (4)
String s = stringlLists[0].get(0); // (5)

WEERAMBRIREE 1 1TRIE—NZEEEREEN. & 2 TEIEHIBTE S BN TR
List<Integer> , 58 31748 List<String> ZNHEFAER Object ZBETEF, XEEIEM, R
HARMEN. 541798 List<Integer> TFABTE Object AN —TRF, XERNZELZBIER
SRSCHIRY:  List<Integer> SCHIRNEITAIREUYNZE List , M List<String>[] SEfIE
List[] , FREAXMREBEASF=4% ArrayStoreException FH. WEHATERI TR, B—
List<Integer> SCHIFFEEI—PAEBBAURTE List<String> SCHIREAEH. 75 5179, i)
MM EERNE—FIRFIERE—HITTR. REFREDNEEREINTREILA string , BEE—D
Integer , FRLABRNIEEITHISEI—1 ClassCastException F&E. ATHIEREXMER, F1
17 (BIE—NZEEA) BIF-E— MRIEEIR.

KA E, List<E> F] List<String> ZERAELEIRAARTER{CEIZEES (nonreifiable
types) [JLS, 4.7, BEWUthR, AoTEMUAIRERRETIHFRAESNEEDTHEMFNRRIIE
B, BHTEE, UHE—HENSEWRERTIREEBEAEE, W List<?> § Map<?, ?> (FNL
$26%) . RERVER, (IELREERAIEENIERSIEN.



FIEZRHANIETRESRINAN. XTHRE, Fla, ZEESEERTREREETRIRERE
B (BESNEB 33 FRISPOERLER) . XBEWE, AEATZSHE (FUSE 53 K) Mizs
i, SFESARRNES. XREASXERTZSHLGEN, Stl@— M HARRTFIESH.
SNRIEBRITTREBIATTHE, NSKEIESE, safeVarargs JERFAILAFRBRXANER (FH
BERFK)

SIFERGAEHROEESENT, BRIZREACEER, BERENEAGRFIERES, &R
RO FBEREAEGRE List<E> MAREERE E[] . XFIREE—LEEMEEaE,
BIENRHR, (RSIKERFRIEEI L S RFIL.

BN, BRRIFERHEEARINER ERRE— Chooser 2K, FEBNFIEHREIRETIEZEISE
BRI TR, RIEEBEETENES, JLUERZRNLAISRIERENERT, B 8 SEEE
FREENRIEIER. X2—NEiZERYESRSI:

// Chooser - a class badly in need of generics!
public class Chooser {
private final Object[] choiceArray;

public Chooser(Collection choices) {
choiceArray = choices.toArray();

public Object choose() {
Random rnd = ThreadLocalRandom.current();
return choiceArray[rnd.nextInt(choiceArray.length)];

BFAEIXANE, SRERARGER, #8YAE choose FHAANREIEM Object FEHEARTEAIZE
B, GNSRSEEUER, MEEHREETRTRM. FAIFRIESRE 29 ROEIN, HEHEH Chooser 2§, {EH
B9z BRT,

// A first cut at making Chooser generic - won't compile
public class Chooser<T> {
private final T[] choiceArray;

public Chooser(Collection<T> choices) {
choiceArray = choices.toArray();

// choose method unchanged

IRFENRFX R, SR MERER:

Chooser.java:9: error: incompatible types: Object[] cannot be
converted to T[]

choiceArray = choices.toArray();
A

where T is a type-variable:
T extends Object declared in class Chooser

IR AKARTHY, 5 Object #UHEMRA T HA:

choiceArray = (T[]) choices.toArray();



XigBTiER, MEEE—EE:

Chooser.java:9: warning: [unchecked] unchecked cast
choiceArray = (T[]) choices.toArray();

A

required: T[], found: Object[]
where T is a type-variable:
T extends Object declared in class Chooser

RiFs S F MO TR RERIEERE RN, BNEFASE T ARFAEE-——C
£, TEREBEREEITHSBRZEMR. ZEFILIESTFLD? 28, BmFHEEIEEX—
R ARATLUERX—/R, mERHRHIEE, FRIMEIHES, ERIFZERESHRE (FUE

2714%) .

BHRARENEIGERIEIRE S, BEAJIRMAREE. TERB— AR Chooser X,

RIS AEIRE S

// List-based Chooser - typesafe
public class Chooser<T> {
private final List<T> choicelist;

public Chooser(Collection<T> choices) {
choicelist = new ArraylList<>(choices);

public T choose() {
Random rnd = ThreadLocalRandom.current();
return choicelList.get(rnd.nextInt(choicelList.size()));

EXMRABLER, BRETHRIE, BRESIRNRE, EaTHF2EE

ClassCastException F&H,

Rz, BAZEERIFEAENREMN, HERNTMERRY; ZRERERT, KR
B9, Eit, HAREETHRENTSN, ENRMmETEENTeE, BTZRENEER. —&
ki, HEMZEARRIFERETF. MRFRLRICE(IREE—R, BRmIHERNEES, X
AIE— N PIROZE YIRS A,

29. fRFcEEiZE

SHUCAIEFER JOK RERZ XS FBERS AR, BREECHZEIEERA
M, BEESHES.

EISERHE 7 PRYERHESIIL:

// Object-based collection - a prime candidate for generics
public class Stack {

private Object[] elements;

private int size = 0;

private static final int DEFAULT_INITIAL_CAPACITY = 16;

public Stack() {
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elements = new Object[DEFAULT_INITIAL_CAPACITY];

public void push(Object e) {
ensureCapacity();
elements|[size++] =

public Object pop() {
if (size == 0)
throw new EmptyStackException();
Object result = elements[--size];
elements[size] = null; // Eliminate obsolete reference
return result;

public boolean isEmpty() {
return size == 0;

private void ensureCapacity() {
if (elements.length == size)
elements = Arrays.copyOf(elements, 2 * size + 1);

EXNERIZEEWSEN T, BERATESHI RN, BTN e#TZzE . BaiER, i)
ALSHHE, AR FQAHE”‘%*&{{H&ZEE'\JEF%O HERIMS, EFHLITERHEERM T E
HAONISR, MIXLSEFIRIRARERTEE TITRN. ZRWENE— S REEABRRINI— N SE N EE
S8, EXMERT, B LESH, T iﬁfﬁ’]nﬁ*ﬁ’ﬂ, RNRESHIENBIRE E (FUSE
68 %)

T ERRENNEESHERAERN object X, ARZHMFEMER:

// Initial attempt to generify Stack - won't compile!
public class Stack<E> {

private E[] elements;

private int size = 0;

private static final int DEFAULT_INITIAL_CAPACITY = 16;

public Stack() {
elements = new E[DEFAULT_INITIAL_CAPACITY];

public void push(E e) {
ensureCapacity();
elements[size++] =

public E pop() {
if (size == 0)
throw new EmptyStackException();
E result = elements[--size];
elements[size] = null; // Eliminate obsolete reference
return result;

. // no changes in isEmpty or ensureCapacity



MBRESEREL—MEREES, XPREAGI,. =R, XPRRTE—MER:

Stack.java:8: generic array creation
elements = new E[DEFAULT_INITIAL_CAPACITY];

A

gnzRB 28 A, (RABERIE— D ARTEMMUEEIRIEA, Nt £ . BERE— 1 HEESSF
AUZENRS, MSHTUEE. BRIPSIEERBERE. SRR EERENE 72 LA
ERISERA: EE— Object HAFKHIGHRMZEEUARE, WERBTHIR, MERSKHE
5., XMEERGEN, BERR (—R) REREH:

Stack.java:8: warning: [unchecked] unchecked cast
found: Object[], required: E[]
elements = (E[]) new Object[DEFAULT_INITIAL_CAPACITY];

A

PRIFRR I BETT AR RRIEFRRE T 2R, BIRTLL ReuRiREC, AINPRHIAISEESESIEE
BASREEFNRERE, ARENEE (T5) R ERENLT, KEFSRELSEFiREL
ERSHIRMTTE. REEHATNE—TTREBLERS push TiERITR, B £ X2
B, ARSI ERERIEERARIENE A E.

—BIEIAREMERRTIERES SN, BRTEEIVER (%8 27) . EXMERT, MiEs
EREERENEIVEELRE, FERMIESETIIHESEEEN. BIMI—NERERTIL
#BF, stack AILIT@IRE, FEILUERBERHFEIREIR(L ClassCastException FHEA
BERT™MERE:

// The elements array will contain only E instances from push(E).
// This is sufficient to ensure type safety, but the runtime
// type of the array won't be E[]; it will always be Object[]!
@SuppressWarnings("unchecked")
public Stack() {

elements = (E[]) new Object[DEFAULT_INITIAL_CAPACITY];

}

iHBR Stack HRYZEEVACIEERIIB _FERIBBIMTRAEEMN E[] EXUS
Object[] . MRXHHH, KB PAFERYER:

Stack.java:19: incompatible types
found: Object, required: E
E result = elements[--size];

A

HJLABITGMEETRRZIRITREIRN £ RGUBRREINES:

Stack.java:19: warning: [unchecked] unchecked cast
found: Object, required: E

E result = (E) elements[--size];
A

EA B BRATEMAIRE, RESTEACETIOERGER. BX, (RULREZtEE
SRR, RIMPREIRVEEIRE L SR, FRLARTLUESHIHIES, RIBKE 27 FUEIN, RIIRAESEXK
ZRERRHERIN SR LIHES, MAREED pop 7TiAL:



// Appropriate suppression of unchecked warning
public E pop() {
if (size == 0)
throw new EmptyStackException();

// push requires elements to be of type E, so cast is correct
@SuppressWarnings("unchecked") E result =
(E) elements[--size];

elements[size] = null; // Eliminate obsolete reference
return result;

RIERZ BISABERINASEHEME. £ FrE: HAWSFEN B[] KB, Fith
FPEREE £ L. SEEEE E— P REZESES, (RWKEBPINFES B, F—Ff
RARFE X (CIEEENMS) | MECHMRASEREETREEERMEE, B, 5§
—MIRARENFH BT EER. B2, THSESEMRMETE (heap pollution) (S 32
%) FARNETHIIEESRIFENEEAIE. (BRIE E AFISR2E Object ) ., XFE—LEFRIER
&, MEINERTEMRA, REEXMER FHENSRELTEN.

THEREFER 7ZE stack XRIEA. ZEFLBRNIBFITENEGSTSE, FigEER
ARE. IMHERSEHAITTERIAR String BY toUpperCase JNAAREEIVEHAER, MBE
PRI LR CRIE AR -

// Little program to exercise our generic Stack
public static void main(String[] args) {
Stack<String> stack = new Stack<>();
for (String arg : args)
stack.push(arg);
while (!stack.isEmpty())
System.out.println(stack.pop().toUpperCase());

LFEMGIFANFSHEE 28 18FE, KB 28 PRENEAFIRMNCTTEE. EZEEPERYIRHF
FEBATEAER. Java RBERHASIFIIER, FA—LEZEISE (W0 Arraylist ) ©AR(EEL
A ESCEl. HBAYIZEIZEEY, Lt HashMap , BATIRSMEETMSCIA.

WARZEZRRBIHGENIN Stack Fl—E, BNNRESELBRG: aTLiglE—
Stack<Object>, Stack<int[]> , Stack<List<String>> BXEEM(EAXISRAY Stack IF|HZE
B, BFR, TEECIZEARERRIHK: =il6lf# Stack<int> B Stack<double> 15SEUmIERTS
IR, X2 Java iZBURBIRA—NEARRS. TLUERAEARSINEREER (FNE 61 %K) KRR
XANPRE.

B RRRIRE T el 1R SHNIHE. fiw, EE
java.util.concurrent.DelayQueue , BHIAEBEUITI:

class DelayQueue<E extends Delayed> implements BlockingQueue<E>

KESHBGIFR ( <E extends Delayed> ) ERLFFHIEEISE E 2
java.util.concurrent.Delayed FYFERY, 1X{#8 DelayQueue SCHIREZEFuma]LAFIA
DelayQueue JTELRY Delayed Fi%, MARBEEINAIFERE, ClassCastException BERIX|
. RESH E HIRARERESH. BHIR, FREXFEREN GRS EBCHFEE
[JLS, 4.10], FEtBIEE DelayQueue<Delayed> REEH,



Rz, 2B REEE PRl RRs AR TR, B THA. JIRRITHEMISKE
Y, BRE(ITLERBIXTRHEIRAER MR, XEEEWEEENZEM. NRFEEHTN
BRRE, NiZEZERELIREARRE, BRABElZEM. XEXEREFRFPERESS,
MASEANENE R (58 26) .

30. fRR5CEAZBY G E

IFANEATLARIZERY, J3iAtBAILARIZ RN, S TR FES TR DA B BERIZE
1. EEFHNFREEX SE (W binarySearch 1 sort ) #BEiZE,

REZEER T REIZERE, FRIXN1TTE, BRERDMESHFHE:

// Uses raw types - unacceptable! [Item 26]
public static Set union(Set s1, Set s2) {
Set result = new HashSet(s1);
result.addAll(s2);
return result;

A LRFEERNES:

Union.java:5: warning: [unchecked] unchecked call to
HashSet(Collection<? extends E>) as a member of raw type HashSet
Set result = new HashSet(s1);

A

Union.java:6: warning: [unchecked] unchecked call to
addAll(Collection<? extends E>) as a member of raw type Set
result.addAll(s2);

A

BEESXLELEHEDERERE, BENEFPUSPERT=AEE (MPMSHFREE) AT
RRBRRASY, AERNTIEPEALRESY, FRRASHRRSHGIRMTITEERRT
MHREIREIZIE, EXMIFH, KESHFIRRE <6> , REKEE set<k> . FKESHHRY
EXTiZETAAZ BB AR (FF 297 68 57) -

// Generic method

public static <E> Set<E> union(Set<E> s1, Set<E> s2) {
Set<E> result = new HashSet<>(s1);
result.addAll(s2);
return result;

EONTEBZEGERR, MEXE. WHERFENASEMTANES, FHRERET MU
ZAM. XR—ERNERRETIZITE. XMEFAEEEGESR, FRmEEERSE
H.

= -
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// Simple program to exercise generic method

public static void main(String[] args) {
Set<String> guys = Set.of("Tom", "Dick", "Harry");
Set<String> stooges = Set.of("Larry", "Moe", "Curly");
Set<String> aflCio = union(guys, stooges);
System.out.println(aflCio);

S TXMERFRS, B©RFIED [Moe, Tom, Harry, Larry, Curly, Dick] (iiisPsTERAIIR
PR T BARSEIR. )

union FERI—MRFIRFIE=1EES (BASEFDREIE) AIEEWRTeEE. BiTFERR
TEBRCRFSEEL ( bounded wildcard types)  (FEIEE 314%) , AILUFEZAEEINRIE,

B, FEE— AR EERTTFSAEEENNS., ERZEEERRRIA (ER
$28%%) , ATLARTLARRBRNUSHITRE LTRSS HL, BREERE— S BiEkKE
S AT MEREBSHN DSBS, XMEFRAZELERBGIT (generic singleton factory) HIE
I, FATFREIR (function objects) (FEMES 425%) , tb@l Collections.reverseOrder J5i%,
{B/RBAT Collections.emptySet ZZEHIES.

ERIFEE—MESFADEES (identity function dispenser) . SEEERMHT
Function.identity 73i%, PTLASKBEMRRSRECHITI (FU5E 59 %) , (BERBEAMAT.
MRBRERHREEZ—MFVESTIENREREN, EACRTINEI. WR Java YZE
WEMME, BABNREFE—MESHZ, ERETENHIERINE, FLIZENSBMIHES T,
LI Z2ERIsEh:

// Generic singleton factory pattern
private static UnaryOperator<Object> IDENTITY_FN = (t) -> t;

@SuppressWarnings("unchecked")
public static <T> UnaryOperator<T> identityFunction() {
return (UnaryOperator<T>) IDENTITY_FN;

}§ IDENTITY_FN ##849 ( UnaryFunction<T> ) £AER—PNRIFMEAGRHEEHRES, Fl
UnaryOperator<Object> XF&8N T &AE— UnaryOperator<T> , {BEEZESEERFHK
1: BIRERERRISE, FLARIIRIE, BREIEA— UnaryFunction<T> FREILLH, FTie
T BERZD. Eit, FATTLSOMHIHIRIXEHIERIRENERGEFIRIRES. —BRi1=
B TIXYE, KBEELIEERNES.

TEE—RGIER, BERRNNZESFGWEA Unaryoperator<String>
UnaryOperator<Number> , GFE—F, BEFAEESEHEN, mENERIKBERMNES:

// Sample program to exercise generic singleton

public static void main(String[] args) {
String[] strings = { "jute", "hemp", "nylon" };
UnaryOperator<String> sameString = identityFunction();

for (String s : strings)
System.out.println(sameString.apply(s));

Number[] numbers = { 1, 2.0, 3L };
UnaryOperator<Number> sameNumber = identityFunction();

for (Number n : numbers)
System.out.println(sameNumber.apply(n));



SRENRD, RRSHSEMZERSHAGNEMRAN R EAFN. XHEmMBaEI33E
BIPRH (recursive type bound) . BIFRBURFIFNELAIES Comparable EOBX, BEXT—
KABEARIAE GENE 14%) . XMEOWN TS

public interface Comparable<T> {
int compareTo(T o);

}

KRS T RN T Comparable<T> AOXREIMGTTRAILLIRAONKAS, fELRRT, JLFAREX
BIESRBE S H BN TRB TR, FrLA, fla0, String 2RSLCINT Comparable<String> ,
Integer ZESLHLT Comparable<Integer> &H&E,

VFE73aRMAEH Comparable RITTHRAVESRMNHEHMTHIF, EAHPHTER, HEE&/ME
HERAES. BEMEIX—R, BEXEGTNE I TRBIUSEPNE— I THREL, #52, X9
TTREILUEELLRAY, UTRIMIRIAX—LIR:

// Using a recursive type bound to express mutual comparability
public static <E extends Comparable<E>> E max(Collection<E> c);

PRREAVZEE! <E extends Comparable <E >> BJLUEMFN MHITLASESURAFERE] |, X
2/ EtRitRI AR B Rl U HERIRE SR,

XEE—SREAERELENTSE. EREETENEAINFRITEESPHIRKE, HRE

AR ES:

// Returns max value in a collection - uses recursive type bound
public static <E extends Comparable<E>> E max(Collection<E> c) {
if (c.isEmpty())
throw new IllegalArgumentException("Empty collection");
E result = null;
for (E e : c)
if (result == null || e.compareTo(result) > 0)
result = Objects.requireNonNull(e);
return result;

}

BER, NRVFIT, NEHFEESA IllegalArgumentException FHE, BIFANEEIRIR
Bl—4 Optional<E> (FEMEE 554%) .

BBIFRBURF T REREERES, BEEENRMIMEOXEMN, WRIKEE TXMIRAE, B
BEECAFEEIR (FFILSE 31 &%) AMEIBREREIAE (RSB 2 ) | (RISREBIEESC B RIRYR
ZEBIAZEIRS].

Bz, GiZBRE—, ZRGENFEEEFRTMASEIREEHTRIUaH e mEER
£, B THER. GRE—F, (RUZBRIFATETUASRREHESR, XBEETHREEEZEHRT.
RrizZBIERSE, EERARERERESR. XEENRFNERESS, MASKNIENE in

(FENEE 26 %)

31. (EFREEEC TR AP RIRETE
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W%H 28 Fik, SEUVEELEATH, BiER, MNTHEHEIRNAERER Typel #
Type2 , List<Typel> BEARR List<Type2> HIFEBMBARHARQHER, RE List<String>
A2 List<Object> RIFXRBIREREXRI, ECHIEREEEN. ILUSEHEXISRIA
List<Object> H, (BERRBEEF=FEIMAN List<String> H, HF List<String> ABEMY
List<Object> FREEMAFTESTE, FILABRE—1FRE (£H 10 PHEERENERED) .

AN FRENATTHRE, BRMFEENEZRIESE. EEKE 29 89 stack 2K, THE
BRI AP

public class Stack<E> {
public Stack();
public void push(E e);
public E pop();

public boolean isEmpty();

RN VEEMI— AR —FRIITR, FAREIEBERE L. UTES—F=i:

// pushAll method without wildcard type - deficient!
public void pushAll(Iterable<E> src) {
for (E e : src)
push(e) ;

XA AT 8RR, ERARE2SAFR. NRAERHN src TTREBSKIITREE S
2fg, PBACTIEEE. BE, RIKE— Stack<Number> , @M push(intval) , Hep
intval BYZEBYR Integer . XZEEN Integer 2 Number HYFHREL, MBELE, XUFtH
NOZHAERD :

Stack<Number> numberStack = new Stack<>();
Iterable<Integer> integers = ... ;
numberStack .pushAll(integers);

B2, MRESAT, SBEAXMERER, BEASHNWEEEREZN:

StackTest.java:7: error: incompatible types: Iterable<Integer>
cannot be converted to Iterable<Number>
numberStack.pushAll(integers);

A

FEHRE, BNNRIBRGIE. ZESREH T MRS S EEECRAB— I REBE AT RELR
AIEXFMER.  pushAll AUMIASEEREYARGZE [ E BY Iterable ¥ , MAIZE [ E
BOEANFEER Iterable #MO| , HEE—EEFRRE, XEIRE: Iterable<? extends
E> . (KEF extends BIFABERIES: EIZKE 29 F, FEEFEN BN LEBECECH
FHEE, AFEASIRBMIE,. ) LEBHIUEHR pushAll REFHXANSEEL:

// Wildcard type for a parameter that serves as an E producer
public void pushAll(Iterable<? extends E> src) {
for (E e : src)
push(e) ;



BTYRXMYE, Stack FEAMNALATF#RE, MEZFRABEASRERIGH pushAll RS
¥, FEA stack MENEFmT#EE, RNE—JEREEZEMN.

BERIRIFIES— popAll J5ik, 5 pushAll J5iEAERINL,  popAll J3iZMikesdtiEt
TEFARBTRMIZMEERNEST. UTEFIRENRE popAll JIiEANIIE:

// popAll method without wildcard type - deficient!
public void popAll(Collection<E> dst) {
while (!isEmpty())
dst.add(pop());

B, MRBERESHNTEXISKRNTELTLIE, NFSRIFHETIFEEE, BE, XX
FeSABR. BRIRIFRBE— Stac<Number> # Object RBIPNTE, WMERMEFEH—IITR
FEEEHREZEZED, SERFFHaTIASHE. FARIZ XD ?

Stack<Number> numberStack = new Stack<Number>();

Collection<Object> objects = ... ;

numberStack.popAll(objects);

MEEHBHEFIHIBESZRIERY popAll IRAHTHEE, VWRKERNSHIINE—R
pushAll JFEEZELIAVEIR: Collection<Object> AE Collection<Number> HYFSEHY. JEBHED
FRREYE—XIRM T —RHEE.  popAll RYMIASERIREIANIZE [ERIES] | MZE [ERE
MRERPES| (HPRRBEWEN S E SEECRIRERILS, 4.10]) . BIR, B—MBERFE
B, ERIXMER: Collection<? super E>, iEFRAIMER popAll kEFRE:

// Wildcard type for parameter that serves as an E consumer
public void popAll(Collection<? super E> dst) {
while (!isEmpty())
dst.add(pop());

BEX M), Stack FEMEFIRTEEATLAT#tRE.

XNESRIBRE. ATRERAMREE, WAREFSRHESNENSHEMABRTRE,
WR—NMANSHIR—NETENR—NEES, PBABEESHRRATFL: (REE— SR
KA, XHRRBEHUERAFIIIER.

XEE— P ENCRERE R E AR EECRTSEEY: PECS {KZR: producer-extends, consumer-

super,

IR, NR—ISHUWEBREF— T £7F, FAH <? extends T> ; MIRERE T
HEE, WEEA <? super T> . EHAIAY Stack w™BIF, pushAll FEH src SEERIEEE
B E X, FI src BI8IEZERELN Iterable<? extends E> ; popAll FFiEMY dst £%f
jH2E Stack ®EY E LA, EH dst BYEIESEREIRE Collection <? super E> , PECS BICHF
MY TR BRI E AR, Naftalin F1 Wadler FRZ FFREFIRERA (Get and Put Principle)
[Naftalin07,2.4].

XSG, ERIIREEAES LRI BN &S5 55, 5&H8 28 Ff19
Chooser ZEMNETTEBXIFAIAERS:

public Chooser(Collection<T> choices)

XS ERERESIEREREFRE THE FHRElEEERUEER) | FACHEBRN
IZ(ER— extends T ROIBECHTEEL, TEESEIRIEIETTESA:



// Wildcard type for parameter that serves as an T producer

public Chooser(Collection<? extends T> choices)

XMBRALRFEBHAREE? 21, 28FE. BRIFE— List<Integer> , FEEE
BfEiELS Chooser<Number> BIEIETTE. EXARSRIAFRE—ERE, BRERASBREEEATR
BNINEIFEA,

WEEESB 30 9/ union Fik. TNEFA:

public static <E> Set<E> union(Set<E> s1, Set<E> s2)
NS s1F 2 &2 E BEFE, ATkl PECS BCAFEIREANZABAIZAIT :

public static <E> Set<E> union(Set<? extends E> s1, Set<? extends E> s2)

IR, REEREUBAR Set<k> . AEEAREERATREUFIIREEE, RTSIAFREHY
BMIRIENE, SRS R PR R EAEERARE. BIENEIREE, WD SHithdR

=
Set<Integer> integers = Set.of(1, 3, 5);
Set<Double> doubles = Set.of(2.0, 4.0, 6.0);

Set<Number> numbers = union(integers, doubles);

NERERBS, RNAFPLFASERIBEREE. EERZMNNZIZZASE, BBt
MNRAZEBAISEL. MR—DENBF YRS SIBEATRE, BRAER AP BTRER AR,

7t Java 8 ZR, ZEEUERTFIINIAGEELRE, FiRAMIBARIBIERER, XEKmESFER LT XIEE
AOREISER (s BER3EE) SKIERT E RUSREL, union AiAARANBREEYIRIFIRE
Set<Number> , WIREHXFEREMRAR] Java PERIFEFER (UKIESH Set.of TJ BHRAE) |
BEEINKNEEEZFMERER:

Union.java:14: error: incompatible types

Set<Number> numbers = union(integers, doubles);
A

required: Set<Number>

found: Set<INT#1>

where INT#1,INT#2 are intersection types:
INT#1 extends Number,Comparable<? extends INT#2>
INT#2 extends Number,Comparable<?>

EEMREINERIBXFEIR, IIRGMERSFAGERTH EFRORE, (RRILAER SREERHA
KEINBHABIBHILS, 15.12]. BZETE Java 8 REINBIRKELZ AT, IXARRIRBMEHMAIEE,
X1RIF, BARNKUSHARRES, BOMNERLLSY, WTFR, KBAERE Java s 2B
FORRAS T 7 T i miE:

// Explicit type parameter - required prior to Java 8
Set<Number> numbers = Union.<Number>union(integers, doubles);

BTRRBRAMBTEENEASEE 30 PRY max FiE, XBEERIGFHA:

public static <T extends Comparable<T>> T max(List<T> list)



NT NERBNEKSHIRERR, BPRNAT PECS. BIREENNARSESIR. BEMR T
B, FRLAGSREUM List<T> BEHLA List<? extends T> , MFHINARRISHE T ., XEHK]
FREIBEMANATEESY., ¥, T BISEME Comparable<T> , {8 Comparable HJ
T iB% T X (FERBETINFRRENEL) . B, SEHEE Comparable<T> #HEHEIIIR
TEIBECRTRE Comparable<? super T>, Comparable LFIREE#EE, FABELIZER
Comparable<? super T> fliF Comparable<T> , Comparator WHEtL, FUt, BELMIZE
A Comparator<? super T> T Comparator<T> ,

B max FREARIRERABRPRERAIZIERR. EIMNSERUTESEREERTE? [
B, CRYEINL, XE—MYIRNESEMNT, SRRAERARR, (BERIESUSRINRAERIFRY:

List<ScheduledFuture<?>> scheduledFutures = ... ;

TR RIRTT AR BB AT I 7 IZRAVRERZ  ScheduledFuture ASCIR
Comparable<ScheduledFuture> , {B&, B2 Delayed HIFEO, BHIET
Comparable<Delayed> , ¥&@A)iFi, — ScheduledFuture SL{IARFOIE R
ScheduledFuture SLAAELLER: ERILASIEE Delayed SLfEKER, HEREUASHIRLAIFEIAES
B. BEEtE, BEAERCRIFRBEEREI Comparable (8 Comparator ) BYSREY, {B4k
R —RE,

EE— MR TEERMFEXIER, RESHNBRTCREENEL, FEHEIUBA— 1 85—
AFERE. BIgl, TEEMANTENER, BTRIIERTRANRS IMBRE#SITIE. S MERLR
FISRESE (FB 30) , BAMERFLIRENEEHT:

// Two possible declarations for the swap method
public static <E> void swap(List<E> list, int i, int j);
public static void swap(List<?> list, int i, int j);

XA —ANERE, AA? EAH AP, BIAERF, BACEER, (RMEN—
MR ((HAFR) | ZTEMRERSIRTER. IRERESHFERL. B, MRXBSHERZE
AIRRER—X, SEESRAEERT. NREE—ARFIREESY, BREERATRFIRY
BEAT INRER—MREXRESH, VAREERTERE.

FTA swap AEAEE—NEE., XNMEREASLIIASRE:

public static void swap(List<?> list, int i, int j) {
list.set(i, list.set(j, list.get(i)));
}

HERFESEX M AEBIERESR:

Swap.java:5: error: incompatible types: Object cannot be
converted to CAP#1
list.set(i, list.set(j, list.get(i)));

A

where CAP#1 is a fresh type-variable:
CAP#1 extends Object from capture of ?

BRRFAIFEE— N TEHNERRANRRE ERNFIRD, [EDREFIROEER List<?> , 7
BEABERER null SMUEHTERAN List<?> 1, ZEHR, B—MEEIUENMERTRZ SRR
BRIARBIROIEIN PEIULTTE, X MEERE— AR ERBIEBErTEE., WENTTiEMm
RBZEEAREIRRE,. LITRERNENX:



public static void swap(List<?> list, int i, int j) {
swapHelper(list, i, j);
}

// Private helper method for wildcard capture

private static <E> void swapHelper(List<E> list, int i, int j) {
list.set(i, list.set(j, list.get(i)));

}

swapHelper J5EFIEIZFIRE— List<E> ., AL, SREBNXMFIRPIRGHITIEERZ
E KB, FEHALZEMBEAISEEN EERATIRF. XMHMERN swap RISEIIH AT
WiE. SATHRNSHETERANERSE, BRFBRSESRIZESE. swvap HiEHIER
IR REEXIESRE swapHelper FEBY, EIINPRE. HWETEEEHAPAAYATLTERL

T TERIER.

B2, TR AP R{FEREEECRTEE, BARTF, BB APIEINRIE. WMRES—MEHT Z2fE
FEROEREE, EMERERCAFRBUNIZAIA N EEEIMERY. IBFEAHN: producer-extends, consumer-
super (PECS) , WWEC{E, FiE Comparable F Comparator ERERIEZHE.

32. FIBME S ZBMnI TS

£ Java 5 /R, AIEBHGE (FEE 53 ) IZBEPHRINEIEED, FRLMRRTsERE T I8
EEXE; E0NE, i1HgE. 8BRS FimE— NI THENSHERE— N
%, BIXE2—HEERMHSR (leaky abstraction) : ZRER— RIS TAR, SEIE—MUERR
FoZsH; BMZESIAETHEEET NN, A, ZEsHEEZRHSHEREN, &5
HmiFesEERIA.

EEERE 28, IEEMKIL (non-reifiable) AIKRBRHIZTHFRCHERINFREGEMEREAIE
B, FEHIFREZEMSHCERETTRARCN. MREANTSEFBEAIRSHNIFRRMEATSE
B, NimiEssGminmp EEME S, MREHENSSEIATHENTZSHSH DRARZITE, BLdRm
ERUSEARRERES, TEEERGIXE:

warning: [unchecked] Possible heap pollution from
parameterized vararg type List<String>

SHUWRENZES AR TR SR ERESHE (Heap pollution) [JLS, 4.122]. B
SSHURIFESRIENERRBEHEIRAN, BR TIZRRERGIERRIL.

Blan, BEERIUATAE, ZAER% 121 T EMRBHEBRIN— MR RAIZEA:

// Mixing generics and varargs can violate type safety!
static void dangerous(List<String>... stringlLists) {
List<Integer> intlList = List.of(42);
Object[] objects = stringlLists;
objects[@] = intlList; // Heap pollution
String s = stringlLists[0].get(®); // ClassCastException

AR SENAEEHELG, BEAR— I HES S8 ClassCastException FE., B
NERE—1TE— " HRFEEMAEH AL, XFEHRRN, RIARBLLMEERBIR, FEREER
AT SHEHESHPERLTSM.


af://n4042

EMIFEIET—EBIER: ATAFB— I HEZETRSHILEREEN, ZimelE
—NZEEARAFENINRIE? RAIER, ATAREERNGERER—MES, M 127 R ERIRE
FEBRESER—MEIR? BRE, BEZESSHIERENT S MG AT rsEEEEA,
EHESRITARERERZIXMA—E, FXLE, Java RESHTIXENGE, 81F
Arrays.asList(T... a) , Collections.addAll(Collection<? super T> c, T...
elements) , EnumSet.of(E first, E... rest) , SEEEBRNBKRTERR, XLEEESX
ERETLHY,

f£Java 7, e@safevarargs JERECHINEIFS, LnirEEZEAESHRZMFE BN
IFEFIRES, SKRE, esafevarargs (EMRARTIEEXRELERTERVAE. T IRXNEK
B RESRRAEAEESHEFRERTEARENSE.

BRIFECLIF ERZEH, BNFEAREMFER 0safevarargs FHBIRNE—NiA. BPATE Mt
LRBRX—[RNE? BE—T, BEALENSEE—NZEHA, USRS, WRLEEE
HAPFETARA (BRBEESE) FAETRIPIHEANS ARTEN (XEEAZEENAESE
#4H) | BAERRER. BOER, NRTZSHEENATNERERSAEEITETHENSEH
—EREXEAURSHNEN—BPAZITIER T2/,

BEEIENR, FIULEREEZEMN, BEFASETZSHATFHREAIAT. FETENZ
BoZs#UTiE, BRE—EASHNEE. F—F, ErsEERGE— I AENNIA:

// UNSAFE - Exposes a reference to its generic parameter array!
static <T> T[] toArray(T... args) {
return args;

}

EXNGERBRECHAIRSHEE. 2o eERkAAek, BEl! ZEANREHE
BETTZERISHRVRIEIIEEIRE, RiFRUERBEBREERMBIERRFIET. BTISRRER
JRSHEE, EILUSHESRUEREIERK L.

ATEKEE, BEETEAZESE, BEZENERE TS, FRE—MEaRNSERE
B, FEsEE:

static <T> T[] pickTwo(T a, T b, T c) {
switch(ThreadLocalRandom.current().nextInt(3)) {
case 0: return toArray(a, b);
case 1: return toArray(a, c);
case 2: return toArray(b, c);

}

throw new AssertionError(); // Can't get here

ENTEABARRKA, BRTEBEGZEAZSHN toArray iR, Far-EEE,

TR ER, MRS EMRIBLBIE—MERN T UGS toArray BIRJZRSEEA,
XEEIEHES 7 —1 Object[] REUIHE, BREFEFRFEXLLFINREANZER, MASEETER
IBIEHBLE pickTwo HIMHEMARKE, toArray FFiZREEEMIGXNMEAIRELS
pickTwo , #Af5 pickTwo BEREILIERE, FiLL pickTwo SREIREI—4 Object[] ZEBIFIEL
A,

public static void main(String[] args) {
String[] attributes = pickTwo("Good", "Fast", "Cheap");
}



XMEEREETRE, RERENASTEETES. BRIETEN, BmH—
ClassCastException J&E, REAGLSINAEER. (RREEINRE, WmERCEEMT MR
TERYSEFIEEHEIE pickTwo IREIRYERY String[] KB, LUEBTAILIFHEERMD. HRIGEN,
E79 Object[] A& stringl] BIFRE., XFHIERISARE, ENCNLRSEUESH
( toArray ) HITETBERTRNEE, FEELHSHEMERTZE, JRSEEERIZN.

XMIFEATIEMBANRREE S — NG NE—NZ R RS EERA AR, FRTRM
Hb: BHAGBER—NIRSHLGERLZEN, X1MGERA 0safevarargs IEifRER, BEA
ERE— NI ESHRTIERETEN, ZAETEHREARTN—ET5E.

XEEREFERAZHEARSHVHERTA. WERIEHENTIRFEASE, FRIFRRES
FTEMATIRTRNBENIIR, HFZAAFER 0safevarargs #{ThnE, EIFERBEEERRLAM
B EAREREIES:

// Safe method with a generic varargs parameter
@SafeVarargs
static <T> List<T> flatten(List<? extends T>... lists) {
List<T> result = new ArraylList<>();
for (List<? extends T> list : lists)
result.addAll(list);
return result;

RTEMBIFER esafevarargs FRERIMNREISR: ESFUTALMER esafevarargs , FHER
ZEE SRR RSY, XHEBFIASEALENIISC ARRmERTEMEMN. XEWE
FARIZEREZE toArray FARENARSEGE BRRFRESRAIRSZEREREH
A2 B TR SRS R, IBREZSARERE. RE—T, ETMIBRT, ZEA%SH
HERRERY:

L EAREAESLEAT IR
2. EARR(EEE (85E) NAEETR, MRBER[XEHESPIET—T, BIEE.

ISR, safevarargs ERRNFEERESHITERGIEN, EARTRRES T TENESTS
EERREM, TE Java 8 1, ERMUIERRSHIAM final SLAIFEELEEIL 7 Java 9, BEMBEE
B EPBEAGE.

£ Safevarargs ERERIBNITIARRASKE 28 URIN, FA List SEHEBRTLTSH (X
B THEEE) . TERNMBTRIIN flatten JFiAR, XMZENEF. BEIR, RG24
AR T

// List as a typesafe alternative to a generic varargs parameter
static <T> List<T> flatten(List<List<? extends T>> lists) {
List<T> result = new ArraylList<>();
for (List<? extends T> list : lists)
result.addAll(list);
return result;

RERTLBIL S ESERS T i List.of ERER, UATFIEHENSE. BIE, X
FEKERTF List.of FHERA(EHA eSafeVarargs Ef#:

audience = flatten(List.of(friends, romans, countrymen));

XMTTZERINRRRERR T LOUEXM S A2 L e, FUUEER esafevarargs (EAERIER
Hzet, BAREOVERELZEMRNTRASICE. TERREZFRAEERK, BITUERE—
Jk_bo



XIS L BEATREE— N L 2N T2 5 E0ER T, #&SE 147 WY toArray Fik
BBEE, BRFIREE List.of J5i%, FILUBRNEZERAREE,; Java XEFEEELAENITH T
XIRTAE., pickTwo FiAIAEZTRIXHE:

static <T> List<T> pickTwo(T a, T b, T c) {
switch(rnd.nextInt(3)) {
case 0: return List.of(a, b);
case 1: return List.of(a, c);
case 2: return List.of(b, c);

}

throw new AssertionError();

main J5ERBIXHEE:

public static void main(String[] args) {
List<String> attributes = pickTwo("Good", "Fast", "Cheap");
}

ERRIIBREREZ SR, BACRERIZE, F28E.

RMEZ, JZSHINZEARRFERE, RATZSEGEEEE CEEEE5RIHS:,
HEHAEESZEARNRENN, SAZEITSHAEEETLN, BE(IR&8E/. WRiE
FEERZE (328l) ITSERERL L, BaTHRZEEREETeMN, ARFER
@SafeVarargs FRENHEIITINE, LARERERARIR.

33. (B ERER2NRIERER

TENENREEESES, W Set<k >F] Map<K, V> FIBANTESDSE, #1 Threadlocal<T>
F1 AtomicReference<T> , EFTEXLHEY, BEHESHUNTR. XRHTEBNSRREEE
EHENESY, BEXEZFEERN, — Set BE—HIERSH, XREHTERE, —
Map BFY, RERIBIERRE, FF,

RimarR, (FEEESHREE. HlN, BEEATERILUEEEESS, FEEBLSER
ERATLEENRERE. =2, B MERNGETAARXNER. MRS HE
(key) MARERE., ARKSHUINBRGEERUIBATIGRE. ZREBRFATIRIHEIRE
SHE-H.

VYERXFT R — NME8RG], BEER— Favorites %, BAFEEFIHREFEIRRASS
FRSERIRY favorite SEff, Z3EBURY Class XREMBESHUEN—ED. HREERIX Class K2
2B, RAURBNFE ERGEAEEER Class , ME Class<T> , flgl, String.class AY
AN Class<String> , Integer.class HIZEEYA Class<Integer> , HIEFEPIEHRFmImE
BIRRENTIZITAIREYSERY, BHEFRARESH (type token) [Bracha04],

Favorites MY API RiEER., BEEXRFG—INEE Map 2, RTIZEESELAOLIIM,
EFinfEIRBFRE favorites SLAIRTEWM— Class W&, TR API:
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// Typesafe heterogeneous container pattern - API

public class Favorites {
public <T> void putFavorite(Class<T> type, T instance);
public <T> T getFavorite(Class<T> type);

TEE—MNEXR Favorites 3, {77, MEFNWIENERA String , Integer ] Class 3L
1

// Typesafe heterogeneous container pattern - client
public static void main(String[] args) {
Favorites f = new Favorites();
f.putFavorite(String.class, "Java"');
f.putFavorite(Integer.class, Oxcafebabe);
f.putFavorite(Class.class, Favorites.class);

String favoriteString = f.getFavorite(String.class);
int favoriteInteger = f.getFavorite(Integer.class);
Class<?> favoriteClass = f.getFavorite(Class.class);
System.out.printf("%s %x %s%n", favoriteString,
favoriteInteger, favoriteClass.getName());

TFUIREREREERY, X MERFFIED Java cafebabe Favorites , iEFR, IMfER—T, Java
B printf XS CIBESHNARIZAET, (REOZE C fERA \n AU EA %n, %n FF4RER
FIEFEETHIRM, EASHFEE LLENEN \n, BHAERMEFENDRAESS \n,

Favorites SEIREKAZSMY: JRBR—NFHFENEXTASRE— 1 EY., SHRERY
8y: 551 Map AR, FIERUREBEARENEE, B, MG Favorites RARBEREFRWESR

(typesafe heterogeneous container) ,
Favorites RUSCIAFE /NG, XZ2TTEAING:

// Typesafe heterogeneous container pattern - implementation
public class Favorites {
private Map<Class<?>, Object> favorites = new HashMap<>();

public<T> void putFavorite(Class<T> type, T instance) {
favorites.put(Objects.requireNonNull(type), instance);

public<T> T getFavorite(Class<T> type) {
return type.cast(favorites.get(type));

XEE—LHWHNSEERE. 81 Favorites ILPEBH—MEA favorites FABHI
Map<Class<?>, Object> 3RX§F. {RAIEGINATEBHAIRNBHMAL Map &, EAXEFLIRERN
BEAEE, (BELGEER. FEIENSERAERERHREN: EAREEMFEEN Vap £
B, MERNEE, XERESNEFILUEARNSEWEE: — aLUE Class<String> , T

— Class<Integer> FZ%., XMEREIHXE.

ETXRETFEZE, favorites Y Map BUEZRBEIRZR Object , HAIEIL, Map ARIEHE
TMEZERIEEIX K, I/ MESRHAERERTRAISEE, FLE, Java PEERFHARURIAX—
M., BEFRNNEXRERN, HERE— favorite FFIATIXM.



putFavorite SCHIE[GE: RTEIGLTEN Class WEMEIFESTER favorites RYSLIRD
], WEmMA, XEFTEMEZENSEEEZR (type linkage) ”; TEMEBXMEERARAEEA—E
fl. BIRKR, B getFavorites JiARLAFFEMRSCEREILXMREX.

getFavorite HYSCHREY putFavorite BEZY, B, BM favorites Map HFRENSLAE
Class XSMEMMAYE. XEREINEMHENYSRSIA, EEEHEIRNmEENEE: B2
Object (favorites map BYEZEE) , BAIFEBRERE T, Et, getFavorite SLIIRNEMERIS
S|FEEHA Class WHRFARIFEEY, R Class BY cast Fik.

cast J3iAR Javaly cast BMERHIEISEN. ERENETCHSHESRHE Class WHEFR
HOREURISLA). NRE, BIREISE,; BNSHIH ClassCastException BE., HAIFE, BREE
FinfCReeitTi#itdmiE, getFavorite PHEERFIEEASHILE ClassCastException FE., W
M, favorites map FHYEIRZSHEBEAIZEMEICEL,

AR cast TEARINMBETH4A, BAERBREICHISE? cast BIERRDFRT
Class KRZEMIHEL, BRIREIEERE Class WRARESH:

public class Class<T> {
T cast(Object obj);
}

XIER getFavorite FEMBER., XIERMR Favorites FBZLE, MAHKE—NEKE
OERBREIAEAY T 88,

Favorites FERNMRFIESEIRE. &%, SREFOULIBIFERFREHIA Class XK,
BIEIR Favorites SCIRVREIZRE, (BAERMNEFIHRRIEERENSEMARLNENES. X5
IERREASI (A0 HashSet F0 HashMap ) &RBHAARE. BIIFERRGERE Hashset (5B
26) , AILUBMMIEFRIEMAN HashSet<Integer> HA, RN, WRFESAMTH—RMK
i, MEILURBE T EIR e, MR Favorites JKIBAERFEBIATRIGIER, {F putFavorite
FiEAEZELAIERH type FTARREMLH, FEBRINICEMENENITIHRIE. REFERNSE
.

// Achieving runtime type safety with a dynamic cast
public<T> void putFavorite(Class<T> type, T instance) {
favorites.put(type, type.cast(instance));

}

java.util.Collections FAE—HEEEEE, FILIKIEERAVAE. BIiWIRA
checkedSet , checkedlList , checkedMap &2, {INERSTI BT —1NES (8 Map ) 2
SNEB— Class MR (BFW) . BSII 2i2BE%E, HR Class MWRAESHImIFATRE
PLEc, BEENCNEENESHFNTERKE, Fign, MRBARER Coin AR
Collection<Stamp> 1, MIEIERMFEIZITAISHIH ClassCastException , XLEEEERIIFIBER
RS 72 BRI EE RN R INA AR RN R RIS S NE R i UERE A,

Favorites RSB _MRHISEARERTATEMMLAY (non-reifiable) K2 (FENSE 285K) . #9
&G, (RETLURFRESEMAY string Bf String[] , BREERTF List<String> , WNRIRZH
REIREEMAY List<String> , BFERERE. RERTEIRN List<String> B Class XF
%, List<String>.class EEXEIR, BE—HFE, List<String> F1 List<Integer> It
Z=—/ Class X%, BD List.class , WER“FMEHEBY (type literals) ” List<String> .clas s
0 List<Integer>.class AEFHREERINGSSIH, IPABEXS Favorites XISRAINIERIER™
B, WFXMIRE, B2 ABRNRRGIE,



Favorites {EFERIZEBISHE type tokens) 2FCIR#IAY: getFavorite F1 putFavorite 1%
{HE Class X%, BIMFAIERERFIAMESEGEHANEER, XOTLIBE— N EIRERIZEEIShER
S, 1ZSHRE— RSN, TSHERRERRESE (FNS 30 &) HRENERMA (FIEE 31
%) RMETLIFRRRISEERNLR,

7ERRE AP (FEILSE 39 %) [iZ(FFRRESRENISHE, flan, LU FREETHEENTEAE. LIt
FiEFRB AnnotatedElement O, ZIEORFRE, HiEx, BUHNEMER TR GISEEECI:

public <T extends Annotation>
T getAnnotation(Class<T> annotationType);

240 annotationType BFRTNEMFRBRIRERECH. ZDHREIZRBETRIGER (4
ReE—) ; WRKRE, WiRE null . FREE, TETRE—EELeNREER, HERT

kA,

RIRBE— Class<?> KARINSR, HEEEBTCERATERELRESHE (W0
getAnnotation ) HY/E. TILUSXISEEMRS) Class<? extends Annotation> , {BEX/MEiR
RBEERE, FIAESFE—MmENES (FIE524K) . FER, Class HREHT M2
() PUTIXFPEBURARAISTITTIER. 1Z3A5FRA asSubclass , FEEHEATAEARM Class
WERFRTHESHGFRRAIRMFE, WNRERAT, ZHAREENSE; MREXM, Wi

ClassCastException FE,

LAITN2UMAER asSubclass FiAfESmiRAtiSECRERARGERR. LS ARIFNRBHEIRGE

==
=1

// Use of asSubclass to safely cast to a bounded type token
static Annotation getAnnotation(AnnotatedElement element,

String annotationTypeName) {

Class<?> annotationType = null; // Unbounded type token

try {

annotationType = Class.forName(annotationTypeName) ;
} catch (Exception ex) {

throw new IllegalArgumentException(ex);

}
return element.getAnnotation(
annotationType.asSubclass(Annotation.class));

Bz, ZBAPINBEERE (LU&ES AP A6)) IREITENSBNEEHENEESE. RILUE
HEERSHNERE LMAERS LRBARIRE. aTLUMER Class NWRIEAMKELZERIIRES
RO, LAXMAINERR Class WISRFRAZKELISHE, BILUSRAEENERE, fiin, sE—
FEUERE(T (B88) RY DatabaseRow ZFEBIFI—NZEUHEE! Column<T> {EANHEE.,

Java SZFFRIFS | FSCEURUAFRABIBRIRY! . — AR S BU RSN —FPRR 9 RS ELROIZ O,
AEIC XL R RTERIESLR,

34. (EANEREIENERES
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NERHGAHER—AEERIREEM PR, fIi—FPrIZET, ARRPAYTE—EH
SRR, EERERARMIEIZES 2R, TNERNEIENERE—E8A int /Y
BE, B1ENINREBE— 1 EE:

// The int enum pattern - severely deficient!

public static final int APPLE_FUJI =0;
public static final int APPLE_PIPPIN = 1;
public static final int APPLE_GRANNY_SMITH = 2;
public static final int ORANGE_NAVEL = 0;
public static final int ORANGE_TEMPLE = 1;
public static final int ORANGE_BLOOD = 2;.
BHHFRA int BEEEXAIRAB TSR, CIRERHERT 25, HIEREHEHIR

£, MFFE— Apple (BIBLE—EE Orange HITE, BRARESRASHNES, E2
== BEMLLR Apple 5 Orange , BREEMREAIRE:

// Tasty citrus flavored applesauce!
int i = (APPLE_FUJI - ORANGE_TEMPLE) / APPLE_PIPPIN;

BEE, B Apple BEMBREIZA APPLE. , B Orange BEEMBREIKA
ORANGE_ , XZEA Java F~A int WEEREBIRTE., HFHW int a KEEEEHEENS
HER, FISTLBGLIEERRMZE, BG0fE ELEMENT_MERCURY #] PLANET_MERCURY ZZJa],

6 int MERIERFRIESS. EA int MERRIFLFEEUILS, 4.124], FLAENR int &
WRFREREINEFRTPULS, 131], MRS int WEXBKOEREENR, WOAEHRFES
Fif. IRRE, BERNRASET, BT HRBRRERN.

IREEBNGIEE int KEEEERRARTERFRAS, NMREFMXE— N EERENE
SREREE, FEINAR—EF, XTRREA. RETSNGERERAFNRE int &
#FEE, EELRRKE int KEERX.

(RARESBEIXAME AR, HPERTFHAREERAE int BE. XMHIFRIENE
RN EARENEE. RECAHBERMTIIENTFMNS, BEdUSERBREFFREERR
BAEFmE, MAREREESR. NRXITMERISHFHREELSEEER, CREmEH
BtENFAHSEOETRIHIER, 15, ERURESSEMRERE, EABKBTFFBRILR.

FIEHIRE, Java RREET B int 1 String MEEXRFIERRIBNRGE, FHRETHF
SEOMIFL., TEKEHERLS, 89]. UTEECRESRAR:

public enum Apple { FUJI, PIPPIN, GRANNY_SMITH }
public enum Orange { NAVEL, TEMPLE, BLOOD }

MNERELE, XEARRAARER R SEMESRIL, thanc, o+ c#, BEFIRNLL.
Java ROMCESSERURSSRA0R, WEMNESPRIEMIESEEA, ENEARA LR int (B

Java WIERBEENEAREREHR: SIRBIAHES final BUHASMEEESEH—
NEPIRIZE., BTIRBRNLEMETSE, KBS ER final BY, HITEFEIABEEIZENE
KRNSO AREAYE, T EBRINEEEI, FEREIf. meiER, MNERBELOS
B (E6eT) . BNIR2HM (FENEE3K) NiZBUL, EXERBATRAME.

R RM T mER RN 2. WRFE—SE08 Apple KB, WAJLURIHEBRAIZESE
FHEHEIIFSEREIBR=1E% Apple EFH—. =MEEBRIENVERSERFITER,
NEZHE—MERENREXD LR — P RENEE, BEEA == TERIVRARSEE
BRYE.



ERHERSREENNESETLIITEE, BASMRESEEBCHSMTIE., AJLITEREEE
BRRINSEFHIFEE, MAFTENFRIEEZ iR, BASHEENBEEENEASHE iR E
RHT—ERE: BSEEFSEFIE R, EACMUT int KEEHh. &5, JLUBTREA
H tostring JnEGHEEEIRAIRTFTENRIFRTER,

PRTEMIE int MCERIERPEZSM, MESSEEUARIFRINMERTTABIEFA SISO, iR
HTFE Object JNARIBHRESI (F3F) , BISLIMT Comparable (S 14 %)
Serializable (5 12%F) , HEIXIWESEARAERSEEMRIT T RIS

B4, PHAFRERINTERRBIERI—IMEEE? MTHFEE, JERSiESEHEEXREKE
k. BN, I Apple 1 Orange KAIAJRERMIR[EIZKREAEAITTZEIREIKREIGAITIEFZ
m., EALEREHUERRSENGARIERMEEEE, EESELENMEEENERES, 7
BEERTIEAUHERR TR £ TR,

T FERIERBN—MRIFIGIF, ERFIAER/\BTE. BMTERERENFEZ,
MR EEILUTEHEREREEN. NEESEMFRRET, HEH— MR ETERE LIS
B, TESXMERE, SMWEREZRIESTIEFRESLENE TS, XS
T, BN RENFE:

// Enum type with data and behavior
public enum Planet {

MERCURY (3.302e+23, 2.439¢6),

VENUS (4.869e+24, 6.052€6),

EARTH (5.975e+24, 6.378e6),

MARS  (6.419e+23, 3.393e6),

JUPITER(1.899e+27, 7.149e7),

SATURN (5.685e+26, 6.027e7),

URANUS (8.683e+25, 2.556e7),

NEPTUNE(1.024e+26, 2.477€7);

private final double mass; // In kilograms
private final double radius; // In meters

private final double surfaceGravity; // In m / s’2
// Universal gravitational constant in m”*3 / kg s*2
private static final double G = 6.67300E-11;

// Constructor
Planet(double mass, double radius) {
this.mass = mass;
this.radius = radius;
surfaceGravity = G * mass / (radius * radius);

}
public double mass() { return mass; }
public double radius() { return radius; }

public double surfaceGravity() { return surfaceGravity; }

public double surfaceWeight(double mass) {
return mass * surfaceGravity; // F = ma

}

WE— I FEAMERELLN Planet REZ. EBHIRSIEEERXE, SRR MEH
RE—MIERZE, BEREFTRMIEFSHIRFRFERMER. AR EERER, FRUMEHE
MENIZZE final B9 (FERE 175) . BUIURATN, ERFBEIIRENAEFHRHELITS
[\@75i% (FWE 16%%) o £ Planet RN, WEDEARTEMEHEEEED, BXRE—FMU



t. BZENIW SurfaceWeight FIiEERRY, ERLUNREMFREITELR, &HEREIEHE
REHETTE LRSS,

B Planet WEREH, EEINEEIFERER, XE—NEENER, B —MIAEREK E
NEE ((HUR) , fTE—NESNERE, EmzWNERS/\NMTELNEE (LIERSBN) -

public class WeightTable {
public static void main(String[] args) {
double earthWeight = Double.parseDouble(args[@]);
double mass = earthWeight / Planet.EARTH.surfaceGravity();
for (Planet p : Planet.values())
System.out.printf("Weight on %s is %f%n",
p, p.surfaceWeight(mass));

BFE, Planet FIFFEME—#, BHE—NEHS values Fik, ZHEUEBNINFREEE
Mg, BiEER, toString HEREEMIZBMENARER, F println M printf BILIE
MFTED, WRFtFRFBEERN AR, JLUBTES toString HiEARENE. XEEA®
1T840 185151T WeightTable FEFF (REE toString ) HIER:

Weight on MERCURY is 69.912739
Weight on VENUS is 167.434436
Weight on EARTH is 185.000000
Weight on MARS is 70.226739
Weight on JUPITER is 467.990696
Weight on SATURN is 197.120111
Weight on URANUS is 167.398264
Weight on NEPTUNE is 210.208751

B% 2006 F, £ Java FIINKERFZ G, REEEFABE—ITE. X5IKT7T—NE&: [HR
MRESEBIRRIR— TR REMA? | ERR, US| BRI E il FER G SRR
THE. FRLA, 28Ik, AR WeightTable FEFRRBRITEI—PD—ITHIRIE. BBARFIRIEFSI
FEMBRAOTTER (TEABIRZ Planet.Pluto ) SAMA? WNREFRFZFIWIETF, RFKGSEMHE
5| MR ESKRYTREE RIERER, RTZENRES P, BREITIMTHSIRE
BANSE. XRMFMAENSRIFIMTH, mTiFTHRA int SEEERINGER.

—EESKNEEEEXIMTARTEEE SR ER. XETARFUMNESRERIAETT
. AERBIMEEET—IMRENTAISES, RETARITESNESEEEENHEENFHE
SN, SEME—H, BRIHFE— S AGRIERBIE T EZREBAENE in, AUEHESRA
7R, MRFEMEBSHFPAERFAE FUE 155) .

WMER—MIERTIZEAN, BMZE— TS, IRERIERSIFENTRRESIE, BNIZE
ZINREIRRSE (FSE 24 %K) . B0, java.math.RoundingMode MZEFRNINEIEBDHIBNIE
N, BigDecimal EFEARATXLENEN, EBE(HRHT —MEMERYMER, BHAS Bigbecimal
BIRANEAR, B RoundingMode IREATNEKE, XERIT ARSI ARESNEXER
REAKE, NMEEE APT B—Eit.

// Enum type that switches on its own value - questionable
public enum Operation {
PLUS, MINUS, TIMES, DIVIDE;

// Do the arithmetic operation represented by this constant
public double apply(double x, double y) {
switch(this) {
case PLUS: return x + vy;



case MINUS: return x - y;

case TIMES: return x * vy;

case DIVIDE: return x / y;
}

throw new AssertionError("Unknown op: " + this);

HARRER, ERERES. WMRKE throw BE, HMABERE, EAZGENERERAL
EAXER, RECKEASHAEIILS, 1421], FEEHNE, KOMRIESE. MRFINFIEER,
EICE switch BGIRINENAYRMG, BENASRE, BESTINAFIREN, SREsiTiR
L.

FEE, B MEFNEEILBARNTASB MM EEXREGER: &R HEE—
HERY apply 7505, HAEEFENEREFRTIIBNEENERARGEESE. XM EERARETE
& (constant-specific) BYJ7ASCIN:

// Enum type with constant-specific method implementations
public enum Operation {
PLUS {public double apply(double x X + Y},
MINUS {public double apply(double x, double y){return x - y;}},
TIMES {public double apply(double x, double y){return x * y;}},
DIVIDE{public double apply(double x X / Yy}t

, double y){return

, double y){return

public abstract double apply(double x, double y);

NRAB_MRAERERIFNER, WAKITRESTICREE apply 73iE, BERNZZERERRE
BIEERPZE. F—KICT, RERSRER, EANEESE MRS E0REEETHIR
KTEES.

RHETBENDZEIIIUSHETBENSIRESHEA. F20, LIFE Operation B—MhiR
X, BEE tostring FALAREIERESZIRERKAIFTS:

// Enum type with constant-specific class bodies and data
public enum Operation {
PLUS("+") {
public double apply(double x, double y) { return x + y; }

be
MINUS("-")

public double apply(double x, double y) { return x - y; }
Yo
TIMES("*") {

public double apply(double x, double y) { return x * y; }
Yo

DIVIDE("/") {
public double apply(double

bed

, double y) { return x / vy; }
b8

private final String symbol;

Operation(String symbol) { this.symbol = symbol; }

@0verride public String toString() { return symbol; }

public abstract double apply(double x, double y);



ERRY toString SLHIRILMRBZHFTENEARIAT, EANXMIVERFFTRERAIBREE:

public static void main(String[] args) {
double x = Double.parseDouble(args[@]);
double y = Double.parseDouble(args[1]);
for (Operation op : Operation.values())
System.out.printf("%f %s %f = %f%n",
X, op, y, op.apply(x, y));

LA 2 70 4 (B S T2 80a TIIE R E A T :

2.000000 + 4.000000 = 6.000000
2.000000 - 4.000000 = -2.000000
2.000000 * 4.000000 = 8.000000
2.000000 / 4.000000 = 0.500000

WERBRBRMEMN valueof (String) Fik, ZALEEEEMBIRAIEELRS. NRE
WEERBIFEES toString J5i%, BEBERE fromString FiXIEEENFRIBR AR EER
FIMEEZEE, TEMRE CGESHREESKNE) BHINESEN, REG NEEEGHE T
freakmal:

// Implementing a fromString method on an enum type
private static final Map<String, Operation> stringToEnum =
Stream.of (values()).collect(
toMap(Object: :toString, e -> e));

// Returns Operation for string, if any

public static Optional<Operation> fromString(String symbol) {
return Optional.ofNullable(stringToEnum.get(symbol));

}

BER, Operation MEHEEBWHIE stringToEnum B map 1, BXRETOIEMEEERE
ITRIRESBIMEAIIAM. BIEAYRRSE values() FAARERIEELFERR (B7E) ; Elavasz
B, FAIE—NTH hashMap FHIRHEEE, BFRFREKEMIHENE nap F, NIREE,
MR, EiEER, SIS NEEFREECHNREEEES AN nap PAREMER. Xa
SHmHER, XEFE, RANREESEN, BREETIISEL NullPointerException , BRY
TRETEERMY (FUE 34 5) 24, BEMEEREARIPRAKERSSEY. WREISVHER,

R RSB EE S A TR RV, XFIREA— M S EER RN EIET A1
Bifjal,

BEER, fromString J5iAIREI— Optional<String> . XAVFZTAIBRMENIFRTEH
TMUERBHAVERE, FRBEHNZFIRESXMAIsEE (FELS 55 %K) .

RETHESEIRN—MRARZENESHELUENEEEZEHZNNE. fln, FE—MUE
THRUPHITERGIE. ZREE—175E, REBETANEARTSR (8/\W) MSXITIES 4L
HEIAXRTANIR. EANMIERR, HEUETESTIFE T EReEINEE2E; £/ NERAY
BFE, BSR4z, £/ switch 159, BEEEZD case RSMAFHMIBR
BRHANE—, JLERTRILTE:

// Enum that switches on its value to share code - questionable
enum PayrollDay {

MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY,

SATURDAY, SUNDAY;

private static final int MINS_PER_SHIFT = 8 * 60;



int pay(int minutesWorked, int payRate) {
int basePay = minutesWorked * payRate;

int overtimePay;
switch(this) {
case SATURDAY: case SUNDAY: // Weekend
overtimePay = basePay / 2;
break;
default: // Weekday
overtimePay = minutesWorked <= MINS_PER_SHIFT ?
0 : (minutesWorked - MINS_PER_SHIFT) * payRate / 2;

return basePay + overtimePay;

XERABLASAZREGR, (ENEFRNAERERRRA. RRIFEKRERINT — TR, 78
B—MFARNERERS— MR, (EXICE switch BAFRIN—MERNRY case &, 1ZEFD
RefwmiE, BNELESFEIEATERXIEERENARE, SEBI/FEHERE.

BERABETREND FNTEIITIRUE, YINEIEEEEMITHETE, SBitE
BEREEE —BETIER, B—BETER, FEBEINEELEREE I ERE. X
TIEERAT TS AERIRRAES, AR T A=A g T W&,

B ERPTIEIT BRI AR Payrollbay RS overtimePay 73i%, RILAEA

5 overtimePay J5EMIER MRIIB—X, NEKEKMEEFRITES.

(FEEEENESNMINEEENEEERINIERE. SR, B MRIFNAEREIIIX
—/. XMEEREIMMZETEBAAERERE P, FISIRISSERILENERELS PayrollDay
HAWAETT R, S, PayrollDay BN LEITERITLLRIENE, NMLHE
PayrollDay ARECEL switch BAEFFETEENGALI. BAXMELAL switch BAE
i EEERE, EXRE:

// The strategy enum pattern

enum PayrollDay ({
MONDAY, TUESDAY, WEDNESDAY, THURSDAY, FRIDAY,
SATURDAY (PayType.WEEKEND), SUNDAY (PayType.WEEKEND) ;

private final PayType payType;

PayrollDay(PayType payType) { this.payType = payType; }
PayrollDay() { this(PayType.WEEKDAY); } // Default

int pay(int minutesWorked, int payRate) {
return payType.pay(minutesWorked, payRate);

// The strategy enum type
private enum PayType {
WEEKDAY {
int overtimePay(int minsWorked, int payRate) {
return minsWorked <= MINS_PER_SHIFT ? 0 :
(minsWorked - MINS_PER_SHIFT) * payRate / 2;



WEEKEND {
int overtimePay(int minsWorked, int payRate) {
return minsWorked * payRate / 2;
}
WE

abstract int overtimePay(int mins, int payRate);
private static final int MINS_PER_SHIFT = 8 * 60;

int pay(int minsWorked, int payRate) {
int basePay = minsWorked * payRate;
return basePay + overtimePay(minsWorked, payRate);

WNERXIHEA) switch BARELMEESEITHNTER, BBATIIEH AT HEZEER
switch BRTFREESETOEINKEEEE, Fit0, BRI8 Operation BEARERHEFEIZT,
REBREECE— NG ERRAEMERANRIE. ReTLARLATERS T A EIER:

// Switch on an enum to simulate a missing method
public static Operation inverse(Operation op) {
switch(op) {
case PLUS: return Operation.MINUS;
case MINUS: return Operation.PLUS;
case TIMES: return Operation.DIVIDE;
case DIVIDE: return Operation.TIMES;
default: throw new AssertionError("Unknown op: " + op);

WNREANTTERETRERE, WERIZTE(RzHIRERE EERIRAR, %75 AT ERERT
RERiR, BEEREARTIIAKERE,

—RM=, MEEBREMELS int BEIRA. KER—NIVIRIMRER U ZINEFIR UL
HRAUEATEMRERA, (BESERPALTESIANER.

BBAMRRIZAT ARHREFER? (HAURMRERANEHEE—AREE, XEEENMRERFENT
M. B3R, XEFRRAERE, TE, Ef/IET. BREEESTHE(REEMERFE
FRERIREERISES, AN LRGSR, BERBHGHHTIRE. —MIERBEPNEEERTE—
BRISAE. NIRRT NIRRT R SRS ARER.

Rz, BESSEINT int HENMRRSAGER. NEEEARE, B, BB 12
REATERIMIETZHNR, EEMANTLIEBIEHESENEERKA R TAZIEIERE
iEmREm. ERBRE—ISERBRSMTATLIRDRE., EXMENFEINER T, BEERERE
ERENDERNEECHE. IR (BEREEM) WEREHEHETH, BEERIRKETE
Lo

35. (EREHIEEEUFE
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TFEREERSE int [BEXEK. IBREEE— ordinal 73k, BRESMEEERS
BREENE. RUEEMNFEFIRE—DXRERY int {&:

// Abuse of ordinal to derive an associated value - DON'T DO THIS
public enum Ensemble {

SOLO, DUET, TRIO, QUARTET, QUINTET,

SEXTET, SEPTET, OCTET, NONET, DECTET;

public int numberOfMusicians() { return ordinal() + 1; }

BAXMIEEEEIERE T(F, ENTLHEPRRNE—2ES. NREERENHF,
numberOfMusicians F5iEGaHHT. WMRFEFI—MSRELEBR int EEXAIE K
BE, WRBHPAFIET. N, FWNES (double quartet) FMI—MHEEITRESRE, BHl/\

o, IRSEEREFEN int BEFRNEE, MARAXY int BEFRII—MER. 6l &
RIFEERMI—EE, FTr— T H 12 (UEEREMMN=FEMEZSE (triple quartet) , XJFH 11 NE
SREMNEEM, FRERENANE, EHRAERAKRER int & (1) FII—MEIER

(dummy constant) . REERXKMEELAHFE, NRITE int BERKREAN, WEAIIFRN.

FIENE, XURBE—ERNERGE, KEFAEMENFESHEHSERXNE; 5EHE

RIFTESERE AR :
public enum Ensemble {
SOLO(1), DUET(2), TRIO(3), QUARTET(4), QUINTET(5),

SEXTET(6), SEPTET(7), OCTET(8), DOUBLE_QUARTET(8),
NONET(9), DECTET(10), TRIPLE_QUARTET(12);

private final int numberOfMusicians;

Ensemble(int size) { this.numberOfMusicians = size; }
public int numberOfMusicians() { return numberOfMusicians; }

KEAFEIE ordinal FiERRE: “KRSHEFRNXMEAZERL. BFRIRITETETNZE
BUBRIEUESMD, W EnumSet F1 EnumMap . “BRIMRIEREIXIFEIREENNE, BUIRFERE
B ordinal A%,

36. {8 EnumSet {tAIETE

INERMEBI TR T ERTEST, WESR LR int SEE (FRE 34 %) |, K 2 (AR
BliEas 5 :


af://n4195

// Bit field enumeration constants - OBSOLETE!
public class Text {

public static final int STYLE_BOLD =1<<0; //1
public static final int STYLE_ITALIC =1<<1; // 2
public static final int STYLE_UNDERLINE =1<<2; // 4
public static final int STYLE_STRIKETHROUGH = 1 << 3; // 8

// Parameter is bitwise OR of zero or more STYLE_ constants
public void applyStyles(int styles) { ... }

XMFRAAAIHRERIRAE (or) BEE/INEESHEI—MRAANE (bit field) BIES
text.applyStyles(STYLE_BOLD | STYLE_ITALIC);

HFFRNERITREFRMEABSMHITESEE, WHEMRE. BRFES int K&
HESNFEHRSA. JITENAKF, BERAIRLEREN int KEXEEFRIER, REERNAEE
BRFFEBRMIGRTNITR. &E, YITHUERS AP IIBEENRANE, FHEMEARIR (BFES
int B long ) MEER—FEEL, —B{REET—PMEE, (RRABEEARES AP RIIER M ERY
BE (3286411) .

SHEECE—AREN, —EAERNENAR int BENEFRRIARRMERME. *8
HRXEFMH, EAFEEFIEE,. java.util BIRMT EnumSet ZERBRMZRTMENMIEER
BPRBAIESES. XPRIIT set FMA, RUTHAEEM set TUMWFEM, KEREMM
Hig(rt., (BRERSE, 81 Enumset ERTZA—MIME (bitvector) . WIREERIELEE
64 NREDHTTER, HEASHBERT, BN Enumset B long Fx, FRLACHIMEESHHER
MERENES. HUER(E (W0 removeAll # retainAll ) RfERRUEATIIN, BGRFIHRIEN
H—. (BERTEEN T FaH TR ESHEVAMBMEBEER: Enunset A{RTCAIX—EMET(E,

TEER—MERREIEES BTG, BEE, BEal, Exe:

// EnumSet - a modern replacement for bit fields
public class Text {
public enum Style { BOLD, ITALIC, UNDERLINE, STRIKETHROUGH }

// Any Set could be passed in, but EnumSet is clearly best
public void applyStyles(Set<Style> styles) { ... }

XEREE Enumset SLHUEEELS applyStyles FHiAMIEFIm(LES. Enumset SERMHT—HE
ERESTI, AR CIEES, Hbh—MUBITAR:

text.applyStyles(EnumSet.of (Style.BOLD, Style.ITALIC));

BER, applyStyles J5iEXH Set<Style> MAE EnumSet<Style> &%, REMREEF
InERABEIE EnumSet (EiB4R1Z5 %, (BIESZEOZEMARTIBEE ZRFIMCE (FUE
64%%) . XRF—NMAISENEFimETEMD Set SLIIRYAT 8,

B2, (UXERTERBUISEATESSH, MRFEBAMERRTE. Enunset XKEST
EHAIEEMEFAIMERELAN 52 B 34 PAMARISESSEBIIFIBINR. BZE Java9, Enumset RI—PEIER
REBEEIE— AT Enumset , (BREZERARITRATXETESGEIMIE. RIS, (RAJLIA

Collections.unmodifiableSet ¥J#E— EnumSet , {BEEEEMEEESSZRIRMN,



37. {58 EnumMap B FEES|

BIITRESEENER ordinal FAiE (FEIE 35 5%) KRS |IBIEERGIFRNIH. Flan, EE—
TXAMEERRYSESRAR—TME

class Plant {
enum LifeCycle { ANNUAL, PERENNIAL, BIENNIAL }
final String name;
final LifeCycle lifeCycle;

Plant(String name, LifeCycle lifeCycle) {
this.name = name;
this.lifeCycle = lifeCycle;

}

@0verride public String toString() {
return name;

}

MERRIFE—EENNEFE— R, P&y HXEHEGEIANRNEY —FE, SF4E, 5
WEFE), AL, FEEWE=AES, S8 ESRBES—, FEDENME, B8 MEWHETES
HEEH., —EREFRALIBEEXEESIA— P BEREFSERS RISET KL —R:

// Using ordinal() to index into an array - DON'T DO THIS!
Set<Plant>[] plantsByLifeCycle =
(Set<Plant>[]) new Set[Plant.LifeCycle.values().length];

for (int 1 = @; i < plantsByLifeCycle.length; i++)
plantsByLifeCycle[i] = new HashSet<>();

for (Plant p : garden)
plantsByLifeCycle[p.lifeCycle.ordinal()].add(p);

// Print the results
for (int i = @; i < plantsByLifeCycle.length; i++) {
System.out.printf("%s: %s%n",
Plant.LifeCycle.values()[i], plantsByLifeCycle[i]);

XMEEEEMRY, BRE 7@, RAMERHFEZE (FIE 285K)  BFFEE—IREN
B, HERAST#MREE. RATFZEERERS R4, B AFrncRsEE. 8
EXMEARTENRRE, JFRBE—HEEEEFEES INEAERN, (FEREFERERN int (&

int MEEMEREEITeM,. NRIRERTERE, EFSERRIEHERNSEE, NRIR=EN
&, #E— ArrayIndexOutOfBoundsException S,

B NEFINAERARIRENNER. ZEEERUERENKZEZNEAIRET, R ER
Map ., BEEAMIR, B—PNEREHRIERY Map ST, RITETHEE, A
java.util.EnumMap , TNHESEFESHERA EnumMap ATRIEEF:


af://n4211

// Using an EnumMap to associate data with an enum
Map<Plant.LifeCycle, Set<Plant>> plantsByLifeCycle =
new EnumMap<>(Plant.LifeCycle.class);

for (Plant.LifeCycle 1lc : Plant.LifeCycle.values())
plantsByLifeCycle.put(lc, new HashSet<>());

for (Plant p : garden)
plantsByLifeCycle.get(p.lifeCycle).add(p);

System.out.println(plantsByLifeCycle);

XEREFEERE, FiEl, Fie, BITEESRPRAEY. REALENHEE TEFMIRS
i, EA map BEEIEWENEGE A TFTEIERFRAORES HEA T EHAZRS BTH
8. EnumMap SFEESIEAENEERS, HEER EnunMap REBMERTXE—NEEE, BEX
FEFF RAVPSHET 7 XANSEIAETS, 8 Map EEMA RIS SEENRERES. BIR,
EnumMap FETT ARSI Class BT Class W5 XE—ERTERIEEISEE (bounded type
token) , EIRHELEITAIIAGZEIRENSE (£H 33) .

BIIfER stream (I 45 %) KEE Map , ALAE—PHELRIRIER. U TERESRL
BT stream BIRES, EIERKEE LES TRIERGIRNITA:

// Naive stream-based approach - unlikely to produce an EnumMap!
System.out.println(Arrays.stream(garden)
.collect(groupingBy(p -> p.lifeCycle)));

XMBHERETFEEETBCH Map S, SEPREEARR EnunMap , FRLABASEER
EnumMap BIRRABIZSEIFORTEIMEEEEICES, AT HERX NERE, [ Collectors.groupingBy A9
=S RAE, ERFAREER mapFactory SEFEE map AISCIL:

// Using a stream and an EnumMap to associate data with an enum
System.out.println(Arrays.stream(garden)

.collect(groupingBy(p -> p.lifeCycle,
() -> new EnumMap<>(LifeCycle.class), toSet())));

XERMUEGXERROIREFHRMESBHY, (BREAREMRR Vep REFTHIREEEXER
A9,

BT stream WRARITAES EmumMap IRABUTAHEEEARRE. EnumMap hRADEARESNI
SHEERER—NMRE map FE, MUREESE— N HSNEGZEGBHNEYDN, WEFRIR
AASERIHE nap 2K, Elt, G0, MREEESS—FENSFEEYBIRBREENIEY,
plantByLifeCycle AYR/ME EnumMap MRAFA=A, ERNEFREMRAFHE,

IRABESBEEEZRS| (FX) U4, BRI MMIESERMRET. fia0, X MERFER
BAF—MNEREERIRETTE TN EREI— TN ERAEHR (phase transition)  (RIAZEIEWARREE, RIAZISHAK
TNHEEFE)

// Using ordinal() to index array of arrays - DON'T DO THIS!
public enum Phase {
SOLID, LIQUID, GAS;

public enum Transition {
MELT, FREEZE, BOIL, CONDENSE, SUBLIME, DEPOSIT;
// Rows indexed by from-ordinal, cols by to-ordinal
private static final Transition[][] TRANSITIONS = {
{ null, MELT, SUBLIME },
{ FREEZE, null, BOIL },



{ DEPOSIT, CONDENSE, null }
b

// Returns the phase transition from one phase to another

public static Transition from(Phase from, Phase to) {
return TRANSITIONS[from.ordinal()][to.ordinal()];

}

XERFERFOILAZETT, EEOREREIHE, BINIETEERARN. MERIHZRERNEERG—
B, WFSTENBEFEFEARS IZENXR, MREFERPHEHEEIEN Phase 5
Phase.Transition WZERBNCEHNE, WEFREETINGEN. KKETeERE
ArrayIndexOutOfBoundsException , NullPointerException Bf (FEHEKERY) MBATCIRAOEE
178, BEMEIE=£BEREMER/, FIEAIA/IMER phase BINRIFT.

RRE, AILAR EnumMap ISEYF. EAESMERIEHRERR—IIMEBRIERERS], LARIFBX
RKRTAN—IEE (from INER) BISEZAMLEE (to NER) EIER (NEREEIR) B9 nap . SHEREE
AR REFBIS E ) SHBAERIEERECK IR, AR LRERIRCERER

EnumMap:

// Using a nested EnumMap to associate data with enum pairs
public enum Phase {
SOLID, LIQUID, GAS;

public enum Transition {
MELT(SOLID, LIQUID), FREEZE(LIQUID, SOLID),
BOIL (LIQUID, GAS), CONDENSE (GAS, LIQUID),
SUBLIME(SOLID, GAS), DEPOSIT(GAS, SOLID);

private final Phase from;
private final Phase to;
Transition(Phase from, Phase to) {
this.from = from;
this.to = to;

}

// Initialize the phase transition map
private static final Map<Phase, Map<Phase, Transition>>
m = Stream.of(values()).collect(groupingBy(t -> t.from,
() -> new EnumMap<>(Phase.class),
toMap(t -> [t.to](http://t.to), t -> t,
(x, y) -> vy, () -> new EnumMap<>(Phase.class))));

public static Transition from(Phase from, Phase to) {
return m.get(from).get(to);
}

VIRRIURNERELHERY map BIIBEREZ. map HIZEELE Map<Phase, Map<Phase,
Transition>> , BEZE [N (R) MERREIZIM (Bir) MERZIMERELEMRES. | X map &Y
map {FRAMRMUESSHNRERFFIFITIRN. SNSRI ToH, ST IEERS
{EFIM B EREIAEHEAIBRETBIZE— EnumMap . EE”MREERE ((x, y) > v)) HHIEHEE
FER; UNERENEFEIEE— nap I FEEKE— EnumMap , FE Collectors #Z{it{#



I, XRUEN. APRRI—IREREIVENRDBUMNEREER nap . UIBEFHE, ERTLA
ERZIER.

MERSEARERMI— NN SEFARSFBEESEK. XTMTMBRERMNMEE: BE, 85K
BUAEEFN IEBF, BEETFRRUASK. EEHRETHANER, VIBE— N HNEER
DAZl Phase , BRNFURIARINZE] Phase.Transition , HEFAIH I ITRIRASRIRIGHIN TR
PSSR, WRAFEFRINASHZAPHTEREBTRILFHE, IPANRESAE: EFERR
E, BEETRSAM. BEEFHET EnunMap BIMRA, KT PLASMA FRINZIMERFIRS, HiE
IONIZE(GAS, PLASMA) ¥ DEIONIZE(PLASMA, GAS) ZINZIRERELHAGIZ:

// Adding a new phase using the nested EnumMap implementation
public enum Phase {

SOLID, LIQUID, GAS, PLASMA;

public enum Transition {
MELT(SOLID, LIQUID), FREEZE(LIQUID, SOLID),
BOIL(LIQUID, GAS),  CONDENSE(GAS, LIQUID),
SUBLIME(SOLID, GAS), DEPOSIT(GAS, SOLID),
IONIZE(GAS, PLASMA), DEIONIZE(PLASMA, GAS);
. // Remainder unchanged

ZIEFSEMBERMER, ARVFASHINER, EA%8, nap BY map EITEERIEE
SCHIRY, RTEZSRIES A L2 RD, LUBINEWE, e T4,

RATEEER, EEAREIER null EERFRRSERHIEE (ENBREIREEERN) . X
ARREFHILE:, RAISEmEThTSEl NullPointerException , AXNMARZIT— N Fi%. LY
RRAERIEEHRFN, MEASREFEREK, UETEMSRmEXNMNEKENEERSA.

B2z, (GHAFEHSEESIHARASIE: A EnumMap, WISRFIMAERNXRESHN, BEH
EnumMap <..., EnumMap <... >> , NABRERMZEIMER Enum.ordinal (JEMEE 35
%) , MRERT, 2 MRENAYSE,

38. (BRI CIHRIIATH RaIEE

ENVFRESE, MEEENTABE—RPEAIRE T2 [Blochol], NFELE, —1
BISNER AT fRtE, XTERIAE N2, (BAZIESEN~IT. MOiER, ERxEN, B8
E—MIEEE RS, (ERIESIIRETE, BREXEM. XA2EAR. KSHERT,
WENTT RIER—MERNER. SAERNR, ¥ REENTHREERENLE, RZTFA.
FEEAENET ROFMETRRBEFNGZE. &, U BRERERITFISSIIRE T ESERML.

HEiER, NFaY EREREEDE—NERRONEN, XFERIES (operation codes) |,
tBFR/9 opcodes, MFIBEMEEE, EoTRF AL S EAURIE, HIaN5E 34 Y Operation
KA CREEBITERE FAIHRE., BREELL AP FEFRAHBIIE CHERIE, NTTETEHT & AP
IRMAYERES,

FioHR, FRAMEEEE MRS ARSI MR, EAREREN ARE RN LA
opcode FEBRIEW—MEO, HLIEEEO. Flwn, XBEKRESKHE 3489 Operation ZEEIAYAT
¥ RARAS :



af://n4240

// Emulated extensible enum using an interface
public interface Operation {
double apply(double x, double y);

public enum BasicOperation implements Operation {
PLUS("+") {

public double apply(double x, double y) { return x + y; }
be
MINUS("-") {

public double apply(double x, double y) { return x - y; }
B
TIMES("*") {

public double apply(double x, double y) { return x * y; }
B

DIVIDE("/") {

public double apply(double double y) { return x / vy; }

bed

b

private final String symbol;

BasicOperation(String symbol) {
this.symbol = symbol;

@0verride public String toString() {
return symbol;

EFAEEBY ( BasicOperation ) AR &, BEOE ( Operation ) EFLYEMN,
BERRTFHER AP RRRERUEOSEE, (RALUENS— M SEIEORORESEE, FHERLFEE
RUSCRISRACBEARRD, fli, RSEEENAIERURERENT R, SFEszENRcE.
(RETEMEIRME—1"SCI Operation #EOAIHIEREL:

// Emulated extension enum
public enum ExtendedOperation implements Operation {
EXP("*") {
public double apply(double x, double y) {
return Math.pow(x, y);

}'
REMAINDER("%") {
public double apply(double x, double y) {
return x % y;

s
private final String symbol;
ExtendedOperation(String symbol) {

this.symbol = symbol;

@0verride public String toString() {
return symbol;



HEAPIRE/98O%E ( Operation ) , MARSI ( BasicOperation ) , IEMALIE
R LAERERRERIMt S ERMRE. BER, TRESEHHER apply HSKAE MEEER
BLOWFES &SR S RATREREE (B 162 M) . XEEAMSIGE (apply ) 20

( Operation ) HIBKR.

MYALEHIEE [EAEE] BibsEER (1 ERES] RN, mBERTTLUENBNE
MR, HERETTR, 60, XBES 163 W EMN—NUREFRE, SHITZRIEXFET B’
BE:

public static void main(String[] args) {

double x = Double.parseDouble(args[@]);

double y = Double.parseDouble(args[1]);
test(ExtendedOperation.class, x, y);

private static <T extends Enum<T> & Operation> void test(
Class<T> opEnumType, double x, double y) {
for (Operation op : opEnumType.getEnumConstants())
System.out.printf("%f %s %f = %f%n",
X, op, y, op.apply(x, y));

IR, VERUBRERERIRFENF ( ExtendedOperation.class ) M main J5iEE{EIBL4
test &, FREAY BEBENGS. XNENFEXFRIEREIRESHE (FIFE 3B R) .
opEnumType S HEZYMISAR (<T extends Enum<T> & Operation> Class<T> ) #{R7T
Class YWIREEEWEENE Operation BIFE, XERBHITEIHITE N TRIBRERIRIERFT
==,

F_MHLREEE— Collection<? extends Operation> , XR—REEECRREE (F
WEH31K) , MAREERT— class K.

public static void main(String[] args) {
double x = Double.parseDouble(args[@]);
double y = Double.parseDouble(args[1]);
test(Arrays.asList(ExtendedOperation.values()), x, y);

}

private static void test(Collection<? extends Operation> opSet,
double x, double y) {
for (Operation op : opSet)
System.out.printf("%f %s %f = %f%n",
X, op, y, op.apply(x, y));

ERRIBHMAIBAE R, test HERE—R: SRAFEBERSZ M LERRFESTE
—iS, B—70HE, PRFTEEERFELER Enumset (FWS 36 5%) M EnumMap  (FFIIEE 37
&) HIBETD.

LERRMEFEEI TSI THASE 4 70 2 RSERLI L :

16.000000
0.000000

4.000000 * 2.000000
4.000000 % 2.000000



(AR CSRIEIIETT BN — N NRARE, SRR — MIE B R R B —IMEEREL, W
RCIRIEAMRIETHE RS, WeTLAERBOASTEL (FISE 20 %) BEMEEREOP. FERIIRY
Operation 7”fIFR, TFEFIGERSIR(EXERIFFSHUEELINIE BasicOperation F
ExtendedOperation HEE, FAXMERT, XHAEE, EARVIRBERIRN. NREES
MH=TheE, STLASHEI BNt aE S E R, LUBRRABIITR.

ZEEPHARERTE Java EEPBBER. BI80, java.nio.file.LinkOption (ZE3EEY
SCIY CopyOption FJ OpenOption [,

B2z, BARERSUT RANERE, ERFYUREE—MEORESEIMEOMNEFAIBREER
B, RMEHTRM. XRrErinms B ohiE (SHERE) RLIZA. MR AP 2iR1E
EORSHY, IBATEHAEREANEESEISLAIRTNTT, BT LAE XA B,

39. iF L FanAtEst

HBE, BEFERGEEIL (naming patterns) SRIERFEEEFTRS 2B TEaERHITRIAL
H, B0, 7 4 RZET, Junit EAEZRESRE A FEIE LA test[Beck04] FHAEFRFKISENINFIE,
XMEAEER, BEE/IMERIRS. 8%, HEERSESEY, BXaREr. flu, RigE
MR R TR FiE tsetSafetyOverride MAE testSafetyOverride , JUnit 3 ALK
i, BetAstiTiil, SEERNTER.

I EEANBE - NRRRLERREINBETESNEFTR. Fid, RRERT
TestSafetyMechanisms 3§, HE Junit 3 BEBBENHERETIE, MAEEIINZFRIOM.
B#f, Junit 3 tHAZUHE, BeBASHTII.

I EEANBE =N RRREIRB RS ESEF TR ERKFNITE. fia, BRREsHF
REERHSERBRZ RTINS, FEREERA LRV — 248, (RILER—LR
OIRITRIA RIRI VG R F B RTRRISEIIN T A2, BXSTEAMMIESS (FRE 62 57) .
XS BB BN Z B AFENFHEERHLFE. WRGBNEIFEREILERE,
ZBEIENIE TR 2 &I

ERRIULS, 9.7] RIFHIFRR T FFEIXLYEIRE, JUnit MEB 4 fRFFERAEN]. XM IES, &
1M REFA B CRMIERR RN IR TSI,  BRIRIFEE N —NEFEERIEE Btz THIE
B, FEAREME— T RERERY. LITEE7 Test RIXFNEMRERIEN :

// Marker annotation type declaration
import java.lang.annotation.*;

/%%

* Indicates that the annotated method is a test method.
* Use only on parameterless static methods.

*/

@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)

public @interface Test {

}


af://n4262

Test JHRERINEIAAS(FER Retention F Target FHEEHITIRC. TEEAFEIAEANIX
FEMRFRATTEM. ©Retention ( RetentionPolicy.RUNTIME ) JGIERBISR Test HRRAZIE
EITHRE. 28, MATEMASEEl Test FfR, 0@Target.get (ElementType.METHOD)
TCEREREE Test [FMRRANGIERBEEL: TRENATESEE, BHYFHESEMERTE.

£ Test EREARBAZEIRNERR: “NELSESHIEPER”. NRMESFOTLEHIHRITIHRIE
BRI, BEAREE, RIERSIRMIESSSRITIHIRE. BXRILEFBNESER, B5H
javax.annotation.processing A%, TEBNXFERRAMIESSAIERT, WRE Test EEME
SR ARBBESHE— N SRE NS HGIE L, BANKEFRNRSREE, FHEEBANLTETET
AT SRAMEXANARE .

IR Test EMBESLEKPRINA. SHRMMARCER, BNERESH, REMRC T
=, NREFREH Test B8 Test EMNABTEFTEMARLEEH, WXEFETER

i% o

// Program containing marker annotations
public class Sample {

@Test
public static void m1() { } // Test should pass

public static void m2() { }

@Test
public static void m3() { // Test should fail
throw new RuntimeException("Boom");

public static void m4() { }

@Test
public void m5() { } // INVALID USE: nonstatic method

public static void mé6() { }

@Test
public static void m7() { // Test should fail
throw new RuntimeException('Crash");

}

public static void m8() { }

Sample FEBLNEEHE, HPFMAREN Test . HPEWEAD, m3 M n7 3IRFE, B
AN ml F oms FEIREE. EBRIRE5IKEENIEGEZ—RENEE B E2ERINE3A
i%. B, sample BEHEMN: —PSET, WIEEM, — PR, KEA Test T
PRERIRF TS AR TR RS,

Test EMERY Sample KRUBMIRBEZEFNE. MMNRRMEEMEXERER. Bt
R, IEEASKEERBINEN, BB EINXAMERANEI T3S TR B THRPAL R

// Program to process marker annotations
import java.lang.reflect.*;

public class RunTests {
public static void main(String[] args) throws Exception {
int tests = 0;



int passed = 0
Class<?> testClass = Class.forName(args[0]);
for (Method m : testClass.getDeclaredMethods()) {
if (m.isAnnotationPresent(Test.class)) {
tests++;

try {
m.invoke(null);
passed++;

} catch (InvocationTargetException wrappedExc) {
Throwable exc = wrappedExc.getCause();
System.out.println(m + " failed: " + exc);

} catch (Exception exc) {
System.out.println("Invalid @Test: " + m);

}
System.out.printf("Passed: %d, Failed: %d%n",

passed, tests - passed);

Wiz T TRAED ST LIRS RLERENRSE, FBEIEA Method.invoke RRFIMIEITRT
BRIFCHE Test [EFMEAYJTIE, isAnnotationPresent FASIKRLIEBETMLTTE, MNERNH
FESIREE, WRFENSHEESEE InvocationTargetException R, ZTERERIEEEFT
ENEEH test FAMHRIRISHERISIERS, %5 AR(EH getCause J3iEM
InvocationTargetException HR2EXHY,

WNRE=H B REFEREMR AR InvocationTargetException ZAMYYFHIHE, NIZE
AN CHESNE SR ﬁﬁﬁﬁﬁ'] Test Eff. XLEREBEEHRLOGE BE—1TESIMESHNGEE
EEZ:EJIH@E"JH% MIRIEITRRPAIE A catch RBIRIXLE Test (ERNBIRABTMENAIEIR
BE. X2 RunTests f£ Sample LIZ{THIFIEDAYEIL :

public static void Sample.m3() failed: RuntimeException: Boom
Invalid @Test: public void Sample.m5()

public static void Sample.m7() failed: RuntimeException: Crash
Passed: 1, Failed: 3

WE, AR (e H S E R EI A A IIASMIKNAYSE. BAIIFZEALRII— R ERESE
Bl

// Annotation type with a parameter
import java.lang.annotation.x*;

] **
* Indicates that the annotated method is a test method that
* must throw the designated exception to succeed.
*/
@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)
public @interface ExceptionTest {
Class<? extends Throwable> value();

IERASEEREURE Class<? extends Throwable> , ZEJoRER, XMIBEFAEHON, R
X, E%:ﬂ_-“?[“ B Throwable HIEANER Class WER”, EAETHNAFBETARE (S48
R) FB, XTMHEER— M RERRCRIBIF (FERSE 33 K) » UTEEBELEPRIGF. 15
= %‘é%?—%&%#ﬁ&%%?ﬂﬁ.



// Program containing annotations with a parameter

public class Sample2 {

@ExceptionTest (ArithmeticException.class)
public static void m1() { // Test should pass
int i = 9;
i=1/1;

@ExceptionTest(ArithmeticException.class)

public static void m2() { // Should fail (wrong exception)
int[] a = new int[@];
int i = a[1];

@ExceptionTest(ArithmeticException.class)
public static void m3() { } // Should fail (no exception)

}
MELEFAMESCIE T TESIEIAT TR, XS EIREUATRSRMNE] nain J5iEH:
if (m.isAnnotationPresent(ExceptionTest.class))
tests++;
try {

m.invoke(null);
System.out.printf("Test %s failed: no exception%n", m);
} catch (InvocationTargetException wrappedEx) {
Throwable exc = wrappedEx.getCause();
Class<? extends Throwable> excType =
m.getAnnotation(ExceptionTest.class).value();
if (excType.isInstance(exc)) {
passed++;
} else {
System.out.printf(
"Test %s failed: expected %s, got %s%n",
m, excType.getName(), exc);
}
} catch (Exception exc) {
System.out.println("Invalid @Test: " + m);

HARBESHAIBATRIE Test JEFAINERM, REMSM: AR ERS RV EFER
EXReENAS IRNSEEARTIERIEE, REFMVER, FEIRH ClassCastException
ek, WHEFRFENSIMEEIRSHINTEINEERE, B—RFEIR: NREIHRSH
EmFNER, EAREERERENIMESTNABFE, WHE Tt
TypeNotPresentException &,

BEAINEEWHRAE—EHEE, TTLARE—NUH, Reft/ LV MEENREFRHEHT—
A, BB, CEREIE —METSZEIXMAIENTR. BRIKFK(E ExceptionTest JEREH
SEHEEBIERN Class ITSEAH:



// Annotation type with an array parameter
@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)
public @interface ExceptionTest {

Class<? extends Exception>[] value();

TREPHASHNELIRRE. BINRTREEHIT T, FBLIEIRY ExceptionTest iE
FIPAERT ExceptionTest RUFAVEASEIRE, AESEMRBETHEE. EEE—ITETEY
B, BERTESERETHREER, FRESHREN:

// Code containing an annotation with an array parameter
@ExceptionTest({ IndexOutOfBoundsException.class,
NullPointerException.class })
public static void doublyBad() {
List<String> list = new ArraylList<>();
// The spec permits this method to throw either
// IndexOutOfBoundsException or NullPointerException
list.addAll(5, null);

eIzt T TR EIIRAR ExceptionTest EMRZEERAY, IACISEHRIRIGHRAS :

if (m.isAnnotationPresent(ExceptionTest.class))
tests++;
try {
m.invoke(null);
System.out.printf("Test %s failed: no exception%n", m);
} catch (Throwable wrappedExc) {
Throwable exc = wrappedExc.getCause();
int oldPassed
Class<? extends Exception>[] excTypes =

passed;

m.getAnnotation(ExceptionTest.class).value();
for (Class<? extends Exception> excType : excTypes) {
if (excType.isInstance(exc))
passed++;
break;

}
if (passed == oldPassed)
System.out.printf("Test %s failed: %s %n", m, exc);

M Java 8 FHR, BB —MITERIUTES([ETH. FILIER 0Repeatable JTEMERImLMEN
AR, MARERHASHFIEEREE, s IBAILUESENATRN TR, RuiERART S
. ZSHERASTHRIBNRNSR, HE—SHEFRRAILS, 9631 FIEAE. WMRBANER
ExceptionTest EERAXMITE, TEZIMIER., BI5, SEBREVNERESAIR
ERISTIBR TR, SNERSTEmE:



// Repeatable annotation type
@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)
@Repeatable(ExceptionTestContainer.class)
public @interface ExceptionTest {
Class<? extends Exception> value();

@Retention(RetentionPolicy.RUNTIME)

@Target(ElementType.METHOD)

public @interface ExceptionTestContainer {
ExceptionTest[] value();

TEZZKAIAY doublyBad WHXAB—MESREBABETHAEIFNSI

// Code containing a repeated annotation
@ExceptionTest(IndexOutOfBoundsException.class)
@ExceptionTest(NullPointerException.class)
public static void doublyBad() { ... }

WIETESHTREEIE. EEIRSEREESFHEEENARITRE.
getAnnotationsByType J3iA#E yiX—%L, AT HAIESTHRAEES THE. B
isAnnotationPresent BEMISHES TR AR IMHRE, MECTHERE., NREINMTEEEBR
MARENES TR, FEFEA isAnnotationPresent FANBEITREAEEIZEENER, sk
MeRs. FRLEAMEEIREENFEENSEEFARRZIEESN TR, B, FRLGAE
BESHNTREEESHEFRRBZEAEER TR, EFEA isAnnotationPresent HGNESFHIFE
HERTHE, FTENTIRRAREGSREREE, LITRE RunTests EFAMEREDEIEROE
Fi ExceptionTest EARRIYRIESIRAATRIGIF

// Processing repeatable annotations
if (m.isAnnotationPresent(ExceptionTest.class)
|| m.isAnnotationPresent(ExceptionTestContainer.class)) {
tests++;
try {
m.invoke(null);
System.out.printf("Test %s failed: no exception%n", m);
} catch (Throwable wrappedExc) {
Throwable exc = wrappedExc.getCause();
int oldPassed = passed;
ExceptionTest[] excTests =
m.getAnnotationsByType(ExceptionTest.class);
for (ExceptionTest excTest : excTests) {
if (excTest.value().isInstance(exc)) {
passed++;
break;

}
if (passed == oldPassed)
System.out.printf("Test %s failed: %s %n", m, exc);

INT ESRERLESRABNTEENE, WEE DSBS I LAINA TR ERER
TTR. MRETECMSRTRABIEEYE, BERTN), BFicE, ERBMMETESIMINEE
EZRER, FEGEAESERESSLE.



XANREFRIHAEZRER E—NER, (BEEEERE T AN FaElaiiEtt, mEeX
R TR LRE A 2489508, INREEN T REREFRBEEFINZIRNET, BEMES
RUERRSRE., HuILMERERAER, RBEEHERGRIRN.

XHER, BRTERFFAE (toolsmith) 25, ASEIEFREAFTEEIGERRE. (BT
EFRERRGZEM Java RMMTRESGERRE (FUF 27 405K) . HIh, 1BEBER IDE B
AT TREHIGER. XEIRJLRESXETRREHZSHERNRE. BiFEIR, XEERER
e, BEICANSRGR T BsinEHIl, AR EM—LT(F,

40. Y842 (EH Override ;¥f%

Java KRB/ MNEMEE, WTHERGEFRKR, REENRE 00verride . LGFEREEE
BEFEBA LR, BREHERNSAFIPES 7 QEMNFEHE, NRBEERXNER, SRBnr~
ERERTER bug, EERXMERF, EXMEFRH, £ Bigran JXrRWFHER, HFZEFN—X
F5:

// Can you spot the bug?
public class Bigram {
private final char first;
private final char second;

public Bigram(char first, char second) {
this.first = first;
this.second = second;

}

public boolean equals(Bigram b) {
return b.first == first && b.second == second;

}

public int hashCode() {
return 31 * first + second;

}

public static void main(String[] args) {
Set<Bigram> s = new HashSet<>();
for (int 1 = 0; i < 10; i++)
for (char ch = "a'; ch <= 'z"; ch++)
s.add(new Bigram(ch, ch));
System.out.println(s.size());

FEFESEMI— T INFREAGIEST, BINFHESHRMEENNSFEEM. AE
ESFTENESRIR/, (RETBEREBIERFIIE 26, AAEEFEESESN. WRIFENETER, R
KRIVEFTENAE 26, 2 260, EBMTARRL?

&SR, Bigram EHWEEITEEES equals FE (EME 10%) , EECEES
hashCode (M 114%) . A=F=MNR, BRIMESBHNEFRIRBES equals , MEEHKE (R
$52%) . BEEE Object.equals , MIEMN— equals J5ik, HEBERIHREA Object
{8 Bigram HY equals FRERISEIARZ Object KB, FIE Bigram #IK Object HY
equals F3ik, XA equals FAMENSRHSIAREER—, #iE -- EE/FF—. 81F8
HER 10 MEIRFPHIE—NESHM 9 MEIARE, FTLAE(#E Object.equals MAREZE, XH
FRRE TTERFFTED 260 BIIRMA.
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EENE, WFSSULUSBBRKEX N ER, ERESRETITREFIIEES
Object.equals 3EZEEEIR. BEMENX—m=, A @verride j*fE Bigram.equals JFi%, WTFFRF

2

@0verride public boolean equals(Bigram b) {
return b.first == first && b.second == second;

}
MRBALERASHENTRBZIET, WESGEA T HERER:

Bigram.java:10: method does not override or implement a method
from a supertype

@0verride public boolean equals(Bigram b) {
A

(REMAZRENFME THA, EEL EIRRMITTY—T, B—NEMRY (GERSE 10 %) k&ir
HEERY equals SCHR:

@0verride public boolean equals(Object o) {
if (!'(o instanceof Bigram))
return false;
Bigram b = (Bigram) o;
return b.first == first && b.second == second;

R, MZERANBEESREFRIIENTEFALMER override [EE. XFEMUWE—MN
BIgh. AMNRIEERE—NRERCHMSKRIE, FEREEES THEHKTIIMSRTTE, WERS
Override EEMEIXAL. ERBFBANMRAVET, NRTEEEHMRRETTE, RERELK
HEREE. BR, FURKREXIRTIEESRIGENGE, EXMERT, BRI ERX
Y75k, KZEIDE AILIRENERFESSAREMEAN Override iE#E,

AZE IDE IR T 2FER Ooverride JFEMNB—MEH. NEEREEHAVEEINEE, NRE—
NEERRB Override EHERESREKFE, W IDEBEMR—NES. WRIKLFHER Override
TR, XWEEERBRTEREANES. B 7THFESEMNERER, XEEESIRERTRERES
KM, IDE F4miFEE, MUABERAEEH I REERN SIS ES AL, hi—5%.

Override FFABTESRBEOMXRATESE. BE default BUATEIHEL, EEO
TEREASEHL EERA Override LIBRERZEMIE— IR, WRMEEMEOIRBIAT
%, PTLUSEZIEEOSENEARSIILERY override JERRLURINEEL.

M, E—MMhEEHEOF, EEMCHRIRANEERERREOLANFRERE, LTieEE
IR EHMSERT, B8N, Set EOALM Collection EOGIFAE, RALTCRIZEERESE
FIAFEE override FRELHREASEIMEMA Collection FEORIMEHIFTGIE.

RZ, MRESNTERRAPER Ooverride iR, FAEINNEEEREFM, BRAREHRTLL
RIFREZMRSERITN, EF— M. EEARNET, FREEIRNCREIUESHRITIER
BRRYTSiE (REXFHHERBERL) .

41. (ERARcEOE X B

FRc#EEO (marker interface) , BAEEAZRENEO, RE2EE (8 [fRe] ) — T
EERMEMAEO, fIa0, EE Serializable O (F12E) . BEITSSIUXMEO, — %%
BAERISEHIRTLAE AN ObjectOutputStream (i [FFL] ) .
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IRETRERITBUIANCIERR (FEUSE 39 &%) BBRCEOEN T, XMISEFERN. tRcEd
StRCiHEELLEERMIR. Bk, HEREEN—R, RCEOEX T —/ M HiFCHsEFIEIE
KB, FCERNSBENXHFNRE, RoERMAXENGFEERITHERFINERER, WREMRNS
TR, WERLETH A 8EfEREIR,

Java OFFFIEHNE (586 %) fEFH Serializable #RCEORIERENXKELEDFFMLA, 3¢
EIRATHITSIHITRFIULEY ObjectOutputStream.writeObject FiAERESHAIFINL, R
WEENSEZE Serializable RKE, NERZERSGNEIFIICAESNENER (B8
&) . WENERIOUEINCEONEE, EARFRE, ObjectOutputStream.writeObject API
RBFA serializable ##M: BRISEWKAIAA Object KB, FRUARIHFIIE—IAREIFFIL
NS ERIETRASKM.

trRcEONFRCIERNS— M RRU L EERIEECER. NRERBR
ElementType.TYPE FEBEEAESEEL, CMAILMGNATHAUREEA. RRE—MRCNERTHE
EOMSHL, WRBGEENRCEN, WAL REERINE—ZND, MIERERCEEBRER
ME—RE ORI FEEL,

LA, Set EOMBXE—NZIRAVIRCEO. BIUERTF Collection FHE, BARLF
IBE Collection EMMIGIE. BEEAMUAALERCEO, BACKHT/IA Collection 75
AR93R4y, BIEF add , equals F1 hashCode , ERFZER—MrcEO, BSNERTRELRSE
EONTFRE, HEFRSESUHEZEOSENRY. XERCEOT LSRR N NS — LR E S
(invariant) , EREVBALHIEEISHENEMENSELIE (Fifg Serializable BEOIERLAFIB
B ObjectOutputStream EHIAI) .

trRciEBMFIRCEONEERARRCNEEXNEFRIRN -GS, Eit, moTERIFEET
IERRAIESR PR —EUE.

FTLMT ARHRRIZ SEFARCIERR, (T ARMRRIZERRCEO? B, WRIFCRN AT IR
ALUMYEHEERTTR, WeRERiERE, EANRRSERSSFIRORSINEY REO. MRFC(NER
TRIEO, BARBCHR: [TEHRERES—HS T REZERMIRFCHRAITIER? | 1R
B, NNZSERFCEOMAEERE. EERTLUSEOBERMNICIEANSEHESE, X5
TR RBMEERITFLE. MRRERREC, KEAREBE— P REZHERCINSRIGE, 3B
LRFERRCER. B, MRINCEAEMEAEBIERN—EY, WiRCiEERPMAERE,

B2, FcEOMRCEREPEERL. MRFEEN —NRBIEHUXEKRIFTIERE, —MF
ICEAR—MA{TRIZIE. MNREBARCHREMZEOLIMIER TR, B BINCHSEIEEXREFAT
RSREIROIESE R, FPAMNCERERIEMRRNILRE. MRRMECIEARSEITA ElementType . TYPE
RRCIERRE, BARRHAFEFERSRIZAIRARE, ERITCEROESE.

MEMESCRR, AFB5FE 22 WWERIEFER, £B 200882 [MRIFAEEX—
R, AEFEAEO] . AREBNERE: MNMREEN—EE, —EEEHAEN, |

42. lambda XK TFERE

£ Java 8 Fp, RINTREIEEO, lambda FANFITESIA, LMEESZHEIERENIR.
Stream API BEEEMIESAUEK—EHIMNEER, FMIBEURTTRFYIRMERESRE. E4AEH, i)
BIeazE s FI X LIRE,

PAE, ERSR—MSEENED (SRERIMERMSRE) BREREESEE. SR (FRAREL
XI5R) FEREL (functions) B{Ta (actions) . EBEM JDK 1.1 F 1997 FRMLLK, BIEEREIRH
FEFERMEEZE (FEWNFE 24 %) . TEEBRABRE, KREFHEKEIRFSTIRETHR,
(FRERXEHEFIL RS E CERHHEFIRF) :
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// Anonymous class instance as a function object - obsolete!
Collections.sort(words, new Comparator<String>() {
public int compare(String s1, String s2) {
return Integer.compare(s1.length(), s2.length());

}
56
ERXERTEERSSNSHEANSRIZITET, FlERIEIE((Gammads], LHiRssEOx
THEFFEUMSR RS, FENEZXERFFARNEMRKEE. A, BRI, #18 Java PRIREL

TUIRIER I — TR 5 | ARIRIR.

£ Java 8 F, IEEREVC T XERIS, BIERBEMISITIAIRORSIN, NiZEEFAIRIRY
5. XEROIERAREEUED, FARIZKESAIHRGER lambda FRIATUELREFR lambda SEFEIXLL
EORISERI, Lambdas FEINRE L SERSEML, EEEE. TERICEBEER lambdas Zi: EFERIE
B3R, HRART, 1THEMET

// Lambda expression as function object (replaces anonymous class)
Collections.sort(words,
(s1, s2) -> Integer.compare(sl.length(), s2.length()));

BHEE, B ATEE lambda ( Comparator <String> ) , EHE¥{ (s1f1s2, #E String
KA RHEIRENE (int) AUREY, FmEESFRTRASEUENNEEN E T PESHIXLER, #F
WiERT, WFFELEAERE, YIEEE]. REUERIMNERSZY: )E JLS P EIETED
BETULS, 18], RAOBREFRIFMTHRXLHN, E%XK. RIFCINEFEERRERE S, &
NIEREEFA lambda SEIRIEEL, WIRMFFEA—MER, SRIREABEHERTE lambda S¥AI2E
B, AlEEE. BIRAEAERETIEEREIESEE lambda RIAR, BXBEIDL,

RTREBMBE IS —R. FE 26 SFFAEERRIAXRE, £H 29 SFRRFZEEE, &
B 30 SFRmEiZETE. SfEA lambda FRAINH, XMEINZIFHEEERR, FAREBRIGTK
R ARIFENZEGHTREMETIIRANER. MRIRRBREXLER, WmFEGTEH TS,
{RESJRTE lambdas RFAFEEXRE, XIGAKIEINENTRE. 26k, NRZERSPARR
KB List MARSEHUWEE List<string> , M EEAMNRBHREERSRmE.

ER—a), WNER(EBLLRSEHIE S ELE lambda, MAEEHRILLEREEETL TS ENNES (£
E14F143%%)

Collections.sort(words, comparingInt(String::length));
SChRE, BEFIRRINE Java 8 HRY List #EOM sort 7%, BILMFERERTEEEE:
words.sort(comparingInt(String::length));

& lambdas iFIIENZIES S, EEERRENSELURIRBRENXANTIFETA. flil, B
B 34 9RY Operation ##EA, HTEMIEHEERRNINABRERITH, FLFIMERTHEET
FENXRENR, AESMEEEETEST apply 75iE. ATREFRHRENCIZ, TERZARIE:

// Enum type with constant-specific class bodies & data
public enum Operation {
PLUS("+")
public double apply(double x, double y) { return x + y; }

be
MINUS("-") {

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

TIMES("*") {



public double apply(double x, double y) { return x * y; }
be

DIVIDE("/") {
public double apply(double x, double y) { return x / y; }
iE

private final String symbol;
Operation(String symbol) { this.symbol = symbol; }

@Override
public String toString() { return symbol; }

public abstract double apply(double x, double y);

534 ZBIR, BELHIEMEESENIEERETR, Lambdas BAILARAZERRIETAZE
REFRLIEESFENTA. (UUEIMEMEEETHN lambda (GBAENEIESE. WEH
5% lambda IETESLHIBMESR, apply HAEBERERL lambda, HLF=EAMIBLLRIGHRASE
B, EiET:

public enum Operation {

PLUS ("+", (X, y) -> x +Y),
MINUS ("-", (x, y) -> x - vy),
TIMES ("*", (X, y) -> X * y),
DIVIDE("/", (X, y) -> x / y);

private final String symbol;
private final DoubleBinaryOperator op;

Operation(String symbol, DoubleBinaryOperator op) {
this.symbol = symbol;
this.op = op;

}

@0verride
public String toString() { return symbol; }

public double apply(double x, double y) {
return op.applyAsDouble(x, y);
}

BEIR, BMERREEET AR lambdas B DoubleBinaryOperator &M, X2
java.util.function HIFSTMENIREIEOZ— (EWNFE 4 ) . BRI IDERE, CESH
N double ZEEIZE(FHIR(A] double ZEAIAYLE

BEET lambda B9 Operation KZ, {RAIBESIANEERENSEREEELETENNE
L, {BESCHIRINL, 575FfEARE, lambda [2BERMHINE; MRTEAEZEBEELN, SkEiEd
N7, WARFHEMA lambda FixXA, —1FBEXITF lambda i 2EERY, =1TABESENSZEKX
B, UIRERX—NE, TS EREEFEE. WR— lambda REESREERIE, BEAK
Bl AR S CHERIRIVERRERE. Wb, (EBRAREEIES AN IS E i T
W, B, BEEIEEEFR lambda FRIATNABEHAMEAISEAIKR. WREEEEREEHLIE
BRNEERNETH, TAE/VTHREII, SEZFTEhTENsSAE IPMAEESENETMHPARE
T2 BRAE.



Bk, {RATRESIANERZEE lambda FIREBRIR T, XEFHAEL, BELEBREILIBER
kMM, MAIAEER lambdas ., Lambda {PRFHEEO, WRFBCIE—MESSEAISTEI, (R
SILAERRER RS, (BABEFEA lambda, @, (REILAMERERZEROIZEE S MK IERE
AL, &f5, lambda ABEXKEXIEEMIS|IFE. 7E lambda 1, this FEFS|EIIIALA, Xi@E
HEMEEN., EERZRY, this XEFSIPERELA. WREFENERILRRENTSR, U
WIRFEREZ .

Lambdas SEGXERZLZARMFFINARFFICTIRER. Bib, BiZRL NRERIE)
F5HE—A" lambda(B—NERXER). MRE—MEEHITFIICHREXISR, tan—
Comparator , BRAMER—IFABEFSHRERAILA (FHFE 24 %) .

LR ERMA, M Java 8 FHA, lambda BIESHIERTVNEEISAIRIETT. MRIEBACEIFSRL
VOB, BUAREEBEZXFHRMMNR. B, BIClE, lambda FETUEFR/NEEL
MSREGUILEER, UETEAREMRERAITHT—/E), XERATE Java HLARIFASEA.

43. F5i%s| BfRF lambda FRiXz,

lambda ETFEZENTEMAECEREE. Java BT —FERREXISAITE, L lambda if
EfEna, B2 HBiASIA (method references) . FHE—BREFNBRE, BHEP— " MMEEREE
BHERIMEY. MNEREZEREARIAINE, WZEFE—SEESHIIH. %CBHIIEER,
IRIBEIREIRRAE, AEELERM -

map.merge(key, 1, (count, incr) -> count + incr);

HER, WA merge 7%, ZITACIHRINE] Java 8 PRI Map EOH. MRRBLEERE
RIBRES, MIZTTERBBANGEE; MRMSIELEE, WEHAERBNATARENSEE, 7/
FRBEIRE, HWARERR nerge J5ARIHEEIAM,

RIRIFE, ENAE—EHRIRE. 240 count M incr AREINASIME, FESRE
SARRIE. BAY, FTERY lambda EBREIFREENRBINNSEEIM. M Java 8 FFia, Integer 28
(FORTE R e AR ALR) BET—NSITIELM, MExefRE. HITLIESEE—
MXNTERIS A, AR RIIRRESEIERRER:

map .merge(key, 1, Integer::sum);

HENSHHE, (RELUBESES IRERESHER. A, £ lambda &, IERAISHE
B T BRI, 15 lambda LEITiAS I REERIERMART 4P, BIfE lambda BEKEK,

RETTES|IFEMAIEE, #iRE lambda REETTAAY (RE—MERGISH - NRIRIFERNE, &
WoiLs, 9.92) . BEER, ERASESIREERGRER, EEMAIEE. R lambda TEAK
BASZ, ClHEEBIR—NER: RILU lambda FREVRIEEI—NRROTT AT, FHAXIZIER
SIRARE lambda, (RAJILUMERANGE—MNFEF, FHCEXEIERTHK.

WIER{RGEF IDE Ri2, TFRME lambda BU5A, HEFHIMSERG LS IR, BEBRT T,
{RMZEEZX MR, 187K, lambda SHFAS |IFE®EE. XMMEREERERESES lambda 1BRERY
Zeh, Blan, EEXERARRE, SHEBEHME—1EN GoshThisClassNameIsHumongous HY3Erh:

service.execute(GoshThisClassNameIsHumongous: :action);
XA lambda SUTFFENF FEAIRT:

service.execute(() -> action());


af://n4355
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{£F3737%5 | FRRYAIBERFAELER lambda RIS R EREFGANEMT, FTLMLEIEEEE. EXM
AIRES4TH, Function EORMT—MERRESI] 73iERRERREE
Function.identity() . AERXMITE, TREMAFMAY lambda WEMARE: x > x , BEE
E, EEE.

WE5iES |BRIERSIIE, B8 4FMUTERB5|IBE#SITE. B4 Lambda FXNEKE
(bound) FUER (unbound) MHRITIESIA. HEFENRSIAT, BESRELESIRFEE. 55E
M5 |IFEARR ESFES AR RN S|IBITEEEEENSH. EESNRSIAS, Bl
MSRIEN AR EI SRR 7 AAEBS S RIS EIsE. NSRS REREREREE
(pipelines) PRIBREFFNILIETTIE (£E 45) . &, WA, BRMEIETESIR. WiES
ESIRRIEL R, TREG TBRMITIESIA:

HiES|AXE 3] Lambda &3¢
Method Ref Type Example Lambda Equivalent
Static Integer::parselnt str -> Integer.parselnt(str)

Instant then = Instant.now();

Bound Instant.now()::isAfter )
t -> then.isAfter(t)
Unbound String::toLowerCase str -> str.toLowerCase()
Class Constructor TreeMap<K, V>::new () > new TreeMap<K, V>
Array Constructor int[]::new len -> new int[len]

B2, BES|BIEEA lambda I2H—NEEEANER. MERES|IBERREEEEEM, 5(E
Befil; 8N, E224F lambda,

44. {fi5c(ERtRER RS

W Java ELH lambda FIXT, RS AP IRELEREZKRETRARIRM. Fla0, BIRGEE
T[Gammags], Hp—PFREERIGTEUET WHERSRITH, BEREPARSIA. IERH
SRR RM— ST SH8IESIERERREIRLUAZEER. BER, JUREESLR
IS NSHAIIETSENTTE. EFERR S S A TE LR,

#[& LinkedHashMap , BJLUBIIEEHEZ{RIFAY removeEldestEntry JFoiERGLESERIEE
7, BIREHRY key [EMNAE map BHEBSARBIZGA. Hitb75ARE] true B, map SMIBREIELSIZTS
EHRAKE. UTRBESRETF map IBKE—ENMNEE, ARESRNIF key ERNHRGEERIK
B, F#RERIN—E1MNEE:

protected boolean removeEldestEntry(Map.Entry<K,V> eldest) {
return size() > 100;

}

XHHREARER, BER2(RILAA lambdas i{S&YF. AR LinkedHashMap Z2MEREH, BPA
EEE— MRS SER ERRBRENISR., BE removeEldestEntry F5iARIERR, {RATHEE
DINAREIRIZIEZ— Map.Entry<K, V> FHRE—Mp/RE, BERXHATERBIXEF:

removeEldestEntry LR size() AiAFKENEZENEE, B9 removeEldestEntry 2
map ERS—EBIGE. (EBEEIERENRENISARE map LRISCHIGE, ik, BAERERA
HT) S#@1&73:50 map BAANFE. B, map KEHECSEBERENTSR, REXISIE map LIKE
MEZEFEABMASE. NREFEXFE—IIE0O, RIZRIXEFRY:
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// Unnecessary functional interface; use a standard one instead.
@FunctionalInterface
interface EldestEntryRemovalFunction<K,V>{
boolean remove(Map<K,V> map, Map.Entry<K,V> eldest);
}

XNMEORLUEETE, BRIFFROZERE, EARAEEALERNER— N HEO,
java.util.function GRMTREINERHEHEOMMRER, MREF—MRERIEEOTTH
XIMTAE, NBENZASTERE, MARE JMENRHSEED. XEEFN AP ES55Y, B
BROERVERS, FBREHEENERIELETSE, BATFSREREEEDRME TBBNEAGIE.
BN, Predicate EEMORMTHESHIMIAIGIE, HFAIAY LinkedHashMap 7RfIF, #RERY
BiPredicate<Map<K, V>, Map.Entry<K,V>> 3ZOMNKIHTBEENH
EldestEntryRemovalFunction 3Z[AYER.

f£ java.util.Function g 43 /NE[M. FEEEELIICHE], ERURCETANERE
H, ALERZEC/IMIREHERZEO., EXNROBFTRSIAXE,. Operator EOFRFI
ENERMSHEREMER. Predicate EAFRTHEDEEZ—MSHFRE— M /R(E.
Function EAFRFTEHESHINIREZEIAR., Supplier EOFRT— I NMEZSEMIERENE (B
[N ] ) B975i%. &Ja, Consumer FRNZJTERZR—MSHMARBHISRA, AREMEERE
SE. NFEAREEUEOMANT:

&0 Hi& ]
UnaryOperator<T> Tapply(Tt) String::toLowerCase
BinaryOperator<T> Tapply(T t1, Tt2) BigInteger::add

Predicate<T> boolean test(T t) Collection::isEmpty

Function<T, R> R apply(Tt) Arrays::asList
Supplier<T> T get() Instant::now
Consumer<T> void accept(T t) System.out::println

FERIEEASRT int, long §l double BHR(E L, ANMEAEZOFTEBE=A1EAK, SINBFEEL
EEAEORIN— N EALEMERIN. AL, fla0, —ME= intfY Predicate 2—°
IntPredicate , MI—MEZMA long BFHREI— long N TEBE/HFE—
LongBinaryOperator , PR Function EOZMNEILIREIEEENATTSEUL, BAPZEARIENRE
S8k, B0, LongFunction<int[]> {#F3 long REUEASEHIFHRET int[] 288,



Function EORBNNEIMNIEAR, JERKAERLINGER. RNSEREIELEBEARR,
EANEBEICEBRIRELZE UnaryOperator , WNRIFERBFNERKBIERANRE, WERTE
SrcToResult HYRUZR Function , fHI#1 LongToIntFunction (FNPEEAR), WRFEE—NEARZE
B, REZERE—NNSEIA, BBATHE Toobj RYBIZR Function , 4N
DoubleToObjFunction (=FHZHK),

BE=ENMEERNSHIRARIEATIREEO, FE188X: BiPredicate <T, Us
BiFunction <T, U, R> #] BiConsumer <T, U> , tBEIREI=FEFEARZEAR] BiFunction
ZSfK: ToIntBiFunction <T, U> , TolLongBiFunction<T, U> #] ToDoubleBiFunction <T,
U> , Consumer BRNMEE, BIIHE— MRS —MEAZEE: 0bjDoubleConsumer
<T> , ObjIntConsumer <T> F[ ObjlLongConsumer <T> , RIEFNNRNSEERANERNZEO,

&G, B®B— BooleanSupplier ¥, B2 Supplier HN—AZK, BREIR/RE. X2
HtREREEOSRPE—ERERN/REDR, BRRREEREY Predicate REPUFHENA
FeXds. BIEESEFRNEH BooleanSupplier ORI 42 MEOGATBN+="MNENREAEO,
TAEIA, XRIEEELESHN, HEARIEEERN. 5—FAMH, (RrEERNAE S IhEEEOE SN
RER, MEENNEFEEEMN, FMUEREENIMERRIZE RS HIRMIT,

AREENEREEURONBTRENERLANSS. FEREEREFHRSIEOREEE
FRENORRMARESRBENHLNIED. SACTERMFR, BEER TS 61 FPRIEN: %k
EREARRAEMAREARRBNEER] | FRFEEASANSESSHTIERFILERRTER
HanhY.

EFRERNIZE B ERRENRETUEARNREE CRIEN. BR, (RAXHARMRSEE
CHIEO? =2, MRRE—MIEEREGHESHIER, fld, MRFE—HE=ISHH
Predicate , BE—MBHIEERER Predicate , BAFTEREECHKE. (BBERMERAIZIR
SHCHEREEURN, BESEP—MrERNREEUEONEIER.

EEFHNEBAR Comparator <T> , BHEHES ToIntBiFunction <T, T> #EOtERE. BD
FERIERNEEEREENZEOEEFE, FREEEERN. Comparator (ESHEBECHIEO
BUTNARE. &%, SNERERE AP PERNEBSREMHNFNNE, HFEFERTREZ. H
MR, Comparator ¥EOXIIRBIELAIRIEREEANIERK, XLERERL 7 ElNEELY, Bt
O, MEREETRY, $=, BEOESRST7TERNBIAG ERERIIAE S M RES.

RFBE—NREEUROS Comparator HELUT—PEZ M, MIHAREERE—EH
REEIEN, MARERFEREIEA:

o ERRZER, FEITLNERMERTRPZ S,
- ERREEARRY,
- EREmTEEXRIRIATLGIE.

REFREIRE CRREEVED, BCEER— MR, BLNIFREIVOIRLT (FRIES 21

BF¥=, EldestEntryRemovalFunction 3Z[] (8 1991Q) #if @FunctionalInterface ;E
R, XFNERERBIRT eoverride ., XE—NMEFREENFRLE, EE=1BN: eEFEE
ZFEMNTRINY, 1ZiEO2 A7 lambda RIARTIRITHY;, BEREFTRE, BAKRIERE— N
%, AEOFRSEE Sl LA LIHER AREEOREZTURAINOIBEHS G ARINEEO
th, MRER(EE eFunctionallnterface FMBIRFHRAIIHHIENO.

RE—RMZEXTE api PEARSUZONEE, FERUEBSSINEHRIGIE, XYEHEE
BRNSENE EERARNREED, IRXFMORESEREFimTr-El ., RAMULE—PEL
jB)f%, ExecutorService Y submit FFERJLARF Callable<T> 8f Runnable #[M, H¥HA
LIRS EE R h RS IS RIEAIESHNE IR (FNSE 52 &%) . EaltnpRERs £
RAEREEERNSHUEPFEATRAREEIZONGSR. XEKEB 52 PENA—MF6, (A8
hEARER]



B2, BUE Java BEET lambda RIAT, FEILRMEE lambda RIATKIZIHRAY AP, TEBIA
EEZREEUEOREFA R EPRETEN). —MRkR, &FER
java.util.function.Function FRRMHAVFRERO, BiELTE, HENEINERT, &FREE
CHIREIEM.

45, BBES s EHIP{EH Stream

£ Java 8 RANT Stream API, LABEERITERFHTHUTHVERRERYESS. 1% AP IR TN KHER
5 IR (Stream), FEIRETIRAVEIRITEFY, LARIREIE (stream pipeline), FRRXIXLETTRRY
ZHRITHE. Stream FRTERALCRBH TS, ERNREEES. $E. X4 ENFRAER T
Boes. (RBENEEERESFIE IR, RPRIEIEITET LRSS e ERRER, SHF=FEAREE:
int, long #0 double,

Stream pipeline B Source stream (J&iR) BIFFHZ/NFEHRIE (intermediate operations) F1—4
ERLEIRE (terminal operation) ARk, B NFIERIEELARERAUEIRR, FIINEE N TRMEIRZT
KRS, SLRIEEANHERLEMAITR. PERESBE— NRERAS— R, BEnEREEq
BESEMNREETARE. SERENRIVTREIRTERMETENRETE, fISETEFHERISE
B, REEANTTERSFTENEFRFBTE.

Stream pipeline BHEEBM (lazily) HEKE: BRRERFEAREATRIE, MATHRE
EERFMAZENEETTEKTASHITELE, XMEEERENSI, FETTRAMNIAEE.
HER, IRBREERIEN Stream pipine 2— METERFINES, FIUAETICEE—MRILELE,

Stream APIfRTUAY (fluent) @ BIRITAIFRTEAER pipeline RIERABHEERI— M RIANH, FxX
£, ST EEILBHRE—RI A — R,

BAMBR T, REESIZINF (sequentially) =17, EFEEFTHIT, RFEEEETATA
MEVER parallel() 73iA—HER, EREBENEXAM (FUF 48 %K) .

Stream API BB BBANERAM, SEFR AT EEAILAGER Stream H147, B2 [AILL , HAE
DRENIZIXF. WNRERBY, RAULMERFEEEEN, MRERTS, el EEmELA—EN
#EP. YTHAURERRIREREEIIN, BERE—EEL.

EELUTER, ZEFNFEXRENREFHTEIE R NG S AFiEEnN&/IMBNFrEZAIE
(anagram) 4H, MEENRFDHKERE, FARIFOERZEEMK, UEiIRZEM0E. BFEMER
1EERIF B4 S ENE N BEIRFHE BRI map X5, map WS EIRRFOHEFASIE,
It [staple] BOSER [aelpst] , [petals] ROSEEE [aelpst] : XM PN RIFHMER[IE, FrERRERLE
HEHERIOKZBIRFHFINR R, (BFRZA alphagram) , map SIS EEESHZ=F8IRFA/H
FrERIANSIER. WETFEYHE, SN IFREE— ) BNREMEE. REEFED map JW5REY
values() HIMBFHTENSNANTEBHENGIZE:

// Prints all large anagram groups in a dictionary iteratively
public class Anagrams {
public static void main(String[] args) throws IOException {
File dictionary = new File(args[0]);
int minGroupSize = Integer.parselnt(args[1]);
Map<String, Set<String>> groups = new HashMap<>();
try (Scanner s = new Scanner(dictionary)) {
while (s.hasNext()) {
String word = s.next();
groups.computeIfAbsent(alphabetize(word),
(unused) -> new TreeSet<>()).add(word);
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for (Set<String> group : groups.values())
if (group.size() >= minGroupSize)
System.out.println(group.size() + ": " + group);

private static String alphabetize(String s) {
char[] a = s.toCharArray();
Arrays.sort(a);
return new String(a);

ENMEFFHI— N EBES IR, BB NRIAEAEI map F (LUEAER) HERT
computeIfAbsent JF3i%, ﬁﬁ;izET_JavaMPm\JJDE’J XANEE map FEKR—ME: WREF
£, ZHERRESEXEIE. RIKE, ZhABTBAENRENSNETERTEE, BixE

S5REL, FRENTE(E, computeIfAbsent FFiEEW THZMESEMERERY map FISEHL,

MEEELATER, ChE@EEHENEE, EXEIEFRTR. BEIR, BNMNEF (=
MRS BaERNRIEAKF. & %?EE’J%% AR I T HAIE—REROIFER try-
with-resources &6, ZETRBERERXATHIG:

// Overuse of streams - don't do this!
public class Anagrams {
public static void main(String[] args) throws IOException {
Path dictionary = Paths.get(args[@0]);
int minGroupSize = Integer.parselnt(args[1]);
try (Stream<String> words = Files.lines(dictionary)) {
words.collect(
groupingBy(word -> word.chars().sorted()
.collect(StringBuilder: :new,
(sb, c¢) -> sb.append((char) c),
StringBuilder: :append).toString()))
.values().stream()
.filter(group -> group.size() >= minGroupSize)
.map(group -> group.size() + ": " + group)
.forEach(System.out: :println);

RRRIMXBRARBELAYE, AEEBLD,; (FAR—1A. EEE, BREiEHeEE, THEY
THRENERERRIEFRER, SEERREREFETRIEMLER,

FIERZ, B—MTHRDE. TEHAEFER T BEFNEE, FRRMASEERE(]. HER
B R EEEEMRIER:

// Tasteful use of streams enhances clarity and conciseness
public class Anagrams {

public static void main(String[] args) throws IOException {
Path dictionary = Paths.get(args[@0]);
int minGroupSize = Integer.parselnt(args[1]);

try (Stream<String> words = Files.lines(dictionary)) {
words.collect(groupingBy(word -> alphabetize(word)))
.values().stream()
.filter(group -> group.size() >= minGroupSize)



.forEach(g -> System.out.println(g.size() + ": " + @));
}
}

// alphabetize method is the same as in original version

BELARIR DR, IXMERFBAEIRRE., BE— trywith-resources RAFIFFFE
%, FRE—EXEFIFRBITERIR. RETEHEH words, RAFHESNTEREE— R,
IR FRYEIERB FIEHEE, SRRERESBRAKERIN map X&H, REFEHFIIAZ AT
BEiH# T4 (5 46 IN). XS ZRIRMMRAIRFIIER map T2tEE. AEE map BY values()
ME EFTH—NRE0R List<String> . ¥R, XNRPHTEERMTE, XREHTEE, LUER
&K /IVIVF minGroupSize RIFTEH, SREHZELEIRIE forEach FTEDFI TEALFZE.

BER, (FHHIEE lambda 2BFR. LEERPSE g MiZEIEaE) group, BE2EMAINES
THTABRKRARE T, EREERNXRBENERT, (FHGS lambda SHMFREEMEEEXE
;9

BEIR, RAFRMEERMA alphabetize FiAASERAMY. XEBISIREHSEEFRIFIGLI
WTORBETEF ISR, EREGENTFREEPNEEt R AP EAE
E, AHEERIENXBEEHGIIGHES.

FRINFTEDTLERRENIN, EETRNFBINFTESEAKNEE, EXLIERRS, 7
ErgEER. XERERMT Java IREMRIGFRIRAVSHS (XFAFAEKRE Java NIZSHF char i
XERATTH) » EERERRLE char (BRIBE, BEBLAITRE:

"Hello world!".chars().forEach(System.out::print);

{RETREFRLEEFIED Hello world! , {BUIREITE, KINEHIED
721011081081113211911111410810033, XZEFEA “Hello world!”.chars() REIAVRAITEAZ
char {8, M2 int{d, EWERT print Bint &, TAIBRIN, — 1A chars B975ARE—1 int
ERES AR, ATLUBE &S EARERNESRRESZERF:

(BIEEERT, RHZERERTRRLE char B, STHAERRN, (FURSBEEESFEREA
IBERRSRRE), BISIREIXMIRE). REXZAUHR, (B RENBENIEEAI4
. BE, ERRMECHEMES TR REERAES, WEERY Anagrans FEFRAT
. Eib, ESRNERBLAERR, HNEREXNERTEHRCEPERTI.

ATEFRUERFATR, MEBEERRENISR (BH lambdas Bif5iA5|B) RrESHE, M€
RBERABRERESITE. MMUBRATLM— LRI R AR EEMEIEE:

o MRESLRT, ATLASEREESCEEIRAMEAUREREE; M lambda &, REESEUREHBERAIRE
TR[LS4.12.4], AETHEHTRBHEE.

o MREBLRT, FTLAMEATSERE], HETER SRR, BiitARLISEERERERR,
M= lambda {RABEMIX LIS,

NRFEAXEIARTFHRIAITE, IBATHTREARTNRIFE. Bk, RAILMRESbH—L%
Et

o G IRIRTERFS

o WiETTERFS

« ERABRMEEASTERRFY (IR, EEEitER/IME)

- BRERFINEREI—EST, Bl —L RS eisd
o EREFIITERBERLRMHITER

IRFERXERARFHRIANE, BAERARRXEASRIFANREE.



TRk, REMEN—EEERNEEENZS MRFIMENTER: —BERERSEIE D
B, ReERSER. —MRRLEEESMERTEI—MEIFRENFER pair MR, BXA
B OABBHBRLR, THEESENS MMREZE—INRIERNLL. ErICBETRELY
TR, BT RNEERSR. SEERN, — P EIFIERSERERTE NI RN RERIFEIRIRGT.

fign, VRS —MMERFRFTEDET 20 ™MEFRZREL (Mersenne primes), BHRREE—2p -1
REF. R p B, ENAERETEERE NREXHNNE, BPMESEHREE. FARINE
ERRIER, BRNBEMEERN. XBEE—MREZ (KR) mihEE. BIMRIMERFSSAER
BHiGE] BigInteger HIFFSHLA:

static Stream<BigInteger> primes() {
return Stream.iterate(TWO, BigInteger::nextProbablePrime);

}

FiEBAFR (primes) B—1NE#E1E, WATRATTR. BREENAEREIRA S AERL
298, ENCERT RS EMNEY. Z5EFERFRSI] Stream.iterate , BESMINSE: R
FHE—NTTE, DUIRNB—NTERERRPE T —NTRRE. XEITEDRT 20 MEZR=ETE
:

public static void main(String[] args) {
primes().map(p -> TWO.pow(p.intValueExact()).subtract(ONE))
.filter(mersenne -> mersenne.isProbablePrime(50))
.1limit(20)
.forEach(System.out: :println);

XN EFE FEISHRHANERERD: EAEEFHE, TtEENATEHRE, SissEREEZ /MY
FRrE#eE (4J8] 50 1=HIEER =ML the magic number 50 controls the probabilistic primality test)
BERIRTRIRSIS 20 TR, FHTEDHK,

PERRHAVEES MeRFERIEIN L Er9EE (), XMERBIEDSERT, EHELREE
{EhAREIGR), MAERERRHER. FENRBIRES— I HEREFRENBRS, JLURES
WItEE Mersenne #AVIEEL. FEERTHBIFRTPAME, RINZRERFEEMIRNER:

.forEach(mp -> System.out.println(mp.bitLength() + ": " + mp));

BRZASAEREEERARARENR. flan, ERBE—RIFRENES. Big card 2—1F
AJHYES, BEET Rank 1 Suit , BAEBEKEEE., XMESKAREAREZITETLINFED
EE5TPEENFETEN. HERIMMEARNESHE TR, THE—MNERZII, BEB—RE
B9 for-each ¥R, {REOIZIFEZE:

// Iterative Cartesian product computation
private static List<Card> newDeck() {
List<Card> result = new ArraylList<>();

for (Suit suit : Suit.values())
for (Rank rank : Rank.values())
result.add(new Card(suit, rank));

return result;
TERE—METRIEI, BERTHEE flatMap k. XMNRMEB—NRFHNE N TR

SRR, AEEMEXUITRERE—NR GEFEN). 8, XNMIMEE—HEN lambda
FIAT, (rank -> new Card(suit, rank)) :



// Stream-based Cartesian product computation
private static List<Card> newDeck() {
return Stream.of(Suit.values())
.flatMap(suit ->
Stream.of (Rank.values())
.map(rank -> new Card(suit, rank)))
.collect(tolList());

newDeck BYFMRAFE—NELF? BIIEANARFMRIREIING, S—MEAERS,
WIFRIEEBAR, K& Java BFRGHEBIEFNGERE, BR—EEFRESNE D (BT
IRARITEEFR. WRXFHREREEHEISNEE, BACSE®S, BASKEERE, WRA
HEBCERIMNMRE, WERRATEEEZSMERE. MRIRESWRANRA, FEBEEMER
ZABINERRESFHEZRIMRT . BBANZERE.

Rz, BYESRIFERARFRTHN, BEESRIFEAENFTM. BXMITEEGER, AL
RIFHSEAITFEESS. WTIRRERWMZERTES, iRERENE, B —LERNEART
ik EIFSIERT, ERBHTEEREEN, EREERAT, WAKREE. MRABE—MISE
BIRERENEIFbTEE, PASHZAMGE EEN—HEREY.

46. L7 IR FTRIEBRIEREY

WMRIRR—MNIFHAERRIFE, IBAREEETEN]. (UUBTTERRAREEEREHEN. X
IRERIHAES, {RASIERIZIZTT, (BXHMRRIRATRERAEIRENEMTFLE., TAMUNE— AP, EEETH
HAWEATEIL (paradigm) . ATIRERBHOTHRAMY. EENELER FHOFTE, ROEH
sezlA0 API,

e REENE D BETTEESANA—EYER, EHhE MRS R R0 sezas—MERS
RAVAEEREL (pure function) . REIAIERNEUVATFEHEIN : EMKETHHUAKES, BAEHE

.
B, AIRERERIRMUT IR ARG, ZRBEE T A M EiRRIRE:

// Uses the streams API but not the paradigm--Don't do this!
Map<String, Long> freq = new HashMap<>();
try (Stream<String> words = new Scanner(file).tokens()) {
words.forEach(word -> {
freq.merge(word.toLowerCase(), 1L, Long::sum);

I3

XEIBETHARRR? 5, BERTR, lambdas F15A5|1A, FHEZIERNEE. &M=
2. CIREARZRNE; CREARIBIIENANE. BiREMNR AP Fikam, FEEUENANER
RIBER, B, FEEETER. BERTXFE—EL: XMUBE—MREER(E forEach
PERFTETIE, ERA—MEEINPRS (FR) B9 lambda, forEach BERRTFREH—MAR
TR BRI, A8, X2 UBPRIRIK] | BE— P EERIAERT lambda —#F, HPAXER
RIBMIZE M ARERITE?

// Proper use of streams to initialize a frequency table
Map<String, Long> freq;
try (Stream<String> words = new Scanner(file).tokens()) {
freq = words
.collect(groupingBy(String: :toLowerCase, counting()));
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HWRBERSEI—BER, EERFERTRAP., CEEEEH. BASTABASBEHEMBEKE
B? RACFERTHISENBNIE. Java EFRAEWMEIFER for-each &3, M forEach £84%5
BEREMRY, B forEach BMERZBHRMEFPRFTEBANRIEZ— BESIRIFNRERIE. B2
BAHROE, R ARESFHITH. forEach BMER(NAFRSHIENER, MAREAFRTIT
g, B, % forfach BTFHMBENEERENH, FlERITENERRINZCEENEST.

BUHERICIBEER TWEESS (collector) , XEFERMMMFEIAFEE, Collectors AYAPIS
AER: B 39NMGE HPh—EHEESA 5 MRS, FEER, RATLANXA AP F3REX
OIFRE, MARNARECHSES M. WTFFERR, TTLARIRIERSEO, BIESEIER
RGBS (reduction strategy) BYARNIEEANISR, TELL E XA, reduction ERERREITTEREE N
BANR, ESERININRBER—IMES (BRARERIESS) .

BRI RIS EENSEESPIKERSIFEER, A= NXHFIWEESS: tolist() |
toSet() F toCollection(collectionFactory) ., BAIINBIREIES. FIRIEFRIEEHE
B, B7XWHIR, BIMeILARE— NREENEIIREERPRIE IURERR] 10 MNERIERYS
%0

// Pipeline to get a top-ten list of words from a frequency table
List<String> topTen = freq.keySet().stream()
.sorted(comparing(freq::get).reversed())
.limit(10)
.collect(toList());

IR, BANREX toList FNARIRIERHITIRE. HESSAISKRIFIERRE—FEEI
BpEMIE, BACEREEESTFIE.

XER RS RME— LR FEIER D 2R BE comparing(freq: :get).reverse() {54 sort
J3i%k. comparing 2—FLUIRESAESE (FENSE 14 5K%) . BEE— key FIREUG A, ZREUEZ—
ANERiE, MIRBUSEfR ER—NEEK: $PEHESI freq::get £ frequency FRHEIEIF,
FIREIRFHME A FRNRE. &G, BIEERE EER reverse ik, EUEKIVGRIEANRIR
FRSTMERTHF. AE, BREH 10 MAEFHE i IWER— M IRTHIEEE T,

BIEAYRBREREA Scanner BY stream FiEfE scanner SLHIEIREUR. XNAERE
Java 9 FIRNINEY., WNERIEE(FRRERNRA, TJLAERZMUTFERE 47 F ( stream0f (Iterable<E>) )
AOEECESIGSLIL Y Iterator B scanner FREEMRAIA.

BB AMTERRETRRYEL D 36 FTTIENE? BMTRIASEEBZBTIFRIER] map PRI, XELRERHE
IEFNESHTESRES. BNRTRBS—MRI—MEEXEK, ZORTEIUSE— M EEX
BX.

EfEARETINEEEE 2 toMap(keyMapper. valueMapper), TIESTEMNRE, — NS HRTEMETE)
¥, B— P EEIREIE. T5B 34 M fromString SCHIAR, FAIERXMKEEEREM enum BUFERTER
FZZCBRETE] enum AR5

// Using a toMap collector to make a map from string to enum
private static final Map<String, Operation> stringToEnum =
Stream.of (values()).collect(
toMap(Object: :toString, e -> e));

NERARFRIE N TEEPRGIEIEE—E, NXFEERN toMap W ETEMN., WMRBNRITHRE
HEIE— N, NEEELL I1legalStateException £&1F,

toMap EEHAIZIN, LUK groupingBy J3i%, R TRMERIEZRINSE (collisions) RIRFHTTIE.
—HMFARR toMap FRAIRMHBREFEIREIEE (mappers) ZHMY merge J3iK, merge JoiEE—
A~ BinaryOperator<V> , HfA ViE map fUERE., SEXEEVHIMIMEENER merge 5ESI
BEESES, B, fl0, R merge HiERRE, ARESIRERERE mapper SHERERY



FFE{ERISRR.

toMap HI=NESEFZII T INRE SIZEXBRISEETTXAIMRETtHRER. fli, RIgEIIE—
ZYARRZARK (artists) BIBRE (albums) , FANEE—SKNBERZAKEIRHIEEEN map, X
MY EE B IE SS R I T1E.

// Collector to generate a map from key to chosen element for key
Map<Artist, Album> topHits = albums.collect(
toMap(Album: :artist, a->a, maxBy(comparing(Album::sales))));

BER, HWRESFEREHSTI) /3i% maxBy , BREM BinaryOperator ES&SAN.  H75EE
Comparator<T> %/ BinaryOperator<T> , FIFitEIEERERENTEAE. TEXMER
T, HUiRESHLL R IETT A comparing IR[E], B3R key $2ENESEREL Album: :sales , IXAJREEIT
REREZ, BREIEMERTF. Bmes, B, [EEIE (albums) REEIEAM map, BEBAZ
AR (artist) MEIFIHEERENTE. | XSRAMFRAL SRR,

toMap K= MSHFRNB—IRBEFE—MERE, SREPRIPEFIAIT last-write-wins
R, WTIFEZR, EREAHEN, BRI REAFTRESHARNIEEENER, BECEEY
A, NIRRT A REIE R EEER:

// Collector to impose last-write-wins policy
toMap (keyMapper, valueMapper, (oldVal, newVal) ->newVal)

toMap HE=MERRE—MIAXEENISE, B2— 1 map I, AFIEEREER map
SCHR, %0 EnumMap BY TreeMap ,

toMap RIRI=MRABBZARIL, B toConcurrentMap , BAIFITEUGITHLER
ConcurrentHashMap S,

BR7T toMap J5iEZ4h, Collectors APIIRIRMET groupingBy Fik, 1% AIREINEREUERET
DRESEREY  (classifier function) BITEDABRIZERIFHI map, DEBREEZ— PR EICHE
BIZERI. ISEBISKAVETTER map B9, groupingBy FiEHISEIEEMRA RS HKEFHIRE—
map, HERSMNEIFPRETENTIER. XEKIESEE 45 P Anagram FEFFPFERRIKESS,
T4 NIRRT IR RIRZEIFFIZRAT map:

Map<String, Long> freq = words
.collect(groupingBy(String: :toLowerCase, counting()));

groupingBy HISE=MRAIFEERR downstream WEEEZ/MImap I/, BEE, XM7T
IEER TIRVERI R4S E5IFRIER, (standard telescoping argument list pattern): mapFactory £#§
fiIF downStream SEZHI, MARZE. WHARY groupingBy FILUEHIEEHI map LIREE
HNES, Rk, fln, sJLUSE— SRS, BIRE— TreeMap , H{ER TreeSet,

groupingByConcurrent J5ARMT groupingBy BIIB=AEHITMR. XLETAEHITS
RBUBITHEERL ConcurrentHashMap SEffl, E™B—MRIMERN grouping BIZERFR
partitioningBy , XEDEEHSEX, BIES predicate FIREIEREAR/RERN map, WHEE
PFPER, BRT predicate Z4h, HP—MZTELFE downstream WIEESE,

B counting FAREIRIIEESHNAIE TSRS, Stream ERTLUET count 75X BEREEFIE
ErOIhEE, EUEHEERUL collect(counting()) . MWEMAEAE+HRMKERSESX. BII8EFAD
7%, HBFRLL summing , averaging 1 summarizing FFk (HINBEFEAERIAYRIGRSEE EA]
) . Blilf8E reduce BARIATBEEZL, LUK filter, mapping , flatMapping #0
collectingAndThen Fik. AZEFEFRAUULZSMRBIEASEHIXLS A NRITHRERE, X
LR 7T 2R D EHIRAITIEE, LUE TGRS T FEY KRR

(ministreams) | .



BATERE=MIKEESE I AERIER. BAMIIER Collectors MR, {EfiIRSRESR. Al
FANE minBy F1 maxBy , BIECEESFHHREILVREESHENRFPIRINSHELTER. BIIR
Stream ¥EOH min F1 max FARDRERLE, 2 BinaryOperator HSUGHEFARERN T
EEARIRVBEERE, EE—T, BIIESHENEETFERT BinaryOperator.maxBy J3i%.

REA Collectors HAER join , BXX CharSequence S5l (WIFEFFER) BOMRHITIR
E. EHESEHAH, BRE—MERMERTRAINES. ERN— S8 ARAE A
delimiter AYEAAS CharSequence £%f, HiRE—MERRITRIWERS, EESBTEZEEAND
fRfr. WMERENESIEADRR, WKESBREIESSREFTFE (BFEIR, WRAFRIEH TR
BEES, WEFFRERER) . BRTORFZI, AL FERISRIEER. ERAEEE
SEMRATHENESRIREZRE, B0 [came, saw, conquered] ,

Bz, WEAEENARELINERNRENISR. XEATERLRIIERNSRIEITFESRENT
5. RLEEERAE forEach (RMBTRERPTHNTELER, MARRTHTITE. ATIERERR, ¥R
THRKEEEE, EEEWESRT & toList , toSet , toMap , groupingBy I join .

47. flt56{EHE Collection TIAE Stream R{EA
BiZAR OB

WEHEREITERS (sequence) , £ Java 8 ZHiI, BEZEANREIZRELZ Collection ,
Set 1 List XL, REIE Iterable FNEEZKE, BE, REZFIEREIH—FHEE, T
(norm) REAEO. NRIZSHXEBTFEH for-each f83R, EiEIREIAIFSIABESLINF LY
Collection J5i% (BEE contains(Object) ), MIERRIE ( Iterable ) ¥, WMRIREITT
REEREB S EEAIMREE R, NFEREE. T Java8 H, iR (Stream) HINEIFEH, X[FHE
AEFIRE G EEFESANREIERITSTEIEES R,

RATgeImite, RIERREITRFFINBEERERE, BERENKE 45 FMTich, RASEESL
HhY: REFRIREEASEES RIIER. R AP RIRE—NR, FE—LRFEA for-
each fBINBEHREINFSI, BBAXLHAFREESREIAR., XAHSABRE, EA Stream EORE
Iterable EOPBEESHE—RIMSRTGIE, Stream HIZENES Iterable 3}E. BLUEFRFFER
for-each lEIMER NIERE—EEE Stream FoiEME Iterable ,

BRNE, XMEEFNERSE. F—&, UFEILUSHAES IBERS Strean Y
iterator J5i%, SRMAIBAUREE ABRANAER, BHIERASE:

// Won't compile, due to limitations on Java's type inference
for (ProcessHandle ph : ProcessHandle.allProcesses()::iterator) {
// Process the process

}
FERR, MRFLERFEXRAE, 258—NMERER

Test.java:6: error: method reference not expected here
for (ProcessHandle ph : ProcessHandle.allProcesses()::iterator) {

AT EAIRRE, DETES | AR NEISELE Tterable ZEEL:

// Hideous workaround to iterate over a stream
for (ProcessHandle ph :
(Iterable<ProcessHandle>)ProcessHandle.allProcesses()::iterator)

AR, BESKPEREANBRINNER. BFrRRITERERERSTE. JOKIRE
REXERSE, ERER LENNBRRPERIMEERA, REBZRE—177E. FER, Hak
BRI AP AFEIEHITEIR, R Java RUSKEUERRTELLL E T REESSIERE TIF:


af://n4546

// Adapter from Stream<E> to Iterable<E>
public static <E> Iterable<E> iterableOf(Stream<E> stream) {
return stream::iterator;

}
(FAALIEELEE, TTLAMEA for-each iIHFEIERIEATR:

for (ProcessHandle p : iterableOf(ProcessHandle.allProcesses())) {
// Process the process

}

EE, %£B34 P Anagrams FEFRURARAER Files.lines JFiAEENFHE, mmECARAE
FH7T scanner, Files.lines JF&{LF scanner, scanner (BB 4RI B IRFTE B, BES
R, BIMEESmERRASER Files.lines , W15 API IR FESIAGRIAE, MiEFRAELRE
Fi for-each iIETIBHF, BRAMIFEMHXFPEZN.

R, WR—MEFREEFRAREERLE—FS, BA—PRIEM Iterable AIAPIRILE
fthEEI~Z, JOK EHFRBIRMERS, BRREXMERIFHRER:

// Adapter from Iterable<E> to Stream<E>
public static <E> Stream<E> streamOf(Iterable<E> iterable) {
return StreamSupport.stream(iterable.spliterator(), false);

}

MRREAERE—MRENSFINGE, FEERSEREEDER, BBASATLEBRE
it X, IREWNATFERRIFFINGEMZIRE— Iterable , (BRUMFFE—PLAP, B
BB, (RRIZARFREBLEEREE, BLES for-each I5G), FRAMIMERDHIEHBE
RE B EEEBERAE.

Collection MR Iterable BIFKE!, FHEEF stream Fi%, FEULERMEELFIRS
B, FE, Collection HiBHAIFAREBFERAHFIIREIGZMRIEREINE, HAEXFER
Arrays.asList #1 Stream.of FERHERANERFTIRIGE. MRIRERFFINEIRLAS ZHEEL
ARESR, BBARIFRE—MREESSII, 80 Arraylist B HashSet , {BERAEEREFREF
ERRIFS, RRATIRCEIESIED.

MERIRENFFIRAERTLARIE RS, BERL— N EAES. i, BRBRELEESHE
£ (powerset: FIRFEESHTBNFE (BELENTE) WRINER) | ZESEHMEFE.
{a, b, JRIBER{{}, {a}, {b}, {c}, {a, b}, {a, ¢}, {b, ¢}, {a, b,c}}e WR—PEEEB 1T
=, WEEEE 204, A, REEFNEEEEEFHEINVEESIHNG. BE, &
AbstractList BYESBIT, REZBAULIBEENES.

HhEs R EAEENG N TENZRS ERRIAE (bit vector) , HHPZES|HHIE n (HERNEESTE
BEEFE nNTR. ARLE, M0 Z 2n-1 PITHEIZAED n NMTRENNEEZBFEEAMET, X2
15:

// Returns the power set of an input set as custom collection
public class PowerSet {
public static final <E> Collection<Set<E>> of(Set<E> s) {
List<E> src = new ArraylList<>(s);

if (src.size() > 30)
throw new IllegalArgumentException(“Set too big " + s);

return new AbstractList<Set<E>>() {
@0verride
public int size() {
return 1 << src.size(); // 2 to the power srcSize



}

@0verride
public boolean contains(Object o) {
return o instanceof Set && src.containsAll((Set)o);

}

@0verride
public Set<E> get(int index) {
Set<E> result = new HashSet<>();
for (int 1 = 0; index != @; i++, index >>= 1)
if ((index & 1) == 1)
result.add(src.get(i));
return result;

BER, NEMAEEET 30 MTE, W PowerSet.of FERSIAERHE. XRETHFER
Collection {EIREIZEBIMAR Stream BY Iterable HIERRI: Collection A intiR[E|ZEEY

[ size 9753, ZAABREIFFIFHKERSIA Integer .MAX_VALUE 2231, Collection HSE
FOUF size FiRRE] 231 - 1, WREAEKR, EELR, BXAE— MRS AHENBRRASE.

I TTE AbstractCollection _EZRE Collection SCIR, FRT Iterable FREMAIEZIN,
RAFEELNMMTTE: contains fl size , BE, REXLHENEGVLNRES. WRAH
17, FTRERENEENREZRIRITRERFINRNE, RE Stream KZE Iterable B, FICHE
MREE RN, WREE, aLUERRMARNTGED BIRE,

B, (RRRIESNZ BIHERREIEE, figl, RRFERE— 0%, ZEREENT
RAFTE (EER) FHIR. ERXEFIIRFBEIBENEESPRFE=ATHE, BREFXNE
BIRNATRIRIIERNITIRTT. ERXIRBIEEREEBAER, EBEARATEZN. LUBE
MEE (HEBANIEEFSRIENE) SRZK, EJ9 IDKRD—MMEZR Iterator SEHIRESENFAI.

A, SEHHANSIRRFFE FIIRNAREET SH, RECHILFE—RRIFERS (insight) .
WEATAR— N FFIZR, ZFHIREBFIRNBE— N THRAFIRNEIR. Fa0, (a, b, c) KRIERE
(@) . (a, b) 1 (a, b, c) . XU, ILBAVIREERBNRE—PTENTFIIR, Bt (a,
b, ¢) BERE (a, b, c) , (b, ¢) 1 (c) . ERARIIRMNFIIRRARMBHER (BAEENE

BRIAISR) =FIER. X—MRERER 7T — A0, SEEERIKE:

// Returns a stream of all the sublists of its input list
public class SublLists {

public static <E> Stream<List<E>> of(List<E> list) {
return Stream.concat(Stream.of(Collections.emptyList())
prefixes(list).flatMap(SubLists::suffixes));

}

private static <E> Stream<List<E>> prefixes(List<E> list) {
return IntStream.rangeClosed(1, list.size())
.mapToObj(end -> list.subList (@, end));
}

private static <E> Stream<List<E>> suffixes(List<E> list) {
return IntStream.range(0, list.size())
.mapToObj(start -> list.subList(start, list.size()));



IR, Stream.concat AR TBFIRAMNZNRERTRF. £F, flatMap % (KRB
45) FIFERBTERRNMEERERNENR. &a, BEMES IntStream.range
IntStream.rangeClosed IREIRVELE int (EFREMRBISHIGEES. XNIRAE, HEISHN, RE
NTFEEHZS| LRI for B3R, ELL, FHANMIFFIRSSIUTARAIERE for B3

for (int start = 0; start < src.size(); start++)
for (int end = start + 1; end <= src.size(); end++)
System.out.println(src.subList(start, end));

AJLUGIXA for {RINEIEEEIR R, SRCFAIARRISEIERNS, EBrserittHE. BRUT
B 45 PRISER/RIRRIERRAIAES:

// Returns a stream of all the sublists of its input list
public static <E> Stream<List<E>> of(List<E> list) {
return IntStream.range(0, list.size())
.mapToObj(start ->
IntStream.rangeClosed(start + 1, list.size())
.mapToObj(end -> list.subList(start, end)))
.flatMap(x -> x);

52518 for flBFA—#E, WRBBASBMRTHIER., ATHERXNEE, JLAER concat i,
MG IEZ BIRATATEIEBREE, SETE rangeClosed YEFHA (int) Math.signum(start)
i1,

X FHIRASRSSIER L, (EEFE—LAFEAER-AUEECRS ( Stream-to-lterable adapte),
BETEE BRI ERR. RASERSR MY TEL T E iR, MEERIWEE CEENEER
7 2.3 &% — &I JHEAY Collection SCIY (ILAMKETR) BRK, (BIETEREALEHRAWFLET
MRAYSEIRAT 1.4 3,

B2, ERERETRFFINIGIAR, BiclE, FERFTRESFESEIEARGE, mEMAR
HREREENTICREIEE ], REENMMEHA. WRREESEATH, BHTIERE. WRE
ZPBESTHTR, HEFVTNTREERS/), TR TR, BRARB—MiESE
A, B Arraylist . BN, BEELMEENES, HERK(VABEEFER SV, MRR
EESEAATH, NIRERESANER, TICWMNEEREEAR. WMRIEEHRAT Java hAH,
Stream EOFBHIESINME Iterable , BPANIZBERIREIR, EACIISRIFRAIENALLE,

48. {ER(EARFFT

AEEMESP, Java —BENTRUEBUHAREESHNIENSENG. 2 Java T 1996 FAH
B, BRETNEHENSE, SIERZEH wait / notify #1#l, Java55|N\7T java.util.concurrent
KEE, BHEHEESTIHITEEELE, Java 7 3|\T forkjoin &, XE—NAFHITHBNEEEEL,
Java 8 5INT, BILABIIXS parallel JSiARIERNMERRAITH. R Java EHREFTEHE
WSS, (BREERREINHREFEGLBI—FEE, Z2fEREEM (liveness violation) ZFF
KREFTHNSEX, FHTneEEnhAGIsh.

EEKE 45 PHRER:


af://n4580

// Stream-based program to generate the first 20 Mersenne primes
public static void main(String[] args) {
primes().map(p -> TWO.pow(p.intValueExact()).subtract(ONE))
.filter(mersenne -> mersenne.isProbablePrime(50))
.limit(20)
.forEach(System.out: :println);
}

static Stream<BigInteger> primes() {
return Stream.iterate(TWO, BigInteger::nextProbablePrime);

}

ERAWEE L, XMEFRIEIFHATTENRE, IETRI5AEE 125 B, BRRBEREM=HEIRR
EEPRIN—PE parallel() RIEARIMREE. (RANENERASEFERR/IIMEORDNE

JINEDRNERNE, EASHEMEYIERA, (B2 CPU FRRSINFAERI 90%, HESTIRESEE
HBER (liveness failureEMEL), IXNMEFRAREREZSKIL, BERABERESS, ¥/ )\WEHKBITHELE
TE.

XERETHA? BMEL, REEAENEHTHLEEFBBEERKY (heuristics fail)
BMEERIFAIERT, MRIERE Stream.iterate Fi%k, KEFEBRENRIE limit Fix, HITHEEBR
ATgIRSHMESE. XNMEEVANNIXFNIR, FERENE, BARNH RIS EART TSR
limit ik, BRIREME—EEMNMITRIIEA IV ENERSREEL. EXMER T, %2
FMEBHRRFMIBTERNOE KA E— I EHIRE. B, HEBRNENTERNRA KBS TIHERE
SRITTRAGHRA, HEXMAENEEFEENHITHELER. XNENEEREHR: FAELE
BBFHTIAREIE (stream pipelines) , 14EEfSRATBERENRMEMERT,

BE, HTHERAMEREERTE Arraylist | HashMap . HashSet #l
ConcurrentHashMap SEffll, #§4H. int Z$BYSBEIF1 long XBIASTBEIRIRLRIF. XLLEIREL
MNHRZAET, BIIEaT LSRN D EIRERX/ IO FER, XEEEHTEEZELS T
FZBERED. BFHTHESHRBEFERAVMSE spliterator , BH spliterator FiAfE
Stream #] Iterable _HiR[H],

A XEHIREHINERRIIB— EERRE B TN R R M T NRFEIRIFHIS B E
(locality of reference) : IRFFTTERS | R HMEE—R. XESIRATS I BRXNSRER R
BERLLANZIR, XBHETSIREMIE. MTHTHEIREMS, SIBUEIFEEE: A8, %IEX
OREERETE=RNG, FEEENRAFERRIERNERFY. BEARES I RUENSESEER
ARRBINEE, FOEUEA SIS e =R,

mEEZSHR M RESEFFTHIITIERM. NRSEEREATIFEL, ERImEEFPR
BT RENTIE, HEXMEEARRLEEESN, BAFTHEENERMEEEEIRN. FTHENRE
LIRERYUER (reductions) , BMFERRAY reduce FAESEERHINNFABTE, SETTHTERY
reduce (@1 min . max . count 1 sum ), 5EEKIRIE anyMatch . allMatch #[
noneMatch tWHEJLASTHFF T, B Stream BY collect FiEHUTHURME, FRATTLLER
(mutable reductions) , NESFTIE, RANESESHNFHEIEEX,

WMRHMEBCH Stream , Iterable 3 Collection 3CHI, HEHRZEIRERFHIFHITIHEE,
MMREE spliterator FHEFIZMKERAIRAIFFITHRE. BESREMN spliterator 1RE
M, BETABASEE.

T NRANESHIEREAIERE, SIREMERM (liveness failures) ;ESSEIARIEIRRISEEN
AEFHIAITH (REMIE). (ERRGIEE ( mappers ) , iEEF ( filters ) FMEMIERFRRMHAY
AEEEHACHIREN SR E B T IS SHZ SR, Stream FEEIHXLETNRET SR 7748
RUEESR, fBlan, f&iB4s Stream BY reduce FZiEEMERIERMSS ( accumulator ) FIHSGES

( combiner ) EREUWREXRERAY, IFFHRIANTDIASH. WMRBR7TXLER (HP—L7ESE 46 1T



Fifitd) | ERIFETROEE, WIRSFEERNESR MREEHTH, EFtEaXl, i
VFERMEMERY,

NEXLER, BEEIENE, IEHTIEHRREEREEETRE, BEASLAERN (HF
BY) IRFRFIENEREL. N T IREIRFRA SRR, U8 forEach RimiR{EEIRA
forEachOrdered ##{E, BIFIELUBEITF (encounter order) ®HFHF{Ti.

BV RIRIEEFR— SR RIER. — MRS BN AL IR ELAR AE TR RS
WR, BRENFITHHIRERIFNITESR, FRIFEEM T BRI TERINBSHTHERA
K, EA—NEEMERSRYELT, RPRITTEREERIAB N TER TR TERLZZE D /E 100,000
[Leal4],

EENRTCEHTURRMSAIMERENN. SEEONH—E, YREER R EUAIERE,
LHBREESM (FRE 675%) . HEERT, MZELMNRFEREFTHITUN. 8%, EFRPRY
FTEFITREEHELLL forkjoin itbFiziT. B MIAFINEETEAARERFHMEXBOAIEL (D
1377,

IREFTUREER, XMATREMRHEAF, BRENCIIMBLFE. —MARA, 4R —
MEHITRBE, KEEAR, MWAMREL L MSHTRRENN. XHAEWEN ZERFT
TR, EESHERT, RERREERN—F parallel HEAM, MAMULRLGERAZSE
AOELRTENNiE, FLuE, R ITIEUEE, SAEGXLINE,

/1 AERIAT A R E B R R ], BB R ECR T AR (n), ZEUNTEET n:
// Prime-counting stream pipeline - benefits from parallelization
static long pi(long n) {
return LongStream.rangeClosed(2, n)
.mapToObj(BigInteger : :valueOf)
.filter(i -> i.isProbablePrime(50))
.count();

FEFRROMSE £, (FAITNAEITEN (10%) FE 31, RFEHFI parallel() FEVERRIEIEE
[BJ4ER2/9 9.2 b

// Prime-counting stream pipeline - parallel version
static long pi(long n) {
return LongStream.rangeClosed(2, n)
.parallel()
.mapToObj(BigInteger: :valueOf)
.filter(i -> i.isProbablePrime(50))
.count();

wmeEngEin, ERNOZTEN L, HMTTERERET 3.7 . BEEIENE, XARIRELKS
WAt En(n) A n BE. TEEEREE, 5502 Lehmer’s formula,

WRBFHITIUHENIEGR, M SplittableRandom SEIFFE, TAE
ThreadLocalRandom (BREA LidRIHY Random ) . SplittableRandom EAULASTRIT, B
BEMINERES. ThreadLocalRandom RITATENELE, HEESENIEAHTRR, ERS
& SplittableRandom —#ffR, Random SCHIFESMRIELHITEEY, BEHSSEUSERFHITRE
€ (parallelism-killing contention) ,

Rz, BEERESIHTUREE, MHFMRESIEEHRECHARFATENEREHESHE
E. NMESFTURIMCN TTRERER RMEMERERME. SIREINNFTHRGEN, BABHERE
BIRRSEFHTIZITRICRIFIENS, FHESCIRER M TFENMREEE. MREHNEREERN, FEX
LSLIONPSE T B REIRE ISR, BBAFHBERBXEAREEERBPFHTR.



49. B S YA

AE (B E) WETIERITIANTE: MULIESEFLRENE, WIRHTTEES LR
ICETENE. AETRARSABTERTHIESAEMESESE. 55 4E—F, FAEERXTE
AR, EEEREE L.

REHTEFMDET EX T LIS BLEEBEIE RSP E—LRE.  Fla0, R3HELREIER
£, WRSIBYANIE null . (REGZEEMAESAEPICHATEXLRE], FESEEHRIF LA
EXREIFT. Niz=IEERRERRRENEER, XE—MRFENEHTIARER. MR,
WAKATEtENERER, FE—BERNEERM EEREE IR,

MR TRSHUBEE RS T %, ARZDFETZAMMERSE, NEiHEIRIREASERE
BEiEBMLAKER. RZDELENERSH, JakE—LEE. EONEIRES, %5EY
BESHS AERNERE. EEENE, ZAEJLIERRRE, ERRITEERER. SIERER
2, ZHFIUESRREZEENNRETZIRRE, EBRENREERIEERBFIIRELRHE
KRRLSEGER, BREER, WIESHKANARESEIERMEREFIE (failure atomicity)  (FILEE 76

7.%)0

STFAESRNZRIP X, 1B Java XA othrows JHERICEEIERSHBERFIITES &80
BE (XB14) . BE, £HHRER IllegalArgumentException ,
IndexOutOfBoundsException B NullPointerException (%H T72) . —BIERTXAIESEHN
PR, FRICRTERXEREEES /ANERE, BARGHTITXYLREIFREERTY. XE— MR
B+

/**

* Returns a BigInteger whose value is (this mod m). This method
* differs from the remainder method in that it always returns a
* non-negative BigInteger.

*

* @param m the modulus, which must be positive

* @return this mod m

* @throws ArithmeticException if m is less than or equal to @

*/
public BigInteger mod(BigInteger m) {
if (m.signum() <= 0)
throw new ArithmeticException("Modulus <= 6: " + m);

. // Do the computation

BER, MEEREEN [P1R m A null, mod #ilt} NullPointerException | , REZAE
TERXEHHRY, XEEA n.son() REIFR. XNEEICHEERKIIETREF, BTEarY
BigInteger 2K, REFINERNATRNMEALGEZTHNESHY. XRERAEBNGELSE!
IEREN NullPointerException BYFTGILA. BALAS eNullable S ZRLANTERES[HER, LA
EMFESHAIRE AT, BXMIERZINER, AEERT S MNER.

1£ Java 7 FINEY Objects.requireNonNull 77 jEREAE, HEBIERBFESHITEER
B, NREE, TJLISEEEXNEEIFHER. ZAXEREEMANE, BT EERENRERH
T=aaE:

// Inline use of Java's null-checking facility
this.strategy = Objects.requireNonNull(strategy, "strategy");

{RBETLAZBSIREWE, FHEMA Objects. requireNonNull {EEFKRIVRIITEEE.


af://n4602

f£Java9 i, java.util.Objects XFHFNTBEMREILR. WITEGE=1A%E:
checkFromIndexSize , checkFromToIndex ¥ checkIndex , W TERINTHRESEIE. ©
ARVHEEECHIREFAER, BNBTIIFRIIHERS|. BEANEASTEE (B2 NRR) .
BUNREREHEMIIRE, BBMREFET.

MNTARSHNTTE, FARRMEE, ERERSEIING, XERILFBMZBERRENERH
SHE. BLt, IFAHGEALERTSHRERSE, T~

// Private helper function for a recursive sort
private static void sort(long a[], int offset, int length) {
assert a !'= null;
assert offset >= 0 && offset <= a.length;
assert length >= 0 && length <= a.length - offset;
. // Do the computation

AFRLE, XEMEERTSRMEMRII, TCEEFRNAIFEREAE. SEENEEREAR
B, WISREAMESHE AssertionError , SEBNEREREARNE, BRIEFER ca (21&-
enableassertions) #RICIEIELS java MSKBATEN], BUWEIIFASEHTMR, AR EBEAST=4
A, BAMENESER, BSHEE assert,

WEDEPAREREFEUMHLISERNSERIERIECAEE, flgl, &858 101 " ENEFST
%, BiES— int EFREIZEER List B, WMRZFIHEN null, iZ5EEHH
NullPointerException , ENIZAEZEEEDMAE (J@F Objects.requireNonNull J5i%), &
REETZOE, WizAEERERIFHEIEN List SLEIRSIE, ZLhBEERinm=it{ERETRL
BP#fgE NullPointerException , ZEUBBEY, List TEIRSKIRATRERMERE, XA EERNESAK

Sk,

MERERXMNRNE—MIE, (REOZEEEFEERHURFERNSEIERE. 1SS
ESHAVBERUERT TR LEAMIEXS SUE R EAZ M (class invariants) IEEEE,

REZERTITEZRIEREE S ZNS8, EX—RUEEGs. — N EENFIINEERMERE
BRIAVLRNER, HEEHTTENIRFREXRTEE,. i, ER—FNRIIFHTHR
#9757, fIA0 Collections.sort(List) , FIFRPHFMENSAAEIEELREY. EXIFIFRHT
HEFFROIE R, 7RIS NISEE SEBNISHTINR., NRNSATHEEEER, MR
it ClassCastException B&E, XIER sort JNAMIZHATRUERIE. B, 1EeiCEZIFRFRITT
ZEEEAUWHRRAERENN. BEIE, NSRRI EMMEESSEEMETE

(failure atomicity) B9FESL (EMEE 76 £%) .

B, HESRIAHITVENERMREE, BNREELAMUISHEERNEE. RaiEk, T8
BT LS EMBEANENERESXER I EAMENSEARLE., EXSER T, (REiZEREE
73 PIIARN S EENE (exception translation) IJNRFIAEERBEHIGNIERNTE.

FAENARFE T HNSAESIRESE—HrSE. Bk, REZRIT—2I5%, EERAE
BA. RTETUEEZAIMESHER—LEIEERE, BBANSHAIRGE T, BE,
BEERT, FLREEIEETIAHMSRATESRT.

RIS, SXRSESHEIETTIEN, #HMZERMESHEFERLRE. MZICrEXLRE,
HESFERRIT L ERET A ERGRRI TIX LIRS,  FRXFMIINREEE. EF XA
BRWES, ERENLCETIFSSEERINAIER,

50. WERATHITIAENIERE I



https://docs.oracle.com/javase/8/docs/technotes/guides/language/assert.html
af://n4623

TR(ER Java NRE, BER—HMLEANES (safe language) . XBIREERDAIMTTIE (native
methods) BIERT, EASEIXEH, $EEH, FHEHLAREMEN C #1 ¢+ EAL2IESHN
FRIMERIEN, T MLZ2ESY, TRESITAEMISBORENA, EalliRSEHEb
MEEMNAZERREAT. EEMERFEAN—EXHAEINES P, XEARTEN.

BIEE—MRERNES T, NRMIE—EEEN, BASSHEXEE. GAhHtihRSER,
BEXRNEFIREHERRARER. BEAMENSNZIERARGNRENE, XMPERRGER
HMES, BEEEINE, FAEAMERMERTESSEFRBBRMSFIRIMIA. FEE
. AR EEEF R TAMENBR MR REFRILAISSEESH.

RBEMSAIEE, B REFAIRESNRINABREN, ERELEIERN ML
HENEDIFEIE S, a0, FRLITE, Jr— AR EEAE:

// Broken "immutable" time period class
public final class Period {

private final Date start;

private final Date end;

[ **
* @param start the beginning of the period
* @param end the end of the period; must not precede start
* @throws IllegalArgumentException if start is after end
* @throws NullPointerException if start or end is null
*/
public Period(Date start, Date end) {
if (start.compareTo(end) > 9)
throw new IllegalArgumentException(
start + " after " + end);

this.start = start;

this.end end;

}

public Date start() {
return start;

}

public Date end() {
return end;

}

// Remainder omitted

F—&, XPERMUFEFATEN, FEtipiTAZ, B) period SEFIRIFHARIEIFAELRAS
[BZJ5. 2, A Date XEARNIX—FLREZBRIX AL

// Attack the internals of a Period instance
Date start = new Date();

Date end = new Date();

Period p = new Period(start, end);
end.setYear(78); // Modifies internals of p!

M Java 8 FHA, MRRILIEIRAVETZ WG ERMER Instant (8¢ LocalDateTime &,
ZonedDateTime ) {{& Date , A Instant FIEME java.time B THIEEARRTH (5£H
17) . Date SidlY, FAMBEFIEHRER. HHENR, FBLATFE: BRIWRE AP FINERRR
R RERTE, ARBEPINCRIR AR EER XL A,



ATERIP Period SEBIRIABIAZIXMING, WGSBS HAIHENEE N REIETSE
B, FHEENRIE Period LAIRVAM, LABHIRIALA):

// Repaired constructor - makes defensive copies of parameters
public Period(Date start, Date end) {

this.start = new Date(start.getTime());

this.end = new Date(end.getTime());

if (this.start.compareTo(this.end) > 0)
throw new IllegalArgumentException(
this.start + " after " + this.end);

ETHIMES RS, BIENEEARESXS Period SEEIFEARIN, (T, MHEMENERERE
S8 (KH 49) B Z B TR, B CEREE N EMARERIRSIA_ LT, BEAXEIR
XRABR, BEARVEN., BENESHNENSHZENRREOHEFRIPRAZH LR SHRY
BN, T8 Zet X, XFRA time-of-check/time-of-use B, TOCTOU I{T5[Viega01],

WEER, FKIRKBE Date BY clone FZEREIFEFGEMEIEIN, FE Date 23F final BY, AFLA
clone FiEABERIEREIZEA java.util.Date BINIHR,EAILAREI—MNAZEENFEAILA), XA
FRETRHEEBIATRITRY. Flg0, XERFET LI ARG RSHIRPICRII TN LAY
5|8, HRFrREEiRaziIR, XEERGEETBHEEREEL6, ATHILXERTE, FEFER
clone FZENHEERASTARAEEFRIUCNSEHITIEEEN,

BB EIGIETT AR IR T SR, (BRIBATLAYS Period SEAIFHTEN, EAER
nRIERR A T XS E R R EREHIAYITIIR):

// Second attack on the internals of a Period instance
Date start = new Date();

Date end = new Date();

Period p = new Period(start, end);
p.end().setYear(78); // Modifies internals of p!

ATHREBRE, RFIELOHERELIREIRTZAEFREIERIBEMEE

// Repaired accessors - make defensive copies of internal fields
public Date start() {
return new Date(start.getTime());

}

public Date end() {
return new Date(end.getTime());

}

(EFRFAIMIETS I ZAIFANANIRER, Period REIEATEN., LCEFRZATEEEARR, 1]
KgBEER— period SEFIRFFELAIRBEEERIIARE (RMERENAHEITENRETZ AT
IBEIMTE) . XRIEMR, EART period ABZIMUHASKELIZNE period SEFIFRIUE
RN, XERMEREEHRENSRT.

Einlaesh, SHERERR, REER clone FARSWEREMEEN, XERARKIIE
Period BJAER Date XREAYSERE java.util.Date , MAR—EAZEENTE. BHER, H
THB 13 PIHNRERE, BRERIFERIET ARSI kB NLA.

SERBEMEENAMURERTATERRX. BRRSEREEIREE P EME = PR HAIRISRAY
SIBIGABEIERERT, BEREFIREHINRESTEEURM. WRE, BTEREHNREA
HiRENE, FRREETLUSZHSRNEN. UREREEEN, WOPhiEbiERg, 75k
T NZIEIRERT, LBNRINEIESNE. flan, WRREEEREREFIREMIRISRS I BIEARN



#B set SLBIFPRITTERERAEARIER map LEIFRIE, BLOAZEIRFMIRYSBEIELREEN, TIRA set B
map BN EIGHRAIA.

ERSREPAMHREILS = Fin Z B TRHEMEE B RItt. TiSIRAIVEREEATER, TRERY
EFNREMEMGSIRZAT, BUiZ=F. FTENERE MZRE—MEEEL, icfF EFK
BHAERETEN. Eit, EERESERRSEFmZA], MZRETEHTHEMEEN, 8&, I
LURBIEBAIAATEZNE. XIS AEBICETEE 15,

LA, FrEXERIEERIIIZ, FEIRNER N, MZERAIENSRIEANSINANL, XEH
AARHEMEEL (S 17 £%) o« FEFAIEY Period 7R, fA Instant (8%
LocalDateTime B ZonedDateTime ) , BRIFFEFAIRE Java 8 ZHIAUNRA., MNREANERKEAINR
K, W—MEREFME Date.getTime() IRERIEARZE long KE Date 5|F,

AR ESIHEMEE TERAIMEREIRR, AREAACRGEN. MR XEEEERENE
MAEEY, BIFREAXNENENEFIRSER—MEN—8D, BACHEATEREERYE
W, EXEERT, KHENIZEHE HRERE RSN Z RIS HEIREE.

BMEEHEIAR, EEURSHEMEINRZAGERTHETENEHAEESEN. BELE
ST ZRIERRETRSEG |BINSRNEDIE. SERXEFRITEAN, SRmAENBERESNS

BELEEHYIETIERIE, XI5 RSEIET ERERREREHINAYEER, XREXTER TS
Fif, RES—NENENEFZEFEEEEREE, &SRR EREMRER, RTEFRZI,
FHABAEZERE. F—MERN—MIFRE5EME (FIS 18 %) . RIEGERIMR,
EFIRELIBE EREEEENRINSRBIAENAEMY, EXEERSIREE .

B2, MR—EENENEFIRREEGREIRIATEREM, BRAIX D RDRBLEMEFE X LE
. MRENWAAD, FEXEFENEFRASTEIMIESEM, WATLARMEEREEE
W, 2SR T = P AMSHEZ M AHRIS T,

51 (FRITHIEER

X—FBR APHRITHETRARIG, BE(IFASHRMUIR— M RIRNEE. GEk, XEiRLT
TSR WIFERZMFIFER AP, FEEATZHIE.

(FRERFREREBM . SMMERETINERRYUE (FIE 68 5K) . (RINEEBRMIZRIEE
SR—EFRIEMMZIR—NE S TIERINER. DXENIZSERSE 2R —ERIETR, BRE
FREIGES. NREEEE, BJLAN Java 2K API FFKIES, RERESRFETFEA L

(BIEEIXLRERHMEATTE, X2ATERN) | RETHEIZEWASTATIIHR,

FEYSHHRHSGEINGE. SH5EENZ RERE . ASHDAFERELUFS. #/H. X
L, MAN4ER. MTFROERALE, EEOFR, ASHSEESMENBRNIERESER. T
REROSHFEMEE, RE—IIRERBIITE. REEERERN, FEERHE [RESR

(shortcut) | . UNREBEEE, HSEHIER.

EBRIKPSHIIR. BRENTHEDHNSH. XSHEFRTEICEERNSHGILR. WRR
AIFEZTTEET TIXMIRE, MRAREESIFESUERIBIR T, BRAIRAY APHISTTEMER. IUL IDE 47
IBRSRAEREE, EEERAEENSEGIRNASEY. HRXESHPKEIRERE. BRAAR
BEICESEINF, MBESMIIEIMEFESEINTR, IIEFNASRmENET. RRASER
EERNTEERT.
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BE=MRATTLERSKSEGIR. —MBEREHEDBAZINGE BIREREESHN
—NFE. NRFND, XAgEESHAZSHE, BB LUBHIEINESRM (orthogonality) SRiF
TENEL. B0, Ei&javautilList ¥, ERBERHEEKRFIIRPTENE—NHEE—1FR5I0975
%, XBNESIBEE=ASH, BR, CRMT sublist 5%, ZHEESHINSEFHREITFS
FOME., tFERLAS index0f % lastIndexOf FELESFEA, XMNEEHE— 158, LA
ERYFRERIINEE, A, subList FARLASTE List LA EREREHTSAES, LASFHIERIITIE
RitE. 528 APl EBIEESRITHEEE ( power-to-weight) Lt

RS IKSEGIRNE MR R HSSHR TS, XEHEIREREEHFSMRR (R
24), SIRBF—MAXHMNSHFIIRTENARRISER, BINUERXFRA, g0, RRIEERS
—PERTRRRIAIEE, ARAIIAMTEE— P ER N SEEMIIFY, XS REAREAN
e, WRMMI—MEESSRRT KR, FRMERNBENSHERSHFIINEREI, FBA AP F]
KHRBPEIT TSR 1.

EERMN N ENBE=MRAR, NISEIERTTEERRA Builder R34 (RE 2). WRIFHE—
HEEWESH, FRIRHP LRGN, BBATUEN —IMNSSERTAENSH, HRirE i
EXNEREHITEA [setter] 1B, BRRE—SHER/IMERNE. REFFFENSHE, =
PimiARRSRE [execute] 737k, AN SEHTRENERIERE, FHUTLRINTE.

WFSEHXE, RAERREORARE (FUFE 645K . WRE—NEENEOREN—1 5
¥, BARERSF— I iZEONE, figl, [REERRAERSS AR HashMap fEABIAS
#, Bk, MEERA Map [EASE, XAIFEN HashMap, TreeMap, ConcurrentHashMap, TreeMap
B9F Map (submap) FHAERRERI Map L. BIIFERNEMAREO, MIBEFRRHIERSE
RISCHLA, ANSRMABUERRIISIARMZFE, WadiTAAeER. KNEBNEEHRE.

S5HhRBSHIEL, AERAmITEIEER, R TRESHNENEREEFTE2EmN. K
FEAGERIDERZINTNRES, s, SIS EEELUSRINESZIEIN, i, {RaIseg—
Thermometer FEBRGERSTI] A%, XNAZENEBZZRATIXMMIEE:

public enum TemperatureScale { FAHRENHEIT, CELSIUS }

Thermometer .newInstance(TemperatureScale.CELSIUS) AMXLL
Thermometer.newInstance(true) BERNX, MEALEERANRAFIE KELVIN ZRI0Z]
TemperatureScale H, M7CFEEM Thermometer ROMFEVERSI) . Lkoh, EeILIBEREZE
(temperature-scale) {KIIXREBMWANHEEENGE (FUFE 34 %K) . Hll, BIZEEETLE
—NKF double [BFHIGHEERRA Celsius HITTIE.

52. PR ERIRIt(E R ER

THIVEFE—NEEMRI, 1RIE Set. List SiEBRAINESTEHITHE:

// Broken! - What does this program print?
public class CollectionClassifier {

public static String classify(Set<?> s) {
return "Set";

}

public static String classify(List<?> 1lst) {
return "List";

}

public static String classify(Collection<?> c) {
return "Unknown Collection";
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}

public static void main(String[] args) {
Collection<?>[] collections = {
new HashSet<String>(),
new ArraylList<BigInteger>(),
new HashMap<String, String>().values()
bé

for (Collection<?> ¢ : collections)
System.out.println(classify(c));

RO REZS B IFERRHTED Set, SATSR List F1 Unknown Collection =FeR, SCRR EFHSHE. TI2FTED
T =R Unknown Collection FfFE, AHARIXEE? FEA classify TiAKER T, ERFNEEE
BARAMAMNERGZE. NTEROMEZIRER, SHNmENRILEERMN: Collection<?> , &
TISERIESRERFPEAR, EXTSEMNERFEERE. RASHRmEREE
Collection<?> , FRLAME—IERMNEZHEFE =" classify(Collection<?> c) Fi%k, FHERA
NERERPERXANER.

HEFITARERERN, EAEH (overloaded) FiXZERNEIREEHSH, MES
(overridden) 75iAZERERRMNSH. RIFEMASENRANSITIISEE, EE{THIGEIERRS
NESGE. (FARE, SFXE35REXHTEEHEEERNSEFREN, SEBImE. URETF
RPESLAITEFABE AL BER, NITeFRSLAIRmETSREINE, BT FRNES
73k, ATEEEE, BEBLTER:

class Wine {
String name() { return "wine"; }

}

class SparklingWine extends Wine {
@0verride String name() { return "sparkling wine"; }

}

class Champagne extends SparklingWine {
@0verride String name() { return "champagne"; }

}

public class Overriding {
public static void main(String[] args) {
List<Wine> winelList = List.of(

new Wine(), new SparklingWine(), new Champagne());

for (Wine wine : winelList)
System.out.println(wine.name());

name JAfE Wine ZEAERR, FIEFZE SparklingWine 1 Champagne HEE, I1EW{RART
¥, IWFEFRFTEDH wine, sparkling wine #[1 champagne, BMSESEIRISmIEASREMEBIARIERIEN FED
& Wine , HAREEHEN, MNRImENEENHITENGIEZE RN, BR2SHTRE (most
specific)’HIEE G, BUSERHITIR, HPNRINETIIREXIHITIESIRBRN; IEEEE
RIERTRR, TEETSERImIENEE,



£ CollectionClassifier 7”fl, BFHNENEREBEIETSHHNETHEEEMBEERIEHN
FEEHARISEREE, Fi& Wine 2KhH) name F5iE—HE. FHiEEHIRATRMILINEE. RI&E
BE— 885 73%, 1BE CollectionClassifier FERFIISRERERA—MUTER instanceof Il
A EEHR classify RIFME=/1"E%:

public static String classify(Collection<?> c) {
return ¢ instanceof Set ? "Set" :
¢ instanceof List ? "List" : "Unknown Collection";

RAEEENE, MEHEGI, FLESIRE T MINZERBTAREE. 1EN
CollectionClassifier Rflffi, BERREZREXLHE. RELERRBEIEZRIIBRIITA
BAFRISEE:. X3T AP FUELNL. 1R AP B ERFAIERS AEENSHERRE NIRRT
BYB—, MUBERS API EJRERSEGEIR. XEERRAUBERMNMETHIARETN, FSEFRERE
2], B, RizEsiREERER.

RERMH AWM TEHNRILAEZEETHE. — N RENERTFHRBEKEAZSLRNMEENE
RSEHENER. MR LEERTIESE, BRI 53 KEFE, RTREBEREIFER
E. RETXLRE, BEFRMASMERLERERTHA—ALRSH. XEREHAT9Z
8, AHSRULAGERFARNER, mAREHRTI].

fjlgn, %& objectOutputStream 3, WWFHNERLBMASIHREE, SHEH write 75
FEBOES R, XETSAEPEARERIZFR, a0 writeBoolean(boolean) . writeInt(int) #0
writelLong(long) , MAREH write J3i%. SEEMELL, XMpEENE—NFLRE, BIkd
79 read BERHHENAYEZFR, BI40 readBoolean() . readInt() F readlLong() .
ObjectInputStream SESLFR HRM T IXFFANERTIE,

MNTHBETTIER, TEERARNER: KNS MIERACENER. TFEER T, LGRS
HEFSTI MARMEIESE (FRE 15%) o Mo, EREIETSE, FAUBOEHMESZERIFNN,
EAEETEAERES. (FUEENSSHESHERSESHNS MIERE, FAENEZsit
HPITER(ESHY.

REEBFEW BN AT EHIEERLRSHE, BARERNENSHSHSIERAK
HJEEFRBEEZ. EXMELT, SBYEHFELE— UM ASHEXR I ERTES
[TEAER] KB, MREAFTEBTAIFERATEFIEIRXFFIER, PAXIFILIZETT
EAREN. EXEERT, NATHEELRSHENENEmSHIETHREIRE, BAZEmE
RHEEURIN, ELIERR T — N EERRE. BIE0, Araylist B—MESE int BIESIEANSE ZMES
Collection FIRIETTIE, RMEBSETTIERT, XA MIEST FERARPINSTERE,

£ Java 5 2RI, FTEEREEES5|IRXE AR, BEEREFENERT, WAL,
FEHECKIEM T HIERIFIR. FEIATER:

public class SetlList {
public static void main(String[] args) {
Set<Integer> set = new TreeSet<>();
List<Integer> list = new ArraylList<>();

for (int i = -3; i < 3; i++) {
set.add(i);
list.add(i);

}

for (int 1 = 0; i < 3; i++) {
set.remove(i);
list.remove(i);



System.out.println(set + " " + list);

B, EFREN-3 B 2 NEBEIRINEIBFESTFIRD. AE, SEESTFIR DHIT=RER
B remove FEEA. MRIFIAZEA—, FEEFNESHFIRFMIRAFRE (0, 1702) FHT
EP[-3,-2,-11[-3,-2,-1]. SEPRE, BRNESHMERAFRE, MFIRTIEREEE, FTE3, -2, -1]
[-2,0,2], FRIXFBELAYTAR—FMRTRIRIE.

SCPRIERE: VA set.remove(i) EIREEL remove(E) ik, Hp E 2 set (Integer) Y
TUERREY, BEASKE i | int BRIEAER Integer F, XE2RATEAZENTH, EAUHEFRESNES
MBRIEE. 55—75mE, X list.remove(i) AYTERRIERES remove(int i) 7%, BEMERTIFEF
IEEMERITTE. WRMFIERE3, -2,-1,0, 1, 2] FHR, BIRE 0 Mok, RERE 11, AERET,
MRFITL-2,0,2], KEHBEFT T, EEESWEMA, HERHIEEIR list. remove BISEA Integer 3£
B, EFEEIEMRRIER., &, ALUEA Integer.valueof(i) , RAEKERERS

list.remove 73,5, FTICHBFIAT, FBFEPSIZTUHAYTENL-3, -2, -1][-3, -2, -11:

for (int i = @; i < 3; i++) {
set.remove(i);
list.remove((Integer) i); // or remove(Integer.valueOf(i))

BI— I BIFMERRIS NRELRYT AR T List<E> FEOXS remove FEBMNER:
remove(E) ] remove(int) ., £ Java5 Zgl, 3 List ZEFOWZEML BT, EE—
remove(Object) F3iARE remove(E) , MHENAISEEEEY Object #1 int NIT2AE., B, T2

BB mEERIEE N, XMSEEREABREAET. Baifk, mESPRINZEMBEEFER
IRT List#O., FESAUZE, Java REFRIEM AP JLFESEZEIRUAIGRIA, BERXNEFER
B, BshiEfaflz B Eaiigmn i EnNEE .

£ Java 8 HRRAN lambda FRIATATIAS LG, #—SEINTERGRENTREE. Flal, EELL
TRMUBRER:

new Thread(System.out: :println).start();
ExecutorService exec = Executors.newCachedThreadPool();

exec.submit(System.out: :println);

B Thread #NEFEERF submit FHiAEARAEERFEN, BRAIEREMEENRE. S5
2R ( System.out::println ), WEEE—HHE Runnable RIEH, XERETHAISAR
FERRE, submit FEB—HE Callable <T> S¥HIERL, M Thread MIELEIRE. R
AIREAARXASBHARE, EA println FENTEESESIRE void , EIEESIBATEE
&= Callable , XRBEE, EESMBTEEIARXELEN. BITRAFESARINZ, MR
println FESBEWER, APA submit FERABESIEN. [EEWSIARYEIE (println) AIEEFN
WIARBRYTE (submit) 184S, MR T ERBTE ARBRATEIRNARIETT.

ML, [EREZE System.out: :println @—NEHMAYGIESIABULS, 15.13.1], HE 8
BPERE lambda RIARXSAFERINGIES | HNFLSHRARESAENL 21, HAEEEREE
RRBLZ BRI ERE IR X LS, 15.12.2], | SIRFREBXEIEEATED, BE iR Ees
mEH. XERTEE—SHNEFTEEARNEONER S EZSEER Z2S5REE. Eit, A8
EHERSHMEERRAFAREHNIEONSZ. THERENREF, FRPVRSEOFRERE
AR, WMRERHSITFR Xlint:overloads , Java fRiFFEEESXMEIRAIESR.



LRZEEIFN Object LIFMIERTEARRY. thoh, BRT Serializable # Cloneable Z#4b, %
ARBFIEMIZORBE TS AR, WRFR N ARNRESBRIER— 1 RRERLS, 5.5], WIRE(IER
HEXAY, g0, String #1 Throwable EAMEXRY, (HEANREARTREEMNAERZEAILHI, FrLA
THEXNEEETEAE.

EBEHEM [2853 (pairs of types)] AEEFEAE(TTIAER[ILS, 5.1.12], (BR—EBEH CEEANE
BiER, KRESEERFRORMEFHIPLER QIRBRIE) ERT—ALRSE. REEEI BRI
NIFESEZR, FEBEESMIANAHMEEHRNER, ROBREFREEFC( TG ZAL.

BEHE, FIRESEVBEERIX—FEFRIESRN, SRR ENIER. fign, &
String, BM Java 4 FHAFIE— contenttequals (StringBuffer) J5i%, fE Java5 9, w7
CharSequence ¥, ¥Jf9 StringBuffer . StringBuilder . String . CharBuffer FIEfH
FESEBURM RO, TR0 CharSequence BYERY, String iFBLE 7 —NEEHEY
contenttequals J57%, %5 5= CharSequence %%,

B LENEHBEEER 7 IWEBFRESREN, EEAEREEIRE, RASER—IYRSI
R ERRXEAINERSEN, BiMMiNEeEENER. BFRUEFIERSEARB N ER, BRE
ERTHER, MiRBH4ARR. BIRXMITARRESDEZR, BERRNER S ZRAERREE—
RRAVEHTTE:

// Ensuring that 2 methods have identical behavior by forwarding
public boolean contentEquals(StringBuffer sb) {
return contentEquals((CharSequence) sb);

}

B2 Java REERAEE DEBET7IX—FKBTRIEN, BRA—LXEHERTE. HlE0, String SH
PANEHRIEFSI 731 valueof(char[]) #1 valueOf(Object) , BWEEEERAIRISRS AR
HPITRE A ERVEE. MIGKBEEUESRERER, SNZEMA—TSRERSR, GYUEEREIER
ik

RS2, (MNAILUERGZEATNEWRENIZXF Y. BF, RFEREREEHERNESHNS
PNEBRITIE. EREERT, FREREIETENERT, FJRELREELEN. EXEERT,
EDONiZERETMBEREIRSERNSHEGSLARNER, WRXELEERH, Fia0, EA
EXIME TGO, BPANIZHEREEEERAISENT, FraEHTAEEERRT.
URMAIX—R, EFRGREEXUMERERITESMIETTE, BREEEATAERELLE.

53. IIEERItERIESE

A LSHTTREX SRR ERNSEELETTIE [variable arity methods] [JLS, 8.4.1], EEENEL
ZMEERENSH, TRSHIHERE—HE, EXNNEDARVEGRENSEEE, ARK
SHERNGET, REBHALSETE.

flan, XEE—NIT2ETE, BES—FRY int 2RNSEFHRECIINGSF. ARRE,
sum(1,2,3) BYEA6, sum() BYEASNO:

// Simple use of varargs
static int sum(int... args) {
int sum = 0;
for (int arg : args)
sum += arg;
return sum;


af://n4694

B, RE—NBEEMEEN— RSN SHGIERGEN, MARTRES. fal, RRE
RE—MTBEEZS M SHB/IMENTSE. NMREFIRMEREISE, WITEEXARR. (RATLL
S TR ERERE:

// The WRONG way to use varargs to pass one or more arguments!
static int min(int... args) {
if (args.length == 0)
throw new IllegalArgumentException("Too few arguments");
int min = args[@];
for (int 1 = 1; i < args.length; i++)
if (args[i] < min)
min = args[i];
return min;

ZRAEFE/NIR, HFENE, IREFIREIESHNE R MERLGE, NemEalT
HTMARERENEN, B—NIBRECHEEER. WIE args 2 OB ERMIEE, BRIES
min #IEALA Integer .MAX_VALUE , BNABE[FERS for-each fEIR, XBRWER.

FizhE, B MEFRZETLUAZIFUERER. FRDERARINSE, —MEERENEE
24, BRI ESH, RBRITEMIETBI— IR RN

// The right way to use varargs to pass one or more arguments
static int min(int firstArg, int... remainingArgs) {
int min = firstArg;
for (int arg : remainingArgs)
if (arg < min)
min = arg;
return min;

MENMFHAILIEL, AFESHMETRRITEN, TRSHERIN. TZSHEN
printf FAMIRI, ZHE5TZSHERITFINZ Java FaH, LARBEEISUER ORI
#le printf MRFIVHEBATLZSEHHZHEX.

FEMREXRRAYIEN MERTZESHRE/ND. SRERNRSH A SEE A AR,
ERIRNEIE EHEERBRNEXNAAR, BEEFETERSHIIREE, A eI RES
REERIE. RIRIRTHIE 95% MEBR=AHELHSHITE, BAFPZTEANATER. 51
BHALZEES 031N EESY, SSHEERY 3N, R IIXSELE

public void foo() { }

public void foo(int a1) { }

public void foo(int a1, int a2) { }

public void foo(int a1, int a2, int a3) { }

public void foo(int a1, int a2, int a3, int... rest) { }

WEFRNE, EASEHERT 3 MISEEAT, 18 5% RERFE I eIEEEIMNAE.
SXRSHMEREMN—, XITRABERAGE, (E—BREEFENRR, BB—TRE.

EnumSet BUERS T EEXMRIABRIENEESHMAREIREK. XBEHEMN, BANEES
At EEEHEEMREER IIE R (performance-competitive replacement for bit fields) EZEXE
ZHY (FENFE365) .



Rz, SFEEAUTRHENSHENTEN, JESHEAFEEA. EEAURSHEIIN LET
BEH, FIEERATZSHIMLEEEER.

54. IROIFRENAZES, AEIRO] null

BT RITTERATEN:

// Returns null to indicate an empty collection. Don't do this!
private final List<Cheese> cheesesInStock = ...;

/**
* @return a list containing all of the cheeses in the shop,
* or null if no cheeses are available for purchase.
*/
public List<Cheese> getCheeses() {
return cheesesInStock.isEmpty() ? null
: new ArraylList<>(cheesesInStock);

IEIRBYE (Cheese) FILAIERAM—MUSH, XEFAEHEN. XHEFEAEZFIRTURAE
HMORESSRALIE null AOIRENE, 40:

id
>=H

List<Cheese> cheeses = shop.getCheeses();
if (cheeses != null && cheeses.contains(Cheese.STILTON))
System.out.println("Jolly good, just the thing.");

FENVFERERRE null SREE=ESSEARNTTAN, BEEEAXMIERIG. XEMERE
BHHE, BARSEFRIERFRAESICHR SRR E UERGIE nulliREl. SERXFMERA
RSB, EAXMEEEERIRE—IHE MR, L5, RE nul RBTZSREREIEEER
J3ERISEIERISE AR,

BEBAIAA, nulliREIESESEEEENR, FACER T HEEERFH. XNMERB
PRI, B, FRIFVESREPMIICHORRETRNELERE, SNAEROLRS
HIMRE GEUSE 67 K) . =, ALEADESESTHANER MREE]. THERERgENZ
RESRIEEAEE, BE, XHE(RMEEN:

//The right way to return a possibly empty collection
public List<Cheese> getCheeses() {
return new ArraylList<>(cheesesInStock);

}

MRBIHERBLTZEGSRE e, BT ESREERNAIETESRKERSE, BN
AWK LIBHEE (FRE 175K) . TEAMCEBHEXEME, £RT
Collections.emptylList J3i%. WISR(FEIREI— Set, AJLAEA Collections.emptySet ;
RER[E] Map, MfEFR Collections.emptyMap , BRiFSE, X2— MU, ROBEE. WNRIR
INARHREE, WE—TRIEHIMEERIL, HIRCHSTEHRE:

// Optimization - avoids allocating empty collections
public List<Cheese> getCheeses() {
return cheesesInStock.isEmpty() ? Collections.emptylList()
: new ArraylList<>(cheesesInStock);
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HANBREESHERER. KEAERE null, MBIREEKEANZTNEE. BE, MiZEIR
E—MNEKEREE, XMEMREAE, BEE, HIIE— I KEATHHEERLS toArray
Fix, LIERFrERIREIZEES, B Cheese [] :

//The right way to return a possibly empty array
public Cheese[] getCheeses() {
return cheesesInStock.toArray(new Cheese[0]);

}

MRIPANDEFRKEHASIREZ IR, WTLESREERNSKELRE, RAREGERKENREA
R FIZZRY:

// Optimization - avoids allocating empty arrays
private static final Cheese[] EMPTY_CHEESE_ARRAY = new Cheese[0];

public Cheese[] getCheeses() {
return cheesesInStock.toArray(EMPTY_CHEESE_ARRAY) ;
}

FERACHIRRA S, HVSHERNTERERZIZ toArray JEAT, & cheesesInStock A
=R, XPNEBEMN getCheeses JR[El, AEANTIRSMREMINcCHEERL toArray BIEH. H
REH, XHFHMSEESER(Shipilevi6]:

// Don't do this - preallocating the array harms performance!
return cheesesInStock.toArray(new Cheese[cheesesInStock.size()]);

B2, KIEAREERE null RAEZHHENES . SHEIRY AP ERLUER, E85HE, FERE
HEREIES.

55. BBES 8}t B] Optional

£ Java 8 ZHI, WEMEHERR N EREHHHERTTERS, JLERAMRIISE. BAMERE,
ZARME null (RIDREREIENSRESIAEE) . EXAMTEEFTE. MZARERHRESE
(FWFE 69 &) , AEMHEERNES, RAEEIERFEFRE MELRE. RE null ;2B
R, (EREEECHRE. WRITERE null, ZFmSRESHFHRBIRAEEREIE null iIXEIRIATEE
. FRAFERFREEFSIEA nullIREIRAATEER. MNREFIRZEEE null IREFRE nul IREIEFHEER
MUREET, BARERBRAE N EESX NIEMEXAINBMUE L, fil

NullPointerException BEHIBIEEM.

£ Java 8 A, REE=MGEREE IR LREHAERNSA. Optional<T> EKFR—NAA]
THEE, SUUBE—NMEnl B T 518, BSIUHAEAES. AEAEHRIRNEH Optional #EHR
AT (empty) . IF=RIGES(EFRAY Optional #EFRATFAE (present) , Optional AR ER—1NAAZE
HNES, REALUSH—IITE, Optional<T> [KBXLI Collection<T> M, {BJRN_EZAILA,

RS EIRE T RI5E, (BEREER FARELAXEM, JLIARMIRE— Optional<T> ,
XTI RRE—EER, LIRAAEREEAIEER. iRE] Optional ITIALLIIHBERITIEE
RiE. ERSZEA, MAHRE null (N75EEARSZHIE,

£5H 30, HMNER 7 REESHTRNBEAINF I EES&RKAENSGE.
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// Returns maximum value in collection - throws exception if empty
public static <E extends Comparable<E>> E max(Collection<E> c) {
if (c.isEmpty())
throw new IllegalArgumentException("Empty collection");

E result = null;
for (E e : c)
if (result == null || e.compareTo(result) > 0)
result = Objects.requireNonNull(e);
return result;

MBATEANT, RGN T11egalArgunentException S8, BAWERE 30 g,
EIFHBATIARIRE Optional<t> , TERENENIE:

// Returns maximum value in collection as an Optional<E>
public static <E extends Comparable<E>>
Optional<E> max(Collection<E> c) {
if (c.isEmpty())
return Optional.empty();

E result = null;
for (Ee : c)
if (result == null || e.compareTo(result) > 0)
result = Objects.requireNonNull(e);
return Optional.of(result);

WRRRIL, IR[E Optional fREE., (RATEMAVFEFERIELAEHSTI) G Optional, FEIXME
FrrpR, FAMERAMAS: Optional.empty() IREI—ZEHY Optional, Optional.of(value) IRE—
ML ELEETF null B9 Optional, 1§ null {845 Optional.of(value) R—MEiEftix. WRIXEE
8, ZAEEGHE NullPointerException BE{EAEIN, Optional.of(value) HiEiES—
ANETEERN null BYE, IRIEN null EREI—1NZSHY Optional, KIEAEEIDIRE] Optional Y75 EIRE]
—ANZ{E: BIEIA Optional IRITRIFIR.

Stream _RYRZBLIHR{EIRE] Optional, AIRIAIES max FiEFRFEHE— Stream , BPA
Stream B9 max IRESAEATERL Optional WIIE (REHNIEREE—NERAY Comparator ):

// Returns max val in collection as Optional<E> - uses stream
public static <E extends Comparable<E>>
Optional<E> max(Collection<E> c) {
return c.stream().max(Comparator.naturalOrder());

B4, WAEEFRIRE] Optional MIARIRE] null HtEFEVE? Optional AR ERMFIEER
# (checked exceptions) (WS 715%) , EAENNERFE AP NEFEX A g8 EREUTHERIE
5L, HHFREERNRESIRE null AFRARZIEXMETEEE, MNHEREENTHER. B2, fd—
MEBEREZTEAZ P imPRINEs IR,

WRFERIREI— Optional, NEFUHAILASERES ETHRENENEREANRIE. TLUEEEIA
E:

// Using an optional to provide a chosen default value
String lastWordInLexicon = max(words).orElse("No words...");

FEULUMHEHTESNRE. T8, HIEENRREL, MARKMRNRE. XiiR T elE
SEIFHE, BRIFCERISCIREHL:



// Using an optional to throw a chosen exception
Toy myToy = max(toys).orElseThrow(TemperTantrumException: :new);

ANER{/RBEIERA Optional JF=S, {RAJLAM Optional 3REVE, MAREIEE—MEERIT. BRUNR
Optional =Y, RABMET, KBESME— NoSuchElementException B&:

// Using optional when you know there’'s a return value
Element lastNobleGas = max(Elements.NOBLE_GASES).get();

BEHE, FTRESBRIXFE—MER: KEEAENRNRS, BRIFVE, BNEEEZXMRM,
XFIXEAER, Optional IRIET—1T5i%, &FEER Supplier<T> , FHMNAELERERAE. X135
EWFRA orElseGet , {BRBITMIZIEFRA orElseCompute , EABSLL compute FFLAI=A
Map 52X, BJ1LA Optional B3 ARAMEERFAAIAGI: filter . map . flatMap #0
ifPresent , fE£Java9 #, MidINT R NMNXERFGL: or F1 ifPresentOrElse , ¥R EFMEEIA
NEAXRGESIRNBGAKTE, BEEXYESRAGENNE, HEEEIIEREREBETMRES.

NERXLETT EEBABEHEIRINFE, Optional 12t isPresent() 73i%, SILAEMAZ SR,
YSR Optional EA(E, MIEH true; WA, M false, {FALUERLEENAERIVTIETE
WAL, EFHRBEIERT. isPresent MV LEREN—FIERENR, &
RASEREE. B, BFATE.

flan, BEERELUCIBER, SITEI—MNMATRRRHTE ID, WNERHBREHTE, NFTED N/A 1ZKHB
E&{#HH Java 9 5|\ ProcessHandle Z:

Optional<ProcessHandle> parentProcess = ph.parent();
System.out.println("Parent PID: " + (parentProcess.isPresent() ?
String.valueOf (parentProcess.get().pid()) : "N/A"));

LERHS TSI ™MUERREN, (£ Optional B9 map 73ik:

System.out.println("Parent PID: " +
ph.parent().map(h -> String.valueOf(h.pid())).orElse("N/A"));

ZEF Stream BHTRIZERY, BESKIEMIIZE— Stream<Optional<T-> , FEAFE—
Stream<T> , HPEEIF Optional FHIFFAETTER, LAEGEHHT, WNRIREERER Java 8, THEIR
MXANZERRRIARD:

streamOfOptionals
.filter(Optional::isPresent)
.map(Optional: :get)

f£ Java9 H1, Optional BB T —" stream() J3i&k. XNGER—NEERE, WEER—MNER
88, ©J% optional TABE—ITERY Stream, §15R Optional AF, NIABES{EETE. WHES
Stream B9 flatMap J5i% (5RH 45) BES, XA AT EEER LENGE:

streamOfOptionals.
.flatMap(Optional: :stream)

HARFBEINREIZEEEREEM Optional RFULME3RTE, BeaseBl, ®IESRS. ME). stream, #A
0 optional, ARRLZFIRIE Optional A, SEIREI—ZTH Optional<list<T>> , FRULRE—
TH List<T> (FHFE545K) . RETSHF[EERE iU Ooptional FIFRE.
ProcessHandle ZEHESLH arguments J53%, BIRME] Optional<String[]> , {BEXNTIEMNIZ
WA —FRE, NZEs.



A ARHRRIZAEE—NT5iAFIRE] Optional<T> WIAZ T We? BEFE, MRAGELERE
SR, HETESREREER, EFRHECTMITIFLENERT, WRABERE] Optional <T> 975
&, LR, RE Optional<T> FHIFKHMA. Optional RS EAMIMBILAIGSR, M
Optional FISEVEZEFWYMIZE. X{FES Optional MESERLMEXBIER MEA. FESE
RERRTILFREBSFHENERBE (FUHE67R) .

5iREEFENEASEMELY, IREIE S BREEASLERT Optional IMNEEIRA, EJ Optional
BRNEFERS, MAERE. B, EEZITARIARAERZEE int, long F double 2L
Option<T> E&HIEMY, XL Option & OptionalInt . OptionallLong F1 OptionalDouble ,
B8 optional<T> EHARZHIGE, BAERMERAZE. AL, BT NREEARZEE (minor
primitive types) | Boolean, Byte, Character, Short #[]Float Z4}, KIEARIZIREIZEFARIEAZEBARY
Optional,

FBRIAL, EAIB&ETIRE Optional FERBEIEMECIINGE. BIIESEITCHMATEE
AL, XEEAAXSEELM Optional IFAIEERRRIEEY. B0, FKITZAER Optional FI{EIREYE. W0
RiXHE, WERMGETLAFRTE (key) fEMEIHPEE FAIRRK: BEAASTEMS S, BATFEN
THRIRGTEI—==RY Optional, XRMTAMERNSERMYE, RECVRSEREER. BEMAN, %
BEEESFER Optional B9%2. (EErtR/ L FEEASIER.

XEET T —PEMARIKEE, ELBIF7FME Optional BERERENL? BEXE—M AT
KRB : BEMRAIBERIZE— M E Optional BHAIFE. (BENXAIEESERN. FREEH 2F
B9 NutritionFacts ZERJEM. NutritionFacts LHIEEBTEZAFENREM. FAUBEAXREREN
N8R ESENRM— N FK. I, BUHEIEARRE, XESHEERRRINXMERE, YT

NutritionFacts ERSFAY APIIEEA Optional BIEM getter F5iEIR[EI— Optional, E|EIGIXLL
Optional fEABMEFEENSRHPEREENM.

Bz, MRKIECRERZEFELSEREE, HRINNZZENBFESRIE RS SXME
BEMTREE, APABVFMIZIRE— Optional A97Ti%. B2, MiZSIRZE!, iR[E Optional RHRSEFREY
MREER, NTMREXENGE, &FRE nl BIHEE. &5, RTIEARREZSN, RRZEE
RIEthItE75 =R {sER Optional,

56. AFFIB S 2AFHY APl TTERS IR

GNER API ZEATFS, FUAEBH T, &5, APISGERFTERRY, RESGESHBAE
TR—EES. Java RWIEIMNEFEH Javadoc SLAERFEMTX—ESS. Javadoc (FRFIHKIED
AOSCRSERE (BEFRA doc iTRR), MRS BEh4ERL AP 3THY,

B ERYEARR Java BENER &2, EBE(1ME 781 Java BFRENIZAIERISET
FHIAPI, [AMI4RESASERE (How to Write Doc Comments) | BYRITR[Javadoc-guide] FfMA T iXLE
29%E. BRE Java 4 KAELCRZTHEBERES, BEMAR— N EEERORR. Java 9 FiFINT—
PNEEREIRE, {0 index} ; Java8 HHE—1, {@implSpec} ; Java 5 FEFWD,

{0literal} F0 {@code} , _EIAMTIPIHRMXLATEHING, BELLZRBHPHITITLC.

EIEIRICR AP, BIEBANSHR0E, BO. WIERZE. HBiEHNEMEREZANEXEERE.
IMR—EREAFINRY, EMZICRENFFINIZZL (FIEE 87 %K) . ERBEXEIRIERT,
Javadoc AJLAMBERIFAVSRIBRAG AR/ RNNAY AP TTERAIME—IZHS, ERERDITEEREAT AP
BONBRMBZHERN. AHERMZERERAIETSE, RATENEIHRMETERE, BREA
HEPRVED, BNIZAASERSHAIR. EO. WEDE BEAIBMHRE XN ER, REXEER
FEEGSH AP TR R,
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AR S FRRROZ & SRR S A S EE PG [BERA, RT AMEMZITIEFNGE (F
WEE195%) Zoh, BARGZRAFAMAA, MARCUELIEN. SISFEROZYIZ 5 AR
B (XERGNIAE, MEERHERTEN), UREESY (XERMGRERABRINTREZ S
BH) . 8%, WFEREnNEE, gigRHEl othrow REtatitingh; S FRERENRF—
FoREAMIER ( precondition violation) . LtbAh, ALESZHMIISEEY eparam IRESHISERIES
5.

BRYRIERHEERMZI, FEENASHEPICRERBEIER (sideeffort) . BIFRERS
IWEHTMRZNEN, XN TLIEEFRMMSEATEUFE. i, MRGEEHNEEEE, N
MHEMNICRE,

SSESHRA TS ARYERY, SERROZ BN SEEE— Oparam #R&E, — @return IR&
(FRAEFSTER void IREIEERY), LIN— ethrow 1RE (LICRMESERRIFOERE) (¥ 74
%) . MR oreturn REFHNASHERIAER, WElLAZKE, XEBURTRAITEBENRBR
.

1ZEBIRGI, oparam By Oretur IREFEMNNANZE—NRIFEE, MASHEHIREEBERRS
BE. BRMEREARAXNABRZIEARE; BE5H Biginteger AR, 0throw IREFERINIALL
ZBEE8E [ifl , EEHIEE—MEARHEENSEMHFE. KRIEGI, eparam . @return B
ethrow IREEHEAEIERFOARUGEER, AR R 7 B X LLAE:

/%%

Returns the element at the specified position in this list.

<p>This method is <i>not</i> guaranteed to run in constant
time. In some implementations it may run in time proportional
to the element position.

@param index index of element to return; must be
non-negative and less than the size of this list
@return the element at the specified position in this list

*
*
*
*
*
*
*
*
*
* @throws IndexOutOfBoundsException if the index is out of range
*

({@code index < @ || index >= this.size()})
*/
E get(int index);

ISESELAERE (<p> # <i> ) ERAHTMLARE. Javadoc SLRAT EISSLEREEIRS
HTML, SOEERPAYER HTML STREEEREN HTML M,  BEHE, EFRREEREMIIHS
ERERERN HTML &8, REXMERELD .

EEFEE othrow FEPHIRIDHEREEIER Javadoc B {@code} 5%, XMRSERNE
- EFERBRERURB=AFERXEN, HETIH TRBEERF HTML FRCFIERE Javadoc FRiCHIL
H, E—1MEUEARTFRIERBRERPERNTS (<) , BFEE— HTML TTF/F. BEEXAEERE
FEEZITRIERMG, BEREEE HTML <pre> tRIEFH Javadoc {@code} 3%, HEJIEN,
ERBIRIENN LR <pre>{@code, SAJFE s Ly</pre> , XEREBTRIBFRURITR, FHEkk
TENYHIML TZHNEE, BAFERY at 8 (@) , NRABROERERE, Wit at fF
5 (@) .

Ba, EERCHEERPERNEE [this list] , RERIRGI, [this] $ERORESHIGEISUSE
B, 18R75EEBERRIR.

IEAN4EE 15 FRIBEIR), SIRAMRIRIT— KR, SANDSEMEMES (self-use patterns) |
LB RATEES TR AGE N, X FE IR {EFRE Java 8 HRANNY oinplspec HRESE
TRAES, EE—T, SENENSTEEATASHERSZANEA; R, einplspec B
AT IR SEHTAZ AR, MECHET ERET super BEFTE, IARIFFRKMT LN
58, TERLIRAARMISH:



[ *%

Returns true if this collection is empty.

*
*
* @implSpec

* This implementation returns {@code this.size() == 0}.
*
*

@return true if this collection is empty
*/
public boolean isEmpty() { ... }

M Java 9 FFHg, Javadoc SEFET E{IAREE @implSpec i7%, PRAFBIIaHSITHR: -tag
"implSpec:a:Implementation Requirements:" , FE{EGEAIMRAFRILUEIEXMEIR.

TESIE, RURBERRIERERBS HTML JTFRFRI, fIsNFS (<) , XFS ()
fland fF5 (&) . BXEFHARANXENREDEZSER (eliteral} RSB ENBEER, %R
F22| FAME HTML ARICANERERY Javadoc FRIB.  EHi& {ecode} #RE—HE, BT ASIUMBZHEN
XARLISL, g0, XA Javadoc RER:

* A geometric series converges if {@literal |r| < 1}.

T4 IE:  [A geometric series converges if [r|<1.] . {@literal} ¥R&EHEERBIET/NTFSHY
(8, MARENER, HEEMISHEE—HN, B FFEERABPISEMRE. XikiA
T X ERERNEERRIEPEAIZEERNEAREN . WRTELINXAE, WA
AR B RS PR AT,

BINEIRNE— [97F] (WTENX) AuEERETRISERA. Fl0, 55255 W ERY
MAEEREPROSERERN:  [IREFIRPIEEMENTER] . SRR IUR AR TTERAII
g6, MEREE, XFEOPHRNRIZALER ZANEBERNRE R, BE5EEEHTT
%, AERERERNE—SEEERN (BEEIRPEATEZN) .

BVD, RIS ERAS TR, RATRESIERZLLEEAR, Fla0, LA [A college
degree, such as B.S., M.S. or Ph.D.] SEEEIAA [A college degree, such as B.S., M.S] ., [AIAEF
MERAEE—MIRER, RERTIE. FIRFIITERT (HE—MIRELL) [Javadocref], X
BREES [MS.| PHNENIEEEIRE—NTK. RIFNOBRARZER (0literal} Ir&RKEE
ANEREVE RFMEHEIERANE, XERAEFNORAEERASESET:

/**
* A college degree, such as B.S., {@literal M.S.} or Ph.D.
*/
public class Degree { ... }
REEAE X EEPNE—OF, HELERIZRSA. RRIEG, BRONZE— N TENG

F. NFHEEESE, MERANZE— N AEE (EEEHUINSR), @R TiZE EITIERE.
a0 :

e Arraylist(int initialCapacity) —— MIEEEIEERSENTIIE.
e Collection.size() — IREILESHHITTENEL

WIXLEGIFRR, ERE=ZAFBRATRZ  (“returns the number”) TIARSE ZAFRTEER

(“return the number”) ,

TR, EOMENE, HEmANIZZmARREEONLFESBEASFZISYNRITEE.
folgn:

e Instant —— BFE)Z EAYBRET A,
o Math.PI — SEMEEER pi Y double ZEAEE, BIRNEKSEERZLL.



£ Java 9 1, BEFUmZERS [#GARINE! Javadoc ZERKAY HTML FR, XS |LARE A EARIEERIERF
HI, EET SRS AP SERNES ., SREEPRANE, BE— M LERER TR, AP
TUER (WK, FFEFEN) RBIR5IM. B, FJREHRERSIRHRAY AP REZAIEMAIE. LRI
T {@index} #R&., XWIAHEFREPHMHIAEHITRS|, HESEBREX MrEh—HEHR, 0T
ER B

* This method complies with the {@index IEEE 754} standard.

2B, NEMIRFERIIENEIRE, IoRiZEXRBNGER, ESUICRIFEXRESE:

[ **

* An object that maps keys to values. A map cannot contain
* duplicate keys; each key can map to at most one value.

*

* (Remainder omitted)

*

*

@param <K> the type of keys maintained by this map

*

@param <V> the type of mapped values
*/
public interface Map<K, V> { ... }

ECRINAEREN, —EHRCREE, UNSEMEARESE. T8, WRERE, FJLUtE
NI ERFERE—T:

/**
* An instrument section of a symphony orchestra.
*/
public enum OrchestraSection {
/** Woodwinds, such as flute, clarinet, and oboe. */
WOODWIND,

/** Brass instruments, such as french horn and trumpet. */
BRASS,

/*% Percussion instruments, such as timpani and cymbals. */
PERCUSSION,

/** Stringed instruments, such as violin and cello. */
STRING;

EREEXRBICERXER, —EBICREUNR, LIRS, BARIFEIERTIIEMER, #
FEREIRBE—F. MTRENSERR, BEANTEE, R SEFTmERIEE TR
E BN N=BYE

/**
* Indicates that the annotated method is a test method that
* must throw the designated exception to pass.
*/
@Retention(RetentionPolicy.RUNTIME)
@Target(ElementType.METHOD)
public @interface ExceptionTest {
/'k*
* The exception that the annotated test method must throw
% in order to pass. (The test is permitted to throw any
* subtype of the type described by this class object.)
*/



Class<? extends Throwable> value();

BRI ERERIER S package-info.java RIS, FRTIXEEREZIP, package-info.java if
WREE—EHEE, HETUELRFEBEHEETME. B8, NRERERGRS (FIE 15%)
M RSAER A B EFEHIE module-info.java X4,

P ERIRE AP FIRATIE, DRIRSIELEMMAFIItIE. TieKAFFSHEREE
ERe, BRZEXEPEIREEERZSRE], KA 82 FAmk. MR—PEREAFFICE, FiZic
FERFFICHZZ, N5cE 87 A,

Javadoc BB [#& (inherit) | FiAFRERIAE]. WR API TRIFEIEFRE, Javadoc BHER
RERIEAMEER, BOSEAETEIEY. BREEINFMEEF LI The Javadoc Reference
Guide [Javadoc-ref] F3KE, EATLAFER {@inheritDoc} IREMBRIFEIPD IILTRE. XEKE,
BRELMtEAL, KETLAERTE(ISSMAEONNE TR, MARESHIXW IR, 2T EGrERicHERSH
JUFAERISOSERERIGIE, BFEEERERFHEE—LRE. FHRESBH T ABISEE.

KFEER, MZAN— M ESRE. 2AEVENMESHA AP TRBHSEER, BXFHF
FEERBAY, MNTHSMIEXEKAIRARISER AP, BEFTERMIA AP SUAZEIIRISME L
NFESMAGERE, WIRFEXAFAIE, EXRAEE S ERENIZ SRR AT,

Javadoc S EMICERBRTSIHEEPFHNFSEIN., & Java 7, FEHSITHRX Xdoclint E
RISIXMIT A, £ Java8FlJava9 i, ENANBR FERTHAGE., B checkstyle ZRHY IDE f&{F=iFH
— R EER SRR [Burnol], FALUEE HTML BB EEES8IE T Javadoc 4EAZHAY HTML 3214
SRS R IR IRAIET etE, BTLUET HTML ARCENF SEERAE. B X Eesai
&, ATLAER W3C markup validation service FE£ZR3GIE HTML 18z, 7EIIFAERLAY HTML BT, B1C(E,
M Java 9 FF#A, Javadoc FERERZAERK HTMLS 1 HTML 4.01, REEANIER TRALER HTML 4.01, QN8R
#E8 Javadoc &Rk HTML5, 1B -html5 apSfTFFR,

AEBEHHANAERE TEANDS. REBEEANIEES 15 FRIBSE, BREXEIRNR
ZUER AR (How to Write Doc Comments) [Javadoc-guide],

RIFEBEAINE FAHESEN, ERAISIERIZIRMRS API BEMIEA, AT, WE—HENTT
i%, RPFHE Javadoc SERRTRARLRY web BE. XNTHMAKGERIEN API, EEEXFH. EON
EF/LFATERESSERIIBHN—EEN—, BEEER S SERI TR — DT
(E5'8

Rz, MIEERRICR AP FIRIE. &EMRISE. MTAESHAY AP TR, EfIRIERRKR
AREN. RAFTERERGIIN—SNE . BiclE, EXXEERPARHER HTML, (B8 HTML
BITTFAT.

57. AL RERE SR E R

XFEEMR ERUTERE 15, BR/IMESEAIRRRIANAEMT”. BRIV EERR eI FRLEL,
AILARS BRI 4P, FREHERTATREME.

RBRREES (W0 C) BRERIDRALEEIEEEEE, HE—LiZFRREESIRIXEE
., XR—MELSKUHININE, (FHIREE, Java RIFHMFEEASENIEQRESFEETE (as does C,
since C99) ,

AFRIMEEEFRRNREXIRARBEXERNIESFIEE. NRTEEFERZRIN
AR, BREZEEINRE — XA EIRMEFANEE RN, BN T —4ost iEE S
5. ZUERAIZZER, EETEACELRERREEINE.



https://www.oracle.com/technetwork/articles/java/index-137868.html
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S RtFEREREENESHEFREANIRHATMBEER K. BEZEEREMSEIRER
(EREFREEARIARE. MNRTEEFERCRITARZINER, NEEFRRHZEAREEIAR
W, MREEMEBEX BB EEIMEREZE, NERAIRERRMEERT.

NFBIRHBEEFPBRIZEE—MIENR. NREREEBHEERGERE—1E
£, BPANIZHEERBE, BEFASTLIXEH., XPMUEI—MISNE try-catch IBE), SIR—NRERHK
DA A—PRER, ZREAXMTTEERTLMH— N ERENRE, BRAIZEZERYRE try tRA1]
et (BRAEFrEERETLUERERE) . MNRZELRTE try RZIMER, BPABRIVE try tRZAD
R, ERTEEARER [SIEMEDIA] . BIa0, SRR%EE 65 PRIZH.

BINEE T —MFHRIN SR VT ERERLE. EFHFZRY for 1EIAFN for-each X BB AT E
BEARTE, BEERERFETEECINIXE. (ZXEREMA for XEFSIEX ZERE
SgIBAER) . BEit, MNREARZLEEAFEBRAZENAE, BAMTKERE for BIRTAR
while &R,

plgn, TEREHESHEIESIN (FI5H 58 %K) !

// Preferred idiom for iterating over a collection or array
for (Element e : c) {

. // Do Something with e
}

RFEHEEREE, BIFEATIRARBER remove 5%, EIENSINERL, FRESHY for BIR
& for-each 1B

// Idiom for iterating when you need the iterator
for (Iterator<Element> i = c.iterator(); i.hasNext(); ) {
Element e = i.next();
. // Do something with e and i

BTN LAIXLE for TEIMLT while 1838, BHERIATBRER, EFE2F while EFRFI—1
bug:

Iterator<Element> i = c.iterator();

while (i.hasNext()) {
doSomething(i.next());

}

Iterator<Element> i2 = c2.iterator();

while (i.hasNext()) { // BUG!
doSomethingElse(i2.next());

}

BMEAELE I EFHIMER: BRE— T FIERRE 2, BEERIBNEE, F=1
2, CfEeEA. ERIRBREEREER, AREMMESENERTET, BelssT. %
TAMBEIRRRIE 2 Bk, MEIZAMRLE, BHT 2 ATEIREISR. BT EFTEMEE, Bt
IRAJRES KRS BT A AT E,

INFRIGEMRISFHENGTERS for fBIR (for-each TEIREAEFABIN) EEEM, NEMBINIBEE
Tk, F—MEAPITR (BiEfeR) ZEAMES - NMEATIEREF. TERESES for
TBERRI7G1:



for (Iterator<Element> i = c.iterator(); i.hasNext(); ) {
Element e = i.next();
. // Do something with e and i

// Compile-time error - cannot find symbol i
for (Iterator<Element> i2 = c2.iterator(); i.hasNext(); ) {
Element e2 = i2.next();
. // Do something with e2 and i2

L5, SNER(ERS for B3R, BRAREXMEFIHMGERIIATREME/IVMES, RNRBUEEMME
IRPERATENEES. BARTEMTA, RIERTER (FER=F) TEIRTENRL. FX
L, XEHERRRT.

for fBFALL while fEIAAE—MIR: EERE, 1EETANEM,
THEA—TMERIRAZE, E&IMELT BERZENERE:

for (int 1 = @, n = expensiveComputation(); i < n; i++) {
. // Do something with 1i;

}

RKTXMLEREICNEE—RE, BERMEAZE, ifln, SIBESTEERAMERE.
BNXE n BTEHFE—ZENREE, ANMEn 7 8RENFRTRITEIRN. EA—1HN,
RBERNNE R—1NT5EA, AEREESREATREEENER, BPANZERXMAE.

RAVUERHEEFRENRERARRISHEIRER. WRER—SEPEEGMMIN
(activities) , MS—MTAERNEBEETESMTHITE—MTANKITEER. A7 PHLXH
BREE, REELEDAED: BMTANN—TTE.

58. for-each IR TFAES for FEIR

IFANTESRE 45 FRMTICHY, —LfESRIFER Stream K5Ehk, —ESHIFEREN., TEHE—
MESERT for BIAKIBH— 1N EG:

// Not the best way to iterate over a collection!
for (Iterator<Element> i = c.iterator(); i.hasNext(); ) {
Element e = i.next();
. // Do something with e

}
TEREREERIESR for BIRRISLH:

// Not the best way to iterate over an array!
for (int 1 = @; i < a.length; i++) {
. // Do something with a[i]

}

XLEIMRAGELL while fBIAESF (FW5E 57 %) |, BRENFATSE. EHREMNERSIZERRREL
—RRAFTETEME. Lo, ENBRERTHENNS, EHRESMERPHRA=R, R5IXEH
BOR, XEFERENSERABRNEE. MRXEY, HAERERIRESANITE. &5, X
PMNMERFEARE, SHETNERRRENAVELR, FEBINT EXIZEEAY VR
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for-each B3R (BE73F79 [HE5ERY for iER)] ) MERTATEXEAE, CRIIERIANREERS |
EREREAMLEI S, AETENIIREERFERTESIIEE, NEt THERI9LHE
B\ —FPEEHR 9 B — RIS RE:

// The preferred idiom for iterating over collections and arrays
for (Element e : elements) {
. // Do something with e

}

HEIES () B, BEEEFE [in] . Bit, EEREINEE [XITFITE elements FHIGNIT
el . (£ for-each [BIAFSIFEIERE, BIEXITEHADZNL: SIIERIRBAIR ESFIRS
RICEEER.

LIS REBREIENRT, for-each fEIMEXITHES for BANMBEZEKR. TEEAIDHTRE
AR R BIRRI—MEIR:

// Can you spot the bug?

enum Suit { CLUB, DIAMOND, HEART, SPADE }

enum Rank { ACE, DEUCE, THREE, FOUR, FIVE, SIX, SEVEN, EIGHT,
NINE, TEN, JACK, QUEEN, KING }

static Collection<Suit> suits = Arrays.aslList(Suit.values());

static Collection<Rank> ranks = Arrays.aslList(Rank.values());

List<Card> deck = new ArrayList<>();
for (Iterator<Suit> i = suits.iterator(); i.hasNext(); )
for (Iterator<Rank> j = ranks.iterator(); j.hasNext(); )
deck.add(new Card(i.next(), j.next()));

RRBRIXA bug, BABBENED., IFEERUIEFREPEZICTIXFEARMFANER. AR,
XITFHNGBES (suit) , next IAMEIENRSE LEATAZX. BMZMIINBENER, EtEteEa
—IX, EERNARERERN, FEE—KEER—X. st BkZ/E, EMih

NoSuchElementException &,

RFBERIAEE, JMNPESHIARNERBESKNIES—HITE(IRBRNES —EMSIE
BRI, BERASMIREERN. f0, FEIXFMERAI=N, FTE— X8R FRIRERRERIRE:

// Same bug, different symptom!
enum Face { ONE, TWO, THREE, FOUR, FIVE, SIX }

Collection<Face> faces = EnumSet.allOf(Face.class);

for (Iterator<Face> i = faces.iterator(); i.hasNext(); )
for (Iterator<Face> j = faces.iterator(); j.hasNext(); )
System.out.println(i.next() + " " + j.next());

ZIEFAMERE, (BRI 6 MESRES (M ONE ONE"E“SIX SIX”) , MAZFREARY 36
TMHE.

BESOIFHINER, DAEINEBENIERERRI— N EERRFINBITE:

/ Fixed, but ugly - you can do better!
for (Iterator<Suit> i = suits.iterator(); i.hasNext(); ) {
Suit suit = i.next();
for (Iterator<Rank> j = ranks.iterator(); j.hasNext(); )
deck.add(new Card(suit, j.next()));



B, WNIRAEBERE for-each &3, WEMSIHRK. EMAINISHRATRERES:

// Preferred idiom for nested iteration on collections and arrays
for (Suit suit : suits)
for (Rank rank : ranks)
deck.add(new Card(suit, rank));

BER, B=MEINBEREIRA8ED BIER for-each fEERAY:

o BIRTIE (Destructive filtering) —MNRFERMHES, HlljEEETE, WEEFERAEKE
REs, LMERTLAARE remove 7574, 1IBHEBILAFERITE Java 8 Hi7RINAY Collection Z8HRY removelf
i, REaEER.

o B NRFERH—FIERIEEHBIRETRIISOHEEME, IPATEIIFRE R[S EA
R |IREITRRE.

o HiTER ——URFTEHTHERZNES, PBARTEEAIMEFIEREHETREITE, LIEREE
REFHERS 1T EE LIRS HT (IEAN_EEHEIRAY card F1 dice ™ FIP TTEFIETAIBBFE) .

MRAIE ST XEE RPEHA—F, BERESR for BR, HEGARZ B HIRBIGIBEMH.
for-each fEIA MR ACIFIBAESTIENAR, E01FBHLI Iterable FORMEHAINTS, ZIEOHRED
FiEER. EOENT:

public interface Iterable<E> {
// Returns an iterator over the elements in this iterable
Iterator<E> iterator();

RN FFIATRE B ORI Iterator LI, ABASLIN Iterable SERIRTF, (BRUNR(RIERERS
Fr—HITTERER, IBARROZIBZIE ELEESCH Iterable 32, EZErJLUEEALLIESLI Collection
O, XAFAPER for-each fENEBHZEE, MISKITRGEARY,

K2, for-each fEIMEBMIE, RIBHFIEIRTUG S EIRMH 7 HBBIES for BRI NIFEBI
B, MEREMEERE. RoaeER for-each IEIMIUAT for &I,

59. 7 REFHH(EFREE

BRIRIFIEELERL 0 IR ERZERBENEL. EXMNEIMES, IFEEFRERE— M RIUX
BERYINTIE:

// Common but deeply flawed!
static Random rnd = new Random();
static int random(int n) {

return Math.abs(rnd.nextInt()) % n;

}

XNTEEREAE, BEE=MRR. B, R 0 2FHE, BENEFIISERSEN
ERES. FNRER, R0 AR 2095, BAFIMS, —EEFHHEMEFEREhIRE,
AR n BX, XMHRSRPE. TEHNEFEINERTX—R, eE—MaiEERSeEREN
100 5BENEL, ARFIENHES D NSRBI 5D
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public static void main(String[] args) {
int n = 2 * (Integer .MAX_VALUE / 3);
int low = ©;
for (int i = @; i < 1000000; i++)
if (random(n) < n/2)
low++;

System.out.println(low);

gN%R random F3iETAFIER, FEFREHE—MER 50 R, EBRMNRETE, RERIACHTH
—MEIT 666666 FIEIF. REHLTIEEMBISFHPE =0 SEEEEEN &S !

random JERNSE=NRIER, EROEER FaREEHIEETENETF, XEREHRIER.
XEENZFEXEBIEA Math.abs & rnd.nextInt() REIRIERGIZIFFRELL, R
nextInt() IRMEEEE, Integer.MIN_VALUE . Math.abs tISIREIEEE, BRi&n A2 2098, 7P
2 Integer .MIN_VALUE FIRBEEER (%) BRE— R WFEENR, XSSEURRIRERX
W, HEXFEM e sErELAE I,

BIRS— random J3iE R IEIXLERRPE, (RORIARENERAER RS, ENEH] 2 RIAMBEIZE—RE
TR FsHIR, FAXEM (XRDRMMAIRR) . EHRFRA Random.nextInt(int) . R
AR OEIME TR (REWRMRREE, JLMRXEERAN) . —NEEREERIBRITE
e T REREIRLT. SSHFIIRIXFSiE, RRRERTSIZRAIILER, LABRERERR.
HE, XNERT beta WK, K0, FHREBELERR ZEHATIE 20 F, Z5EH8KERKIHTER
b, ERMRAIATERE, BET—MRAPHTES., BIEBNERE, (FULFIRRSEHER
*HAFLARIER ERARIEZE.

M Java 7 TR, FRAROZEER Random, EXZEIER T, EFRAFEINEERENER
ThreadLocalRandom, TEEF-4EEEREAIBENZL, MEEREIEER, ERAVSLE, BEE Random R
3.6 fZ, XJTF fork BEIZMBFOFHITA, A SplittableRandom,

ERXEERNE MR, (RAREREAIBE SR T ARV E L IRERITE.
MRRERSEREFRR—F, BAMRTRSHERENREF L, MARREEEL.

ERNERENS=MURZ, BERENER, BIINtSESTIES, MIREHCHEIEA.
BTIFZ AEREN, MEENEETUANEREPERR, LURHXEENARBREBIEEE
IT=TEER. Z5K, 15 Java FEESREFRRSY, BEERRERS, NMHRTEZHN
MERERUE. (ERRERSEIMNFALR, MERBIHR, BiMEESIKEMIE. R ERRT L
R, FRARERSEELTHTR, FHEERNINEEASESEREARAFRIM.

ERNERERNRE— MR, TLUSRBREETH. XENRNBESZEITRARFIE. 45
MER.

EERFEXYEMR, FREIEMASEE INSIUFEETBEN, BFSEFRHFFXE
. AHLFRE? BFHENIREENFE. ESNMEERER, BEREPRRIMTSISE, THRIXLE
RIS ERESHN. BREM Java FENTEERAR, #Hakm— MEAEFFIEA web TUHE, XL
TUHEIERE(BES—IE [Javas-feat, Javad-feat], ATHAX—R, BRIZIFEHRE— MEFRITENTHS1THIE
TERY URL IS (XAEE Linux curl apPFTiEY) . 7 Java 9 ZR1, XERBBERZK, BEE Java
9 iR, transferTo 7 ABGARINE] InputStream 1, XE—MERX/ M IERITXTUESAITERER:

// Printing the contents of a URL with transferTo, added in Java 9
public static void main(String[] args) throws IOException {
try (InputStream in = new URL(args[@]).openStream()) {
in.transferTo(System.out);

}



XEARERBEABR T, ST AIREF BRI Javad-apil, B2 SMEFREBRIZAE
java.lang, java.util #l java.io RIEGEHIAREFE. HttERTRRTLUREFERGE. MidEPNT
Bt TA&BEE, RETRESFRELRREFERK.

HPBJIAEEES—IR. Collections HEZEF Streams . (FEIUSE 45 Bl 48 %) MiZ2BMEFRRN
HEATEOM—3B57, java.util.concurrent HRIFHARLRARFBAIZEEPH—D. XPEEE
BEELNHATEREHUZLIENMETS, FESRFGINHAEAREE, RFERIIBCRKRER
EREFRMER. java.util.concurrent BUEHREPD, 5 80 &KXFN5E 81 £HiTiL.

B, XETEIRLAEHBIRIER. RAOFERKERTR, REXTERAITREMEMER, 2R
B RBIBNZEEMAXLE, BRIRFREZE TH 7 B R LOUsIRHAITIRE, MIXLIIEEREE
WERAIFRER, BATLUERS M. (HIRRNESTRENIIECEFERE. WRIRE Java
FEEPHEAINRRERNRA, RN T —MERNZESHERENE =, WINEHREMAFHIFTIR
Guava & [Guaval, MNSRTEEIHTELRIEPHEIFTFRITIEE, (RURERILERE, RegE T

—

E.

RS2, AEABRNSENRBPLF. IRFFEM—LELREIENNES, BAEFTE
ELE— 1M IEALWMIREHAISRE. NRE, FRE, NRIFFME, BE—T. —iSkR, FUS
HJRELLRE CREINBELY, HEMENBIERIRESBERNE. XARRMREA— M EFRAY
BEH. AUEESTIRE T EEURERINX I ETITET A Z HIT R A RATEEAERITEREINEE.

60. B e e ia i & S ph B 2 55 FH float Fl1
double 28

float 1 double HERFERTRIFATENTETE. BT THIIZFRZEE, ZEEE3E R
it EEBERCEEAERESHRINLE. B2, BlIIfREERNER, BARIZEEESR
FERAMTSER. float #l double REUFHIRESHITEMITE, EARTTEEE 0.1 (8 10 BYERRR
B) BifEthERzA float 2 double,

BN, RIRIROKES 1.03 57T, REET 42 %9, (RERTS08? TERE— M ERERA
B, i EEEXANARE :

System.out.println(1.03 - 0.42);

REME, BHIET 0.6100000000000001, XAE—MHF, BRIRIFONBEE—ET, LTI
TN, BA8 10ED. REEERIZVTE?

System.out.println(1.60 - 9 * 6.10);

RIEX/MMEREER, BILAEZ] 0.0999999999999999998 27T,

IREJBEIANA, RBEETENZAMSERIE NI LERXNTE, EFRENR, XMUTERAR
BE. fla, BRIROKREF—EmT, FEE—IRFLEE—HHFAER, SN MINE 10
€93, 20355, 3035, LALGSEHE, BE1550T. (REX—HWE, M 10 EDRIBIETT R, EEMRSEAR
R ENT—EWE. (RXTEOER, TE0FN? XEE— M EBRIEFRERX N
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// Broken - uses floating point for monetary calculation!
public static void main(String[] args) {
double funds = 1.00;
int itemsBought = 0;
for (double price = 0.10; funds >= price; price += 0.10) {
funds -= price;
itemsBought++;

}

System.out.println(itemsBought +"items bought.");
System.out.println("Change: $" + funds);

MRREITXNER, (RERIRALASHER =, {RIEHF 0.399999999999999999 37T, XEfE
IRRVER! BRXNMARAIIERTS AR (M BigDecimal, int B long it {TEEMHiITHE.

XERRI—MEF— MEEER, 5 BigDecimal Z8BULE double, ¥&, {5 BigDecimal AY
String 1IEEREMARER double M9IEREL, XEN T EREITETSINAERAIE [Bloch0s, Puzzle
2]:

public static void main(String[] args) {
final BigDecimal TEN_CENTS = new BigDecimal(".10");
int itemsBought = 0;
BigDecimal funds = new BigDecimal("1.00");
for (BigDecimal price = TEN_CENTS;funds.compareTo(price) >= 0;price =
price.add(TEN_CENTS)) {
funds = funds.subtract(price);
itemsBought++;

}
System.out.println(itemsBought +"items bought.");
System.out.println("Money left over: $" + funds);

WMRIREATESRIER, (RERIRILIZIEWE, &RERT 055T. XRIEMEE.

AT, A3 BigDecimal B MR : EERIAEAREMELRATSE, MEREEEES. WRIR
RBR—NEBENEE, F—TMRAELXKEEN, EfETERILRRN.

BR 7 fi£F3 BigDecimal, B—H75ARER int 8 long, XEURTHREEEA/N, TEEHCAET
HEVNR, EXMIFR, RPENGERAESTMARETTRITE. TERE— P RAXMTIZERIE
EADSThR :

public static void main(String[] args) {
int itemsBought = 0;
int funds = 100;
for (int price = 10; funds >= price; price += 10) {
funds -= price;
itemsBought++;
}
System.out.println(itemsBought +"items bought.");
System.out.println("Cash left over: " + funds + " cents");

B2, SMNHHIREEWERTE, A2 float 8 double 3£8Y, INRFERFRIIEHF
INGR, FEANBMEREALEHRIAMENA, 15 BigDecimal, {3 BigDecimal F953—1
AR, EFLEEEEIEAN, SHITRESARERER, TN RIS NEPRH TR, NRIRE

GIEENTAPTLSTHE, EIFEESE. MRUERKRERN, BAGANEE LIRS



i 18 i, AILAfER long, SNREGEAIRERET 18 fi, NUfEF BigDecimal,

61. BARLIERBNFRER

Java B— 1 HMBEPDEMARE RS, BEEARE (Wint. double ] boolean) F15|FAXE
(40 string # List) . B NEAREBEBE—MIMNAYS ISR, FRAGESEE. Sint, double
boolean XM AYEIEESEE Integer, Double F[] Boolean,

IEANZE 6 RiREIR, BB siiFEEN 7 EALBMEEREZ BN, EARERE
l. XHEZEERENKS, EENRRERZTIRFIEEERNEWN—, FEENZEFHIE

;:2.: o

EREMEERB AT =ATERE. &5, EXRRERTE(INE MEREEE5HE
FRAFR, #OiER, AMEEREHIUEEERNENARINR. 5=, ERLEREL
BElE, MEBNMEERERTYNAERREFFEINEEI, ®E—NIF8EE, B nul. &fE, BF
RANLAFERAEDERENTE. WRIEAINVORNE, X=FERESLEIRHRE IR,

ZERTHEALEREE, BRORITENEFRT Integer B LRIAFEHFHRF. (BE—T, LRy
compare JAREI—1MAE, FTEIEH, XEURTERE—NMSHENT. FTREERATE NS
. ) (FAFEELMERTREX MRS, EAELIT Integer NEAHF, BERHT—E
el Nk

// Broken comparator - can you spot the flaw?
Comparator<Integer> naturalOrder =(i, j) -> (i < j) ? -1 : (i ==3 20 :1);

XN EESRMIZO LATIE, eiE@Edirzlid. fign, BaLAE Collections.sort —i8
£, LUERHIE— B A= List, TTitiZ List ERE88EEE. BXNMUREE™ER
fa. BEFEACHEEX—m, RFBITEN naturalOrder.compare(new Integer(42), new
Integer(42)) HYE. B Integer SLHIFPFRTERRIE (42) , ATLARNREAKXENIZZ 0, BT
21, XRBFE A Integer (ERTHE A

ABAIRRHEBERNE? naturalOrder REYSE—NUH TARERF. HERENX 1 < j SEIM]
51FBRY Integer SEHIERNIRRE, IR, BRINEMNNEALEE. HHENBNERREEINE—
int BERE/NTHEA int B, BRIREAR. e, T—MNURHEREAR i=-] , &AW/
XSS IBHRITIRREEER., 215 i 70 | SIFAZRTMER) int (BRIARE Integer SEHI, IXPMUENGIRE] false, b
RESHEIRIIRE] 1, RS —DEEEATENERE. 18 == BETNATFaEREBNFHRIE
i=hY.

FELARERP, MRFEE—NREESRMARIINBAINT, (RN ERER
Comparator.naturalOrder() , SIERIRECHE—LIRES, (RMIZERBLURESEIETT A, BEXT
EARSBFERHSRTGE (ERSE 14 4%) . BEiRiR, (RelLUBERIIRANN SR EkFEEARSE
Bintf{H, FXXETERTRIBRLLER, NMESIRIAILLREEFRIE, XER T HEIRAITRRE
55

Comparator<Integer> naturalOrder = (iBoxed, jBoxed) -> {

int i = iBoxed, j = jBoxed; // Auto-unboxing
return i < j?2 -1 :(i==37?2806:1);

BTk, FR—TIXNMEBRIINERF:
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public class Unbelievable {
static Integer 1i;
public static void main(String[] args) {
if (i == 42)
System.out.println("Unbelievable");
}

K, EARSFTEDHS AMLUEENERA, BERNTARTE. BETERAR i=-=42 WHtH
NullPointerException , [BIREZ, i/ Integer, MIAE int#, MEGFABIFEENSRSIBFER—
B, BRIERN null, BEFITERX i==42 i, BEELE Integer 5 int, {ERMERRESERE
FRBGEXRRN, QRABEMRESEMIFE, SMERLT—HI. IR—=W5Rs |HEMFE, B8
ARBEEI— NullPointerException , IEMIXMERAMERRY, BILVFAILEREMERE. &
SXNIRIFERER, RFEE i BB int TIAZ Integer,

&a, EIB%E 6 15 24 TER:

// Hideously slow program! Can you spot the object creation?
public static void main(String[] args) {
Long sum = 0OL;
for (long i = ©; i < Integer.MAX_VALUE; i++) {
sum += 1i;
}

System.out.println(sum);

XMEFHCETHREESES, BNCRINEFERT —EEZE (sun) , EREREE
Long, MIAREANKE long, EFERBIERNESHERN M, RERRERENFE SE~4E
BRRAIMERE TR,

ERFEPTENBE=MEFF, REEHE—HFN: ERRBIE T EREMEELE AKX
B, FEETER, ERIMIIES, SREMROERY; S=MFIFEFE T T EIEETE.

BBA, HARMRRLZEREEELENR? B8/ EERE. S— 1 RIFAESFITE. B
B. TeEBERLERAESREY, ARk, XE—RER N, EES8EEn5
i% (Chapter5) |1, WVRfEFIGRREUENZXRISE, A Java RATHEREARRE, flaN, T&EK
TEmAEA ThreadlLocal<int> ZEAY, EWAIRER ThreadlLocal<Integer> ., &G, EHTR
B3 AVERRY, REREEEEE (S 65 %) .

B2, REAEE, MAZULEREREE, MARERERE, EAKATEER, TR, R
MEREREET, B! BHEERSTERSEEENTK, ERFRIREIE. JRERER
== BMEFEEFNEEEEN, ESPITIRRILE, X FEEARFEEN. HRNEFNTES
EEFEBNEALENESREITERN, TSEHTIRE, SRIEFRITIFER, 1Sl
NullPointerException ., /G, HRHEFISEANLELMENT, TeESSERNBEBERLELNRY
SElEE,

62. S{EAHEMRBESER MR IERF TS

FREFRTARFRTNE, B EXSEMERF. BAFHFREMLER, FEZE Java iy
RiFsaFs, FARBAMSEFAHEATRMERN, MARBIERRNSR. AFRBITET —ERMNIX
ERFFERITR.
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FREHMEREOEREAR. SREENUY. WESREHAIERN, CBERF
FFEZ . B—MREANMEREEXIMEIAE, ERXMMIaREESIEAR R ARIER
THEHE. MRBHEXRE, NWAGHIERAESRIEESRE, Wint, float B Biginteger, AIRZ(RIRE
RIE=E, W [R] 5 [F] X0, NNGEEERRNESAIESEEmRE. E—itR, MRS
BERYERE, TEREREARMSRSIA, BUXERE, MRLE, RMZE—. BRXFRE
WUFRER, (BXERER.

FRHRSNERBOERSENAR. ENRE 34 PFMTIeH, SEEEEFRREES TS

REHE,

FHRERSXEMEEENR. NWRIUESNEY, BEEFFIBINFHREEE—
IWER, flaN, TEXTRERE—MEINREFINRF, BNEREEHER, LRsIRFES:

// Inappropriate use of string as aggregate type
String compoundKey = className + "#" + i.next();

X AEREMA. IRATORERN=AHAEEI—NFERF, TTaEaSEURELL. Bihd
BNFER, (RVATERSR, XEEEN. KN, SZHBHTE. RA88RMH equals, toString
8%, compareTo J57%, {BUAES String IRMHAVITH. BIFHAEARRE— N ERETRRE, BEE—
FABERSIERSE (FNE 24 %) .

FIFRAEERIFIE capabilities, BRI, FRBMATRFIRELITERNLAN. Flg, Bk
BEAHZETHIINRT. XEIEIRMTE N ECEEE. B 1.2 LK, Java EHBT
— MR ENE, BRI, BRRMBCKIt. WEER, SEIERIHXFE—MIEIRME
S, BARBTHERRRI, EPERRRUNFASERE BT R MESEE:

// Broken - inappropriate use of string as capability!
public class ThreadLocal {
private ThreadLocal() { } // Noninstantiable

// Sets the current thread's value for the named variable.
public static void set(String key, Object value);

// Returns the current thread's value for the named variable.
public static Object get(String key);

XMTZERERET, FRRREEIMMEENHEE/RTE. ATEXITEER, =
FimitiF BBz tE—n: MRENEFIRSERESEIINEEATEERERNER,
EIXTETHESHE—"%E, XERRSEMIE LY. ME, ReURE. TREFRIL
WEERASB— M EFiREENFARERRIEE NI — P EFiRIEUE.

XA AP JLUBE E— A (5ER8E (BRIFRA capability) BHaFfFERRIES:

public class ThreadLocal {
private ThreadLocal() { } // Noninstantiable

public static class Key { // (Capability)

Key() { }
}

// Generates a unique, unforgeable key
public static Key getKey() {
return new Key();

}

public static void set(Key key, Object value);



public static Object get(Key key);
}

BIAXARRT AP FETFRFBRINANAE, BRRULUIEETF. ("IAIBEEFEFSHE. E
MIATLAZE R ERISEAIS %, WRIEABRESIZRMNER: MELIERMER. W, TERAFIR
MUEAEE, FRLMRILAMERE, FSEREXEDBA ThreadLocal:

public final class ThreadlLocal {
public ThreadLocal();
public void set(Object value);
public Object get();

XA API ARRBIL 2R, RATENLENZENZRERT, YIUHEM Object FHRIERISERRSE
B, [RYGRUELT String 35EL API FURBI L2 BARTRESEIIAY, ETHAY AP fRER 2 BRRUESTIN
9, {(BREIH ThreadLocal fEA—MSEMLAISSRSCIIXAN API BISRBILZEREER (FISE 29 &)

public final class ThreadLocal<T> {
public ThreadLocal();
public void set(T value);
public T get();

FEREHEY, XEUR java.lang.ThreadlLocal I2{HAYAPI, RTHEAETF=/REMNEE I, ©
ECHaTET5ERY APl EREETR. BT,

Rz, AFESIURSEFAVEIEREN, NEREFARARETNR. NRERAAS, 7
ERECEMSREERN. RiEMEE. EEFIE. BERZHE. FHREERRAIREEEEARRE.,
REFIERG2EEL,

63. SILFIFERIERS [ EERYERERE

FRIBERRERT (+) BRI FHRASH—IFRENEEmE. WTERRTRHEEE
— VI BERNINRIIFARRTEN, ERYUUR, BRETEEMYE. R FHRRKEHE
FESHE n N FHHERE n BFEHERE., XEFHEFTTRX—FLSHRER (FI% 17
F) o SEERDNFASEN, BEHXEOFHFRIAE.

plgn, FEIXNT5iE, CRISHESNIKETNEESERE—TRIEKPIETRNFIFRERR:

// Inappropriate use of string concatenation - Performs poorly!
public String statement()
String result = ""
for (int i = @; i < numItems(); i++)
result += lineForItem(i); // String concatenation
return result;

SIRIMAVEREIRA, WizrTi=AIREIFEER. EIRGHEIRZRIMERE, EER StringBuilder {UE
String SRAFAMEIETEMEERIESR:
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public String statement() {
StringBuilder b = new StringBuilder(numItems() * LINE_WIDTH);
for (int 1 = 0; i < numItems(); i++)
b.append(lineForItem(i));
return b.toString();

B Java 6 LIk, ATHEFZHEERER, &M RKETE, BRXRNAEEEE LNERMDR
RA: 2NR numitems IR[A] 100, lineForltem IR[A] 80 NFFFE, APAFE N HIEEFEAINES LIEITA0E
ERE—EEN 65 (F. BTSE—MEEAEMBHE LREFHERN, METMEEAREMR, LA
ENEHENEIN, MEERSTEWREA, TR, FTNEEARESE T —NEB KR
StringBuilder SRERFEENER, NMERT BEKNTE. BIEFEREIAKNG StringBuilder, ©1/3
ARLE—NTTIER 5.5 (5.

BERESR: FEERFHRERBMETSHSIFER, RIMELTXEE. BUER
StringBuilder BY append 73i%. B¢&, (ERFMAHAE, BREXRALE—AF/HFH, MARHEEE
(AR

64. BIIIECIS| AXIR

FE51iEH, NiEREAOMARKFASHEE, F—iItR, (REZASTEREOMAREE
FEIRAMR. MREFESEMEOXRE, PANMZEREOXEFPSY. BEOE TENFR. &
—HIFFRES I BNRIRNHR2EAERMEZERR, ATREREX—R, FE8
LinkedHashSet RI1E)5E, B2 Set ORI —PLI. FBARINFRRGXEFRISTIIR:

// Good - uses interface as type
Set<Son> sonSet = new LinkedHashSet<>();

// Bad - uses class as type!
LinkedHashSet<Son> sonSet = new LinkedHashSet<>();

WNRIRFERE T (EBROIEARBRSIME, BAMHEREEMRE. NRRREZRDRLH, R
HEMEREPERRE (HERARRESTI ) . AN, F— P EREELS:

Set<Son> sonSet = new HashSet<>();

FrERRRESMET(F. BENNRBAMEIRNSEINRE, UERSESEN.

H—HEESTIE: NRETIIERTEONBRAEAEZEN—4E%INEE, FEARDKBTZI0
B8, BBAFTCIUREERAINEEMIFEEE. fiaN, WRELSSE— AR T
LinkedHashSet BYHEESERR, BRATERBEIE HashSet #HiS) LinkedHashSet JGEAIEM,
FJ9 HashSet AMRUBEMITRE.

BRA, N LAEENELIZEEE? RAS /LU ERASCIURM T EFaIMRE, SiEFRATIR
M7 FERAYSCIIFTR= AOERABTNRE, BN, RIR—PFREE— HashMap Lfl, KBHEEXS
EnumMap ERERIEHEFRIMEEIISENERINT, (BER2RREETEREIRELN enum EEPBER TE
F3 EnumMap , ¥ HashMap BB LinkedHashMap ISREBIFUNARERIRF, 885 HashMap
B, MARENEIEBERENSHRENR.,


af://n4955

{RETREN A BRI BV AR B 2RI LAY, FEARATLARIRS B AR BASEBUFNSEIIRE, B
EFERIEXMENSIERRFER. NREF IR R ER T BN AMERTE, B
BRSO RAFERLIRENTTTE, BAEHTHER G, (BEABRE. ERZEN

KAV E R LARIF—EL

MRBESEMEOFE, BABXSIANSREREGER. HN, FEEXR, W string
BigInteger , {EXROEREIIZEREIZ ML, SERER final B, ROBHENIERO. FRX
HREXRFASH. B, FREREEREIFESIE,

REREEORENE _MEREETIERNONS, ERENEAREBEXMARED. NR—
SETXH—NETRNIER, IBARIFHEREXANERRS|IBE, XBEEmEN, MAZFEREN
SCINZK, 7E java.io FEAFSZEW outputStream ZEAUHETXFER.

REAERARENSEE—ERE, SIENERRRHZOFAFEREINTENE, F
ga, PriorityQueue H—NME Queuve EMOEAFERILLRESSIA. RESEFKETHINUIGIE
RS, A ROZERXEFAISEES IRERILA, XMERMZIFEDI.

X=FERANREERZN, MNNEATEEEGETRS ANRIER. ELRNAT, 5
ENSREGEEEINZANZEEMZ MY, MRBXE, NMRERAROSIANSR, EFBENRE
AT, MRRBESENERD, MERXERGIEIPIRIMFIEINEREERIZE

65. O F R

BOREIHLE] java.lang.reflect IRMHIMEREAIRIZAA. L Class X, {RAILR
18 Constructor, Method #1 Field SLffll, 2 BIFE T 1Z Class SLHIFFRRAIRAIEIERS. HiAFIFER. X
LESSSIRNIRAIR R B, FEEEE. HiASRENmEhA.

It4h, Constructor, Method #[1 Field SEFISSIFRR IR FENINERENMIN: (Re] LA B
Constructor, Method #1 Field SCAI_ERYTFIEA, RILWOIERESRRILA]. BERERNGE, HRRER
FEARIFEL, a0, Method.invoke FEIHREAR AN ISR LERE AL (AL LY
R) . REDTFNRERS K, IFEERFNIENEEHAFE. R, XFgeh2aNe:

o RRETHFNXBENEEHOMRETFYE, SERERE. MR EFRLERSERER—TF
ERIEARINRRTSE, BRI TR, FRAFMRREN TR RaITRRG e,

o RITRGHBAFFRIEBRELNTR. SEREZR, SRR,

- IR, RESEERLEESLZERESS. MRETSOERER, BAERESERER
fER. AL, WRE—NRBERASEINRE int LBAYTTEN, ARFHITEIE 1175,

B-UESFMINAREFRERS. SERBOTIEMKIENESR. ERXENTE, BEE
ARRRESHEGHEE, AMIBERTEEARBIXMAEZE. NRENNAEFEETERII AT
A, BBACHEAFE.

BZIFERROFERRS, (FULRERIITSIFL, RAREENRNRERY. ITiFEiE
Fr. ENAETERIEIITIAREAIR, EmENFE—MESAEOSEERS AR (FU5F 64
F) . MREXMER, TLARRSAAEIESES, FEIEIEONERESLETE(].

fgn, XR—PEIE Set<String> SLIRVER, EHE—HIITSEUERE. BFERRN®
SMTSHUENZESHFHTEIER. FEFE—NSHENA, EFHSFTIRRNSEH, HEEES
I, 7AM, FIEPXLSHMINFEURTE—NSEPIEERIE. MR(FEE java.util.HashSet ,
CAIRAESMNHBIN; tNR(RIEE java.util.TreeSet , BAIREFHIRFEITEIN, EF9 TreeSet
FHITTREERFN:

// Reflective instantiation with interface access
public static void main(String[] args) {
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// Translate the class name into a Class object

Class<? extends Set<String>> cl = null;

try {
cl = (Class<? extends Set<String>>) // Unchecked cast!
Class.forName(args[0]);

} catch (ClassNotFoundException e) {
fatalError("Class not found.");

// Get the constructor
Constructor<? extends Set<String>> cons = null;
try {
cons = cl.getDeclaredConstructor();
} catch (NoSuchMethodException e) {
fatalError("No parameterless constructor");

// Instantiate the set

Set<String> s = null;

try {
s = cons.newInstance();

} catch (IllegalAccessException e) {
fatalError("Constructor not accessible");

} catch (InstantiationException e) {
fatalError("Class not instantiable.");

} catch (InvocationTargetException e) {
fatalError("Constructor threw " + e.getCause());

} catch (ClassCastException e) {
fatalError("Class doesn't implement Set");

// Exercise the set
s.addAll(Arrays.asList(args).subList(1, args.length));
System.out.println(s);

private static void fatalError(String msg) {
System.err.println(msg);
System.exit(1);

BAXMEFRZ—MEY, BEETRIRAIFE R, XMEFILURSZ AR —MER
REEMINESR, BRSSP LAFEEC(IREET set ROLERIEHEEN
Set SEHI. XU, BRILARR— M ERNEEMEST TR, FEL, ZRAREBELR, LSS
— M ERHIRSIREEER (FUE 1K) .

XM F BB T RETRIMNMRR. &%, G LEE TRER S A RNRE, RSB E
FRSILAML, ATEXLEEEEHERFENER. (ABNE, ReILIBIENELNGSITEE, £
BREMRANREFRE—. ) FINMHRRRE, RIBRABFREMEAISTHIFE 25 17U KAHMLEE,
MFNEREERREE—T, @IdiEsE ReflectiveOperationException (Java 7 5| ANHISZTR
FIRERIER) | TLURORERIIKE. XBRNRAREBRIETLAUSRINERSD . ShittE, SiE
ATt Set SLAIEMELAK . ESCIRAVRERR, BEXMIREFRRFGE, KEBoBRURZSE
.



WRIZFLFER, 15152 unchecked FSEHIERIRE S, XNMNESEREIEH, BIEIEEEARE
Set SCHI, Class<? extends Set<String>> M&ALN, EXMERT, EFRESLAMLERTHIH
ClassCastException , BYHEIMIAIHEIES, BFIIERE 27.

REHEZERE (R)) REMESSIEITHAIBEAFERIEMSE. F5AEFRIKIIR R, SRR
FERE—ME, FEOIEEMBNSZ MRAET, WNRITGIFEER. ZRARRRIESIFam
FHRNAME (BERRENNA) REQ, FREEILREIEEIIRETE. MRIRLESARY
WREAEE TR, EELTEESRT, WORRBIESAEE. EBSBRFIEEEGER
—EB TSI ERRER B R, BEEREICAITIREHITIRIE.

B2, RER—MIIEERANTIER, MTRESRNARREEIZELEN, BREERERA.
INRIMERIE PSR IR AIEARFNRIE, NNIZRETRERERRIIEAISSR, FHERERENTE
FRYZEOEGEESSIEAN R,

66. BBE H IR AT %

Java MBI (UNI) FBVF Java FEFBAAMTTIE, XEGARR C & C+ FRMRIEESRS
. NBRLEE, FAGEZEEE=MAR. SRIBHSETFaNRE WEm+t0) f95E. €
IR AASEERLE, SERHIEELIELR. &E, ADETIEIAESREN
PR EEIRERIRRY, LURSIERE.

ERRTENHSETFarWSIZEIEM, ERFRIEVE: ME Java FarIRR, BEH
THFSLARIRBEEB TP EHERMSE. fIa0, Java 9 FINRTIAT API IRE TS OS iRAERTIIS
A, £ Java FIRBEEER, (ERAAMTTIERERAERRGIEN.

HTiIREMRE, BOBNERFSE. TRERAE (Java3 Zal) , XEBERZEVEN, BEMN
BRATHE UM TEERT, WFRSEES, TENLE Java PEREELIAIMRE. FIa0, EARA 1.1
WINT java.math , Biginteger 2E— 1A C ENHRERZEEEEEFNEM ESCIA0, T30, -
TIRERBRIMBEX MRV ER. £ Java3 H, Biginteger WTEMA Java EE Y, HEHIT 71468
o, FHORRALLESRAVIR AR,

XNMEER— M IENERE, T Java 8 FXIABHTERSFEIZEZS!, Biginteger Lt/
NFREREFAZRN, TEIHAE, YA TRREREHRTT, TTHRE NV ZEEEAREE
(GMP) . FEHIESMRESHEREREN Java BFRIET LB AT GMP [Blum14],

ERRHTEETENRR. BTAMESARZE (FWH 50 %K) |, ERRNMTZRINBRERA
BRERSZNEFSIMERNNN, BTAMESIE Java BIKTFE, RLERARSEANEFNTR
fatiE, eiIEEEL. MR, FHITETRRIFEMERE, EALHRKERTEEMIRERA
WREFERBR (FIF 8 %K) , MEHEAMNABESEERNNER. &, AMLERE [H#af
M3, XRMEREE, MERSERREZR.

Rz, EEAAGEZAE=E. —REVFLEEACIIRESMEE. WRGAERATTER
NERERREANE, SRAEDHERAARE, FAXEH TR, FRBHa—NMER
AT LABIAEE AN N AR

67. BFE HIRMHITIL

B=FXTRUIIESEED ABBRIZANERT:

FEEMHIR—RIRE (BE5ENEE) | REUBE LANTEERIRE TR (F—EREE
) .
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—William A. Wulf [Wulf72]

REXRRRER ER— 2/ VNSER, £ 97% NBERT, RN 2 —RREARIR.
—Donald E. Knuth [Knuth74]

FEATTE, FIROZE TR :

A 1: REHATHAL.

A2 ((REER) | ERABHTHMK, B, EREKBEXBEMRIRNNEERZ
B, EAERTIL.

—M. A. Jackson [Jackson75]

FTEIXEARSEBLL Java RIZES R 7 20 F. BMIERFRIIXTHRAH—NRANES: REZHE
ATH, THRAOSRIEMHTHMN. FELSES, (RS ENBAREE A IERBETERMESRTY
XL

FAEANT RGN, SHIRS FHEF, MARRENER. WR—NFIERT
PR, CHIZRBRITTFERIN. FRERFIL T ERREARN: EaEER T, iR NMaH
PAMIRITRR, RILATLAEARZIMRGEEREDRIER TERENRR (FRBE 155) .

XA REEEF o R AR MERE AR, SEHl ERRRRA] LUBE LUSRIICRARIR, B2
SHTZIERFG, WRAESHRS, MATRRRIRGIEERIRE. TR ERIERITHIENE
RIS ERBESEEMARIRGMELSEFFIFE, Eit, (RORERIHIREREBMERE.

BEERRHEIEEEMETRR. RITPREUENAAGZIPLISERM BN SNBH A
RERRH. XERTHBHPREERRE APl SRSEMYARFALIESIN. XEIRTEAAXELE
FEBEESREN, MEREXLAMETARER RAREBIATIRIEREEREARRE.

EBAPIZIHRRAIMEREER. EAHLBBU TR, JREFEAETERBEHESES (5
FBS0FK) o Ky, A IAHLRPERWR (FEXNRPESKREEN) BiZKEHERI TR
R, XS AJIHIREIFRAMRE (FIR 18 5%) « &RE—MIFR, £ AP PERLIERMARE
FISREPEZNFERISTIN, BMERRATRERmE BRI AAER (FIH 64 5K)

APLIRTTIMHEBERIR NI 2IFESLPRAY. &8 java.awt.Component HHY getSize 753K, ZMERER
K$&7575RE] Dimension SEFIRYRTE, IN_EHEESCHIRRIZAIRE, BFEIZAEIHISTEES AR
A EC—NERY Dimension 3L, REEIA W ESE/NISHARS, BAAVESEEHE T
SRS SEFMRE.

FEIUF AP A ZR., BRERT, Dimension RIZEAAZER (FEIEE 17 %K) ; =&,
getSize AJLA#7IR[E] Dimension XIRAVFIABMHIRNGERTEMN. HLE, HFMUEERRE, 7£ Java2
RLBEERRIN T NS E, R, IEMNEFIRRSAER getSize F5i%, FHRMAZEIRIA
AP IZTHRERAIMERER/ N,

FizHZ, BEBRT, T APIRITHSFIIMER—ER. ATRERIFAILEEETNEE AP 22—
MESEREREE. SEURKEE APIRIMRERIE, AIREETFasEMRERMRIARKRAFEEL, B2
BI3ZRY API FIRE Z TSRATERIG KITHEBEE (R,

—B{RMFEbIRT TIRIVER, AT — AW, BiE. SHRIFIISCEL, BBATTRERAHERE BRI
7 RRUUEHRIENHEIERRIERE.

118 Jackson BURZMHWHINE [AEfM] #1 [ (REWER) | . TIXAM. EATLEN—
N ESRERCZEMZEUEMREE. ROUESXRINAIEEIRT. BE, KBMIVATESE
NFHEEFHSEHERMN, iR, FIEEREERE. TEREREREENEFIGHEEETH
B, BFEPMRANRENHSTEHRERR, AXMER T, (REERENERMIE. —RIAS,
FERFIE 90% RYATEIIEZR1E 7 10% ROMKRE L.



DT LEALEBRRESMU TENERRERE, XETHERETETIER, s G
RYEESVHELNERTZDR. BT REREBNIEZIN, XETLARERRERENRH
% MREFFBRAETAR (BEE) NEZX, BABSHBEMELTERRXNETR, FORE—
BFERNEERABXNEE. ZRPINENS, ERSTRMBEER. XGEE: Kisl
R, EERAENSHMEER. Z—MEESBIREKNIER jmh, ERR—I DR, MR MEEN
HAEZR, RIETXS Java AISHERET SICLLAITTNIMA.

5 CHl o+ FEEFRIESELL, Java BEEFFEEEZNMMAAINER, E5 Java FIMREREE
§5: SMEARFIEMNEALEEIRFNEN. EFRWEHIAEM CPU FITIIRBZIERT [HHR
i8] BX, XEETEEFULANITEERTEENEME. BREXTIHENERAETE, B&
BHIEARF EHREAIL A RIIRS.

Java FIMBEIREINMUEN RS, MEERRRSII, ARAKRBIRAE. ARAGIERRZ BEBHRA
B, MRFEESPEMES MEGFE LEITEF, PBARERMUEE N FarREREEN. B
BHE, (RETREStOBER RIS EROMREZ IR TR,

BEARFEERRELSKAIL 20 F8, Java RFARAIS M AHERRGEREEZ R, MIEREE vm
BEIEE, Java iIZ{THISFMEMEE TIRKAUEK. FIEXEIE—R, (S Java FEFAIMERELL 2001
ML, M edtTEERIFREARRIEIN.

RS2, FESHERIER, ESHEIFER, BEBASRES. BRERITERN—EES
[EIERE, 4SRIRTEIRITAPI LEEMSAIHFALIERIN. SREM T RRNEZ R, BEEEH
tERE. SIREBR, HiTehT. WRRE, FIBROHERLEIEARR, FANRFEMERBOE TN
. F—ERNERENERE: BEHNEEMUEAEMMERSRNAE. REFEEEXMNIE,
EBRENZENEME, BRUREEILL.

68. BTl iZINATRYARRLYTE

Java FEE—HTENGRAE, HHPFSHTEEETE (The Java Language Specification)) [JLS,
6.1], A&, SRLUED A HERFIEE.

BLENSHIRAXRMNGROE, SFEE. X BO. Tk FRIIRETE. NRRERFE
B, RFRMZEREN]. R APHER TIXENE, BPACHRRERER. WMRSTIER TXLMRN,
B REIRMELER, TEXPMER T, EREE AR ERUBRIEF RBEIRRANINAR, FEfbIE
HIBRAMRIZ, NMSEGEIR, AFEERT SMAE.

BEMERBNZEDEN, BHFZBR9RDR. BERzE/NEFE4E6, BMERHF. £
(TERAVBLLRIMNEBERNE, SIREBRGZLMRAIELRY Internet IATFFL, FISHHEEWRIISER, Fian,
edu.cmu, com.google, org.eff, LA java # javax FFLAMREEFIRNES X MINEIGIS. BFRAEES!
FERTRLA java B javax FFLRIEIEIEIR, & Internet IR B ERIR N BB RISRANFHAMNATLAZE (The Java
Language Specification) [JLS, 6.1] FH$KZ,

BENERIS RIZBBA SN — N RS MEHER. BHREZRE, BEA 8 NEDINFR.
SRIERAEREXNA4ES, B0 util TIAR utilities, BEIRRATLUEZRY, FIa0 awt, BHEHENIZHE—
NGV ASHE

BRT Internet B2, FE2EHNBMRABE—MNEG. MINEGHERTAETIES, XETEEHN
KNERBESHEAIEELNERGEE, Hlt0 javax.util GEBEFENEEREN, SA9RFRU
java.util.concurrent.atomic , XS FE, RE Java I FAZIFREREM,

KFFEORTR, SEETIERREER, MzBE— ST RIFEN, SMRENEFEAE,
15140 List 8% FutureTask, PRTZEMIEFIFELERNAVLEREE, 20 max F0 min, FEMIENIZERER. 481
IBNZERAE, RRREEFEAE, FE—LEHK. BEAELREFRIAERASTE, B53FR
BENFEAENEBRRS: ESNEFEEEIEEHI, (FMAATLNE— N RIENEFF
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fa, T MEAMBEER, (REEEEINAKES, HTTPURLIER Hetpurl?

BiEFRZEESENZEOSERHBRAE, BT HEFRENE—FEMNZENE, fi
4l remove B, ensureCapacity, MR EHFEBNEFEBREELIEE— M RIEF, IPABMZZE/)
5.

BIEMUNE—FIINE [BEFER] . ENBMRMZE— 1 HEZ NKERFAMN, HT&EDR,
{540 VALUES 8% NEGATIVE_INFINITY, EEFERE— NS final B, HEEARTTH. WMREHFS
final FEREGEAERS AT S |FHEE(ELIT), PBATHMEREEFER. flN, KEEEREETF
EZ. WIERERS final FERE— NI RHIS R, IPAMIRATS | BINSRERTEN, BBATHARLL
B NEEFR. IR BEEFREWIEFEERTILEEN.

FEEERSARBEEXRUEHRGRAE, ERIHERES, BARAIFHERRNFHFIEFAF
Fl, BNNENERTEMNHIN LT, flfli. denom, houseNum, BIANSEE—FFHKIEEEE
E. eilieaixzttEBNEHRERERES, FHACIINSTRETEEMIEMERS .

RSB EBEERRNERAEN. RENNRUTHEMEEZ—: TERRMEERE, EXr-EAN
TR, KFV R Map BUBFESREL, X FREFE. REEUREEEENEE N R, EREERSA
LI T, U VELTL, T2, T3,

ATRESE, TRER 7 HREOIENTA.

Identifier Type Example

Package or module org.junit.jupiter.api , com.google.common.collect
Class or Interface Stream, FutureTask, LinkedHashMap,HttpClient

Method or Field remove, groupingBy, getCrc

Constant Field MIN_VALUE, NEGATIVE_INFINITY

Local Variable i, denom, houseNum

Type Parameter TEKV,X,R,UV,T1,T2

BEEMBAEHHBRAIEERE, BEEFN. BB EEMmBNE. AITNLRISE, BFEEssE
B, BEFER— RS NRIAEIERDS, 90 Thread, PriorityQueue B, ChessPiece, A~aJSEMLAISE
FIfERFRE (FIEE 4 &%) BEEREERIERDE, HIa0 collector 8 Collections, #EARIRBFRELITF
2K, FlaNEEEELEES, &L able 8 ible Z5EAIFZEIA, f5I40 Runnable, Iterable B Accessible,
NERFRERZNEE, FLUEMEs GESMAI. 2R, shd. MIfEEEEsEER, Fiu,
BindingAnnotation, Inject. ImplementedBy E; Singleton,

WITRLREN G ABEEAonasanaEis (EEXS%R) 58, I, append B drawimage, IR
B /RERGENBFRBELIRE is 8 has (BERADH) L, EERE—EE. —NRIIEE, 5%
E A BRER, A TRIEIAREIE, {540 isDigit. isProbablePrime, isEmpty. isEnabled BY hasSiblings,

IREFE A SRAY RS B IR AEFE FRLA get FFELAYRIA. BiAEIEekanaEiERkd
&, 540 size. hashCode 8% getTime, B—fiiAE, RBFE=FMIL (LA get FFk) A EAMHESH,
EXMGE VFESEIRE. s REEE N ER, Hla0:

if (car.speed() > 2 * SPEED_LIMIT)
generateAudibleAlert("Watch out for cops!");

LA get FELHORBEIRTFEARIIAIAY Java bean 5B, ZALTBIARL 7 REIRTEREMHAREEIE
i, B—EIMKTEAKERT bean SRLIE, REOZALEEASiXE T B—e#FERRREEE
fERE. WREFRIESERBIER setter F] getter, NEEXFaELIELBRIFAITH. EAH
B, XA NTEBEERE Y getAttribute F] setAttribute,



—LGERMMEEEIITEE. BRNSREE (REINEREARIINS) RISEAITiEBENR
toType, U4l toString &Y, toArray, R[EISHEMXISEEIARAIRE (FUE 6 &) WHEBERA
asType, 540 asList, REISEACIIRNREGHEEERIERRER G ZEETRAEEE, Hlin
intValue, E2ST] HUENZFREIE from. of, valueOf, instance, getinstance, newlnstance, getType
F newType (B 15K, HBIMW) .

FREEFNIEREE. BEOMNEZEENTEYEY, BABAEE, RARITREFN
AP BERDIIATFFER. KB boolean HIFERAIBFRIEH (AT boolean i5iA=R)TIE, BElE T #HIiA
18 lis] , 540 initialized, composite, EfthEARIFEIBHEARRASRIFEERDS, U height,
digits #1 bodyStyle, FEPEEANEZLIEXRMUTFRANEEIE, BEKED,

B2, BIinESRUYEREN, FHEEEAEMIRFER. HIRIEREEN, MBERKEE
L RS, EAIRGIEMEZFIMEL. 5| (The Java Language Specification) [JLS, 6.1] ARRYIE,
[N EALSRAVE S EERNEBEXLAE, MANZE BERXENE, | |, MERFEIRA
.

69. IR ENER T ERRE

BAMRE—RAEEZRIE, FTaEBEINTAD:

/* Horrible abuse of exceptions. Don't ever do this! =*/
try {
int i = 9;
while ( true )
range[i++].climb();
} catch ( ArrayIndexOutOfBoundsException e )
}

XEEEHE, EERIEAFEE, XIERCRBHEERERNEREE (W 6745) . SLE
BB, {EA— 1 EXNFETSHTRINEIIMAR, BHEEE+oHsH. SXAMERTESDEED
RZIMIE—NEEETTERRNE, (FH try-catch FFEZRE ArrayIndexOutOfBoundsException JE
BFERAZIZIETIREANEN. BECSHEARMINEERRNEF N, MFethnEEs
Java I REBETLA—ARFEALSK:

for ( Mountain m : range )
m.climb();

BANN LB ASEEERETRERER, MARERITIERAVENR? XEM IR
{8 Java HUSEIRFIBTHEISIESIZRFIERE, EA VM SR EEH e EREHAER, FLMEITAR
EEBERE NSRRI T, (B2 foreach PR N, XESRIFFEN LR, X8
IFAE=EIR:

- EASERIHRERTAESNERY, FEJLFRE JvM SHXERMBIIE TN, FEf]
SERTA—HER,

o BACEEITE try-catch SRePZTIBELE T I JvM SEBRARTBEHUTROR LASEILIL.

o WEIERHTEDIREEIHAASSETRIEE. 5L WM SRS eI,

Ihr EETREMNERIREENRIEES. ERAAINEL, T — 18 100 MTHAvEEH
TR, ERICETSEERT 2 &,

ETRENEMEAUER TABNESE, HETENME, MEEEREREERTIE! MR
HIL T AHERAY bug, XMEXNSHERIHEMIES 7iIX Bug, HRAMEIN T ENIERNSRE.
BB EIRETRER T — 1N 5E, XAN5ERT T RN MEXREERIMFILR. WRERS
EREIMET, XA Bug RFFERIBIRRIRE, NMSEEAEEER, FrEcBauEinig,
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RERAXMURSHNETRENBEIMER, 51X Bug BXNSEESIHER, HEMERBRES
IERRIEIAR LS,

XAMMIFRIZIMREIR: MREN, REMZABTFRENERT, tilxeFRiZAFIERRE
FrizHlifiE. —iRAY, NiZUCERNEN. S2E@E0EN, MAZIBLAEIRETLURAEIFIEEE
B9, FISEHRTITE. BMERAIREOEHUAMERE, EXIFErI RIS, XFMERAIMREMS AT E—
BiRE, AN EEEBIMEHRAR Bug AI4ERIYREE ISR B,

XERNISTF APHZITHEBER. ®ITRIFA AP| FRIZIEEBHE IR T EEEERETE
RRE. MREPEF MASHEX]  (state-dependent) RI7E, RAIRBESENAFAITRIAIRMA T
HLSIERNTTE, XPMREEENZEE—MRIRN DRSUR]  (statetesting) 73i%, BIRIARSE
ALUERX MASHERRITTIE. EEal Iterator IOAZBEINEIERAT next 737%, LASABMAPRSNTTE
hasNext, X{ESRIFMEGRY for B3R (LUK for-each &3, TERIER(ERT hasNext 73i%) XIESHITIE
HRAEREZURL I FT BE.

for ( Iterator<Foo> i = collection.iterator(); i.hasNext(); ){
Foo foo = i.next();

S0ER Iterator TR/ hasNext 7305, ZFUniGHRIEN A FEAINE:

/* Do not use this hideous code for iteration over a collection! *x/
try {

Iterator<Foo> i = collection.iterator();

while ( true )

{
Foo foo = i.next();
}
} catch ( NoSuchElementException e ) {

}

XNAZAFERIAT A ERIFHRR SRR TIERRIGIF. BRTRBERSANREZIN, XNET
SRS TEREIREENEE, FRERYEEERFHEMAEXERIHI Bug.

BHO—FPRERIRNSEZAIEER, R DGSEX] DL ERTEZERNE, MaLiLek
[E—MZIKERT optional E (NS 55 %) |, SEREI—MAIHIRBIRIRENE, LA null,

T PREWRTTE] #0 [optional IR[ENEEE AIIRBIRTRENE] XFFMEE, BLESFRERNELL
HENRTERE ZBMHIERE, AIRSBERDIMBRISHIIER FRAAAR, BETHRINREEDIR
&, BER [optional IR[ENEEEFNRAIRNRENE] . RAEAER PRSI 75EERRIMATY

PRSIEX] 75iEAREERRZ R, MRAPRSETERERMW. WNRBIREY DASR] 75iEenE
£ PRSEX] 75ENIE, NEERBESR, S ERAIRiIRANREIE. MREMMSEERES
B9, B4 PSR SEMATAIRRBIRNREIE. (HRETENESIEEYE, YTERAZER
B AREENZ TRNAMMIE: MRTTEZRRRSUNSGZE, IKSEXNGZMESMERE, F51X
4~ Bug RIGRAE, MRS T EZREAIRFIANRENE, X1 Bug BRMERAIL. optional IREEASHE
X5 ERIIARE,

RS2, FEEATEREBR MWIKIHHFERN. A1E2EBENETEENEHIRE, BAER
S18FEE( IXAMAY API,

70. WHAIRSMERERZERE, NiHEESR
[EREITRRE
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Java FRFIRIHESIRM T =Fh throwable: SZHEHE (checked exceptions) . IZ{TATHE (runtime
exceptions) FfgiR (errors) . FEFRPFEEHABRESERER throwable BFEER, BEFAXFIR
ERREBBAEW, BREF—E—RUNRUERTEEIIES.

HERECAZNEELRIFZNEER, TENENZ: MRBERAELESSENRSRERFIE
17, WFEHERMEZERZNEE. BUNHZERE, BEEAETE— catch FAFLEZS
®, HEEeEEEE. Ak, ZETFPEREINSNZIEREEEN AP BFN—NEERT: 5
SEBXRIFGRERXANTTE—MAREER.

API HUIRITELL AP BFENZREE, LUESHBRAXMREFRGFMPRE. BRXALIR
PXtEREERIER, RFEMARENY, EXEERARMNINE (FRE 7 H) .

BFFMIEZEA] throwable: FTRIFEIIER, TITHNLRERFEN: ClIEERFAFEBLAN
IZHIHERAY throwable, MIREFMHIFRMBEREER, TEBTAIKRSENIB, BFAEHRT
TEEELH. NREFSEHIEEIXEEN throwable, BESELRILIETHT (halt) , FHEHINEH
AUEIRIHE.

ABIETHSERRPREER. ASHEITHRBEELRTBIRIES] (precondition violations) . Ff
IBRIIRIEGIZSE AP FIZFIRBIEST API HEEIIAE, FlaN, EELRTRESR T HENTNME
WARTE 0 FIEBEKE-1 2B, ArrayIndexOutOfBoundsException ZFREBER TIXEIHE.

XMENE—NIR: NTFEMERENSY, KEMBREER, BRHIEREAZES
BE. flan, EEEFEMBAER, XosERMEFEIRSEN, s i 7T —RASEBINTAEE, B
ORESE R AT RREAEMS M. MREFFEMSEHTIGRAER, SRIRERAERL, Xt
BRI IREM. AP IZITEFEHMNXINRRMEREAITFIRE. MRIFBE—FME RIS
HEE, HERZNES, NRAR, WERETHEE. IRNEEEEEURERE, RIFFERIES
mEE, FESW 11 %,

BRI (Java IEEADE) FHIRBEK, (BRRMIRM, iR (Error) 1EER JVM (REETHRER,
DIRBSIREAE. LIREN, SEEMEEFAESETIRY. BT XELRN L FREREZRY
B, RESRIFAREETIMHTHE Error AYFE. Eit, (REMAIFAFBIEZIEH throwable BRI
iZRE RuntimeExceptiond F (EEEFEEHEA) . MUAMIZENX Error BIFE, tHAMIZIM

H AssertionError BE.

BREN—]FRE Exception . RuntimeException & Error FZEMY throwable, XBE
BT, JLS FSBEEIEXER throwable, MEREWERE T WTHEX L, HBIIERTE
BRIZHGRE (B Exception AYFEE, (BARRE RuntimeException AIFEE) . BRAMARMRAIZ
{FRIXFERY throwable? —G)iF, KintBASEE. E5ZBNZNSEESEEEUEE, E2EH
AP FYFERE.

APl IR EEHERTIE, FREEE I R2REN LINSR, IREELEEXHIMTTE. XL
HENEERERAREIABREEIVMER, FHRXTIIKXMREZEMGER. MRREXEF
75, EFRROMBERINEART (ZRENFHRRNE] | UEHEXETIMER. XERAAR
AR (R 12 %)  RROSIBEEINFABRENETIET, BT AREIEARR
WA, FRBERNABESXERE. BN, “@#rRENFRRmE IR ERABER,
tBEAFENRESEH.

RAZFEEERRPETIRENSY, FLSTXENSEE, BH—LHESEiEEE, B
XMTERAETLERE LR TERKRENER. flll, RREABFEEFRRE, SftEEWL—
SKALRRETSERNY, TRMEZNREE., XTREMZRE—MNEEE, LERTFEFEIRRTRAY
LRSS, EEERETLISXMEEREGRAR. XTXNMEENESZFE, S0 5%,

RS2, WTAURERNRER, BENHRESE, NTERER, AERHETHRE. THER
BIURE, BEHAZKERE., FEENHIRARZNEE AR TREIMHEE, BEZNR
BLRMGE, LENEIEFRE.



1. BRAVGENERAZERE

Java BFRAENZMEE, BRNRERSHE, SIIULKE AP FIEF. NRERBIIFRZIES
ENE, TlihREEFRLGESENSY, KKXSETIEN. BHEiR, IoEREZINRESEE API
FRERIEEASE. RGEMEZEEE, BRZAEREHOAE—NERE S catch TRALLE
XESE, RBETOAFEREXEEE, FHLEIHEEHE. ToERB—MT5iL, #MHAEFRRIEH
TAOZMAIRIE, XFHRIETE Java 8 FEE Y, FANHEZIEFENSIERBEEET Stream F{FH

(B 45 KEF 485)

SNERIEHHHEAER AP FAABERILIXF S ERMERIE, FE—BEERE, £/ APIRJRERFRALA
MEDREVEREME, XMRBEHAIANREDR. BRIEXANEEGERZ, BNEES TERRZN
FHE. FA—ASUE (GRUAREHRMEERESNLN) |, FEIUREEES: BFRREU
EZEE. THRMERKEFRIGE?

} catch ( TheCheckedException e ) {
throw new AssertionError(); /* Can't happen! */

}
T EXFMEGE S 0 ?

} catch ( TheCheckedException e ) {
e.printStackTrace(); /* Oh well, we lose. */
System.exit( 1 );

SNERMER APl BURERF R A LLX BB AR RN R B I REE A&,

WRTTEMHNZRRERE—N, CREFRTHRIEVMUEMSIFES. MRXIMITEEER
RIRIERE, ZHEREBNRR, YREEHIE— try R, FAILAXPNRERFTESI—
catch R, WIRTTERME—PIEEFE, PHX—PREMET: RELIHET— try R, 7
BEABETE Stream FEIZ[ER. XMERT, MzERES, REEEIRREILIBRERZIESR

)

o

PRENSERSZNEIER, REFFENERIEAI— optional (RS 55 %) . XPITiEAD
HERFE, MARARBRBE—PMZRER optional, XFHITERIRARZE, 75ELZREIHITFIMIER,
RIFBRBELETERINTE. Hk, RENEEmAMRRE, FEEBSHITE, LIRHER
HMIER (RSB 10 5%)

[ERIEFRETAARZEFE] I—MEER, EXMIHSERISEDRMN A, BEFE—1
73iRREI— boolean {H, RIAZRBMNIZMHFHE. XFhAPIE, B TEAERR:

/* Invocation with checked exception */
try {
obj.action( args );
} catch ( TheCheckedException e ) {
. /* Handle exceptional condition */

}
BA:

/* Invocation with state-testing method and unchecked exception */
if ( obj.actionPermitted( args ) ) {
obj.action( args );
} else {
. /* Handle exceptional condition */

}
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XMEHFIERRIGEN, BR, NEEGIRIMTS, SHEE AP BEXENETR. 22AFER
BRFIRERE RS, BRXFHERN AP EINRE. MREFRNEREA/SML, SEARNTH
TRRKWMSHLAZELL, XMEEERIFLL XN ENERERR:

obj.action(args);

MRIRITEEXNERERFYEEFEEK, XA AP EMAEEHESZN. XHEEZEH
AP AR EERITFEE 69 £ [ESMKGE] . HERENSHRKRER: MNRNSEERHRDIND
BEERNIBER THFALNE, SHETHEIMREERS, XMEEHHENELA, FSE actionPermitted F
action X MERRTEERZH, MWRIKSERESREZH. WNREIMMAY actionPermitted J37A4
/MEES action JFEMNTIE, HTMEENER, X API EMMFIAESEM.

RSz, MERERNRHEZT, ZSREETLURTERFNTEM, WRIEER, Kok AP
ERERERERES. IRERAELERERN, MAZNHARZERE, MRAUKE, FEEEEE
ARELESENSY, EEMIZREI— optional {H, HEXHEH—KMAT, XLTHRERBNE
B, ANZMEEREE.

72. fSC(ERINER R

ERPEFRERZZWANEFR—IREIBNIXFIET, TRIERFABRBEHEELIERERC
MBER. ABERRESREN, XB—FERIHN, FEEAGIS, Java FEKERMHT—HER
NARZFE, BIIRE THEAZEH AP NRENHTER.

BERMENERZIMNFL. HPRIEENFLR, B AP BEZTEINER, RAESEFRE
ZATBHIRAE—H. FoNFLR, ITHRRIXE AP EFTS, BINTEHRERF, BAE(]
F2HIREEFRIABNRE. & (BREFEEN) —R2, FHSEY), EHRERESA

(footprint) Hfiilis)y, FEIXLEAIRTEFFHBED,

REAFENERNREXREE IllegalArgumentException (FMISE 49 %K) . HEMAEEENS
HEASERR, FEMSMEXIRE. i, BRRE—SHREKRT ENTENESRET, 0
REFREXNMSHUEE TR, HSMHXTRE.

B—MEERERNFER IllegalStateException , MRENFUIREIPRETEEAE
%, BEUSMEXNEE. i, REEMNSEIERERtE, BRENEEERX
R, RSMWHXINRHE.

ALUX AN, FrEEiRim AABERRI LAMAS B ESHEEIEERT, (B, B —LHMBH
NERE B TRELSERR FTHNIEESEFIEAERRES. URBAREEENARIT null BRISEHE
B null, SERMGEFENH NullPointerException BE, MAE

IllegalArgumentException , [FEFFiE, MRFABEERTFIITRISEHPER THERNE, %
POHAYFEEE IndexOutOfBoundsException B&E, MAER IllegalArgumentException ,

B—MEETHEIBERER ConcurrentModificationException , RRAGMEI—NEINZLT
BFREENNSR, SiE&Z S5/ ESTEESERINNSRIERE (BES) WA WENR, MAnZHHX
NRE, BIINMREMZHME—MER, RARTREr S TNEIFZRER.

RE—MEEEEMFERERE UnsupportedOperationException , UISRAIRASTHRIFTIERAY
B, MeEXNRE. ROBEE, AARAKZSENSEHSIFe(ISINmEAE. RESE
ST T ISEIAYEEOMTE M BI— NS E S N EER(E (optional operation) , BERLBILAERXANNF
B, a0, WFRSFFEMMRIERN List S, RBEARXBENFIFRFHIRTE, EMSEXNRE.

AEEHIEEM Exception, RuntimeException, Throwable B{& Error, XJ{HXLLEBEITFHhSE
—tf, (REETRBINXERE, BATIIR— " AEreeiHiE MR EEE.,
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TEREETREINTERRS:

= ERnS
lllegalArgumentException 3E null ISEEA1EHS
IllegalStateException FEERERABRINSIRTS
NullPointerException EZIHERA null IER F2EUE /I null
IndexOutOfBoundsExecption TS E#R
ConcurrentModificationException FEREIEFHRENNERT, NRIISRAFHREN
UnsupportedOperationException WERAIFRPBEXRNGE
RIXLERR Java FEXEFIESHIEEEWERNRE, B2, AFMTINERT, HNS

BHALMER. fla0, MRELIENSHSEBIEHZRNEANS, BILIER
ArithmeticException #1 NumberFormatException , MIRENBEEHRTHNEE, HifE
W%, FAME NE—EEREHSENERGSZEENEPRANRE—. XMERLGE
MEENEM E, MAREVESHRNEMZ £, ME, MRFEHEAIGINE SN —RER
(failure-capture) {8 (FWEFE 75 %) , JLOITFRUINERE, BECEREEIFINLEY
(FIE 128) . XEIER [NRSEIFEESNER, THAAEBCREREZE] HNIRE.

EEERM—FSEHIESEBAEHR, BALERFNERZES HAZEEHERAIA, FEx
—RIRREAIIS A0, RIRE—MIERERIERG A, ERNSHER—FHIREKRE. BRRERE
RN SHPEBERIER T ERREAIRIRIKEL. XMIEREET LR
IllegalArgumentException (handSize SEHIELRK) , ERJLAERES
IllegalStateException (4RREXNISREESHNEEKRLD) . EXMERT, MRLSETHBSHIE,
R IllegalStateException , FHNIFEHUE IllegalArgumentException ,

73. UL SHRIINEIFE

MRGEMHNRES S TIES KBBEERR, XMBIGSEARFE. S5iAEE
REEHSHHNSER, T ERREXMER. BRTEARZIERZ, X5 T BELIET
NESE AP, MRSEOTIERSAIRITIRATRETERN, EFENSEDARSRERE
T, NIBTEHBAA I S FIRiERT.

ANTERXNIR, ESENEMEZEREENESE, R ILNZIRSERSHEITREEN
B8, IXMEGEFRASEEIR  (exception translation) , A0 TNXABRAR:

/* Exception Translation */

try {
. /* Use lower-level abstraction to do our bidding */
} catch (LowerLevelException e) {
throw new HigherLevelException(...);

}

TENSEERGFIETF AbstractSequentiallist 3§, %R List BOMN— 1S
(skeletal implementation) , JEMEE 20 &%, FEXMIIFH, #ZHB List<E> O get FERHIEE
K, REEFEVEN:
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/[ **
* Returns the element at the specified position in this list.
* @throws IndexOutOfBoundsException if the index is out of range
* ({@code index < @ || index >= size()}).
*/
public E get(int index) {
ListIterator<E> i = listIterator(index);

try {
return(i.next() );
} catch (NoSuchElementException e) {
throw new IndexOutOfBoundsException("Index: " + index);

}

—IIFAN R EEER AR AREE (exception chaining) , IR EENEENTAASHEER
EHREIEEEEL, FRAREHMREE. MENEE (RR) #EASENSRE, SENSERM
WEIE]757% (Throwable A getCause /57%) SIARBEENSE:

// Exception Chaining

try {
. // Use lower-level abstraction to do our bidding

} catch (LowerLevelException cause) {
throw new HigherLevelException(cause);

}

EEFEIMNEESERERERISIFE (chaining-aware) RUBRIGIESS, ELEHREZEHIES
Throwable IEF—ME{TRESERIFIIESE, 40 Throwable(Throwable) :

/* Exception with chaining-aware constructor #*/
class HigherLevelException extends Exception {
HigherLevelException( Throwable cause ) {
super(cause) ;

}

REHNENREIESHFEIIERR. MTREIFENSESE, FJLIFIA Throwable AY initCause
HiERERE. REEAMOLFILIEERER (F getCause) HIARE, ERILUSRERIHESHITEEMN
NESENRER.

RERFBEFESAMEFMMNEREERESHOMEELLARMSE, BREAGEERE. 1689
g8, WIEXBRESENRIFIMER, TRRRESEZAHRE(ISMKIINT, NmEreilitts
®. Bz, JLESREEESHZR, REESRMZNSHERE, NERRETEHS
.

MRTEBEIRBERENRE, EXRNMER, ESEREEIGEXERE, NTTEeEEE
HERESRENEERER. EXMERT, FJLRREMELRNICRILE (40 java.utillogging) &
SEICR TR, XHEEHTEERBEETHR, RNEEFiRUBHIREAFSERETE.

RS2, WRAEEIEEMEREERENEE, —RVMERERAREEE, REERES
ERA BRI A LURIE BRI E R ENTESREBESENBR T, ZaULUSEEMEEERE
IEE. REIENEENEEREHEETRENIIE: ERFMHESNEERS, BT NEEmIRE
ERREFHITRM S (FRE 75 5F)

74. BA G ENL R EERE RIS
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RN ITEENSE, RIERERXNITANEXENERAMNSD. BLt, HREEF
i A TS AR R R SRR E R,

taREpMihEIRSIRRE, FEFIA Javadoc By @throws 1555, HifiticR FiiHE R
BEHEE. MR LELETERESNEEE, WARFEAHWES FHESEXLEREEN
HANBZE, KAEFBE—MABHAERE [throws Exception| , & EERENIEFETEER [throws
Throwable] , XEIEERIHAIFIF. XENFEANMEEENERRIREX T XGRS HEL R
B RHIESER, MBS 7125 A209ER, RATER EEE 7iZA A ERFAHMITING
THEHAEEEERE, XEENE— ML, TR main FEAERILIELZSBFERH Exception
. ERERESELER.

B Java IBEEABHIREEKREFRA— I DEFRETESEHIARZNRE, B2, WE=
SRE—E, FEEACIR SR FRREN. AEZGFEERRRELAERFISS 70 55),
IEFR T BITAXLEIREA B T Bt e RICREREIR, T ATREMERARZREE, W
REXLEFRRERRFPBARMTIZRE, AL EREA XTI ARAIITRRIES . 81
TIERSENOZ A CRIRIRSEM ((FI5H 56 &) |, XEREER, EXETICR FARZRFEEH
ERIREHAIERIEMIE.

MNTERAPAITTE, EXEPICR FEATEMERRZRSERSITAER, XIDIEEM T ZE
HRIBALITE (general contract) BI—&F%, EBiEE T iZZEANS N EMARNERIILTITA.

{EF Javadoc B @throws FFICRTF—IMHEUSHNLENSIRSERE, BEFEFR
throws XIEFIEAZENREEEELENSIBAR, £/ AP NEFRVIERLRERRTEXIN
19, BLEAFEZNN, EAMBNERMEXDXRMIER. SHDH throws BEEEFERGERL
BJ, HJavadoc By @throws IR&ESAFERNNEMSRHBERRER, UEWEFREXDZER

BIARZERE.

RZEFEHIR, ABNTETEENERZNFEEERRIEEN, (BRELEPHIER
BEMEIX—R. SEMIETZE, WRBISHGERENRT, EHSNETFIMIRERER, XT8
ERIFAEBEE SHFFREE. RR—PREART B —MRIREERPFIITIE. F—PRNREET
BESNBNENERARZIERBFME N, B2, MRFAERIET T, MHTEIMIKE
SE, RETES I REHBERETRSEHIRZRFEEREHE, RECHRAEFBEXE

10 B
3 4

MR— N EPFSHEEFEFNRERNER—NE, EZENEERPIN N REEL
X, RRULMESHN, MARABNGERME ., —MERRGF2
NullPointerException , EHEAINATEDEIXFFAFEIA: [All methods in this class throw a
NullPointerException if a null object reference is passed in any parameter |  (1ER null 3955 | AH{EIHEE!
FE—PsEh, XPMEPHEEEESHE NullPointerException ) , SREBEMRUANE
7, XEILARY.

RMEZ, BEARRSNENTTEMERENE N REREL X, WTFARZRSFENZNEE, U
NAMSRAVTTEFIERRI T E— RO, XSRS TR ERA othrows iRERIFZR. BHES
iZRY throws FRAIFATNZIGRBRMAPIRIER, BRAEFPARZGNEE. WRIREATLN
HRSEEY XA, Bt ABRESE RN sea Ut EBRAISAERO.

75. FHGHEPEEXW—IHERER

HREFRTRIEGEANEEMAMIR, RasEatTEHiZRErItERHIT, T+
BEZEENFEFEERTE (string representation) , BIERY toString J5iARYARAER, BEEESRZ
SENEE, SHMEEMNEMETEE (detail message) ., BE, XRERFRAHE ML TED
FERERMAYRER GG ERNER. MREMNBEASZEN, EEREEZHEERIERER
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M, BEEEATIRERY, B, FEEEM toString 5iENIZRATRESHIREIE X AMRENER, 1X—
RISRIEE., MOER, FENFARRNENZRRAN, LUETREHITOH.

ATHERRY, RENABERMZES WzREERENESHMFRNE. fn,
IndexOutOfBoundsException FEIMATHEMZEE TR, LRUNMSEEEFRNITNE. %
WTHBRETIFZXRTRUAER. = MEPEHA— B LA TREREE. LR TRMER
BT IREEFTLER ( [HAER] ) | SEETERINLRE, KNEAK, TRIEETEATLE
5 (FEERABLARFGHN—ER) S MBEBRKRT AN, NREFRAENIZEE
HRMEEIR, U LURAEINEIZ IR,

MREHBERE—FEE., BTESEMSIERARERISIES, T2 AR LB MR
iz, BWFAFREEAGERPESSEE. ZALURXCINER!

EXERENETERTEAMEEXNAERIFEERY, ERESKENEAMEREERET
LB, HEEHTHNERR SR HHEGERHTHNT, EEEESMZFEaMIISEGTE, L
NHER P RTA RS AERBERN N AT, RTAMPTKEAMERERERALEYN, XEERT
LUB iR CRBmakis.

BENATIEERRIZ S AR R EIREE I RA—, EENTREEF S MRS IER
8. SAPRRBREEARRE, RENFAERNEATERIIEFREE WA S TR TAERS T
KWREE. Eit, ERNASIETRHEEERSS. AREXIBREREERANL, MR
THEMNLF 2B,

HNTHRFERERENATERPERIEBIEY - HIEER, —MERERENEESMAET
FEATHEFSIAXLEER, AE, B7XEER, REEC(IREEREAT, FelLlBair=4H
THiEE, 570 IndexOutOfBoundsException {HEFHANITHIESSE String MiEES:

/**
* Constructs an IndexOutOfBoundsException.
*
* @param lowerBound the lowest legal index value
* @param upperBound the highest legal index value plus one
* @param index the actual index value
*/
public IndexOutOfBoundsException( int lowerBound, int upperBound,
int index ) {
// Generate a detail message that captures the failure
super (String.format(
"Lower bound: %d, Upper bound: %d, Index: %d",
lowerBound, upperBound, index ) );
// Save failure information for programmatic access
this.lowerBound = lowerBound;
this.upperBound = upperBound;
this.index = index;

M Java 9 FF¥R, IndexOutOfBoundsException ZRF3RET—/ &8, BOLIE—PEELS
int B9 index 2%{(H, (BERE, BHIET lowerBound 1 upperBound 3§, BiEAtthiR, Java E&
EKEHRB ZMERXME, B2, XMMUENARESKIEE. SFEEFRENSTRESELL
R, LR, XMOAEIERF RAVERIRAERE! XM AT L BB AE R ERER
FEP, AXLRIENRERXESTHNREFESRENATER, MARERENTNAFESZRIE
TR,

IEGNEE 70 £PATEINEY, ARERKRMY - fRER (T LiABIFH)9 lowerBound . upperBound
F index) fRMA—EIFAGERSERN. RAXFRIHRGEIZRNER, tASNEEEANE
B, BAKM—REREENTINEYHRERIFEEEN. BFREZBEBIEFNFERIGARZINSE
BT, XEORN (RERETLESRE) . A, BENTARZEEE, (FA—RRENREXLE



INRAGEBRPERN (FIF 125K) .

76. fRIFRWIRF1E

LBNEMWEREZR, BERIIHEXMNISRNARSE—MEN BRFITARSZH, BIfERK
BREFHITENMEIERESE. NTEZRBEMNS, XANEE, BARABEHEENXFIEES
HITIRE., —BME, KWNGERABMZENSFEFEHREBZENRES. BEEXMEMRIG AR
MAEBEMRFE (failure atomic)

BRI LASEIXMRER, RESRANEZRTTRIT— MM IZNR FUFE17H) . 0
RMKEATEN, KYWRFERREAR. MR—MEERW T, EHRSEEEEISR, BR
KEEALEEEINRRFEA—BEREZH, EASEITNEREEZFERET —HEPREZ
F, UEthAEaBEREEN.

SHFET XIS EHITIRIENS L, SREEAMEFERENNNER, ERTIREZIIEESHN
B (GEWE 49 %K) . XOULUFEESENSIORSHIEHRZ a1, SHESHNSE. ki, LB 74
FHY Stack.pop F3iE /9l

public Object pop() {
if ( size == 0 )
throw new EmptyStackException();
Object result = elements[--size];
elements[size] = null; /* Eliminate obsolete reference */
return(result);

WMEREGBEXIHIAARN (size) BIOE, JXNTEEEN—SthF@tTcRER, BRASHES
H. A, XBEBH size FRIMFEAFRE (RE) 24, NMEEERHZSSRINHTEE
VAFERSE, LS, BBET, pop FAEMEHEAY ArrayIndexOutOfBoundsException SBEITFIZHSE
FiRtEEAEE FERE 3 FK) .

—FhSAREAMEFHERNER, AT EAIEIRENIRG, FEEATRESKMATHESS
FHIENSIRSHER Z AR E. MRS HIEEREERT T SO ITEZ A 8T, XFINASLAR
iR E—nARNBRYT B, til, LA TreeMap RIIBEHRAMI, BRITTEREIEBREMSENIRFS T
HEFF. ATM TreeMap HRINTTER, 1ZuRAVREHAETLARIF TreeMap BIHEFENSEH D
TCERIFTEUREY, WNREEIGINREARIERIITTER, 7 tree LUEAARIERZRI, BRESE

ClassCastException &,

BoMERERMRFENNER, ENSRI—OIRRE R EHTERE, SRl aBRIRRTE
NHRERAENRIINES. NRLGERFEIGINIEIESAS, HHRIIESENIE, FERXMIE
HRHRERNE. fig, BLAIFRESENTRIFZE, SEEREMAIIREHE— A, L
EIFHRAEHEFRIREARPINETRATR R E. XEHTHEERME, (B2, eEny—mit
3. BMEAERRN, BhaRIEmATIRERRIRE.

RE—MERERMRFIENNETTREBLER, MERRES—RIKENES (recovery code)
RERZEREIREPRENKIY, IURENREIREIE FHAZARRS L. XMINEEERTXA
Ry (BTHER) RS,

BRRIER TEHELMAMET M, BHIESETUME]. F4MIF, NRENEECEER
BEISNRSTENER T, HAMENE—INNR, XS ET e BEA RIS Z H.
b, 7Ef3KT ConcurrentModificationException FEZEBRIMNFDAZTHEN, XHMER
R, $EIREEERTRER, Eitt, H5EME AssertionError B, ABEEEHDEFIFEMER
T,

BNEEAAISEIIAAMIRF 497 E, EEAARRANITIEN. NTELRE, E2BEHE
FHHEESRM. EHER, —BTERTXNIE, FRERWRERFIHHERRRANES.
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RS2, (FALERE—EY, ErrERHIREEMZISRRHERMZIT A ZRIRIR
. MREBERIXFAMN, AP MEHNIZEEHISANSRE AT HARIRES. BROE, XAENE

7. A ERERS

REXFENELZREEMBUN, ERCHERERER, RMESEXIELR. 3 AP RRIHE
AR IEEHEENSFERR, BNFTEDIEIRARLSRE. A, BAERKE! E288
—N"REIESS, REELSZAREY ry BO8EEkR, HEE—1=H catch 1R

// Empty catch block ignores exception - Highly suspect!
try {

} catch ( SomeException e ) {

}

ZHY catch REFEFEXAFIMBHERN, BEREMEESENER. RBRSEMRURRZEXERS
S—H——NRBKEESHXIET, SHIEBXKRKER, MiIRBAREIXEREST. SiHraR
FREIEIME, BIFERGRRMENR. SENEZAY catch RAF, MiZIFEFMKIS,

BLIER I LAZRSSE, i, X3 FileinputStream RYRHMRE, BEA{RESEBIESSHARDIR
&, AR SHTEHEORENE, FEBEMNHFEREIMFENER, B ASEIFTFEH TR
fE. BMEEXMERT, IBREICRTRERHENNE, BANRXLERELERE, (FHOILIRAE
FENRERE. MREFEZERE, catch RAMZEBE—FKTRE, RPAFATLIXAM, HEESM
iZana 7 ignored:

Future<Integer> f = exec.submit(planarMap::chromaticNumber) ;
int numColors = 4; // Default: guaranteed sufficient for any map
try {
numColors = f.get( 1L, TimeUnit.SECONDS );
} catch ( TimeoutException | ExecutionException ignored ) {
// Use default: minimal coloring is desirable, not required

}

FEETIENEFERTEARENAZIERE., F1ESERRTIMNNSERY, ERFE
HiR, AT catch RBIKE, FHISSEEFTEIERAVBR MEAMHITTIE. Ae, BYUER
RENRLE, SEFAEEERSHRRREEXNEEN, EMakl. EftiESEREBAR
BN, RAEESELREAIFT, ELPSERERIELN, MMRE 7 EIT RN E IS
IS8

780 A giﬁl‘nj&mgﬂgmﬁﬁ- (=]

KEEF synchronized AJLMRIEER—IZ, RE—NMEEITLHITE—TGE BEE—MK
Bk, WESIEFRICREPHIMSNGEBE N —FER ( mutual exclusion ) Y50, BD, SH—PRISRHK
—MNEFRENAIRHE, TLBRIES—MEMREISRATA—HAPRE. RIRXFSR, WS
AURHMRAET—EROIRE (FWE 17%) |, SESZNEENINR, EREiiET. XET5ENREIXY
SEPRT, FEAURESS R (statetransition ) , BHERSM—M—EEPRSHEREI B —FP—
RS, EfttERRE A LRIERBHISESBENGLETA—ERIRSS.
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XMRRIERY, EREHRBERPESHNEMBEN. WRRBEL, — MR ER
HithZA2E2, BEMIALELE—MEERNSAETA—BRPRESZH, ERaLURIBENRLTS
ERERSBRIE MR, #EERHRE— M RIPFIZBIFIERNEERER.

Java IBESHEBRIEEHES — M EEEEFH (atomic) , BRIBXNIEEEAIZEELS long BiE
double [JLS, 17.4,17.7] ., #G)iER, 1EE—1IF long 8 double ZRBIHNEEE, ATLMRIEBREIEZRED
HIEREFEZTETN, FESNGETDRERSHER FHAMERIXNTE BN,

{REJRERMRIY, ATIRESMRE, TXSERFEIENRE, MZERERRLY. XMENRIFER
femmigiRa. BEAESISERILE 7 SIEEERRFEIRNRR, F2EREEERE, BREANMRIL
—PMFESANNEN TR —MAEEEU NN, ATEZEZAHTUENERS, hT7ERIGE,
RESREEN. XAET Java IESHEEHRIRFERL (memory model) , BME T —PMEAZATIAIR
AR LAR A ZE RIS EMBEAE AT MJILS ,17.4; Goetz06, 16],

IRMHE I TEEIDIEAERS, ERREIFETH, BEXNMZERRFIIREMN. LT
EXMELE—PMEAZINE, B—PMEAERYESHY. Java RIKEFIRMT Thread.stop 73i%, BR
ERALBIMAREERZGET, BAERRLREAZEMN—ERESSESIEEZRA. Fh
AEEM Thread.stop FHik, ZEEIE—NEEGBER—NERE, BVUAERILSE —NEERH (
poll) —boolean FFE, XNFER—FFIAA false , (BRAILUBISE _MLAZREN true , LIFRTH
—PMEFEBRIEEC. BT boolean FERANEMSIRMFHERTH, BEF RN N FRAIIHERS
HEERRL:

// Broken! - How long would you expect this program to run?
public class StopThread {
private static Boolean stopRequested;

public static void main(String[] args)
throws InterruptedException {
Thread backgroundThread = new Thread(() -> {
int i = 0;
while (!stopRequested)
it++;
1)
backgroundThread.start();
TimeUnit.SECONDS.sleep(1);
stopRequested = true;

{RATREHBEIX MERIBI T RA—FAER, ZIEFEEFEIS stopRequested IRE T true , BFEEALL
RIEARELE, BEERANEL, XMEFKEZASELL: FAAEEEIEKITERER!

HRRETF, BFRERE, FMABHREESEEMIT BRI F4FEXT stopRequested BIEFTHEAYEL
T, RBERE, EUPUELITME:

while (!stopRequested)
i++;

R RNIX !

if (!stopRequested)
while (true)
it++;

XFPIALFRIEIRTE ( hoisting) , I OpenJDK Server VM FYTAE, GERE—NEMEM
(liveness failure) : XMEFFIRBEEIEH. BEX/NORP—MENERZP A stopRequested F
B, XMEFSUMFUAREARN—F 2 NELL:



// Properly synchronized cooperative thread termination
public class StopThread {
private static Boolean stopRequested;
private static synchronized void requestStop() {
stopRequested = true;
}
private static synchronized Boolean stopRequested() {
return stopRequested;
}
public static void main(String[] args)
throws InterruptedException {
Thread backgroundThread = new Thread(() -> {
int i = 0;
while (!stopRequested())
i++;

1)
backgroundThread.start();
TimeUnit.SECONDS.sleep(1);

requestStop();

EBEIE (requestStop ) FIEESIE ( stopRequested ) EIREIXL Y. REEEREALAE! B
IEENSIEMESERE, SUELHREIRESERIER. Gz, SRS IEIIREETE (8
) BENEFERRBEEETIE, BEEXMERT, EREERAAIEIRME.

StopThread SPHEISTTARIMIERMERBRFHERFH. ROER, XELENRLZREL
TENEEMR, MARATERNE. BEAEAMISMERTHRSTHR), EREEEMEIERRY
BNDiE, CENEE, HEEEAIsEEL. Q012 stopRequested #AEAJT volatile , S FFHRASHY
StopThread SPRIBIEAATLAGHEE. B2 volatile (ZIRFFARITERIGR, (EERLMRIEHEI— MR
ERZF RARHERENS BRI RIENINIR S NRIE:

// Cooperative thread termination with a volatile field
public class StopThread {
private static volatile Boolean stopRequested;
public static void main(String[] args)
throws InterruptedException {
Thread backgroundThread = new Thread(() -> {
int i = 06;
while (!stopRequested)
it++;

)
backgroundThread.start();

TimeUnit.SECONDS.sleep(1);
stopRequested = true;

fEfEF volatile RIRHERSZWE/IVD, LITERGEN, RREETERFIIS:

// Broken - requires synchronization!
private static volatile int nextSerialNumber = 0;

public static int generateSerialNumber() {
return nextSerialNumber++;



BASEN BN EERRE NARGEERRNE (RERET 22 NI . BATTEORER
A ANTRFHEZER: nextSerialNumber , XAFERAFTEIMNERESEN. Eit, FBE
(HTRSRIPEMLRS., AT, NRGERE, XASEBATAERETIE,

BT, IEBERER (++) FRETFH. BTE nextSerialNumber FEXHHIITHRIURME: B TIE
BE, ARBE—NE, BETEERNEBRINL 1. NRE-_/NEEEE— AR BEMS[EH
[EHEERIX N FRE _NEEH e SE— M EE—EEEIE—ME, FREERNFEFIS. XiEs
MR (safety failure ) : XNMEFRITEHERIER.

{8IE generateSerialNumber JFiEMI—FAEREEHIREIEIEIN synchronized &%,
XEFTLHRZENMEABFASRXER, BREeNMIRSSERZaImERANSER. —BXAM, A
PABINZM nextSerialNumber FRfifiBR volatile {&1HfF, A TIHRIFXANGE, B long K& int, &R
nextSerialNumber EH{TEERMHEFE.

BIFIAREESS 59 SPAUEY, £ Atomiclong 2K, BR
java.util.concurrent.atomic HAYARKERD. XNMEAERNTE LHTRIE. LELENRE
RIETEAREDR, B volatile JIRETREHNBEIR, EXMEERRETRF L. XIEZ(RELL
generateSerialNumber SERHTAE, HE BB AT IRATRISELF

// Lock-free synchronization with java.util.concurrent.atomic
private static final Atomiclong nextSerialNum = new Atomiclong();

public static long generateSerialNumber() {
return nextSerialNum.getAndIncrement();

}

B A E PN RN RENERAHZTLEE. BAXEATRAGEEE (F05% 17
) BAERAHE. #91E5R, BUELREREIERMEER. NRRAX—FKE, Ye@EuX
HERREE, IMECALEEEFNARMGELER. SRR IER I RRESRAREREE,
AENSINTIRAAIERIEAE.

—MERRERENEREN— MRS, REEEMERERSE, XEAESHN, eRESH=E
N5 |BREE. RRHEMEEKEH—SHESEILIERNSR, RETSEEMIER. XIS
FRIESZIARZE ( effectively immutable ) [Goetz06, 3.5.4] , 1EIXFXIER 5 | FIM—MEFEEIB R EtbAI%
TERFRMER SR ( safe publication) [Goetz06, 3.5.3] , EARMNIKRS|BETFSHGL: AILUSER?E
ERSTFERM, EARIBNKEI—EE7D; ATLUSEIRFTE volatile FER. final FEREE BT IEEBE
BFEF; HETUBECHEHEANESY FERELEK) .

BMEZ, SHBSMEEHSETHIENE, SMNENEEHENEESYIITRE. R
BEE, BEERE—MEFERRENESEILIES — MR, RS HE ] TR SIERIEFHY
TEERMESRIEL ( liveness failure ) FIZREMRM ( safety failure ) . XEFRIKMERMERDRXAY. BliI0T6E
SRR, BShEiEx, BRITAEARNEMN ETEERARE. NRAFTELEZENRE
BE, MATEGR, volatile BIFFTME—TAILUEZNRSHEN, (EEEREFERTIEEE L
15,

79. BRI EREP

58 78 FEMIFTROBLEHEKRIE. FAFRENXTERNETR, KEENAE, TERSN
A RESEUERERRE. JER, EEAHRERITA.
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ATEEEERMNZLERY, E—MIRSHGERERBRP, KEFREMFHE RIS
B, BEER, A IREEPHXKENEE, FEERRITAERBEATE, BERATFiRLRE
MR REGE (FUSE 24 F) . NEBSRELXBRIZAERE, XEGERINRRY (
alien) . XPMEFMEZTELMAER, BLEEFE. RIBINSRGERER, NEEXEHH
RESSHEE. UisESIERA.

AT IHXMNIIEHTEEMRANREE, LUTEAIZEAS, BEM T —MNILAEREINESSE (set
wrapper ) , ZEATFEFPIHEETRMIZESPRTUTIEN., XHHEMWERE (Observer ) 11
[Gamma95 ] . ATEERL, XEMNESHHIRTERISERMEEN, E2RHENEE—4HRE
ZHEE. XPEEESE 18 FZPAIEHRY ForwardingSet ESCHIAY:

// Broken - invokes alien method from synchronized block!
public class ObservableSet<E> extends ForwardingSet<E> {
public ObservableSet(Set<E> set) { super(set); }

private final List<SetObserver<E>> observers= new ArraylList<>();

public void addObserver(SetObserver<E> observer) {
synchronized(observers) {
observers.add(observer) ;

public Boolean removeObserver(SetObserver<E> observer) {
synchronized(observers) {
return observers.remove(observer);

private void notifyElementAdded(E element) {
synchronized(observers) {
for (SetObserver<E> observer : observers)
observer.added(this, element);

@0Override

public Boolean add(E element) {
Boolean added = super.add(element);
if (added)
notifyElementAdded(element) ;
return added;

@Override
public Boolean addAll(Collection<? extends E> c) {
Boolean result = false;
for (E element : c)
result |= add(element);
// Calls notifyElementAdded
return result;

WMZRE BT E A addObserver J5 AT @A, EBILIEH removeObserver J5iEBGHTT, EIXFR
BT, XAMEE (callback ) FEORISLHIERSBUEIRLETTIE:



@FunctionalInterface

public interface SetObserver<g> {
// Invoked when an element is added to the observable set
void added(ObservableSet<E> set, E element);

XMEORGEES BiConsumer<Obser vableSet<E> [ E> —#f, FHRAINEFREN —NEFIAIREL
#Z=O, ARZEOMSESRaILUREFHMCIER Y, BizEOaIABESSMEE, iR, &
LA E SIS ECKEER BiConsumer  (FEILES 44 £%)

INERRBHERIRIE—T, ObservableSet £RSRIER. flgN, TEAFEFITEIH 0 ~ 9989
=

public static void main(String[] args) {
ObservableSet<Integer> set = new ObservableSet<>(new HashSet<>());
set.addObserver((s, e) -> System.out.println(e));
for (int 1 = 0; i < 100; i++)
set.add(1i);

MERN RN —LEESRR[HGF. RIRFKIIB— addobserver ERAFAEXMER, B
SKEHRAVBR addObserver WHREERT—NIED Integer ERNMEE, XMEWHFNZNZES
B, WREN 23, RTNREELESHR:

set.addObserver(new SetObserver<>() {
public void added(ObservableSet<Integer> s, Integer e) {
System.out.println(e);
if (e == 23)
s.removeObserver(this);

P) s

IR, XMEARLUU—MNERSE SetObserver LB TBI—MMARFERR lambda . XZ2EA
REIREEBBBIELS s.removeObserver , [ lambda WFGERBEENES (FRFE 42%K) .

(RATBELARIXMEFRSFTENEF 0 ~ 23, ZEMRESIEMT, BFBIESSRERNIE.
SCRR EXDEFTEIHEFE 0 ~ 23, AR ConcurrentModificationException . [BIRAFETF,
notifyElementAdded VEFIMIZRER] added 75iARY, BIEATIE[D observers FIZRANISFES., added
I VAR MERESR) removeObserver J5i%, MIMVEHA observers.remove , IMERAIBRRT
T, BONECETREDFIFRERES, B—mamNIRPER, X2IEERY.
notifyElementAdded FEFHNERZRE—NRSHIRS, BTLABGLEHERUEN, BRETTERLLENR
HFEASEIAZEIMRESS, BITTELEESER observers 73K,

WERNESHA —LHRTFEFO6F . HIBRES—NAEECBTUTNONES, (BEAFERAR
removeObserver , BRAB—MEREHIIRS KT, XMMEREFRET — executor service (IERSE
80%%) :

// Observer that uses a background thread needlessly
set.addObserver(new SetObserver<>() {
public void added(ObservableSet<Integer> s, Integer e) {
System.out.println(e);
if (e == 23) {
ExecutorService exec =
Executors.newSingleThreadExecutor();
try {
exec.submit(() -> s.removeObserver(this)).get();

}



catch (ExecutionException | InterruptedException ex) {
throw new AssertionError (ex);

}

finally {
exec.shutdown();

}

I3

IfER—a, EEEXMEFE— catch FAFHBIR TR I AENRHERE, XMIHIZE Java
7 RIEINAY, AAESHARZ NS ERIR (multi-catch) . EHLURAHRFHUBIGEWE, TA5S
SEXEERNER, HRIETLIKIERD.

BITIXNERR, IREERISE, MEEB T, EE%iEERA s.removedbserver , BXEE
PI5E observers, (BETXIKEIZM, RAANTEHECLEMNT. ExXHlE, TXE—BESEHEEEE
KRNI EREAIMIER, XIERIERFEHARER.,

XMIFRASRERAR BN, FAMRELFR DEMFEREGLEE, BXNIRAZEET
1. NELXKEHERINESDE, EEIHNRFTCEIEN FiTSoesl, flin cul TR,

ERIEXAAMIFH (REMZE) | HIEEE=EE. FERIIHRITIE (added) B, RIEXE (
observers ) FH{RIFEIRIRAET—ERIRE. RIRZBESXEFRIFPRILREMERTTAES, REMNE
SXREFGFFEBE—MIKTTIE. BT Java BRIRIHESTRIMEIEANR (reentrant) , XFERAS
. MEES—MIFP—F, BS-E—1TRE, BNERSECEAXIMHT, ElSzEdsn
EfFRERSIZHRT 2T, REMS EAEXAS — TR FIEEZ T RIPROSIE LTS, XA
RIRERATREERMEMER. WA KRR, XMHRERECRIIRE. FTENNBEN T SEiEERd
SIEFIMIE, (BRE(ITRESE RN L2 RN,

FIEE, BB ENARBHRESAR IR NIRBEHAKEE. T
notifyElementAdded J5i%, XIES RS observers FIZRIANKRER”, AESEMET LT SER
XMFRT ., RIX—EH, B MIF TR EBEASH R ESETH T !

// Alien method moved outside of synchronized block - open calls
private void notifyElementAdded(E element) {
List<SetObserver<E>> snapshot = null;
synchronized(observers) {
snapshot = new ArraylList<>(observers);

}
for (SetObserver<E> observer : snapshot)
observer.added(this, element);

B3 b, ERINRGARERBHRESRICIER, BE—MEFRIGE. Java FERM TR
£4 (concurrent collection ) , TEMEE 81 %%, TRIE CopyOnWriteArraylist , XEFE|JALES
B, XN CopyOnWriteArraylist & Arraylist H9—FMEMA, BEIEFIZENENEESE, &
XELIMAENEERE. HTRESEEXEANS, BERAFTEIE, BEEHIFER. IRAERE
Fi, CopyOnWriteArraylList RIMBERAZEN, (EEXNTUREIIFRRNDNZRETFH, EAELN]
VRN, HESEWRRER.

WNERIGIXNFIRBIEER CopyonWriteArraylist , FBAWEIE] ObservableSet By add #[
addAll 7%, THEXNMERNERRRE. FEEPHRETHIERNNES:

// Thread-safe observable set with CopyOnWriteArraylList
private final List<SetObserver<E>> observers = new CopyOnWriteArraylList<>();

public void addObserver(SetObserver<E> observer) {



observers.add(observer);

}

public Boolean removeObserver(SetObserver<E> observer) {
return observers.remove(observer);

}

private void notifyElementAdded(E element) {
for (SetObserver<E> observer : observers)
observer.added(this, element);

FERZ Xz SRR NSRTTEMFREFFRUER” (open call) [Goetz06, 10.1.4], BRTBJLAES:
KWz Hh, FERERTLARAHIEINF & M. SMRSERNE TRIE A ERR K, WRERZE X
REAINET R, EtEiEZRIFRIFEINRAMSER A ERIEE,

BERR, MZERSRIFRMETERIPHIE. KGN, WEHFHE, RIEFEEREE,
PRIERRIE,  ANSRIRREFU TR MEFERTRIANE, NNZREEX N EREIRSXERISME, A
EHEH 18 RPHUIES .

FEENBE—PORXTIEMRMER, ETHR, HOEFRITIC—TMRE. BB Java FERH
LIk, RIEPHINACETRT, BEEENE, KITABIERY. EXMESZAEHME, TERPRISE
PRAAFARISIREN BRI ZERT CPU RHE); MRIBAETHTIWS, UREATEBRE MLEE—
- HATFIEMSHIREE. SERSHNB—IEETHEET, ERRHEMICRBHRTIEE
.

MREERE—AIZHIZE, ERFHERE: SRMENEY, NREEHAFER, HATEFiRE
VERRHEMNINTEL, SEBERTEL, EXNREREEERER (FIS 825K) |, (REALL
EIR1SH B LM INBEIE R NN REERFHAM, java.util FRES (RTEZEFR
Vector #] Hashtable Z#4N) RETHEI—M/GiE, M java.util.concurrent SRIESNIRA
ThE—MEE (FISE 81 4) .

£ Java FEHIBIRHE, ITEEREEE T IXEES 5. Bl7l, StringBuffer SEFIJLIFRZE
WRTEREANEREZS, MEe(UTRIRNZREREZS. AL, StringBuffer EZA FEPH
StringBuilder &, BE—NEELM StringBuffer , [E#FtE, java.util.Random %k
ELeRINBENZNAERLEE, # java.util.concurrent.ThreadlLocalRandom HRIEREIZEAISCINEN
R, EZLRHTF ERARE. SIRAHENRR, MARRDSE, MAOZENE, FHEAREER
219,

RIRERFELS TR, BMALUERARNITERLIEHRME, FlaioiFil. SESFIIEEaEAF
KiEHl, XETTERBEL T ABTISTER, (BEEME(EXIILHT T EiR(Goetz06, Herlihy12] ,

MEFAER TEHSFER, HEIZAARURERSNEERAR, BBALNIERSRSNXANF
ERROAE (BRIBX N REEBBBARERTA) « SEENEFREEXMEE LRTINIRE ERT
B, AARMAERNERGRARERLHEERRZAE. FRARLME—2FEE, BIFEER
BHIth—#, EATCALMEAERNEFimEBAER. 5 78 29 generateSerialNumber J3i&
R nextSerialNumber FEZFEXEEHI—MIIF.

RS2, ATERILAIEUERS, THAAENBSRFRARBERIETE. EEmits, B
REBRZXFERASNITEERFIZIRY. SEERT—IIERNIR, EEE—TElREMNX
BHomlESERE. NSXNESZANHN, XIUKEAETERLSKEEEE., REAIREBBIE
A—ERERBRLEEAIIR, FMAZIX AW, RIEMZEX NREBEERI AT (5 82

7..%) o



80. executor . task ¥l stream {5 FZEiE

AP 1 RFER T EREAITIEAS (work queue) [Blochol , FIISE 49 %] BIRES. X12Ef
FEFIREMNIEFHEELESRSLENTERE. SABREXNTIENIIN, SFRimTLIER—
NIE, LREEAEETM T EERENIFRBEIEZ/E, MIERIEEC, XML/ L TG4
e, BRIfENNLE, BREFE—EIUEHIN, WRFTMAIARY, MEmHNTEREsE S
EERW. FER, (FBEARERSXFRINET.

BARPE_IRBIRAOEHE, Java FEFERIEINT java.util.concurrent , XPNFEHES
T— Executor Framework BER—MREREHNETFEONESHITIE, BT —MESHEERLL K
BE—RREFHITIES, ANRBEX—TE:

ExecutorService exec = Executors.newSingleThreadExecutor();
TEZAFUTIEEZ— runnable RI75}E:
exec.execute(runnable);
TERZ S executor MM IE (ANRIRRBXAM, EIVAIEAIRE)
exec.shutdown();

{RAJLARIF executor service SEREZRITAE, BN, TILAFFFER—IUSIARIESS (WUAN38 79 &%
Y get I3iE—HF) | (FAILASF—MESESPIEIESHEREESH (FIB invokeAny X
& dinvokeAll /7%) , BJLAZE(E executor service (UHEISERZLE (FIF awaitTermination /5
%) ATLAE(ES e BB MEREUX LA ESSRILER (FIF ExecutorCompletionService ) , &JLA
EEER MR B ERNE T E M RIS ThYES (FUF

ScheduledThreadPoolExecutor ) , &,

MERBLEARLE—NRFRMIERE XN ATINER, RERA— M FREESTI, XML e
T—HA[ERY executor service , FREZAEM (thread pool ) . {RAJLABEESE AL EHIZLIZCIE
—/MEFEith, java.util.concurrent.Executors REFTESTI] , BENIRRMHATERIASE
executor , #AM, SNERAFAESRAUSFRIRY, ATLAEHE(FER ThreadPoolExecutor 2K, XMSEAIHREEH
SRR EN VBN A E.

TIRFIARI N FERERRIERE executor service 2RBIIGH. NRESHIEIVEF, HEESEERHAIR
228 (#HF Executors.newCachedThreadPool BEENFENEE, EAECAZERE, HEH—
fRiER N eeE [1EMSERTIE] . BENTRAFHRSE KK, EFNEEEHARRITFIERE
T! EEFNGERT, SIRERIESISEHIRNG, MEBERGLHENT. IRKBLETAH, &
BUEE—NETRVLAE. ANERIRSESRESAE, EERRER CPUBREWMART . XBEEZHESHT,
MEBEEZHE, XFERSFERTEEE. BEit, RGBT~ RRSsSEF, KT FERA

Executors.newFixedThreadPool , BAIMEM T —MEAEELEHNENGEDR, HEATERKX
FPREMEHTE, MBERE(ER ThreadPoolExecutor 3§,

MNMIRNZREARERSECHITIENTYI, MERNZRERERZFRLEIE. HERERLEN,
Thread BB HTIERIT, XEHITHHI, 7E Executor Framework A1, TEERITAIHFITIEIE S
1. MEXEAUMRETIERTT, MEES (task) . ESHEMM: Runnable RHEIAFE Callable
(E5 Runnable {1, BESIRENE, HEEFBMHEIENRE) . PUTESHSERTLHIR executor
service , ANERIRMNESRIBERBIR, HiL— executor service BRHITIESS, HIEFEHAIHIT
ERAERAE TIRANREM., AR LE, Executor {EZEHITHIINEES Collections 1EZRERS
(aggregation) RYLREAEEL.
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f£ Java 7 H1,  Executor {EZRMEHT RAISZHT fork-join {155, IXEHESS BIBIS—FFRIE fork-join A9
1554 executor fRSZFIZITHY. fork-join £S5 ForkJoinTask SEAIZRR, RILAEO ALE/INITFES, Ba
ForkJoinPool HIZREARNNENEXL(TS, BEMNS—NMEREPFEES, LARRITENERERRS
LR, MRS CPU (FAXR. EeEIE, FIEEER, forkjoin ESHESTIEANERERIIN. F
177 Parallel streams (WSS 48 %) 27E fork join it EREM, FAIAZ T ANSHEEZZEIEIM0
ML, AR IEFERTEIIFLAMES.

Executor Framework BY5SEEAMETT ABH T ABAITISTEE, EEEEANEETLISE (Java
Concurrency in Practice) — [Goetz06]

81. HAEZT BT wait #1 notify

ABE 1 RFPEIRT —NRBERGBBAEIEREEER wait 1 notify (Blochol, J#EMEE 50
%) . BRENENDRAEN, FAEEAZKENSEENIETER, ERXZENINARITSEZHE
BABETY, XRRALVFEEEHBFER wait § notify T, BM Java 5 RITARAFR, Java
FEMBRTERRNHATER, BIMTLSERLARISTE wait 1 notify EFERIERTEMAT
FBINTIE. BERIEGRIE(ER wait Fll notify ELERERE, FIRIZAESHRAHEZTERNAH.

java.util.concurrent HEESRITESHM=35: Executor Framework . HEES
(Concurrent Collection) LAR[EAEE (Synchronizer) , Executor Framework RTESE 80 kA& EAMIRE]
g, HERESNRIIBEASEB P TERAYEA,

HEESHRENESED (W0 List . Queue F1 Map ) IRETHMAMIHALI. NTIE
e, XETMERPECEERL FRE 95) . B, HERESHATHHFHEE
o); BEMERRH AR, RefEFNEEEE.

RATEA R FRESHIFREY, XERELEEIMEFRESTEMSERER. Eit,
BEAREGEOCEBEIRBIRSIHESUR(E (state-dependent modify operation) #TTH R, ©
BIANERBREEHETRNRFIRFP, SR, XEREEHRESTEEPA, ellEdRe
7% (IS 21 5%) #RINENT Java 8 RYMAISESHREOF,

fflan, Map BY putIfAbsent(key, value) Fi%, HELEMGINSBEEA—HET, FR
Bl SH#EXEARI—ME, WREEXEAE, WRE] null , XEFEEREZMTNEIELTEAE
Map T, Ba0, TEXANAEENLT String.intern BYT:

// Concurrent canonicalizing map atop ConcurrentMap - not optimal
private static final ConcurrentMap<String, String> map = new ConcurrentHashMap<>();
public static String intern(String s) {

String previousValue = map.putIfAbsent(s, s);

return previousValue == null ? s : previousValue;

B b, {RETLMBIEEYF. ConcurrentHashMap XIIREUR(E (W0 get) BT 7K. ALk, R
BY get XRIPEVERRHR, AEBLEA get , BAMA putIfibsent :


af://n5295

// Concurrent canonicalizing map atop ConcurrentMap - faster!
public static String intern(String s) {
String result = map.get(s);
if (result == null) {
result = map.putIfAbsent(s, s);
if (result == null)
result = s;

}

return result;

ConcurrentHashMap BRTIEMEMIH M/, EEHLIEER, EFHAVEEL, EEXMLU
IRy intern FALE String.intern T AL 61 (BRISE, String.intern HFERAE
F555(F, BHRMEERBERMAERTLRR) . HRESSHESHEEASWES 7. i,
BLZ{lE5efEM ConcurrentHashMap , MIARE{ER Collections.synchronizedMap ., RERH
& Map BHEEZ Map , BETLMRAMHHREF FH & N AR FRIMEEE.

BLESENCKBIIEEERE (blocking operation ) T TH &, Blla—BEEF S (HEMEE)
FOTLARRIOHITOLE. 80, BlockingQueue ¥ BT Queue MO, FHRINTEIE take ERRY
JWANAEE, EBMAFIRIERFHRE TotR, WMRNIIAZE, #MESF. XEMAFEEENIBTIE
BAZI (work queue) , tHFR{EEFZE—HZEEEPAF! (producer-consumer queue) , —PEESNEE
22 (producer thread) FETAERAZIFAIIT(FINE, AEIAT/FMEARAN, — &S NEEEL
2 (consumer thread ) WM TAEBAZIHREHBASIFALIRTEINE, AHFTR, K8
ExecutorService 3CHU (B#F ThreadPoolExecutor ) BMEFIT— BlockingQueue (JENEE
80 %K) .

B85 (Synchronizer) RFAFEEEBEEFE—MERENNSR, FE(IMENE. REBNRELS
888 CountDownLatch FJ Semaphore , BAEFAMIRE CyclicBarrier #1 Exchanger . IHgE
BEAHELSERRE Phaser

BRTEEFES (Countdown Latch) B—IRMAIEIS, RIF— I HESIMHESFHF—IHESZTH
WEFERMRELENS. CountDownLatch HYME—MGIERFHAE— int KERISEL, X1 int SEEER
TFATEESFRLEMRANEZR), DAERFRs LB countDown F3iEAYREL.

BEXNMERNEARRI Y FiE—YERNERA, MERERBNES. it REEEE—
EEAELSE, FBRE—NMERIFAIITER. XMERFREBEBNFGIE, ZHiEHE— MUTIZE)
{ERY executor , —PNHERD (RRBHAWATZENERUREL) | DARFRZNEDN runnable . FiG
BITIEEAR (worker thread ) BESEBERYF, BT timer ZAEERIITHZ RIS TZIE. SRE—1L
VEFRERIFIEITZERT, timer AR [RITLSHE (fires the starting gun) | , EIRTARIFIIFL
ERITIZEE. —BRE— " LIEEENITRIZEE, timer ZAEFIENEIEITAT, BT wait 7
notify Z FSCHLX MBIESRREL, ME CountDownLatch Z FSCHINIAEZEER:

// Simple framework for timing concurrent execution
public static long time(Executor executor, int concurrency,
Runnable action) throws InterruptedException {
CountDownLatch ready = new CountDownlLatch(concurrency);
CountDownLatch start = new CountDownlLatch(1);
CountDownLatch done = new CountDownLatch(concurrency);
for (int 1 = @; i < concurrency; i++) {
executor.execute(() -> {
ready.countDown() ;
// Tell timer we're ready
try {
start.await();
// Wait till peers are ready
action.run();



}

catch (InterruptedException e) {
Thread.currentThread().interrupt();

}
finally {

done.countDown() ;

// Tell timer we're done
}

1)
}
ready.await();
// Wait for all workers to be ready
long startNanos = System.nanoTime();
start.countDown() ;
// And they're off!
done.await();
// Wait for all workers to finish
return System.nanoTime() - startNanos;

FRXNEAERT =M EBIER. F—1NE ready , TIEEERERERF tiner 42
EBEERT Y. ARLIEEREESE giESS start £5EF. SRE—LIEEERR
ready.countDown BY, timer ZFRICHE MHCIRRTE], FEH start.countDown FIFFAEHIL
VELAZI R T, IS timer ZRIREE=NEIFRE done LERF, BERE—NIIEEEET=IZEN
fE, #V8A done.countbDown , —EREMIXA, timer HEMSHBEELR, FHCRTERIAS
&,

RE—SATHESTER. (EBLE time 757AHY executor WARBITFRIEE /D SiEEH R RBI—HZHY
Zi2, BN NMNURFKIEASER, XHEEAZYHILH (thread starvationdeadlock) [Goetz06,
8.1.1] . WIRT{FEAZMIER] InterruptedException , BMRFAIIRAIE
Thread.currentThread().interrupt() EFMISTHW, FNEM run FEFIRE], XEFHDITF
executor FELEAIRHELMREFRT, HSC EHIBRANLE, F8, FAFIBAT System.nanoTime RLATE
SERt. X FEEITCAIERT, WREROZSTER System.nanoTime , MAZEEER
System.currentTimeMillis , B3 System.nanoTime F/EHfE, BN, BAZRSHISCATRT
HEOBEREIN. &a, ERAGPRYCIEHAREH TERIIER, BRIE action BESTR—EERITIE,
Eean—mbaE—FOLA L. ARFAER], ERRHEENR oM, SFEEIAESRRMN jmh R9EHEDTEH
17 [IMH]

REERMR T HATERN—ERE. flIn, si—MIlFhrgs="1"E1+&iEs L LA —
4~ CyclicBarrier B¢# Phaser SEHMUE. XEHERIRMUISENRES, (E2EMEERICRAEE.
BIMRIBEIZNSERHATR, MARER wait 7550 notify 75i%, {BRTEELRUEIRERT wait
73iEHA notify 75iARNEENED. wait JTARARMELIESHFRNFE. BRRERZE XEAEHRIER,
XANERE KIFAG I SRMEE 7R wait 7ERXISR E. TERZGER wait 73 EARERT:

// The standard idiom for using the wait method
synchronized (obj) {
while (<condition does not hold>)
obj.wait();
// (Releases lock, and reacquires on wakeup)
. // Perform action appropriate to condition

YRERNAZAER wait fEFMEZUKIAR wait 5i%; KIZABRERBIAZINEA wait 7575, BRREFS
ZRIFNZ ERS R T,



EFFZAARY, SFRECLAHNHMREES, XNTHREEEOEN. WRFHCEN
M, FAEEERESEZAI, notify (EE notifyAll ) JNECEHKRER, NWEERDZEEES
NERFPHEEIH,

ESFHFZANAFRG, WRFOABIANEREES, XNTHRARLZEUERLEN. SRR
AURTR, ANREAZHELNIT, NRTRESBIMEBIRIPAVEIRKRR. AR, BLATEHAE—
PNFEHERITR:

o B—NEHENRRELBE T, HEMN—EEER notify IARB—ZiE, EIFGFHENET
SRENXERATEA, SRIBINAECSEME 7 ZRPIVRTE,

o FMHARI, ERE—NEERRIMEBCERMIART notify 3%, AABARGEINITSR
&, XKL HEE S RERE FXMERiEld. AFainaNsNELS G EFE R
wait FiAEPSHIIXAEEAYERE,

o IBHZAE (notifyingthread ) TEIERESFEIERTAIREST T [1REE] . BIa0, BMERBGREERS
SRENRHEEWHE, ERBMNEETRNATER notifyAll 7k,

s HERABNNERT, FFEEDLasE (BRY)) SnBEEk, XHFR/I“OIEEE” (spurious
wakeup) [POSIX, 11.4.3.6.1; Java9-api] .

—MEXRERZE, NTREEIEESHHNEAE, (RNIER notify J5iAER notifyAll 75k
(BMZ—T, notify 75AMRERR R A NEEFHILIE, RRBXFNSEIEFE, M notifyAll J5ik
IRERRONUZFrBEIEESFGAISIE) . —TEUANNER, NIZIREFER notifyAll J5iE. XEEE
MRTHEN., BRSFEERNER, EACHUMREHRERIREENE FEWIGEENEIE, (RAT8EE
SIREEEfh— AR, (BERXASHINMEFRIERE. XELEERC S, SRECIEESHI%
%, MRKIMFMHANHE, MSBEFRT,

MAHRIBERE, NRLGTHFFREHETESIEBESHR—IFEY, MEBRRAE—MEETLL
MIXANFAPHRIREE, BBARHAIZIEEEAA notify J3i%, MAR notifyAll J3i&.

BIEX LR HERRE, BIFARBEAMER notifyAll J5iATIAR notify J3ik. ®UEF&
B wait IEEBBE—NMERF, LIBEREAEIINENSR LREIIESEERIER—F, St
4, R notifyAll J5ERE notify FEAALUBRKREMEXRLAENBINESNESE. &N,
XENEFFR FE— M KEEN, ERENRRSRETRIEEFTE,

sz, BEEER wait A notify HiEEGAHALRES HITHRIE—HE, m
java.util.concurrent NIRETESRINES. KRBEBHEFHABEHER wait 7%
notify 73k, BMER, BRRV. WNRFEELEPFER wait 75EM notify AR, FS&%
IR EFBIVEREIUN while TEIRNEPAR wait J3ik. —RBERT, BOZUICER
notifyAll 7%k, MAREEER notify k. SARGER notify 7%, B—E2/IWD, LURERE
FFRYEME.

82. X 5B E&iEZ2REMH

KAEHGERRERNIITARESEFRAENERANERD. WRIRKBICRETX—FHAY
177, BMAERAFBHREMERR. MRXERREER, EMIEFTRROBENRE (R
78 %) HEERNESL (FR79%K) . TICWHER, EAIsESEr-ErER.

IRETRENTIRIS, BTLABISTE/S i ARISORIhE synchronized (SIS RHMTT AR BLIER L,
XN EEFLAEREIRN., EEFEERIER, Javadoc HEMHETRERSRSENE, XEEGRE
#9. 73iEFEBAH synchronized (EIRFFAVFERSIIAT, MARHE APIHN—E8D. BAEIER
L ERERER2M.
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tEAh, BFR synchronized BIHFFAIFEMEUCREARETEN, XMTMRENEETEMEM
HIRE, INNBALEEASTE. Lfrk, KEREE/NES. ERRARSNALER, XumEeE
HiCRERISNEIEZLER. TENIIRZE TEERERS. eFEERTE, EBREUTER
=D

o AER — XPNERALHIERKEER. FREINPED. RFIEFE Sstring . Long FI
BigInteger (IEWEFE175) .

o THRHEZERS 1ZRLHIETTN, ERZEEFEBNNEREL, ELHEEI/INEEL
BRI H At {sE A% SEA9Sefl, f5I%0 AtomicLong F0 ConcurrentHashMap ,

- BEHNEERSE  SLEMEELTSEN, REBEHESEINIRS e RER. &
fIE3E Collections.synchronized BEERIREINES, HIERFEINTEL.

o JEABERLS — 1ZERILFIRTTN. EHAMERTEN], BERind/RERINE RS REEEANN A
EER (AR . XERGFEEERNESSEIL, Il ArraylList 1 HashMap ,

o SEMI — SN AEAERESEIINIESEE, ZBENTHAFRBEEALZEM. LEILE
EEHTEFRRLSHNER MEXESEREMEHN. SEANBRREEENIZE,; HEEEEHT
IREEEHEUEMSHN. BRMESHGEZELEMEDE, BEBHESHFR. %78 £+
generateSerialNumber J5iAERBAREETHIER FELEEXIIZAY, 05 322 TWATA,

IXLEEKR| (AEIREIEXIIZE) ABTIRTF (Java Concurrency in Practice) HHILLIEZ TR, o
B9 Immutable . ThreadSafe #] NotThreadSafe [Goetz06, Appendix Al, EHD RIS
KIELTEIERMNSELTEEE AT Threadsafe FHEH,

AEXHEFIER—MEFMNEEZERXFTEID. (Re/its BB BARFRFIFEINDREL, LR
ITIXLEFRH TGRSR (TERADEE R TR . BERIHIASHIS, BEthaHsh, Flun,
Collections.synchronizedMap HISZISIEZE!:

It is imperative that the user manually synchronize on the returned map when iterating over any of its
collection views:

ZRFPBEREESIER, YRFHREIRERT Map:

Map<K, V> m = Collections.synchronizedMap(new HashMap<>());
Set<K> s = m.keySet(); // Needn't be in synchronized block

synchronized(m) { // Synchronizing on m, not s!
for (K key : s)
key.f();

NEEX RN RS SEAHEN T,

KNERETENBNBEEBRTZEAGE TR, BEREEEREETEEMNAENZEEIIEE
XS ERT AL ENS., REVBICRNESRENATM. BRIENREEETBBEEEY, BANEE
S WRCFHRESSNERELZSM, IE9 Collections.synchronizedMap FiE<AYEBEE,

H—NRFERAHANAEHE, EATFERPImEEHT—ERYGEER, BE2XfRIEEEERM
9., ©5#EI ConcurrentHashMap ZEMFEAESHTFERNSHRERNPHAIEHATES. W, =
Fisal LABIHK I ESE e ATHARNSR AR EIRES K E. XALELERN, BalAREEM.

AT HIEXFEEIRSIGE, (RAILMER— ARG, MARERRLAZE fa— o
AR

EREMRIRERZINZARAIALER, AR EATETHNRIES. Lhrt, HEIRE
BHSEREERSANSS, REMMASKE 15 BN,



R, lock FEAEAERAA final, XALBGLILREEFREXN AR, XoJgeSEREMAIIEREH
i\ (ER784%) . BAIEEMASLE 17 BN, B/IMUBIFERAIAT M., Lock FERRIZIRLEFEERA
final, FCICERAEEAVGEMAESE] (M EF7R) B2 java.util.concurrent EAHRIEE, EPEXHE.

IEMSRAEREELF MR SR EERA. BRUNEELSRXTREAXMAEE B
EIMEMEPICR, ETRE AR AR RS E5RERL S,

FAEHISRAIERIES AMAMIZITAIZE (FUSE 19 K) . NRIXE— N REEFAERITEIH
1THIE, BRAFRRBZELRPTMERNRGE, RZIFA. BEAFENEERERNE, F2£
FEERLTTRE [ERERIAMASL] . RAMUNZE— N EICE@, BMAER Thread
[Bloch05, Puzzle 77],

B2, B RBNIZERTENmAR AR 2 IS EICRELER 2RI,
synchronized {EIRFHEMETIRBHIER. BFRHNEGIELZERURCRPBLSERRFTIFE
HNERRIE, ARFEUTIXEE RS R RERENRLEl. SIRIFRE— M ERMEIEZ MR, BEBER
— M AEISENBRLSTTE. ERIPRRZEFIRIIFRNES T, FARRMEERINRE
t, LMEERSEINRAPRASRIALEHIG.

83. BB HRRIERIERH]I51L

BRI REEFERRIL, BEEIFECHIE. IRAFEZE, WASRHTFR, XM
AREEERATHESTFR, BERTIAFR., EXEENRHEER MK, BRETLIRTBIASE
SPRYBEBIFOSLHIFIIEL [Blochos, Puzzle 51,

SRS, ERIRUCHREENE [BRIFRE, SNABEXEM] (FREB675K) .
SERMIIAR—IERE, ERHE T #IaSEE e LAIRIAA, RN RN T e RIa = RAY
B, TRIEXEFERPREFTEDRUAIED . YR eNRTRELURDBNEREE N FERATIER,
SERAIASERR EIREMRE (UGS [l —#F) .

BRI A AR, MR FRRERN—INBILA EnE, FEMERZFRIIRN
RE, BALEVBCARERESN. W—RENITERUERIIA TR AIERItERE S
SRAYMERE.

EFESNEENER T, EREEMGRHRRTF. WRA IS M EELE—MERIB T
B, BBAREREMEANES, SUSSEFENER (FUS 8 K) . AREITICHAENR
WA REIER SR,

TEXSHERT, SMNREATFERDRL. TEE—MERERDRUIISEAIFRAVERE
BR. E= finaIEIRFFRIER (FIE 17 5K)

R EB(EAERIRCREVAIREAIREER (circularity) , iSERRASLERE, EACERE
B, maRIENTE:

// Lazy initialization of instance field - synchronized accessor
private FieldType field;
private synchronized FieldType getField() {
if (field == null)
field = computeFieldValue();
return field;

XFAMIRAEZE (ERRSHERRETERIRAERRN) ENRATEHSTFRITEIRBH
T, REEFRINNRREERFRNT static (21057,
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MRFEERSFR LERERIIRCKIRSIESE, R lazy initialization holder class &30, X
MNRERIE— N EEFERZRIASEAIAN [ULS, 12.4.1], BRIXFEFRY:

// Lazy initialization holder class idiom for static fields
private static class FieldHolder {
static final FieldType field = computeFieldValue();

}
private static FieldType getField() { return FieldHolder.field; }

E—RIJEA getField B, BT FieldHolderfield, SEWIMAHL FieldHolder 2, XN IMERSLERIL
RUE getField FEARRRELMN, RPUTFERIARE), FRLGERYIMASEIR EASIGInhEmA. HERY
VM REBEEFERGIASRIBHE, PIANEZE, M SXRBHTIERN, XX FRINELHRHA
SWRAHITUHEREL.

RFEFEFAEERURIRSEIFERRIMRE, BEANENERN. XMEER TVntE
INRFERASAOBEER A (NS 79 ) « XIMEAERANBBEMRCEFERAE (EILE% double
check) : —RIRBYME, KE, WRFERBDGENK, FTXERYNE. RSB RRERETFR
RIS, BRZADRNFR. BT NREFRERENE, ELEFERERA volatile IFEEE

(FRB 78 %K) . TEHBXMERITG:

// Double-check idiom for lazy initialization of instance fields
private volatile FieldType field;
private FieldType getField() {
FieldType result = field;
if (result == null) { // First check (no locking)
synchronized(this) {
if (field == null) // Second check (with locking)
field = result = computeFieldValue();
}
}

return result;

XERAEAREEE A RER. FHRTNEEROTERTEE (result) . ZXREAIFRZHRHR
field FEELANIRHAYIEIR T RIZR—IR,

BARRETBUEN, BXAESREME, MESKEFFARERL, XEMH. ERAES
I, BERBENEEAARIREBHRTERAN 1.4 (2, BABHAILUISNEREENATESE
E%, (BESEEBIXEEM: the lazy initialization holder class idiom EEFHIERE,

WERBEEANRNRIMES IR, BitR, BUEFEERIRN—IEMFR, ZFRUUS
PEENRL. IREENE ST XMER, SILERANERERINRFRERE_ME., 2
7oREiR), XHERMBN [BaE] . BRXER. ER, field AR volatile:

// Single-check idiom - can cause repeated initialization!
private volatile FieldType field;
private FieldType getField() {
FieldType result = field;
if (result == null)
field = result = computeFieldValue();
return result;

FEPTIEHRBIEURASBERTEAFRIINSS AR, SXaEsRaEE AT
HEENSEIFEREY, BIRE o EEEREZENIME) AR null REFRAYE.



WREFRK OB NMAERDMSENNTEFRIE, FEFRIVEELZ long B double ZHMIEZR
KA, BABTLUERERRERI P NFRAEEFMIR volatile (ZIH5F, IXFPIIAFRAREBIGERE
. EIRTRLZE LRFRIDREE, KT EFZGOMINGENL (BDNHXFRISIERSHE
—DIEN) o XESR—FEFIIROR, ARBAREERN.

B2, BMNZIEBNRHUASETR, MARERYGN. MNROIGERDIRFRIASTIERE
BN TR B ERNRWTER, WERESAREEDGRHERA, MTFR, EANERER, X
FESFER, NRLZfEAthe lazy initialization holder class idiom, HIi, BILABRESHIAHAILEIF
%, SRR LAEBRIaER,

84. FEKIHIZFIE RS

S SEAEILUSITH], LR RERREWLEAET LIS TUURIETERKAE, HISERRER
FEHEZAAFHMHXNRE, ERREAIRSEMARE. B, RERFIEFANIZETLER
BREVARTS. (RIS TERE R R RIEIE MR e it RERIE AR T SER AR RIS HERY.

RS, WAR, IBEREFNRED ERBRE TR FIIHNERBERTIERRAIE
B, XHEEEIERAER/FIREIEE: BRIETHUETEE, BRe(IABUETAL. BEETER
BENZEREERET, EFITABREAKRNEN. T8, UETHENHESERESHAER, &
EUREERS. [EESFRHISIERTIET.

RISIETHEERNEERARI BN RN —LERNITE, RRFHESIE. MRE
EREMERNIE, BIMARIZIEIT. XITF Executor {EZR (FEE 80 %) , XEWEEHFARL
FEMAYR/N [Goetz06, 8.2], FHARIHESTENN (BAEKRE) , BNDIRAIFHEERASIRE 1R,

HREARIZETFICHFFIRS (busy-wait) , MAIZREREBE—TMHENSR, FEFEARSREST
. BT HFIEFERSRLEAEETHNLTENMZS, SN T ERNRE, 55
MEM AT IIE. (EAREINRIGHIF, EE—T CountDownLatch BYARIEMAIEIISCIN:

// Awful CountDownLatch implementation - busy-waits incessantly!
public class SlowCountDownLatch {

private int count;

public SlowCountDownLatch(int count) {
if (count < 9)
throw new IllegalArgumentException(count + " < 0");
this.count = count;

}

public void await() {
while (true) {
synchronized(this) {
if (count == 0)
return;

}

public synchronized void countDown() {
if (count != 0)
count--;
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EFAONBZE L, 21000 NEFEESF— 1 fFREAT, SlowCountDownlLatch HIEEAZIE Java fY
CountDownLatch BY10{E, BAXMIFERRERZER, BEREG—IHENMNTVEETHELRE
NEFHALR. eI BEMS e E IR,

YEN—AN VPR TR, TIRESHTRLATEa T RIS EIRERIS CPU AT
8, BP4 BiLEA Thread.yield ¥ [ES] B REIFAEEILEFEITIER, (BECEFRAIRE
[, = JvM SCHL RS HREAOERA yield VEA, 7ESETAN JVM SCHL LRTRES(FMRNESE,
EE=A M STHLEFTREREHEENN.  Thread.yield REMMIRANEN. HIFAOMIE 2SN
FIRERE, LU F RIS TSI E.

—MEXRIARRIEBEAZMATR, FMUNESEER TSR, B, LEMLERE Java PHEA
BB —. BYRBSRENRRRRMNARERRIRMEHIEAGE, BRMBITEVE
8, MEATHE, HEBSEELEN AR RERTENETREASEN. EREFHEESRER
EZrl, FRERATBESEXLHI.

B2, TERBEIZREERFIEFRERE. EAEFEARITEAT®RE, Eit, 2K
F Thread.yield &GRSR, XETEREXEERIER. SEMSRTULERATIRES
STREFIRSRE, BEANZAT [EE] JLFAEIERER.

85. fli5TiksE Java FRFILRIBNS R

SFFMLAE 1997 FFRNNE! Java B, EHRIANE—ERIXE, XMTEEERRIES (Modula-
3) =R, ENKREEFESHEAY. EREFRABFTANSHELIRLHANR, X—R_IR
RSIA, EMEAN, 0 FTRAEIERE. AP ST EEHNRS, TR REtHINIERMY,
tEgE. TR AENEM, RFEARKEATXG, BAEIEEHIEMLL,

ERBZRIRMRATHERNZREE, MAMBBON—TE. 21 HEPERETICHRRER
TRAY 10 FEJFERL T B ERRR, HPRER0IEE 2016 F 11 BXIHEIIASRIEHE DI
B& (SFMTA Muni) RBIZRIEIE, SEEBEMERRFXA TIX (Gallagheris],

R —MERDRR BRI IS BEAKR, B¥LMRIF, MESRAERTES: BiLERA
ObjectinputStream _ERY readObject J3iARFFIUIIRE. XNTTEAR EE—MESTAIMIGEREL, =
PARBSRSEAIEER TR ENVFHHASEBIRINISR, REEZSRBISLI Serializable O, ERFFICFTIRAY
T2, WISETLITREETDXLRERINE, FEXLSAa R EEEEER.

WEHAPK Java SFEE. S5=7F (W Apache Commons collection) FIRIFEFASHHIZE. B
FIREFEITEER TIERANREREN, FHAIMRES TAZENE R, NAREFIATRER
fe5509. 5|F8 CERT AU AREZIE Robert Seacord AYiE:

Java RFFIHE— M BEBEEINGIRIE, EAEWNBEREEMERE ZHER, thl

RMI (IZfE75AVER) . JMX (Java BEEEY ) f1IMS (Java iBREEZRS) . AAERNRFS
Y ETRESEURFE BT (RCE) . EERSS (DoS) FI—FHFEMINE. NAEFREZZEIX
W, AMEEIASigEMHEiRSeacordl],

KHEEMRZEARARAR Java EIERNB=SEFHRIFIER, SHERF7ICERES
AR ERERNATIT AR gadget, ZAVNTEBILIERMER, FR—MNTEME. BReEAIM—
NNEBIHE, ERVTIREREIER, AFHEEERER G CHTESIANNR, RIHRSELIRITAY
FEREHTRFIML. XIERZ SFMTA Muni REPRENFE. XRREHFZIMA. MUEEE
£, MBEESEEZ.

MERIET gadget, (RESAILABIIXIREMRIAI A BERFIICRIRERETRFFIL, Biatthai

EEIRSINE. XFREFIR AR FFIEIER [Svobodal6], TEIE Wouter Coekaerts B9— M7, BER
(ERAFEEFN=ZFE [Coekaerts15]:
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static byte[] bomb() {
Set<Object> root = new HashSet<>();
Set<Object> s1 = root;
Set<Object> s2 = new HashSet<>();
for (int 1 = 0; i < 100; i++) {
Set<Object> t1 = new HashSet<>();
Set<Object> t2 = new HashSet<>();
t1.add("foo"); // Make t1 unequal to t2
s1.add(t1); s1.add(t2);
s2.add(t1); s2.add(t2);
t1;
t2;

s1
s2

}

return serialize(root); // Method omitted for brevity

XISREIH 201 4> HashSet SLEIZERL, FPLAIES 3 PEHEDIIIRSIAE. BNRATKES 5744
F1, EREFNEHTRFIICZE, BRMEEFERT. HET, RFFUL Hashset SEFIFELT
BHETRAERD. RIEHEN 2 M TRFBHUELE 2 MERETZNRRE, 8N RHEETRES
2 EFREETTER, LULSSHE, REDD 100, BtE, RFFIME Set 2FE hashCode 73E#RIARREN 2100
R BT RFFWCSIFEARIKIEZI, RFFIERRBEERANTSR. ERATSRRD, FEMEE
REEEFAY,

FBAIRBEMEE AKX L@ ? SRRFII—MINMEENF TR, (FMSZEIRE.

BREFICHIBNRFHERKERERFFMCEMZRE. F3 1983 FHBFS (BFEk)

(WarGames) FREALIBIL (Joshua) RIFBIRENIESRIR, [ME—HIHRIEBREME . | RBEHE
(FRSEMIMRRRER Java B, BEEM—LEHBRLENSMFIFFIZEH TR, N
g% T Java FFFILASITZ R, RRIARETIFSME, LBTFESHT. Sitee. ABTEM
ZREFMR, EARF, HIIGXENSFRABEFLENEERT. EREMABREE(IFRAFS
WRE, EFBERERXME, RS Java FFMLESE.

VU ERMASARIHERZEN I Java FHICERES. Sl ERNRENB SRR
L. B, BIIHERNEETEENS, B—4E [BEE] XAk, REVHESEIERE
MIEBEIRSEYERIS R, SO, X MERAHREMSEINEEREARN S HhINARS, MERE
fE1ER, FTLAEESR Java FRHMEMN—FHAR R ERI ™R,

M AEMEIERTZE JSON ] Protocol Buffers, t2FR/J protobuf, JSON Hi Douglas
Crockford &I+ FAT XSS 28 SARSS 8815, Protocol Buffers HATRIRIT AT EEIRSS 88 2 IA1FAEFORCHE
EHMENE. REXLRABIIWIRA [HHHES] | B JSON &HIEA JavaScript FFRRY, M
protobuf @/ c++ FFRAY, IXFIFAENMRER 7 ECIRAVRIL,

JSON #1 protobuf Z[BIRBERIXEIE JSON BETFXAR, HERAZEER, M protobuf 2=
HER, (BMERES; JSON B—FEIRVENEZRT, M protobuf I2M4HEI (EE) FEFAHITIES
HIFSiE, B4 protobuf bt JSON BER, {BR JSON WFEFNAWERTRIEEEH., B protobuf E—
MTHEIRR, BEHDRETB—MYAERR, THTEEESAEMZUNGS (pbtxt) .

INFRIRABETTEEER Java FFHL, FIRERENFFEEMRERFAMETIIE, AR T— &
(HEFER KEAERFIICATEHEE. FHIEIE, (RANZEZRERERERN RMIRE.
Java B A REMmBERR: [RFFINARERNEERR LRI, MizERn. | XOEZAX
S, f8iF, RIAIAeFRRERN, CREENETHE—EEIXMEIIERISE, [Java-secure]

MRTERBFI, FEREENRERFIICEENT 2, BBARTLAUER Java 9 HiRIIAIRS
SRFFFIRIE, FISEBEEIRRMA (java.io.ObjectinputFilter) . X TEMBIHMEE—MLiSE,
TSR R I EIRR AN BT EER. SAERNE LT, RHMEZSRERELR, BAE
ZRAR, FRBCAIBERIARNFIRIRAEBRRE, EROABR MEEEMS, FRZREZEMIE
RPIRFRABRRER, HEEFASEMARRRR, FARSRBRRRIMERZCHRN. — 1 87H



Serial Whitelist Application Trainer (SWAT) T EaBEFAFRNONBEEFENESE— T HER
[Schneider16], T TEREFPRAEZTERFERIITTFRANNSENSE N, BEARERPIRA
S0 _EEATRA RS KESRROS N,

FERR, FHMIE Java ESREPNHAREE. MFRIREEEP—NET Java FIMHRS,
IBAEERITRRAEFEREENE, REXTEE—THEITRITE. hrk, (RURNATERS
BHEF— A FIMCRIR. RE—DIER. 2. SRNIFIEFTEIFRR . FENERPIE
TRAMEIRT AR A TR PRI,

B2, FHRRERA, MizER. WMRIRMIFHERT—NRE, JLEREFaRISLE
&, 40 JSON & protobuf, AERFFMCATEHIENE. WRDIVXIHY, BEANRRFIMCTIE,
BETRE, EFERIIEBIAAENE. BRHESIFIMLRIE. MRROUXEE, —EZIFH/IVD.

86. JEE 1 HIBSCIN Serializable

(FRASLHIRTFFLAERE B, RESLI Serializable FEARPE, FEAXBREZMEI, FAAE
—EBIRE, IANAFIIHRFEEFRTHRONE D, MBELLEERES. EREEATFIIL
BIBPRHCATATLARBER AT, BRI EEEEXAY,

SE Serializable ROM—ANEEMRME, —EXRMTIMELRT, CHSIFREIZITING
RiEfE, ZKLI Serializable B, EFHRMRWE (BFFIMUIN) AAESH APIE—EBD. —
BIMZaRT—E, BERFIEXKESFHFIET A, MEFESHFSH AP B RS S—
. MREARSBHRTEEXNFIMT, MARAREZIOAEN, WFEFIHWHIUS KT EERmIRR
WEBSEHL L. #EIENR, WRFEIFOANFIT, EPAENEURMAEEFIFRISHAESH
API F9—885y, IERTRIMEFERIERIE (FIE 15 &%) EAERIERINTIER, BEAEEBNILE.

WRFEZEOARIFFIR L, AREX TRNNEII, WESHEFIIWHAAHS. HEE
PR IBMRARF LSEHI, BEERFIRARFIWCELANE iR (RZIMA) BRESEM. HR, o
AP RSP I NN ERT B I EBsEIl (f8A ObjectOutputStream.putFields B

ObjectInputStream.readFields ) , {BIXAIRESTRAEME, FHERABHETHEEAIEME. WRIR
BERERATFINL, (REOZIFMRIT— 1 ERENFFIWR, LMEKEIER (FNSE87f190K) .
X MSIEINF RBIRIEA, (BRIXEHHEESL. BIFERRITRFNFIW R, BEREIZEAE
; MZHARNFFIA, NelgESiEmm™ERR.

AR ERAERR RS, MEINXMLIRI— N EIRRASARIE—RET, BERERA
EB{ThRAS UID, B AIFYICRISEERE — N S Z REXRIE—TRRART. MRIRRBEETHEBE—IEN
serialVersionUID AYEHZS final long FRKIEEX MIARF, IBARGISIEETHIXISN ENIIZEEL
HURREL (SHA-1) BafEpE. XMERRIRMISMR. SCHROREXSZHMR (BiamEREmRR
BRER) RIS, SNSYREXN T EREE—In, Fia0, @ERIn—MaReIE, ERRIFFIRE
UID EEK. MNRIRARERBAFFIARA UID, FREMISHEIR, NS TRISE

InvalidClassException ,

SEH serializable $EOMISEZMUME, 1BINTHM bug MIZLTRAAITTEENE ((£MEE 85
F) . BE, UREMEERMCERN,; FIHWE—FRTEIENSBIESIE. TICIRESZEIA
THERTIE, RFEFIHEE— [RRGERE]  HIWERSEBNFENREEE. BT
BES5RFINEBENEREERE, EHREZSCmit eI EEEHINEREGE
IR, FEARARTFRGEBREEENXNSRAER. KTFIRARNRFFIENE, SLENSRESES
N MREAFIAEATGIR (FELSE 88 £R) .


af://n5415

S serializable #EOMB=MMAME, CIBINTSRHBEMFMBRFHEXIWXGE, =—
M FFMCRIRRIENRT, EENRNEREILEITRAFFIL—PLE, FEBRAFRFFIL
B, RZIMA. Eit, PR ESTFIISERIESERIRANRIEEMIELL, TIFERTRERA, (R
MR [F7C-RFSIC] TRERT, FRREENRFIRISRINAEERAE, WRERIRRSRE
BRI T BEX IR, BBANKRITEEM SR (FRSE 87F190 %)

S Serializable BOHFAR—MERMNRE., WR—EESE5—MER, ZEREKBT
Java FFIMESIHITISEMEISAN, XISTTFRKIRLI Serializable FEOMBIEEEEN. It
Gh, BNRE A ER AT —NE BRI MEM, K BYUALHL Serializable ¥, HXRATFS
%, CHeESTHER. A, 5 Serializable HEXMRINMRS. BRIZBIT— KA, ZE
WEFER, BB L, B BigInteger 1 Instant IXFERYEZRSCINY Serializable [, H&HK
ST Serializable ¥, FavaslsLiR (ANZFEth) FIEBMERESLI Serializable
#=O.

RakEmmigithisE (GFREE 19 %) BRMERESSEM Serializable ##0A, EOWLBMERE
BirEE. ERIEMNISLSYT BEFSIEOMNMHUATRERNGRE. B, ERANZEEEM.
fian, MR- EFEONFEETERN TS5 NEKMESEZELI Serializable EOME
28, HBAZEEIEOSCH Y & Serializable BAJBERBE XY,

ERTHEMZITAIZES, Throwable ZEFI Component ZEEBSLIMT Serializable 3O,
IFRREA Throwable LIT Serializable #EO, RMI BJLUEE MRS B AERNZE s,
Component 283CENY Serializable ¥[, BEMAILUARIX. (REFFIKE GUI, {BBIfETE Swing Fl
AWT FORERATHR, XN TEESLEAHRRDER.

WMERAREEI T — N B LBIFERRYE, ERZER R BN, BMAFTEER/LNE, a0
RIPIFRELBEAATE, XBEENLIEFRE finalize 75)%, AJLABIIE finalize FEAES
final KR, &5, NRRAILHIFERABIAENE (BEELEN 0, f/RIEN false, XIHR5|FAREE
A null) , BBAXIRIN readObjectNoData F3i%k:

// readObjectNoData for stateful extendable serializable classes
private void readObjectNoData() throws InvalidObjectException {
throw new InvalidObjectException("Stream data required");

}

XANGERTE Java 4 HiRINAY, IS RIEAI ARSI INZIINE nI AL [Serialization, 3.5] B4
TRIE.

KTAEI serializable RYRTE, B—MES. MERAWEMKITRIZEATFINL, WAJEEHR
EEOMITIERRE R 7Y FE. FEREIRFIIN, BEXBEREGRNENASENIERE
[Serialization, 1.10], ANRAMRMIXFAMNEREL, FRGMEERFIICAER (FUE 0 FK) .

PIEBE (FFISE 24 %) FRGZEM Serializable ., BNEAMmFRERNEHRFRIFHEITI
BIELAINs IR, HEERENENETTERE., XEFERSRENINNKIR, MANSBIEEESRSE
FIRERREZFR—F, Eit, WEBERNEARFIN RS AREN. B2, §HSMRSERLASTI
Serializable [0,

87. EIE(ERAEEXNFFIERR

SIFERNRREER MREXEE, BENZSBHETERITREN AP £, B, XEH®RELR
= [—RE] S, (REAEEERARAFEBIRE, BEXAE— N, BRNRELH
Serializable EOFFEMAEUANFIMUIN, RIEKELERSERXA [—XME] . BF
KITEIAFEFICAIZ . IXAMUNE— N EICERE, IXFMERALETE Java EEFRILNERE, 815
BigInteger ,


af://n5431

ELREERAFFINEARESEZR, FEEEE. BEIANFIINFERAMNZE— =R~
METIRE, BINREYE. MREMERENAELSSR)E, XMRISESEN. —RKR, RItBE
NXFEpWeRzaRg, RESEAFFC A FMERRBERAIEE LAERN, ZMNIZEZIIARIFS I
ezt

MSREFNAFFMCIZ L, BT ErIER R AN S 2 —MILREMERIET. REiER, B
AT SR SRR MNZIS A LIAENE M IRAEEE. BT rEX LR SRIEE KEARY
NGRS, IEENNSRFINT AR ENSRARTIIEELE. BIRLTYIERFIL.

MRMSHIERTSHZEASHER, WEKANFSIWREATERSER. i, FANFS
HREEANT TENSRRESEN, BEfaERr— ANETE:

// Good candidate for default serialized form
public class Name implements Serializable {
/**
* Last name. Must be non-null.
* @serial
*/
private final String lastName;

/**

* First name. Must be non-null.
* @serial

*/

private final String firstName;

[ **
* Middle name, or null if there is none.
* @serial
*/
private final String middleName;
. // Remainder omitted

NEIEE LY, BFH=FHHRER, D3RR, BMPER, Name FISLHIF RISt RIR T
XMNEEAE.
EPEEMARLRGANFS IR RS ER, (REFEBYFURMH readObject FiEFRIBRAELMEZSR

M, XFF Name ZEMME, readobject FHiEW/RIAIRTFER lastName #[ firstName 2IFZHY. 55 88 5%
FI5E 90 ST IC T IXANARE,

iEE, B lastName, firstName 1 middleName FEREFAERY, (EEE(IEEXA TR, XEH
FXEFAEFEREN T — M AP, ERENFIMIE, FERMIRIHX N AP TR,
@serial FRICHIFESIF Javadoc SIS ERIE—MFHFITAE L, ZNHICRFEIUCAIF .

5 Name E£A[E, FETHEAE, BER—MRin. BRFZ—DFHAHIIFR (EANE List ST
FJREERYF, (BIRTERIXAM) -



// Awful candidate for default serialized form
public final class StringList implements Serializable {
private int size = 0;
private Entry head = null;
private static class Entry implements Serializable {
String data;
Entry next;
Entry previous;

. // Remainder omitted

WEBE L, XNERTFFHERY, ANEL, BERIIRRANEER. NREZIIANES!
WAL, RIS RER DR G HERPRIREI, XS ARIFFENAEE.

SHSHMERFSHEZEMEASARAERN, EREMANEIICRARIANRS:

« CRSHHAPHKAMSERLRIMAGESEM. £ LEAGIFH, FAB Stringlist.Entry 3£
FRARNEEAPIBS—ERD . MNRIEISRAOMRAFER TSLIM, Stringlist HMATERZHERT
RV, FArERRT A REY . XM SOKITEERNMEEER TR AR ENE, BER
PRI RBETRLSH.

- EEaREsHER. ELENRAG, FICRTEA RO EBRERPIIE IR ENEH
BXRR, XEERTUANEHRR NI RSIAT, MEFCRERIIAH. EAXERNFIIL
RS TER, BESENEEEBEETNELKIEHIFHE.

- ERERUZSHEE. FIWEERIENSRERGINGG, BHOUERFHEEANE. £L
ERBIFH, REBEE next N5 IFHRMERE T,

- CHHESHEHEEL. FANFICERERTISRERSBRER, BMEYTHEIENYSRE,
Xt RESEUELIEH. A 1000-1800 MTRFIIE Stringlist SCHISTERAINRS EER—T
StackOverflowtrror , SARZIZE, FHINSEHERRHAIRIFIRANRIZTHR (K
ANEE L) . ERIERRAIR/NIRA/NT R T EFE LM <1Tins, BLTIaeRAR

BXAE,
StringList HIGEFIIWFIMEIIRTHNFTRNE, RNERFHHELS., XMEKTH

Stringlist FRHIZEEUNE, Kis7EYBERTIVMET. TERIERER Stringlist hRAE,
BLIULRFFIMAEY writeobject F] readobject J5ik, #EE—T, transient (EUFRER
BRI AT R RS SAIF R

// StringList with a reasonable custom serialized form
public final class StringList implements Serializable {
private transient int size = 0;
private transient Entry head = null;
// No longer Serializable!

private static class Entry {
String data;
Entry next;
Entry previous;
}
// Appends the specified string to the list
public final void add(String s) { ... }

/**

* Serialize this {@code StringlList} instance.

*

* @serialData The size of the list (the number of strings

* it contains) is emitted ({@code int}), followed by all of



* its elements (each a {@code String}), in the proper
* sequence.
*/
private void writeObject(ObjectOutputStream s) throws IOException {
s.defaultWriteObject();
s.writeInt(size);
// Write out all elements in the proper order.
for (Entry e = head; e != null; e = e.next)
s.writeObject(e.data);
}

private void readObject(ObjectInputStream s) throws IOException,
ClassNotFoundException {
s.defaultReadObject();
int numElements = s.readInt();
// Read in all elements and insert them in list
for (int i = @; i < numElements; i++)
add((String) s.readObject());

. // Remainder omitted

writeObject MIFE—HE=EREA defaultWriteObject , readObject MINE—HZERER
B defaultReadObject , BM& StringlList HIFFBEFEREFR transient B9, {ReJRENMIE, W
R— 1 EMEXHIFERERE transient BY, BBAIRAILAAARA defaultWriteObject
defaultReadObject , {(BEEFFIHAGEEXFRTICUETERERREAN], XEBERNEFEGEEUS
HORRAS RN RS SE B B AR I ETRE, RIRTERER 7 mEHIEEEFRE M. WRLAERIGAINRAFF7!
%, ERBENRAFREFEFI, NSZREGRINFER, WMRBHMRAN readobject J3i%EAM
defaultReadObject M, REFILIEELM, FHIL StreamCorruptedException ,

FE, writeObject FEA—INETRE, EMFEERABH. XSEUTF Name EFFABFERNX
iERE, XNAEREEN T — M AP, EEFFIMEHIF L, HERIZIHZATE APl TSR,
S eserial tRC—HE, 5iEM @serialData ARCSIRF Javadoc ST EISIH SIRSTERES!
e RemE L.

AT EFIEEESTCIRE—EN RN, TRFIIFFEKER 10 MEF, BBARITEXN
stringlist RIFFIHFR SRANSRAARRIEFHAEFTICHRN—E. ERIVRLE, B
EITIEM stringlist HUERERFRIIWRIBRANIES, JIRKERN 10, &fF, EESUERIRAH
IREHREEIEE, EXNTFIFINCA Stringlist AIAINGELPRAY LR,

BAREANFIMEZRRS Stringlist A¥F, BRNTRLEKR, BERERE. T
Stringlist , BNARFFICIZARARIER, FEITEREE, (BREREIER, EAF7MLH
RFEFFUE stringlist SERISERMFIANIRIIAEERA, MATEAZERETEN. WTHEIRE
ESEISETSEINATRINS, B ArLL.

plgn, EieieRmERER. MERREES [#E] AEHEFS. — P IERREERN
AEMCIBRIREL, BEBRT, FEEEIN—EHES— I EREEEN. FXL, BEETERIE
BRSITERERR. B, EZRHROFAFFCHIUSHIMTER bug. XIEFHRFRHTRFFIL
RFEFFUCARES T E— P AL EFEIRIAIIRIR.

TCREREIIANFFINA R, HERA defaultWriteObject J3iARY, IRBIRCH
transient BB PNLAHIFERESEFSIC. Ftb, ATLARBEA transient BIENLBIFERERRIZ
XA, XEEREFR, EETUNTHRFE (NEFNRFE) itE. eXraiE—L=8,
XEFEAES WM BI—MFEETIEXEX, WINRNERAAEUREIIIEEHY long FER. TERTESRE



FERIE transient ZEI, BRECHERNSFIZEKSH—S. NRFEHABENFIMERER, X
ZHEFTELHFERERGZINC S transient , W EMERY Stringlist 7RfFIFF7R.

MERERBANFIIHE R, HERS T — NS NFEA transient |, HIEE, SRFIULET
BIRY, XLFERBIRCAEIAME: NRSIBFEA null, BFEARXBFEH 0, H/RFEA false
[JLS, 4.12.5], MRXLBESTIEHET transient FEREBRAAIEZZH, NWWTUHRME— readObject 75
%, 1ZF A defaultReadObject F3i%, ARG transient FRIKENOEZHE (ENE
88 5%) ., HE, TJLAKAIEIRWIAW (EWE 83%) , S IRERAIXLFERITIIRLEL].

TIIRRBERERANFIINE R, BARINREIHGEEIITEIRSIRE, FRIGIHETRE
BMNASEUTTE MG EBHTAOBBEE. Fli0, RFE—EEZEHNS FENFEL2K) |, B
BEEEENGERELNERERS, HEREFRERANFETIERR, FBPAFERLLT write-Object 75
o

// writeObject for synchronized class with default serialized form

private synchronized void writeObject(ObjectOutputStream s) throws IOException {
s.defaultWriteObject();

}

WNEREEEMIE writeObject J5iEH, NN ABEREESTFSEMENBERNMHEFELSER, TN
HHEIGERREFFLEAYXBE [Goetz06, 10.1.5],

FTiCEFMHEIIEN, BEERSHENTRIHCERFIBRAMFEFIRE uD, XERTF
FURRZS UID P AARSREMERIETERIR (FI5 86 57) . IXAMIARERIG—IV\IERELSS. RIRE
RHFFINRA UID, NFEEHRTEF R EEETRAER— UID,

ABARFFIMRA UID RE8, REFE(RAIEHEINX—T:

private static final long serialVersionUID = randomLongValue;

WRIFRE— N, A randomlongValue ERHABEHAERE, (FALUBLESE BIEfT
serialver SLAIT ERARZE, (BRBAIUESIEE—MIF, BITRA VD FEEEH—. WRE
KR/ ERTThRA UID BUEEZE, HEFEMAESMENFINCLS), NAREERPIBIRABshER
BYE. (RTLUEEERAIBMRA_EIE1T serialver LT R (FRIWLLHIFETIBRA L) SKIREXNE
=

WMRRFHLBRE—NFTIRARIZE, EEMEBRATES, NREXFFIRA UID FEERFHNE, XE
SHRFIIIBMRARFFICEFIRR(ES A InvalidClassException , FAEEMEFIRRE UID,
FRAERRREIF SIE R EREEHRES .

RS, MRRELSRE—MRNMZEAFIICE (FI5% 86 &) , BBABFHEEE—TFS!
W ANIZ R4, REEGEmANSIGEEINSR, A ERANFIII, &N, 'it—
EEHIANSNEENFIIWF . RITSEFIR RN S AR RN Z— %S, #
ROZ=EXS s (FEE 515K) o« [EAARBENRKIRAFMRSHATE—E, AN F
MRR=E, DAUKIEREFEN], LSRF7ICGEREST. SRR AT RS Rt
BEFm AR A RIS E SN,

88. {RIFIERIYRE readObject J5ik

250 ENBT I AIEHNEEFEEE, C8TTHAEETE Date , ZEBIIEEMNIEEE
A5 (accessor) HRIPMEAYFEEIN Date IIHR, RO EHARFZMFIAT M, 1ZEABUNTFr

A

// Immutable class that uses defensive copying
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public final class Period {

private final Date start;
private final Date end;
[ **
* @param start the beginning of the period
* @param end the end of the period; must not precede start
* @throws IllegalArgumentException if start is after end
* @throws NullPointerException if start or end is null
*/
public Period(Date start, Date end) {

this.start = new Date(start.getTime());

this.end = new Date(end.getTime());

if (this.start.compareTo(this.end) > 9)

throw new IllegalArgumentException(start + " after " + end);

}
public Date start () {

return new Date(start.getTime());
}
public Date end () {

return new Date(end.getTime());
}
public String toString() {

return start + " - " + end;

. // Remainder omitted

BIIRREEIEX N ER AR FFNLES. EA Period WRAWIBRFR NAEF R T EABESUREA
&, L, EREANFIAREEN (F875) . BEit, ATHEXMERATFFIH, 1L
FRATREMEI R ESRAIAEBERIEIN implements Serializable i, AT, WRIFEAUNXAM, B
AR ERRARIECRIRBLIRT .

[EREET readObject J5iASEhR ERSTRIMIABRIMGER, CEXRFEMIER—HZ
BRI, WS EESHIIEIE (FI 49 %) , AEEVERIRHRRISEHI TR
M (FER 50 5%) |, EFFAY, readObject FAMHRBEXEM. MR readObject FiETTIAME!
XPREZ—, WTREERREERX MR REGHENEZRE.

AFEERR,  readObject FAR— [BFHAMEAE—SE] HEIEES. FEIEERFERNER
T, W—PMEEEENLAR TR L=EFHiR. B2, SEN—MNALBERFETSRAT,
readobject FHERINRESERCFIBENAREN, XMNEBHMA~ET .. XMFHRaILEREE
—/NAEJRERIRTS: (impossible object) , XATF RS @G T ACIZER.

BISFRAMUNE Period ZKEUFEBBINLET implements Serializable =¥, APAXNHBAYFE
FRBBISESFE— Period L5, fRAVEEERATIEILLICIARTIERERR., I TSI byte B TIRHISEEEIR
& Java TR/ byte FFEHH byte KBV BRI AFERERER:

public class BogusPeriod {

// Byte stream couldn't have come from a real Period instance!

private static final byte[] serializedForm = {
(byte)oxac, (byte)bxed, 0x008, ©8x05, ©x73, Ox72, 0x00, 0x06,
0x50, 0x65, Ox72, Ox69, Ox6f, Ox64, 0x40, 0x7e, (byte)Oxf8,
Ox2b, 0x4f, 0x46, (byte)oxco, (byte)Oxf4, 6x02, 0x00, 0x02,
Ox4c, Ox00, Ox03, Ox65, Oxb6e, Ox64, Ox74, 0x00, 0x10, Ox4c,
Ox6a, Ox61, Ox76, Ox61, Ox2f, Ox75, Ox74, 0x69, Ox6¢C, OX2f,
Ox44, Ox61, Ox74, Ox65, Ox3b, Ox4c, Ox00, Ox05, Ox73, 0x74,
Ox61, Ox72, Ox74, Ox71, 0Ox00, Ox7e, Ox00, 0Ox01, OXx78, 0x70,
0x73, Ox72, 0x00, OxPe, Oxb6a, Ox61, Ox76, Ox61, OXx2e, Ox75,



0x74, 0x69, Ox6c, Ox2e, 0x44, 0x61, Ox74, Ox65, Ox68, 0Ox6a,
(byte)ox81, ©6x01, 0x4b, 0x59, ©Ox74, 0x19, 0x03, 0Ox00, 0x00,
0x78, Ox70, Ox77, 0x08, 0x00, 0x00O, 0x00, 0x66, (byte)Oxdf,
Ox6e, Oxle, Ox00, Ox78, Ox73, Ox71, 0x00, Ox7e, 0x00, 0x03,
Ox77, 0x08, 0Ox00, 0x00, 0x00, (byte)odxd5, 6x17, Bx69, 0Ox22,
0x00, 0x78

b

public static void main(String[] args) {
Period p = (Period) deserialize(serializedForm);
System.out.println(p);

}

// Returns the object with the specified serialized form

static Object deserialize(byte[] sf) {

try {

return new ObjectInputStream(

new ByteArrayInputStream(sf)).readObject();

}

catch (IOException | ClassNotFoundException e) {
throw new IllegalArgumentException(e);

FESRAIGAH serializedForm BY byte B EEUHBXHEF4ER: BEXN— N IEER Period SLAFHITRE
Fk, RENEBENFTRATFELIRE. NTXAMIFMNS, FORNETHAEE, NREMILt+
2UFE, BILAE (Java Object Serialization Specification) [Serialization, 6] PEZEIGXFFIFETRIET
HHBR SR, WMERIETIXMER, BLFJENE [FriJan 01 12:00:00 PST 1999 - Sun Jan 01 12:00:00 PST
1984] , FEHE Period ZKEBARATTFIMLRY, XSGR HEIERELIREZMHIINIR.

RNTIERXANERE, BJLAA Period fRfE—A readObject J3i%, 1% EETAB
defaultReadObject , AERRBEHRRFIMLZ BRINSERIE. IREMHEELN,
readObject JHEMSHE— InvalidObjectException BE, XEERFINCIEAREMINAY
SERk:

// readObject method with validity checking - insufficient!
private void readObject(ObjectInputStream s)
throws IOException, ClassNotFoundException {
s.defaultReadObject();
// Check that our invariants are satisfied
if (start.compareTo(end) > 0)
throw new InvalidObjectException(start +" after "+ end);

REXERNERER TGS CIRTEY Period S, {(BRXEBHKIAREE—NEARHIE
A, BIEFTR, EEEYTTR Period LHHBEETRRI, #MiZR: FLRMU—IEH
Period SCHIFFSk, PAMEMIINLEREIMISIA, 8@ Period SCAIFEMMABRY Date FER, K
&M ObjectInputStream iEEX Period SEfl, AFRIEEMIIIERGERY [EERHEIRINTLSI
Al . X355 | BEERGSEAEBIHITE] Period MWSRAIMIFAE Date FERFFSIBIINIR. B
ML Date L, INEHETLIHE Period SKfl, WITFAIKER FiXFES:

public class MutablePeriod {
// A period instance
public final Period period;
// period's start field, to which we shouldn't have access
public final Date start;
// period's end field, to which we shouldn't have access



public final Date end;

public MutablePeriod() {
try {

ByteArrayOutputStream bos =

new ByteArrayOutputStream();

ObjectOutputStream out =

new ObjectOutputStream(bos);

// Serialize a valid Period instance

out.writeObject(new Period(new Date(), new Date()));
/%

* Append rogue "previous object refs" for internal
* Date fields in Period. For details, see "Java

* Object Serialization Specification," Section 6.4.

*/
byte[] ref = { 6x71, @, Ox7e, 6, 5 };
// Ref #5

bos.write(ref);
// The start field
ref[4] = 4;
// Ref # 4
bos.write(ref);
// The end field
// Deserialize Period and "stolen" Date references
ObjectInputStream in = new ObjectInputStream(
new ByteArrayInputStream(bos.toByteArray()));
period = (Period) in.readObject();
start = (Date) in.readObject();
end = (Date) in.readObject();

}

catch (IOException | ClassNotFoundException e) {
throw new AssertionError(e);

BEEIEAEHTNRE, BT ER:

public static void main(String[] args) {
MutablePeriod mp = new MutablePeriod();
Period p = mp.period;
Date pEnd = mp.end;
// Let's turn back the clock
pEnd.setYear(78);
System.out.println(p);
// Bring back the 60s!
pEnd.setYear(69);
System.out.println(p);

R DR TR MEFT SR T
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24 Period SLHMKBIRZ G, ERAVETSRFMERBEHBIA. (ERERSIENCRIRESRMHLARRET
BERY. —BEERET —NAEN Period EfY, HATLUSIXAMSEGUEBLE— [REMHEKIT
Period RIAAJZEME| HIZE, MIMERREARIEE. XM AZFR: ThrL, BIFEXNR2EE
RET String AOARRI M,

[EREAGIRIGAET, Period HY readObject JIiEFRBTEAEBIIRIFIEEN. ZJ—AWRHE
REFFILEIENR, MHFEFHEARIZIBEHNREIAE, MRBANMFEREETXEFMMNRSIA, Mesil
RPHEEN, ZRIEEEEM. B, WTFENTFIIERTERE, NREEE TIAERTEF
R, BBAEERY readObject J3iEH, WREXXLFRHTRIPIEEN, THEHANXLE
readObject JAAJLAR Period SREILIRFMHASEEIRIA, LURFERIAAIZEM:

// readObject method with defensive copying and validity checking
private void readObject(ObjectInputStream s)
throws IOException, ClassNotFoundException {

s.defaultReadObject();

// Defensively copy our mutable components

start = new Date(start.getTime());

end = new Date(end.getTime());

// Check that our invariants are satisfied

if (start.compareTo(end) > 0)

throw new InvalidObjectException(start +" after "+ end);

TR, ®PUENIEEERREZ TN, F1NZBER Date By clone FERHUTRIF
RIS, XN TRP Period EAZWEHEEVERN (FR50%K) . BFEERE, WF
final FE, RIPUEFREARTTHENY. N THEA readobject 5%, HAIWMEIS start 7l end FERFES
BARk /93 final B9, RIERAVE, XEEREXNCERFME. BT7TXHE readobject J3i%&, FFEE
iH T start §1 end BY final {BIBfFZfE, MutablePeriod XIGAEBI. AT, FENKEERFSS-E
AR :

Wed Nov 22 00:23:471 PST 2017 - Wed Nov 22 00:23:41 PST 2017
Wed Nov 22 00:23:471 PST 2017 - Wed Nov 22 00:23:41 PST 2017

B—NEEN (A5 W, TLABRBEBRIAN readobject FHEARATLEES. Wids
% EBIN— N RBRIEERS, HEEMTZNERPENIE transient IFER, FETICSHRIERM
A, BEARHTREEMR A LMRFEENANFERP. WFXENME REESBEIREFE? MR
NIFHWEIBSESEN, MOTEH—NERH readobject F5i%, HETCHRHITHNSEERTEKA
FrEESESEFIRIPEE N, B—FMAEAR, ATLMERRINLKERIESR (serialization proxy
pattern) , TEIEE 90 5%, BFUBNFERXME, BAESETeRFEIER 1.

XHFE final AT EHILATZE, £ readObject FiAMMIEESZ ERBEMEUIRIME ., S5
—t¥, readObject FEAALIERAARESNSG L LTCEREERABEREEEREATLL (F1
19%) . IRERTXENN, HFEBS 75 E WESNAEEEFRIRSERFIIZFITTE
7. XMEFRAEEREKMBlochos, Puzzle 91],

BMSZ, EE readObject FEMAHE, ZHEXIFE: (REARS—LBRIEIESE, it
BLEEBHTAENTER, BER4—MERHLA. FEREXNFZOR—EREFTE—IELEH
FHICHISERI, SEATEAZENGITFH, HERTRANFIIWFERX, EEEiCEINETsER%EN
ARt EHEERTEENFIIH L. TEURENT R EH—2E855, BT RELERIT
By readObject ik,

o EKPISREIRFROMRSNAERENE, ERIPENEXEFRPIIGIIR. FAATEEHH
AR RHHETIX—X5!

o WTHEALURSMY, MRRERMHHLE— InvalidobjectException FE, XEAGENE
ROZEREFFERIRIPIEE L Z /B,



o WMRBMNISEERKRFICZ B TIIE, FRIZER ObjectInputValidation &M
(AEREITIL) .
« TICREERZEREERZE, BAERABENHITHBENGE.

89. X F-sChliz=hl, HAESRBUNTF readResolve

58 3 5/HIRT Singletion () #&z(, FELHTLITXA Singletion 77, IXAMSEPRE] T XIHEM
ERRHIIA), LABRERKIZAR BIZE—NsEfl.

public class Elvis {
public static final Elvis INSTANCE = new Elvis();

private Elvis() { ... }
public void leaveTheBuilding() { ... }

IFANFESE 3 FRPATREIRY, MRMEXNKELEMEEIN implements Serializable BIFHE, BEIA
B Efl, TeZXERTRAFFINR ., EREEXMFITI (FR 87K) |, #iREX
&, HIREREEATERRY readobject (¥ 88 %K) KX, HA— readObject ik, AE
REXRERFAN, BSRE—MEAISEH], X FERISEIRRT R0 AT BIZaISEH).

readResolve $FMERIF/RE readObject BIEHISLHULE B IP—5LfFl[Serialization, 3.7], X
F—MEERREFIMRINSR, INREEEN T— readresolve J3i%, FEEBIEHHIIFRRA,
BBAERFINCZ S, FiaExds M readResolve FiEMAWER. AR, %A HRERINNSEIFH
BomEN, BYCHHENNSR., XMFHEEBRSHAET, BRFENRNS IAFABRARE, Eit
B ABRERIRT SR,

UNER Elvis S8ESLH] Serializable ¥, TMEMY readResolve FiEFLELRIEEHIERGIE
M

// readResolve for instance control - you can do better!
private Object readResolve() {
// Return the one true Elvis and let the garbage collector
// take care of the Elvis impersonator.
return INSTANCE;

ZI3 AR T R FIMLRINISR, RIREISEFIA A EIERIAD MTHAR Elvis o, FEE Elvis
TN N R Z S 2 EISERRAYEEE,; ATERISTHIFERE A% AABB0 transient , ZBSC
£, MNRKI readResolve HITEFUEHI, HHEXREIBHXREAIFRELGIFERELARSIBH
transient , BN, FFERNANNNGEE, MBETBEE readResolve FRIEITZAHI, FiFHE
RRFFIISRINE IR, RERAEATES 88 KR MutablePeriod .

EMIEERER, BEEENEEToEE, MRBEMBZ—PIE transient FIRSIAF
B, ANFEIABSHAILMERGIN readresolve FiAZBIERFINL. BXHE|BFERINSHE
RFEFFUERS, ERRTF—MEOHEIERR [BR] BR&IRRF7IHBRFIISRSIA.

UTREEFANITHRE. B5Rm5— [BAE] X, BB readResolve J3i%, NBX
BIFER, SEOIFBIEMMFIMCIBGINSEIA, [HAE] o [BK] w8+, EFRT, B [&
A& By readResolve JTEE(TRY, BRIEHIFRINDASIARIRFIIN FFREREHENT) A9

Singletion,


af://n5507

[BAE] B9 readResolve FHEMNERISLHIFERAIES |FHEHIZIESFERS, LMEZS|FERTLA
£ readResolve FABITZEWAIE. AREXNEEAECHESHIMMIRE—NERIIZEE
B. MREEXAM, BFIWCERLERS [HRE] sIBREFEAIXANFERAE, EmHsid

ClassCastException ,
A TEEMRRRBX—R, B TX N ERfiE /5

// Broken singleton - has nontransient object reference field!
public class Elvis implements Serializable {

public static final Elvis INSTANCE = new Elvis();

private Elvis() { }

private String[] favoriteSongs =
{ "Hound Dog", "Heartbreak Hotel" };

public void printFavorites()
System.out.println(Arrays.toString(favoriteSongs));

private Object readResolve()
return INSTANCE;

T [FAE] R, BRIE CRAEIERT:

public class ElvisStealer implements Serializable {
static Elvis impersonator;
private static final long serialVersionUID = ©;
private Elvis payload;

private Object readResolve()
// Save a reference to the "unresolved" Elvis instance
impersonator = payload;

// Return object of correct type for favoriteSongs field
return new String[] { "A Fool Such as I" };

'FEE—AT BHRERR, ERFIME—DFIHENERIR, S ERIERIBRGF LR MEARE
AUSLBl, XMEFEIR T RFFINTTIE, BAESS 88 52—,

public class ElvisImpersonator {

// Byte stream couldn't have come from a real Elvis instance!

private static final byte[] serializedForm = {
(byte) Oxac, (byte) Oxed, ©x00, 0x05, 0x73, Ox72, 0x00, 0x05, 0Ox45,
Ox6c, 0x76, 0x69, Ox73, (byte) 0x84, (byte) Oxe6, (byte) x93, 0x33,
(byte) 6xc3, (byte) Oxf4, (byte) 6x8b, 0x32, 0x02, 0x00, 0x01, ©x4c,
0x00, 0x0d, Ox66, Ox61, Ox76, Ox6T, Ox72, Ox69, OXx74, Ox65, 0Ox53,
Ox6f, Oxb6be, Ox67, Ox73, Ox74, 0x00, Ox12, Ox4c, Oxb6ba, Ox61, 0Ox76,
0x61, Ox2f, Ox6c, Ox61, Oxb6be, Ox67, Ox2f, Ox4f, Ox62, Oxb6a, 0OX65,
Ox63, Ox74, 0x3b, Ox78, Ox70, Bx73, 0x72, 0Ox00, ©Ox0c, 0x45, 0Ox6¢C,
0x76, 0x69, Ox73, 0x53, 0x74, Bx65, Ox61, Ox6¢C, OX65, Ox72, 0x00,
0x00, 0x00, Ox00, Ox00, 0x00, Ox00, Ox00, 0x02, Ox00, Ox01, Ox4c,
0x00, 0x07, 0x70, 0x61, 0x79, Bx6C, Ox6T, Ox61, OX64, OX74, 0Xx00,
0x07, Ox4c, 0x45, Ox6c, Ox76, Bx69, Ox73, Ox3b, 0x78, 0x70, Ox71,
0x00, Ox7e, 0x00, 0x02



public static void main(String[] args) {
// Initializes ElvisStealer.impersonator and returns
// the real Elvis (which is Elvis.INSTANCE)
Elvis elvis = (Elvis) deserialize(serializedForm);
Elvis impersonator = ElvisStealer.impersonator;
elvis.printFavorites();
impersonator.printFavorites();

XAMEFSTENTHEY, SLIERLCIERMNEAREN Elvis L (B8RS
REBRK) -

[Hound Dog, Heartbreak Hotel]
[A Fool Such as I]

B favoriteSongs FERFBEA transient , AILMEEX/MNAER, BERIFE Elvis i
B—NERTTRAOMES LR (EWSE 3 5K) . MU0 ElvisStealer INTEFAASEHAY, F readResolve
FiERE L Imhs i R R M RIS I R G E IR, XMG AT o iRSEEELDIEE.

WEE— NI FFMEHISEHIZ SRR E IRES, Java SEATLUERHRIER TRrEBRIEEZ SN,
SBHMA), BRIERGEEERNERTEZENNAE. W
AccessibleObject.setAccessible , BEBMEIX—RAMEA—UKTEE, SEBE T BEBANFY
KHATESHIARARRD, ERAHEIRE, 15 Elvis SRS FN T AR:

// Enum singleton - the preferred approach
public enum Elvis {
INSTANCE;

private String[] favoriteSongs = { "Hound Dog", "Heartbreak Hotel" };

public void printFavorites() {
System.out.println(Arrays.toString(favoriteSongs));

}

F readResolve HHTSEANEHIFAIIRT, ANRGIRE A FFFILRISENN RIS, FEmIFERHEARAN
BEERISEH, (RTEGRERT A — MR,

readResolve BIBLiBIEMYE (accessibility) +9EE, WHRIT readResolve FHiEBE—D
final ZE IFH, BMZEMAEH., MNEE readResolve FEMIE—NE final 2, FMAUA
BEEEENnaE. NREEMER, MAERTERI—FER. NIREEERAERI, MERTH
—MRNFE. IREEZHFRIFNSFERLATN, HEFRRBEEE, NFIWRTFRHITRFS!
., MESFE—BRIA, XEFrTgERSEL ClassCastException JE,

RS2, NiZRAI e RRE SR SRSOiEsL AR . WRMAR, BRNYEFE—
BIeT R BT LASE RIS RA2E, B AURM— readResolve Fik, HHRRZEHNFFELAIL=E
EREPME AR, 5iER transient B4,

90. A RIBEFFILLH
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IF4N 85 Z/FN5E 86 FRIREIRY, LINAE—BEEITIEH), RESLI Serializable M, SIEINHIE
HZ LRI, EACRFRAIES ZIMITHREIESA, MARERSEERIEERS. A
M., B—MI5ETLURARIRDXENE. SMEFFMCAERTU (seralization proxy pattern)

FHIRIBEESER, 85t ARSI — I ABHIESI]RES, BRtEFRRINEZE
RIS, XMRERBIRAFIICHIE (seralization proxy) , BMIZE—RIRAEERS, HS
B ERB N IMERE., XMIEERENERNSHFHEFERE: EAFEH THIT—EMResER
PHEEN, MRITRIREER, FRIMCRENSARTIHWHEEINERRTFHFFIR . INEERERF
FUREEERA/NASBASCIL Serializable [,

Blgn, LASE 50 FAREAAIZR Period MFY, EBIES 88 RPHIFARFIIAI. LITE—
NEMFFNLARIE, Period XEMMER, UHTFENFIIUREBEEESEATSERNTR.

// Serialization proxy for Period class
private static class SerializationProxy implements Serializable {
private final Date start;
private final Date end;
SerializationProxy(Period p) {
this.start = p.start;
this.end = p.end;

}

private static final long serialVersionUID =
234098243823485285L; // Any number will do (Item 87)

BTk, B TEA writeReplace JREMMIZIIMNEEEF, BIFFILRIR, XANTEATABES
REHEHETEF,

// writeReplace method for the serialization proxy pattern
private Object writeReplace() {
return new SerializationProxy(this);

}

NG ENFERERSHRF=E— SerializationProxy Sffl, XBIMNESEAILA. %9
&t writeReplace FiEERIMLZRET, FBIMNEIZEAILAIEETTR T ERIFFIAEE,

BT writeReplace J5iAZfE, FHIRGEKEASTEIINERRIFFINELS], BRWEERY
BENEEENBRIZEARFMAIRG. S TRHLEERKE, RFEEINEEFRINUT readobject
T3k,

// readObject method for the serialization proxy pattern
private void readObject(ObjectInputStream stream)
throws InvalidObjectException {
throw new InvalidObjectException("Proxy required");

BRfGE SerializationProxy ZRFRH— readResolve J5i%, fHREI—NBIELEZENAISH
BEISRA9SLHl, XNAERNEIL, SEFIERERFFICHIRHMEEFFIAIREE S/ NEIZEAISLH).

XA readResolve JRAXFIBERINE APl BIEINEZRAI— LA, IXIERZIRT RIS IR
EERARIHER T FAIHAHFES ZIMISIE, EARFIIEGIRFBSEHITEMSLFIERANGE
2. BWSI) FI73iAMeIERY, XA R BRIRFRIRN R 77 RIS — BB T RAVLIRE. Ul
FRIZRRRFS L BB ISR T XEREM, FECRIEAITERSEXELRES, (RRiATLL
HBERFFM RREX LIRS,

LATFE EIAS Period.SerializationProxy B readResolve F5i%:



// readResolve method for Period.SerializationProxy
private Object readResolve() {
return new Period(start, end); // Uses public constructor

}

IFAMRIPEENTSiE—R (R 88 5F) |, ARSI LR LIEv5inhIBiE (I 88 5%)
UIRRBERFERAVERIRE (F 88 %) « SEIMMITIEARR, XMITERIF Period SEAIFERA
final, ATHHR Period RREHIEATTH (FW17FK) , X—RIFEEE., SRIRMEERBEINE
B, XMTEARTEABOR, (RACAERLFRAEREIRIBIFIIW G, REASE
HHRITERMERRE, (FARFIIE—ES.

EBRI—FTTIE, ERXMITEAR, FIRIEEIAITIRELLRIF IS IAYEISE R, ML
ERAATTRFIINLHIEESIRIBFFILEAIARAIR. (RATREAXELIRN iR BAER,

LA EnumSet BIERAMG (£ 36 %) . XNEFELABHIGEERSE, REHST . NEFImLY
REXRE, MIRE Enunset L, {BRFE OpenDK FISCHR, BAIRERIEMMFERZ—, BEARE
RTIREMSERENAN, NREEAIERTE 64 MEE DT 64 MUTER, ST fuRE—D
RegularEnumSet ; BfIFURE—" JunmboEnumSet ,

MEEEXMER: NBRFFUC— IR, BRIKES 60 MTR, REHAXIMIELEEIE
ms MR, ZERFIMXMEBES. JEHFIULRIRE, 22— RegularEnumSet L, {8
BEe—BERFEI, Wit T JunmboEnumSet SCffl, SCRR&A4EMIERBIERMWL,, E
EnumSet fRAFFIMAIBENNRREKE, TJLIUEBWN T Enunset FRFIMEAIE, BLFR LR
BIXAEE:

// EnumSet's serialization proxy
private static class SerializationProxy<E extends Enum<E>>
implements Serializable {
private static final long serialVersionUID = 362491234563181265L;

// The element type of this enum set.
private final Class<E> elementType;

// The elements contained in this enum set.
private final Enum<?>[] elements;

SerializationProxy(EnumSet<E> set) {
elementType = set.elementType;
elements = set.toArray(new Enum<?>[0]);

}

private Object readResolve() {
EnumSet<E> result = EnumSet.noneOf(elementType);

for (Enum<?> e : elements)
result.add((E) e);

return result;

FHWRIEEN AR N EIRE. ERESHUBREFIRARIZSGRE (FR195%) . BEAES
MREFEEEMIRELERS: UREFEEN—IHRIFFHCARIEN readResovle JTEMEREAIX
MRIRAITE, HREE—1 ClassCastException FH, EAREREXIMNR, RAECHFS
HAE,



RE—m, FICRIEE SN EARIRENRN. ERIWIELE, BIFFMLRIE
EFFAIRFFIL Period SEEIRIFFHH, LUEERMRIFMEFEIUENNT 14%,

RS, SREMGRE—DFEEREFinhRIR LIRS readObject &

writeObject J3iARY, WIMNIZEBERFIICAEEN, BEEISTEERIRFMHINSFS
Ui, XMERRBBDIE.
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