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1 ERHEMERIRTE

MR AL E T Java By [ Bh5d ) ¢ 8 R - g )X B BB > ol ik
THA (class) EL#f (object) o #E5H 6 FBALG » FRFE Ay FE.Co8 v Jn o $E AR SRAHAR B T LUK ~
AFDABIER ~ BT AR RN 2208 TR —— 8 w2 3t 5t  (object-oriented design) 4%
O > it Week 5 IBRZ 1% ~ IR H 2 Z iR B SR R A -

AEMAR IR KR > ERIRE L TN -
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Lab P~ HEP (56 6 6if)
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Week 7 7~ 8 fi)

Lecture 07B  HEVEREL ~ HEEHR - BEEHIEMEE (55 9 &)
Workshop WK% P sat (55 10 fi > COMP1140 842)
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hashCode BEL W] % gl L E -
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o fF—HiPHBREE  HE RSB HUTIMN] > R RRE (FfHRE) - #Rasat
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L o 2511 EiRARMEE - BUTHIE - % RakaRin B 20 7E A s - J

1.1 MBS SHE

1 RS R A A T A R A R B - 2R TN E R AT R RS ) - R Tl A
WS T LR ) - Ao TITRERD B M A IERE ~ RIS | o (RE R BN A T EREHR
] [l —fll HE——F RN (RE=IEH IR A C) A BV OfE F SE s iR -

HOKALIE# (06B ~ 07A) BEREITHREFER (06A) RIEFEXFR (07A ~ 07B)
FEI A ESES JUnit/ TDD
implements / extends private + AR % ERARNE
v v
BRI ER BHEEEE ‘
EaSie! P& 51| 5 155
v
HMEERER ‘ Collections ‘
TRFEA T = 84 List / Set / Map
v
pois ] 12 RIS J HER ‘
MRS T " | HashMap<K,v> : 5 0(1)

1 Week 6-7 Bl HIE - /vl (ADT) 285K RHRAL - € B 245 B AR i e Bl > oo AR AR
1.2 BARY Java RAHEBRETE

WALt 2 (] Java 25 WYRIMEATR % 5 % 7RG REAEALAT Java 17 DU ERBREE (55 Intelli] FHEE
BE) A 0 ABTEBEN AR A TSR o RS ES M HRT

AL (Java 25) AHht (AR

void main() { ... } public static void main(String[] args) { ... }
(i ¥E—1H public class )
I10.println(x); System.out.println(x);

I0.readln(" #27="); new Scanner(System.in).nextLine() (SEEIHIIER)

1.3 BEMIEVE R

code/ J&& T R BRI AHE M L —ALEEH] - S EA—EE main B (Main ~ Demo s LA
4) o fERZEREA

$ javac x.java # MEERIRAERER

$ java -ea Main # 1T ; —ea BRL assert (BMFrEBERMEEHIKIET)

ME—H B 4142 05_junit_tdd : BEWHEIEITE 2 JUnit 5 o 7& Intelli] H s YEAL Y @Test
4% Alt+Enter » [Add JUnit5 to classpath | Bia] ;5 451 ik RS 7.8 #fi o

Fo5H | 130 H
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BoRLA BEE AA

01_encapsulation §2 Account ~ BankAccount ~ PointsAccount »

PremiumPointsAccount

02_adt_interfaces §3 ChatHistory WfEE/E - SimpleList BA# %L BB 4 B 1E
03_inheritance_lsp §4 Z 4 BankAccount K ~ LSP &-HH BLiEHH #i40)
04_lab_recursion_sorting §6 P R A~ DOFEHE B L vk
05_junit_tdd §7 GuestlList Fifl B {EEL JUnit 5 S48 HIE
06_generics_collections §8 7% GuestList<T> -~ Pair<A,B> ~ Collections %E &
07_hashing §9 FHMEEEE - BEAEMEESE - 4RI - HashMap FEBE
08_chat_protocol §5-~10 W E B AT #% ~ Echo fAfiIRes / % P ~ ChatClient 4y
]
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Java Week 6-7 : ¥ E LT ~ Al EasEER 2 Lecture 06A (L) : FHE——FEARERE K

2 Lecture 06A (L) : it AR RE i E 3K

21 HEER : BATEFE [WEWHE)

FeARMEETE 5o RIEEIM 1 WA R T8 T 5) > MAHH—E2HIE 65 KGR n 4
(immutable) » & T EREZINLAE AT [ 5551 - Week 5 Z45@1) record W &iE s « MEBEALAH
[l record ffR T R—fE1E ) > AT UGG A equals BL o
FAEERISRITIRS o REEA 100 7T > WA RS —EHIRS - 2 F— R 5 5 SREE e

BT o WIRLF AR NS — RS > M EE B W — 0 B R——8 R B S —ERIR P
A o AT REIERERY o

RN {& (value) vs. BEE (entity) .
{HIRA &5y > JAWNE -5 "hello" ~ new Point(1,2) o &N EHE -
A S > HAREEPER S  SRATIRS - IRE ~ BEM - mIEERNELRZINE
—hk > WA FHERYY o
Java | record F3E{H > RT3 [ class FIEEHE - —fF record HAEFE BREER —BRH M
PR PREFRZEMA L o

G J

2.2 FRIRIEER - WIGL - BT~ 77IEHE this

—fEER) (class) & TR EE | - FHiiE(H BankAccount 2 A/ EA » LFEEH > H
B

public class BankAccount implements Account {

// ERN : AAEEEHNENEXBESE

private int balance; /] BRIAEE : balance >= 0

/xx BIETF ARG TRE] BREREGERE - +/
public BankAccount(int initialDeposit) {
if (initialDeposit < 0) {
throw new IllegalArgumentException("FIFE£ZEARAAEE 1 " + initialDeposit);
}

this.balance = initialDeposit;

public void deposit(int amount) {

if (amount < @) { /! ERAIBGRY - ERE
throw new IllegalArgumentException("#FXEREAABE " + amount);
¥

this.balance = this.balance + amount; // AEE{IAKIL

8 HE | 130 B
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public void withdraw(int amount) {
if (amount < 0) {
throw new IllegalArgumentException("IZ@SXEZEATAEE 1 " + amount);

}
if (amount > this.balance) { /7 VB RIE THRRE ] RAFIRIE
throw new IllegalStateException("ER¥EAN/E : BR%R " + this.balance + " #XIZ%E

" + amount);

}

this.balance = this.balance - amount; // /& amount <= balance’ &R{H >= 0
}
public int getBalance() { // Getter : F#EREFEl ~ BARE

return this.balance;
}

#23X 1 BankAccount : &Ml #EE (5] (Fi$%H 01_encapsulation/BankAccount.java)

o HAf (field) : private int balance;——4#/-HUHREE - £21E BankAccount #{4-#E B &
H— ©

o M (constructor) : ZFEMRIM I ~ A RMERIE] (GH void &8I A) WK1
¥£ new BankAccount(100) F#fT o ‘B HMEH LM E— BAR I LT R & o

e Ji¥% (method) : sEFRIEMA AN HIKR > W] LLEBAE R EZ Y 1F AL - acct. deposit(50)
dfE Tif acct EEYIFEHAT deposit | o

o this : YEJIEMMNSEL T HATIEFERHRAERIREYIFF: ) - this.balance ji [ Ff# balance | -
WA 4 00 2 Bk A O > this. ATLLANE - (BRI B A -

@ REBEREAMEGT

"hello".length() ~ guess.charAt(3) - arr.length—— =% H Bl [# %] # & ¥ 4 -
str.length() ZIFEM 73 (F3#E9%) > arr.length EEUMANAL GRAIE9E » W H A fE
BRME) o BAE/R IR TEERRI NI ) TR Takat A i) -

2.3 FEUEHEF : sEEER?
WL ~ Tk > EEEBARERE AT LU BB (access modifier) :

FOH | 130 B
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Java Week 6-7 : ¥ B @A - BIat Biag &k 2 Lecture 06A (L) : HfFE—MARAERIELR
(CEiEs AR HERT LAEEK
public N AT Hb 77 AT AT AR AR o
private  fAH SV ) — R R AR A AR RS
(RE) EfFFAA (package-private) [6]—fEEALFAWIE public » Eff4HNIE private -
protected ZZfRi# W& > I ERrA 7R (56 4 i)

A private B TJERI] MRE > T2 (94 HRE N

7 BUE B 7ot 1) R AR NS RS AE WA R i) T S 2 AT IR 2 MR 0 44 - B LA FE
BankAccount I # - —{EIR ¥ 77 i w] DU 75— Rk S ¥fF#) private balance :

1 public void transferTo(BankAccount other, int amount) {

> this.withdraw(amount);
3 other.balance = other.balance + amount; // &% E—1EERR
4}

JEAER equals ~ transfer @8 [RIRBIEH) ) HITTIERIEH T -

N\ J

24 HEMEREMEES

R 5 (encapsulation) R}
HOARNIAZ £y private DIFRHBAHRARAE > WERHEA B /e A — M BB - BaEA
fEFRH -

1. 5g#t: (integrity) : FMAEAEFFERIA# & (data invariant) —— [ FERE— K7 RN
ZRTHLZ B ERNE AT | o N &4) 55 4% balance » account.balance = -500;
RS S 4 2 5 AH AR 4R HUAEA%M deposit / withdraw » T FRHEAT FRAP (0 b 2 2 i o
R TEREE K > 01 BB fReE > IR -

2. #i% (abstraction) : f#4rH (MNABHRBMAB L) HEE CFRAAMAETEANZE)
435 o il E AR o R A KIEREAK 5 R H BB EREEAH long ~
WL T4y BN - HEMGRERE > HE getBalance() WIFF AR > IR0 & 5%

AERA -
25 AfINTFETEE

T IRBERCA T BB FH——FF A 8~ SRR AR —— IE R SO R T 2 SR > T A R
i SE R A R o Java FUMGE R /¢ (throw an exception) o A &t Ao R 1] 7 2 - ik 25 B 1%
W
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deposit() withdraw()

/////» ---------------- B BT A

Iy =& acct.balance f - —3i TP
HAt R RS MR B A A AR
----------------- M AR

getBalance()

2 BHIEGGEBRE  REBAEAE o SRR (R ABHTTIE) 0 NREE M THEL -

st fal IR# 8

IllegalArgumentException BEIAEEE @ WEIEHER TRIEMGM: (40 deposit(-5)) o
IllegalStateException SR RE (B H ETRIR A A R (BlangRaE 120
fF withdraw(1000) ) o

P I Sy BESEBE > LA try / catch $%4E -

try {
acct.withdraw(1000); /! BREERE
5 } catch (IllegalStateException e) {
System.out.println("##%] IllegalStateException: " + e.getMessage());

5}

assert acct.getBalance() == 120 : "SREIHIIRIENIESERRE";

B 2 EEFsh (FigkH 01_encapsulation/Main.java)

A TE 15 st .
W B T s A UE Y R B catch (Exception e) { } o @& arfes [Prass
ae—— L SR AR B A # 8 bug ~ NullPointerException ~ R&THLFE——iliE 2N | - 75 H
AT AR FNIE (B SR BRI 511 5F 5 ARUE B R - e L

@ assert EFSN ST .

B o T HFERARAT o BB A BRARE o BRI TR S SR AT R e i
I REAERL > & BAS Y TR —#R 4> - BankAccount [ deposit(-5) JE#%E B 4411 A&
assert > K AR —ea 2B A BIFIOGR SN KT

BI11H | FH130H
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2.6 Getter £ Setter

A Getter £ Setter

Getter /A 38 | —{HFAEWL (getBalance()) > (HARE 5 -
Setter JAM 7 T3 | HAHEM (4N setName(String)) » ‘B DBk & 43 - Wl Dl
A CRHUIRBESE RISV 5 BRI ER getter JE B (I 5% & FUAE °

£ BankAccount ZIE ARt setBalance : [MERBEMB ) A& —EEHAYIR I -
deposit W2 setter——E MU MR ARAR - (AIRBCERIZ THENZ A ) AR [ERVEEEE D ) -
AN EL R Stk R TR R AL 4R 55— 3 getter/setter 5 JERY : E(EAAI AR E » ABAMTT
VENERZ BHESRAE T A2 BERRAL -

2.7 E4H import

RRERLE > T AERETER — gk ) iy (AR AL N5 Person ?) - £4f
(package) FMHBARIRERICRN —4H > AETERFEE

package au.edu.anu.comp1110.bank; // BRE—T: EEEEERERBEEL
import java.util.Arrays; // SIANE—HE5
import java.util.x*; // SINBEEH (TE%: 55ER)

o B AARAT/ING » BRI AL BB AR —2 > Filn
au/edu/anu/compl1110/bank/BankAccount. java °

o SEHHFE (fully qualified name) & [ E4F. HHH) ) > HliN java.util.Arrays o import Hj&
BT DL 2 -

o UpShEEA AR UBEIEGI A [ REM A ATE ) BB : Google & com.google... » ANU [
#r i au.edu.anu... °

o %5 package [HHE BN TERXEA: (default package) o ‘B M A /NSRS © BfEEMFLR
T2 A A AU R AR SRV o ARBOM By S5 4% 7 7 S #0 F TEE A -

o HITAEMMEMEN ER A » HESEEMHRE 1 L—)g -

java au.edu.anu.compl110.bank.Main °
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28 &#E\

|
# it —fi Generator K5l : #ifii fuel (HETME) B capacity GHFAR) > BH A
A 0 < fuel < capacity e J7¥ @ run(int hours) & /NReEE 5 B AL > Jh A 20 I 40
Hi I1legalStateException ; refill(int amount) filIjH > & 5 H B¢ amount 2 & W i HY
IllegalArgumentException ; fuelRemaining() & getter o & —1 main fj assert HIE{%E
— AR o

12 HHHERR .
T AR A B B B TR o EAEMRRE 2 S SRAT DUBER B TR A S B 2

1 public class Roster {

> private String[] names = new String[10]; // REE : 8F null ZEEBEZTF

3 private int count = 0;

4 public void add(String n) { names[count] = n; count = count + 1; }

5 public String[] getNames() { return names; }

6}

\\§ J

\
getNames() A FBMEF MR IR E R H 2 - FFIY & &E r.getNames() [0] = null; =
r.getNames() [5] = "Intruder"; FtfAE4%iH add BB N SR EE > AEEB IR B - 1k
2 [ S g (defensive copy) : return Arrays.copyOf(names, count); o 4 7.6 fifi
EHIRAR R o

3 Lecture 06A (T) : JrEEMERENE A

3.1 NTEMEEL
_—#if%) BankAccount %—47 &3 implements Account o Account EiEEE :

public interface Account {
/xx FEA amount o BIEMRMF : amount >= 0 %/
void deposit(int amount);

/xx FEH amount o RIEMEM : 0 <= amount <= getBalance() */

void withdraw(int amount);

/xx @return ERIEREE > BERKMH  OEE >= 0 */

int getBalance();

B13H | FH130H
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0}

23X 3 Account 4T (01_encapsulation/Account.java)

R /@& (interface)

e 3 - S AT kR A (AR - 280 B BEEE (BTE / REG
BIEE M) - (HRAEMEE— AWML - AT LA - —E80E % implements
Account > LR ARG PRI RLINRE R 5 > D (AR

R MREEIERLA

o ST % H B public HAWRH GRAARM » I itaiR) » MM AZEE public -

o FVEFERIAY 7 b public > WA RN b @Override——ia (A% 5T s 4 s 2 B R b
[ REMAEEEAN TR T | > BEEE A4 IR & L 20 HREE o 10 A2 R R 4 ol — 1181 JHE T ) 307 77 2 o

o M THAHEHE new : new Account () R#RFFEEaR > AR AEMELE -

o —[EXEARI A LLF I EVEZ A1 : class Foo implements Account, Comparable<Foo> °

32 RITEESE—E? —%H

Main.java #H —{H X325k Account IR :

| static void handleAccount(Account a) { // BHEFZNE  TEREEAEHER
2 System.out.println(" &R/%E : " + a.getBalance());
a.deposit(500);
4 System.out.println(" 7FA 500 £ : " + a.getBalance());
5}

J* & handleAccount (new BankAccount(@)) Eid handleAccount(new PointsAccount()) #f
A5 > T PointsAccount IR SE2A—EE (‘BEF points {7 ~ BH)F 3% 10000 B ~ &IKAF
ANNEE 1%) o SAT4ER -

BankAccount :
BREE : 0
FA 500 & : 500

PointsAccount :
f4%E : 10000
HFA 500 18 : 10505




Java Week 6-7 : @@Lt ~ Rl B =R 3 Lecture 06A (T) : NMEEMZER AR

@ N EM=EFE .

1. f##E (decoupling) : handleAccount ¥} E/EZMKHE - HZHHE CryptoAccount > B 1 PRI
X EHFEBA L -

2. AT - MIRKIRE T DIZE—(EMRH) Account #EL (58 10 Hfif) FakeChatClient Rt jis B
H) o

3. 43 L+ v BB VE.\%‘J%J /Jw'é}ﬁmlﬂﬁ e S5 B A > BT R
ST o iR REHGIE

\ J

3.3 HREREA

R 5 &ER | (Abstract Data Type © ADT)

—{E ADT & [—#H#/E) L DESBENT B » E2ARRKER MG - £
Java # > /rHi 2 #KE ADT W HRTH 5 BEZAA TS —EER B —fEE R4 (data
structure) ——ADT f{—F5 i & -

I ADT i AP L > SORHSHER T/ -

4 F=F: BRLHFAMERE
% JEIR = Z R FURAC SR « B ADT JEH il B

public interface ChatHistory {
void addMessage(String msg); // ¥Frig—EIEE

void display(); // BFTTERT 0 FEITEDH
int size(); // BRIRENFEEE

#2314 ChatHistory ADT (02_adt_interfaces/ChatHistory.java)

] {7 32K > FAMES H R SR A (6] (4 DR A

BE—  BREER

[ E AWM > T DIEEE B ERE NI - K5 % arr.length BUfger 4E1H ) BH
5H > FrLL BRARSEME S (circular buffer) o

private final Stringl[] arr; /] BER/N

private int nextAvailable; /1 T—HEBANZRS]
3 private int size; // BEIRGFHNEE (<= arr.length)
5 @Override

» public void addMessage(String msg) {
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Java Week 6-7 : @@Lt ~ Rl B =R 3 Lecture 06A (T) : NMEEMZER AR

[4] (0]

capacity 5
size 5

nextAvailable = 2 ”
E#m2 T =

Al R m2
(2]

AT =m6 > FERT|
(2-1+5)%5 = 1

display() ¢ [1] £EFIE : m6, m5, m4, m3, m2
(%3] 1-0-4-3-2 > (idx-1+len)%len 3 0 iR %] 4)

3 AR5 MBREHR CAFA ml-m6 - ml E4 mo B -

this.arr[this.nextAvailable] = msg;
this.nextAvailable = (this.nextAvailable + 1) % this.arr.length; // %
if (this.size < this.arr.length) {

this.size = this.size + 1; // BE®WA +1; W HEEBE

@Override
public void display() {
int idx = (this.nextAvailable - 1 + this.arr.length) % this.arr.length; // &¥T
for (int i = 0; i < this.size; i++) {
System.out.println(this.arr[idx]);
idx = (idx - 1 + this.arr.length) % this.arr.length; // FEE—1&

R 5 BREHERIZL (84 H CircularBufferChatHistory.java)

A BTEE + arr.length? §
Java H) % B B B fr B H B B (0-1) %5 B 1o &L E KA @ HE
ArrayIndexOutOfBoundsException o Sefil—ME arr.length B8 IER > (0 - 1 + 5)

= 4 A RFHMZER (L 0EF 4] o (5{F ] Math.floorMod(idx - 1, arr.length) >

% 9 FiF MR e A2 <)

BIEZ @ 8887

ARREE ~ RABEE o Hal B R EEALRRNE (prepend) > FRLARS IR [RATER ) HINE
o

public class LinkedListChatHistory implements ErasableChatHistory {

¥FloH | FH 130 H




Java Week 6-7 : ¥JfHig st ~ RIEt R E R 3 Lecture 06A (T) :
Tt addMessage("m5") :
,/‘): m5*" s head = new Node("m5", head); O(1)
! N

TSR AR A A

msg | rest

4 GEESEIIIRA - A HIEUE 28 Node » Brafl B A #T Y head o

)

3 private static class Node { // FBREERER  ANRELRT

4 final String msg;

5 final Node rest;

6 Node(String msg, Node rest) { this.msg = msg; this.rest = rest; }
7 }

8

9 private Node head = null; // null REZEET]

10 private int size = 0;

12 @Override

13 public void addMessage(String msg) {

14 this.head = new Node(msg, this.head); // ¥ERZLIEME head ' FHAY
15 this.size = this.size + 1;

16 }

18 @Override

19 public void display() {

20 Node current = this.head;

21 while (current != null) {

22 System.out.println(current.msg);

23 current = current.rest;

24 }

25 }

26

27 @Override public int size() { return this.size; }

28 @Override public void erase() { this.head = null; this.size = 0; }
9}

B 6 BLEEVIMZL (Fi$%H LinkedListChatHistory.java)

El—EiENE - mIEEE

S

| static void simulateChat(ChatHistory history) { // H&B%% ChatHistory

> history.addMessage("Alice: §§ ! ");

B17H | 130 H
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history.addMessage("Bob: {R&IF~");
history.addMessage("Alice: #E/NE—#L:E Java B ?");
history.addMessage("Bob: il » FHMEEZER - ");
System.out.println(" (£ " + history.size() + " B S¥ER) ");
history.display();
¥
simulateChat(new LinkedListChatHistory()); // 4 B2
simulateChat(new CircularBufferChatHistory(3)); // HE&HiF 3 H

e addMessage display 22 B
BRI AR 1l O(1) O(capacity) IE 3 BERE ek 5 FrER vy FE )
Bl R A O(1) O(n) MEn i 2ERREE 5 BEE R S —E 2 A8

3.5 EHEERIRERAEM A EE

LinkedListChatHistory E{EM H & & ErasableChatHistory———{E#% F T ChatHistory [
A

public interface ErasableChatHistory extends ChatHistory {
void erase(); // £ ChatHistory MI=ME7ZEZ9 » BZER—1E

R —E > RS R R A S e A > REIP I 7 it AT

ChatHistory hl = new LinkedListChatHistory();
h1l.addMessage("hello");
// hl.erase(); // #@=2#AsR ' h1 B9 TE4EEA]] 2 ChatHistory @ 2HERE erase()

ErasableChatHistory h2 = new LinkedListChatHistory();
h2.erase(); // OK

@ R RIERENFHL (type-driven access)
v AESBNESRA GFERA) KRikE THREHIEGERE] > AEEERIEIEY
P o ESEZIER - h1 ffl 35 RpkREE T ChatHistory [ = fE4EME > Br DLFRAM W] DABE e
h1 6 BRR 4% 18 1 1T A & TR AT AR - 56 4 i B3 - HEEAFAERESRATE
AERA T R i A B TR R E

3.6 &#ZHipY ADT : List

H5 (list) & [HIER - frEE - KAhs ) ES
—fE &/ N List ADT :

B f— B IE R E S AR AS 2201 -
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public interface SimpleList {
int size();
Object get(int index); // BIEFHE : 0 <= index < size()
void add(Object o); /1 MBI ; BEMRM : size() BN 1
void remove(Object 0); // FBFRE—E equals(o) HITER ; REERIRENE

#2837 SimpleList ADT (02_adt_interfaces/SimpleList.java)

TTEIBE I object (Java #LET AWML RAHSG > BT LT EHSRERL) 5 55 8 i g iz 2
HTETHAR AL SimpleList<T> > FAR 2% B AT A T B0 =& A2

LinkedSimpleList FH$#AS H 4 EAEE M HE BN EE S > M2 T $H5 )
BT 2B - A AL 503E Node HUFATE » A CIESY (2255 B TIEZEHT] ) > Sl
HEGEE size o

@Override

public void remove(Object o) {

if (this.head == null) return; // ZEEF|
if (Objects.equals(this.head.value, o)) { // RS —EEHES

this.head = this.head.next;
this.size = this.size - 1;
return;
}
Node prev = this.head;
while (prev.next !'= null) {
if (Objects.equals(prev.next.value, o)) {
prev.next = prev.next.next; // BB BERAIEIEL
this.size = this.size - 1;
return;
}

prev = prev.next;

723X 8 remove HE/E (ffi$%H LinkedSimpleList.java)

#. Objects.equals(a, b)

a.equals(b) 7F a & null FF&E NullPointerException - java.util.Objects.equals(a,
b) &L null (FfE#R null A true » S —(# null [ false) > & LI AT fE 4% null #)
Yo IR AR HE RS U o

B19H | FH 130 H
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3.7 EiiER  IREEMAERSER

Node j& [ H 5 LinkedSimpleList H CLFFELHIE | BUHPY » Ar DAL E B & 78R8 5 R I AR 2
private o Java i fE & 1 ¢

IREEERIER] (private static MEBAER] (private class Node)

class Node)

SAVEYIFRIBIR B s JUR TCERRE ) fEEEUN AEE Node #REE SR E —(ESMEWIMT: -

T BB A R L

(il HiBN A TR ERE S E R B (RO FEFHIUMNER private WAL 15
I

i LinkedListChatHistory.Node LinkedSimpleList.Node

B TEARMPHE T AME ; RSN ERER  E% EE AT EIREE >
static HARLIBHE L 152 -

3.8 &E\

.
B —i ArraySimpleList implements SimpleList > N%EH Object[] data Bid int size o
add YEMLF| LA BNAE (Arrays. copyOf) ; remove T3 ZEHUIATH )T A FI I o B 56 &
8 Main #HY new LinkedSimpleList () 45 fifR iR B ——HAMFE XM — 8 FH#A LK > B
Wi ADT BT o 56 9.4 S @ o R fHEE TN ) 2 IERERY SRNE -

2 2-2: frE vs. BIE .

VLN ROt iR L IEAE 2

Ve
\\

(a) ChatHistory h = new ChatHistory(); W DI4R:% -
(b) —{E%ER VT LAE B implements ChatHistory, SimpleList o
(c) ErasableChatHistory B fI| &t s — g n] IFENY display() o

(d) # CircularBufferChatHistory i arr {4 buffer » @3 24d H ChatHistory FFE
:—Eﬁ o

- J

\
(a) © A~ W A BE newe (b) @ W DL AR L 8 A o OB &L E R e (o)
@ ErasableChatHistory extends ChatHistory > Jf DL 4 & display() o (d) @ arr &
private EAEANE > SR MAFE AR —E ERAHFMESE -

- J

4 Lecture 06B : FHIF ~ 4% Ed Liskov & [m H|

F20H | F 130 H
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E—Hi T M new PointsAccount() R4 —fEM B % Account B > fREMTKAREZ - Bl
HEF R R o AEEE B A > A4 Java R RSOl —A87% > 14 Liskov
et JF R ) 2 —(E B SR R - AR TA MK B R IEMERIELET 2

41 FEIF : BAGEES

R 787 (subtype)

LARMI TR EE U W 05 #50] A 2 it —f T > B T2 U ByF85) (TisaU) -
¥F Java #1 > class T implements U~ class T extends U~ interface T extends U #&r
gy [T U B8R ) MIBIMR - T HS (8 B R & nT B ) o

mEERAEE (AR RENYL BRNES FRNBRETFES - B
PremiumPointsAccount ¥4 &) -2 —1{E PointsAccount ; %&—1{ PointsAccount [&] IFHL & —
& Account ; Tij4&—1E Account (DLRJTA HAM4f) #54& Object o

/ Object (i 2IAAIHH) N\
/Account \
PointsAccount String
BankAccount Integer
SENEESE int[ ]
balance > 0 PremiumPointsAccount

\_ - J )
5 RIRIREA - TRIBIBGM A T %A BIR o Premium C Points C Account C Object » fif P [F5 %
Account LTS » 45 EAEM—E FHRAMAPIIFEAT ) o

@ object : FTARAMLRIARL N

Java BRI (BLIZEHHE) 2 Object HFRIR > BrlUF AR A ik

1 Object o = "hello"; // String ;& Object
> Object[] mixed = { 42, "text", new BankAccount(3) }; // 42 EEHBM Integer

RAE S - 3% Object BUFIA A% > /R HAEIFN Object HE A /7 ¥4 (toString ~ equals »
hashCode:---- ) o ME R JRARKEE S > TR (25 8.1 4i) -

& J

4.2 4% ERZ—EERNEE

S ARG 5 AR B AR K [R]N SR > AT DL — (B extends S5 —1H > UM
T A ARORAE o AR SRR —EIR)F XK (code/03_inheritance_lsp) :

21 H | FH130H
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abstract BankAccount

# balance : int I 5]

+ deposit(int) # protected
+ public

+ getBalance() : int .
- private

+ w1thdraw(iné) : boolean Al = fhe

AccountWithWithdrawalFees
+ FEE = 5 (static final)

+ withdraw(int) : boolean

SavingsAccount
+ withdrawg\iny : boolean
Z S|

Bl
OverdraftSavingsAccount

final LoggingSavingsAccount

- log : List<String> .
) i N + withdraw(int) : JKiE true
+ withdraw / deposit (super + C#% .
_ _ X ER LSP
+ getlLog() : List<String> T

6 ©03_inheritance_lsp FJXERIFEE (UML EAE 5 220=MAFi5E = extends) °

public abstract class BankAccount {

protected int balance; // FHRERIT BEEEFR

public BankAccount() { this.balance = 0; }

public void deposit(int amount) { // BREE  BTAFEANEREEX

if (amount < @) throw new IllegalArgumentException("fF & EEARAI BEE
amount) ;

this.balance = this.balance + amount;
}

public int getBalance() { return this.balance; }

/xx TRTTE - SERFHNRIFAURE > RESTEE ~/

public abstract boolean withdraw(int amount);

B9 iz AR (fi$%H BankAccount.java)

public class SavingsAccount extends BankAccount {

public SavingsAccount() {
super(); /7 R RN ERET
}
@Override
public boolean withdraw(int amount) {
if (amount < @) throw new IllegalArgumentException("I2X&EERA] BEE]

amount);

F22H | 130 H
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8 if (this.balance < amount) return false; // BREEANZE : FB4B > JRRERES
9 this.balance = this.balance - amount; // protected ##{\ : FHERIT] HEF

10 return true;

BN 10 FHEHM FmE 7 iE (SavingsAccount. java)
AR )RR 2R R e L
e class B extends A: B & A BJ74EMI (subclass) > A & B iR SHS] (superclass) - B H

B A WA IR AL 5 (private IEAAERYIMEAL > {0 B MRXBE AR -

o —fEHIEH] HEE extends — AR JER (B—#4K) > {Hn] Pl implements Z{H A1 - 15
extends FJAE A FEER extends Object

o % (override) : THHREH & TR JEA A 71k (HFZEA) > — M @verride ;4R 2%

WA o

e super.method(...) : FFIY AR BIRRASHY 7 1% o o RUEVER TR > B kA
i

1 @Override

> public boolean withdraw(int amount) {

3 boolean ok = super.withdraw(amount); // AR EIE S

4 this.log.add(ok ? "withdraw " + amount : "withdraw " + amount + " FAILED");
return ok;

6 F

o EMTAEHAMAK - TERIEM T AT (RBHHE) & super(...) » Bt KA
ARERSY | AT o 2 A B BOER T (RIS super (5180 -

o protected : T AEAFHL > {HAERAH A A fE

Lk private & ~ Lk public % -

4.3 HRMEA vs. T H

abstract class /& [RN5E8P%ER] ) - v DUAMOL - HEE i silg e (AEEAEE) |
ANEEWE new o TRERIEEEMA MR > FHIH CHWIGE% abstract »

T i
e AL OkfE)  HEEA static final F# ALl (balance)
Aem A sk A default /i (§8.4) APl (deposit)
—EE AR RIE  Z{H implements H e extends —f
WA FRE Re /& (TR )) G (THraRe AR
TR sE © TR 5 MRS IR UK 218 B A L K R R A2 S IS
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4.4 FEDIR : FREELAI vs. BITHIEL A

PointsAccount p = new PremiumPointsAccount(); // BFREFLAI PointsAccount @ ¥{THA Premium

> p.deposit(500); // BITHIE Premium hig !
5 System.out.println(p.getBalance()); // 10555 ' ;& 10505

23 11 #i$%H 01_encapsulation/Main. java

AR
e Premium R i) deposit(500) : 4£%83€ 1.1 15 550 ;

o PEEWENY super.deposit(550) : PointsAccount fjji%k 1% > 5 550 + 5 = 555 ;

o fi%H 10000 + 555 = 10555 o

R 585k (dynamic dispatch)

BN x.m() B > Sangss H x AUEFRERIR (static type) (EAHRAN) Md m B EIFLE 5 FUTH
RIMR x H AT 10 B BUT RG] (runtime type) (new HZRIARERER) PesE AT HE—
MERRA ) m——— B LR BRI EZE -

i
#HITHAZL B : PremiumPointsAccount
points = 10000

Y
HITH : 7 Premium B4AIR
Premium 75 deposit - $11TE
(EAHY super.deposit ¥ _E3X Points Y)

n=$§g p

[?%ﬂ?zﬂ : PointsAccount

Y
[?ﬁ%@ #A : PointsAccount

A deposit(int) ? @ B

p.deposit(500) : GENRENMFINE i - M I—EE 2 -
7 [EE R R R B BRRERAN O TR BUTIHRLRI R E [T ) -
BAE IR [ — RS~ —EEE - SRR ) AT RE

BankAccount[] accounts = {
new SavingsAccount(), new LoggingSavingsAccount(), new AccountWithWithdrawalFees()
};
for (BankAccount a : accounts) {
a.deposit(100);
boolean ok = a.withdraw(100); // EFREZ!HI BankAccount » FITHIE S FHEAIR withdraw
System.out.println(" " + a.getClass().getSimpleName() + " : 7 100 %8 100 - " + ok +
", BR%E " + a.getBalance());

23 12 8% 03_inheritance_lsp/Main.java
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SavingsAccount : £ 100 %8 100 - true > £R%E 0

LoggingSavingsAccount : ¥ 100 %8 100 - true ' 8R%E 0
AccountWithWithdrawalFees : 77 100 %2 100 - false ' £5%E 100

4.5 final i static

e final Xij] (public final class LoggingSavingsAccount) @ AREF#FAEK - final J5
O REREE o final BN © HRBTEREME TP I(E—IK (arr ~ log) « Hif final @76
(R R AR st > R A AR TR ) —TJava [ String i final e

e static KB BRRAL MIRER Y - FraWttIt i —fr - RBUN AR :

1 public static final int FEE = 5; // BE : static final® B2 RE#HE
> int total = amount + AccountWithWithdrawalFees.FEE;

Week 1-5 BT 4K (static int gcd(int a, int b)) #BZ static FE B
NG BARM YRR RE -

o HEFHI : WEEE AW BRAL - BEHITT¥E 5 RIKIES Y - static J7 3% o 7E static /7
BAEA this > Fr DU RE B A B AR A ——i5 & main I RANARGEEE AR

4.6 Liskov ZH[ER : {TEERIRMERZE T#AT)7?

iR B a— B ik AR R $145 > {11 extends #REEARE - 1H TH ) AER
[1Ef# ) - & Main.java #Jg{E L SavingsAccount i34 A A2 & MR

/#x X SavingsAccount HYEL] : IREMIFENREFN SR —EMI » ZERBRFR 00 */
static void withdrawEverything(SavingsAccount acct) {

int all = acct.getBalance();

boolean ok = acct.withdraw(all);

assert ok : "FARE  RESFNBRBENSELERIN";

assert acct.getBalance() == 0 : "ILRE : BN EBREE o;

HEEME Taik) a0 -

public class OverdraftSavingsAccount extends SavingsAccount {
@Override
public boolean withdraw(int amount) {
this.balance = this.balance - amount; // RNREHREE
return true; // KRS
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23 13 LSP i&EH#H14if) (OverdraftSavingsAccount.java)

=== 5., LSP: ERMNFREHGREEMNELBLE ===
J24R 80 - FRIN? true: BR%EE = 0

* 4FRRSRIR AL {BLL SavingsAccount L BRTEMIZEN B AP AEHEE o

A Liskov &2 /FH| (Liskov Substitution Principle - LSP)

Barbara Liskov (1987) : %5 ¥ 45EA4 5 S (WMT: o1 > #AFAERR T WM 02 > (EARAEATLL
T ERAFE P 7R3 0o #K 01 BAT R AEE > HI S T WF2UR)] o

FIRGERR @ F BB BP0 1 b B RE AT AT $th 7 5 46 A2 B B M 4k > TG AS B4R AX B 1) 3244 Iy 2
8 o LB R TR AT R B85 (behavioural subtype) —— B AR HJEZE 4
PR HATREAEES o

FRRAT R R BRI T TR ST AR

1. MEEGTEER | (2. sEEHFrE=s )
RfpESHNEA » FEAIBERES RIFHRENGER » FEAEEME -

\X A :amount > 0 ; F : amount > 10 ) \x R BAEEARRME false ; F @ JkIEME true )

(3. TwRLERE | (4 E2a® )
RBRPERNTEE - FHEAITBEFTH o RERIR A AFRIREER L - FRERIREE M -

kX R : balance > 0; F : AFEH ) \X R RATENEE  F 0 T setX() )

H#k « BLRARESE 2 > IRGHEA R A -
OverdraftSavingsAccount [ L 7HHHI 2 Bd 3 o

8 TR TR P AR A -

@ = vs. IEfE : AccountWithWithdrawalFees fHLiZ N

Mg REEF 5 T T E | AR > ARG ? 887K SavingsAccount REEE 2 #2015 > 1B
SavingsAccount (¥4  THE6H < BREHM S —E I ) > FEEg#E TRILFEE) K
— B RAIA 2 o Fr DVE B AR AR FLFR Y BankAccount (FUKGEE [ BRSO 1A R4
R 1) e — B U T R IERE -

MR T Tis-a) WITRBIGR > AR T AT #1TY - w U EE - B
WA —EERERN MY (414 > composition) iEH LR E 24 -
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A ZHER  EATRERE? -
B | ; {H¥F Rectangle f5 setWidth / setHeight > Square extends Rectangle ji&r
W LSP @ BRI 3% r.setWidth(5); r.setHeight(3); FEMHE#E 15 > IEFEANE155] 9 8L
25 o [ H7E m] 5k T BB AT %) record > Square % Rectangle f+% Btk
AAEATRE o LSP AR RN IR A [ AR RFTHIAR GBS AL > R85! A [ R T A2 | ©

. J

4.7 RE

s 3-1: BHIERESIR -
2  H PointsAccount i = 10000 B4 ~ deposit(a) bill| a + a/l00 ;
PremiumPointsAccount.deposit(a) FE B super.deposit(a * 110 / 100) - | Ja £
BT A2 2

1 Account x = new PremiumPointsAccount();

Xx.deposit(1000);

PointsAccount y = new PointsAccount();

y.deposit(1000);

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

[S]

3]

=

a1

- J

\
x : 1000x110/100 = 1100 > PointsAccount.deposit(1100) fjf 1100+11 = 1111 > 411111 -
y : 1000 + 10 = 1010 > 45 11010 - #f H) 11111 11010 o F & x IEFEER B & Account > {H
deposit $fTHI{IE Premium R4S ©

s 3-2 : #E7 LSP N
Stack 4 T # E push(x) % pop() [ # x> H pop() ¥ 2 H & # B
IllegalStateException o LI N FHEARIMLLE [z LSP ? it s ?

Vs
(G

(a) LoggingStack : ik push/pop ZEA}EIH —475E > HM T 240 -
(b) BoundedStack : % i 10 ff > 45 11 X push i H]4f -
(c) ForgivingStack : ZZH#E/E: pop() [l null W AH#LE4} -

- /

\
(a) @ &M - BAEIWME > HEL TRIEM - (b) © R BG4 iE (RQMBIM push A
Mg B MIEESR) — 3R 1o (c) @ BEMSIET CUENARE S » TR
) —HAR 2 5 (kAR [ 22 im st ) B RFE e R o

(& J




Java Week 6-7 : ¥ E LT ~ Al EasEER 5 Week 6 Workshop &3 : &t X#E

5 Week 6 Workshop &:E : 5Zs1HIXRIHE

@ E—ERIEN <
Week 6 / 7 ] Workshop & COMP1140 H% [ 2 AR R#&E 1 H—HR5 + P A ks
MBS Al SRARAEAT N A% 7 v B AR AR N AR IR RS o 1 2 AE S AR ME — Ry
$2 > e RF S toh e BB E Bt i——IE IE 2 Lecture 06A [y M 24T | 75 R S8 A
A - COMP1110 / 6710 A% id—Hi » {HERAE BLS R I 1 BB

& J

5.1 {TEZmE"?

W :E:%E (protocol)

AEAR R 2 FIBAY [ATLU% B ~ AR R AR - fEAPIBENF At - 7 %/8
BRI | 152 HEA05E » e RS 2 A USRS Tava 25 1% 5 T AR
Python %5 ) {7l % 5 13 -

R XA R A B R S AR - HTTP (M E) ~ SMTP (%7(5) ~ IRC (e RRYBIR =) #f
LI RFC (Request for Comments) SCAF2 BRI o ‘BAMA R8I R B sat 8 4% - (AR B
H :

o AiF ~ T —HIFE - AFTLLEE:H nc / telnet RIS MIE AR > FRshm: H AR
WEEE EE AL o
o 7Ll 1845 YA > RIHHELIZE A REPIMOL 5 g — AT E&22H (HHXXT) »
o [H]JEASHRAERE (HTTP #4200 / 404 ~ SMTP f# 250 / 550) : FEsUhF 7 - ALl -
o WHTEMRGEA « WRLLISSTE THIARBA ) KAk » IR TEMAREM ) AREH ? #ikD
HETHRE
5.2 —IptHhEESR

FERF£5X 08_chat_protocol HAE T T E MM E & (WM LIBE—2EH 2 5 <text...> W&
722 5 BATLL\n 458 5 UTF-8 #Ril) :

Z P - i R3S fAfikds > &
LOGIN <name> BA G BEALAEEH 0K [<text>] @R K Th
JOIN <room> IABEH (RfEfERIE ERR <code> <text> b EFER I > [ ES
1) R
SAY <room> <text...> F{EREMBE MSG <room> <name> <text...> AN (ZACD) EEM
BE
QUIT Fift B BYE ) R 5 i 10 ) P 2o %

SERRASfEH HTTP AUtE K] « 400 #5NEERR ~ 401 MREA ~ 403 TEZ S H -



Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 5 Week 6 Workshop H3E : & &THIX#E

SAY general hi
. > AR A
ERR 401 login first kR A 4

LOGIN angelia

Y

0K welcome angelia

A

JOIN general
0K joined general

Y

SAY general hello world

> HomBEhe

MSG general angelia hello world
g g B MSG i il ¢

A

QUIT
BYE

Y

A

9 EchoClient HZ EchoServer —IR=ZEEEE GRLEFESIE) -

5.3 B KB R : sealed interface + record

BT (BRI E AR EE split(" ") o HFRIMBIARIE (307 © S LER ) MR
el 5 o HERAE AU R 2 2 A

1 public sealed interface ChatMessage

2 permits ChatMessage.Login, ChatMessage.Join, ChatMessage.Say, ChatMessage.Quit,
3 ChatMessage.Ok, ChatMessage.Err, ChatMessage.Msg, ChatMessage.Bye {

4

5 record Login(String name) implements ChatMessage {}

6 record Join(String room) implements ChatMessage {}

7 record Say(String room, String text) implements ChatMessage {}

8 record Quit() implements ChatMessage {}

9 record Ok(String text) implements ChatMessage {}
10 record Err(int code, String text) implements ChatMessage {}

11 record Msg(String room, String name, String text) implements ChatMessage {}

12 record Bye() implements ChatMessage {}

13

14 /¥x —{TXF - B ; IBRATEZEFM ProtocolException o */
15 static ChatMessage parse(String line) { ... }

16

17 /xk 5B » —{TXEF o M'HE : parse(encode(m)).equals(m) x/

18 static String encode(ChatMessage m) {

19 return switch (m) { // sealed : #R=Z=SFERR/\FEH B REIE
20 case Login 1 —> "LOGIN " + l.name();

21 case Join j -> "JOIN " + j.room();

) case Say s —> "SAY " + s.room() + " " + s.text();
23 case Quit q - "QUIT";

F29H | FH 130 H
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Java Week 6-7 : ¥){H-E M Hs
case 0Ok o -
case Err e -
case Msg g ->
case Bye b —

RIE EAMERSR 5 Week 6 Workshop & : Xt XHE
o.text().isEmpty() ? "OK" : "OK " + o.text();

"ERR " + e.code() + " " + e.text();

"MSG " + g.room() + " " + g.name() + " " + g.text();

IIBYEII;

#2314 B ADT (ffi$fH 08_chat_protocol/ChatMessage.java)

e sealed interface ...

permits ... : FHPAK T RFHEE—Fr T 5 H 89 /A record »

BA RN REEE ChatMessage ° g i switch B LB LI H default : fifs{T A —HiER

B e A -

o G E & —H record : ANA[%# - HE)H equals / toString o Say("general®, "hi")

FEAEAGEL parts [1]

FEEATT IR S5 4 Ao A 2B R

BAEEAE B ERR 400 > 7GR B PR A A 1

parts[2] j#F%E o

il ProtocolException (—{[ H 5] RuntimeException) o fa] iRk #%
1a A (Rl IR 72 Y B -

& FiRHE (round-trip property) -

B W % S 15 A e B

FiERE-C A (21T

equals (m) * ProtocolTest.java ¥ /R AL & Ml — ¥k ({4 & % 14 58 emoji IS0 F) -

T JUnit Z 1% > 0 DI E S & @Test ik o

Bk A — 1% LT A ¥ 5 E mo parse(encode(m)) & ZH

RAHEA ~ BRAOL ~ SRR AR ) MPHEAE - 258 7 fi 2

5.4 Java BEEXNHENEE

Java | java.net -4/ S

erverSocket Hi Socket @ty TCP Hi%R » ZHZMIGZEEE R %>

] BufferedReader B PrintWriter —f7—4TI#§ :

try (ServerSocket server =
while (true) {
try (Socket client
BufferedReader
new In
PrintWriter ou
StandardCharsets.UTF_8)

handle(in, out)

new ServerSocket(port)) { // FE port | TEE]
= server.accept(); // TREEBER|HE ANELR
in = new BufferedReader(

putStreamReader(client.getInputStream(), "UTF-8"));

t = new PrintWriter(client.getOutputStream(), true,

) {

; /] BRIBNE PR

%30 H | 130 B
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static void handle(BufferedReader in, PrintWriter out) throws IOException {

String name = null; // HREE : null = EARBEA
String line;
while ((line = in.readLine()) != null) { // null = HTRARA T ER
ChatMessage reply;
try {

ChatMessage m = ChatMessage.parse(line);
switch (m) {
case ChatMessage.Login 1 —> { name = l.name(); reply = new ChatMessage.Ok

("welcome " + name); }

case ChatMessage.Join j -> reply = new ChatMessage.Ok("joined " + j.room
());
case ChatMessage.Say s —> reply = name == null
? new ChatMessage.Err(401, "login first")
: new ChatMessage.Msg(s.room(), name, s.text());
case ChatMessage.Quit q -> { out.println(ChatMessage.encode(new
ChatMessage.Bye())); return; }
default —> reply = new ChatMessage.Err (400, '"clients may not send " +
line.split(" ") [0]);
}
} catch (ChatMessage.ProtocolException e) {

reply = new ChatMessage.Err(400, e.getMessage()); // EHiA - ERR @ M= HR

¥
out.println(ChatMessage.encode(reply)); // println JI#R4TIE flush

BX 15 HEPSTLEFRES (Hi$%H EchoServer.java)

¥E VA A 4% i i 43 A 3147 java EchoServer 5555 B java EchoClient localhost 5555 ° &
e

SAY general hi

ERR 401 login first

R4S ER © Errlcode=401, text=login first]
LOGIN angelia

0K welcome angelia

FREMTAE R ¢ Ok [text=welcome angelial
JOIN general

OK joined general
fRATA5ER © Ok [text=joined generall
SAY general hello world

MSG general angelia hello world



Java Week 6-7 : ¥ B @RET ~ IR B ER 6 Lab &3

it

;IR

ik
b

7

MRATAER Msg[room=general, name=angelia, text=hello world]

>>> DANCE
<<< ERR 400 RAAIFES : DANCE
fRATAEER © Errlcode=400, text=sREIAIIES : DANCE]
>>> QUIT
<<< BYE
FEATASESR © Byell

A EEARSEZ—XAERE—REA -
server.accept() 2 in.readLine() ¥ &FHIE (B AWRGABK) > FrLISE (&5 B
L QUIT ZEA WM - RIEMNWREFELSPITHE (BIEEL 1K thread) BLILZR
REHY [ 25— K /& Week 8 Workshop [ £ o 1@ it 4 5 20 2 SIS T > BIF
CINYPar 350

\ J

5.5 Workshop 155

£ Workshop oy AHaT st < I > 2/ BEE T Th1 e L8 LA Hh R R 25 28

LA - Al LIRS 2 KNSR AR RS » R BRR » RFFIRe T 2

2. RAEME - AE AR JOIN JEJEHF » HAE LOGIN ? ¥ RFELEM F 1 SAY 2

3. RS SCFHBIRAT BRI (B8 1k 2 BRI ?) - #RA%—f UTE-8 ?

4. BERRGERE 0 OB S EAEIRFIMSG » (AR ¢ B> jm il UL BNl ie Moy — i o

5. SEGUEBE 1 %P ik M IE AT BUAT o ()R 5] ERR SR ELER AR © fF) iR 5 B i AR A 2
ANELEE BYE ?

6. A : WhEZBE—EGM > B —HIFREEAREHRRASE (HELLO 1.0) ?

.
Ryl RE TH) A B H ) (LIST) B TFAGR (DM <name> <text...>) o B : (a) Hit&E
TS o fr) Ak R A X B R RE A S5 ER S 5 (D) 7E ChatMessage H 4 ¥ E Y record
B parse / encode 43 % ——7F & sealed [} permits {5 EL encode [ switch #{EL&E #f »
WML (45 IEJ2 sealed FUfEME) ©

6 Lab &g : EEEHF

Week 6 1] Lab [5] 58 % [& /i ] Week 4-5 [ R%.0 8015 - B BPE)T o &M FEAE 1) {7 Bl A 28
JC—%6 3 fifi i Sl 4% £ 51 R A 2 & B A R L > 55 8 #ili i) Collections.sort i TreeMap #f %
SETEHEFZ b T TR E S ) BT X —EEH o BEFFE X AE code/ BT
04_lab_recursion_sorting &k} 5k o

H#32H | 130 H
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&)
\

ik
i

6.1 8 : MIEHS  —EEE

\
—{ R P R 1 L A R B A ¢

L. JURHYL (base case) : MRLINGIA LB % > A FHEN -

2. ML (recursive case) : fELFHE (Lo BN A » (L0 NI ELR: » PRIV

ALA AR -
T ELAAZE BRI T YR A I T 1 R s 8 /NI A BRI ) > R KA AR Ik -
(G J/

/xx n! =nx (n-1)! 0! = 1 BIBMEMHE n >= 0 x/
static long factorial(int n) {

if (n == @) return 1; /] BEEER
return n x factorial(n - 1); // REER : n BERASE/N

/%[5 arrifrom..] BIAAF : E—ExTE + HEBRATRMET o +/
static int sum(int[] arr, int from) {
if (from >= arr.length) return 0; // BE REBETRT
return arr[from] + sum(arr, from + 1);

/Hx ECH|ET  SEEAE - EREBRIES o «/
static boolean isPalindrome(String s) {
if (s.length() <= 1) return true;
if (s.charAt(@) !'= s.charAt(s.length() - 1)) return false;

return isPalindrome(s.substring(1, s.length() - 1));

2 16 #i%% 8 Recursion.java

33 H | H: 130 B



Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 6 Lab B Fr

Jak
)’En'éh
Eﬁ
/EE"

Bl 1V factorial(Q) - 1 A
[mg 2 factorial(1)
w2y f BIRE ZRIEHE B
B 6\ factorial(2) A FriE—{E T4E) (frame) ’
HFHECH n BEEEALE -
factorial(3
1 24 actoriat(3) Y mmmenes
o] 24 { factorial(4) p fESRGEE—R-
main()

HEBATELR; &EEE [EERIT] HB—

B 10 factorial(4) MPmisfiid o 4 FREIPM] (FEEE/N) - £ REE FRMAE) -

@ fH{SiEE (the recursive leap of faith)

FIREE DL > AR R AR o S (1) MR AR TN R
FE 5 (2) MEERAE N € IEfE R 5 (3) FE AL R HE —JE8MEE - isPalindrome HF
W TINSRBEREAME > HARRX isPalindrome (FRR) %A > ARELBE 2 HAY o B HER L

6.2 HWEZHHEHNEK

R EmFEE 12 RS %‘rﬁ%ﬁf‘* (sum EI’J from~ 4R Lo / hi) o FEIE REZHI
B LA > FrIE GRS

R

1 static int binarySearch(int[] haystack, int needle, int lo, int hi) {
2 if (lo > hi) return -1; /! B #E8T > BEAFE
int mid = (lo + hi) / 2;

4 if (haystack[mid] == needle) return mid;

5 else if (haystack[mid] < needle) return binarySearch(haystack, needle, mid + 1, hi);
/1 B¥

6 else return binarySearch(haystack, needle, lo, mid - 1);
/] ¥

7|}

o /ax HILERA © FEAERFERE lo/hie *x/
10 static int binarySearch(int[] haystack, int needle) {

11 return binarySearch(haystack, needle, 0, haystack.length - 1);

BX A7 R EE R

oS BIREE R 0 AT O(ogn) BE—E & 4riR¥E (divide and conquer)
IR - g (PN HE) ~ 36 Rl ~ & (MEEZE) - PUE% power(base, exp)

B34H|IHI0H
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4% © —K power (base, exp/2) FFJ5 > 21000 UEL 10 & -

A stackoverflowError N

SRR 5 P — (B i ATBR (FER240 % MB) © countDown (1_000_000) fI7EHK
# JE Rl ) StackOverflowError——HIffi i 58 4> 1EAfE o WA RER (1) BT RES
DB EREAEE (factorial(-1) & —BER B 5 (2) MEMRBAL KK (HEEE
A B B B A o BE OB o RE S TS RN ) P
B~ a6~ HURGEHE 5 —AEARME S A BT -

- J

6.3 HEFF : MIREEEGRM

W 3RO §

sort(int[] arr) BUTE W R

1. arr E¥WHEF - B A 70 arrli]l <= arrli+l] ;
2. arr RFEARTCRI—EHES - WHEL - WAL~ WAL -
M NABPE TG —HIEHATEMZR OB MHEF WwESE 1 K

Sorting.checkSorter ff] Arrays.equals(toSort, expected) — /K EiFi f5& (expected [
Arrays.sort FEAE) ©

DU SE R AZ O AR B B AN AR B (4 [E] 5 B SR TRF AR B Y 3

AL e Ea o A

B RAREFERRAME - RECRIPFERA  arrlo..i-1] Bk > H# < K7
] T F) A fIE T 3R

Sy MARRE > e E— TH ) 8RB arrlend+1..] BT > HAR > i
i 5 R ISP AT A R R EHE TC R

WAYEF  BCF—EIe® - WA ZEA% (AL arrle..i-1]1 E4FF (HA—E R
AL B /NHITIR L)

aiEF U - R - SO E T CEEAE) I [ml R s 4k
el

static void insertionSort(int[] arr) {
for (int i = 1; i < arr.length; i++) {

// INV: arrlo..i-1] ©HF

int x = arr[il;

int j =1 - 1;

while (j >= 0 && less(x, arr[jl)) {
arr[j + 11 = arr[jl; /7t x RETTREAB—K
i=3-1

%35 H | 130 B
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Y IS

e
i
&

arrlj + 11 = x; // THETEHRNAE

static int[] mergeSort(int[] input, int start, int end) {

;RO

7

if (end < start) return new int[]{}; /1 B EEE

if (end == start) return new int[1{inputistartl}; // BEE: @ BE—TEAXEFHIHTFH
int mid = (start + end) / 2; /l 5

int[] left = mergeSort(input, start, mid); // A

int[] right = mergeSort(input, mid + 1, end);

return merge(left, right); // & 1 0(left + right)

BN 18 HAIFHEA T (HigkA Sorting. java)

[[38, 27, 43, 3, 9, 82]]

185 2y 5 BEE

£ log, n
9] [82]

(3, 91 & gERk
& n ETER

[27, 38, 43] [3, 9, 82] = £ O(nlogn)

{[3, 9, 27, 38, 43, 82]]

11 AOREFEER  BEMN TR (4 26 (4] -

6.4 HAl : [EBIRE

21953

Sorting.java fLAK < FLECHRACER T 2K > 3 n = 2000 M =FEERIEH (java -ea Sorting) :

i RS MEHE oy etk R (k%)  Big-O (&%)

HEHDFE 1,999,000 1,999,000 1,999,000 O(n?) » ki n(n —1)/2
KR 1,994,905 1,999 1,999,000 O(n?) ; EHEFH O(n)

AT 999,913 1,999 1,999,000 O(n?) ; EHEFHE O(n)

A 0tHEF 19,363 11,088 10,878  O(nlogn) » Hiif AJIE 5 £ TR

o BIFHHT R EABER - AEEWAMATHEZ (5) = 1,999,000 K

o RILEAHMAIETFE [P ) MERRE (n —1=1999 (K) > BREMENYSE-FA

PP EORE AT A FH A IR



1

2

Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 6 Lab &3 : REEGFF

o A HFHEFFA nlog,n ~ 2000 x 11 = 22,000 P& > b n® DT —EHE s n MR EE B
iR o RERETTE O(n) MBS 22 o Java 1Y Arrays. sort $f¥)4F H Y& & OF 8k 57 B 50 R R
(TimSort) °

o fBEk (stability) : MR T EIEFEIRFFR AWM EE)T - merge Hf THHEHUAEE ) W
R TIEE o HIRGIRATZIET ~ BIRERPET > 1 EHE)7 68 PR W A2 5 AT 4 23k
Gl o

6.5 WEELESE : Sorter TH

EAAE Lt 35 DU AR HE 5 0 [R] — AHHES » @ W — M A —E A - FEJ 2 R (method
reference) R E R EIEHEL

interface Sorter { void sort(int[] arr); } // BRNE  RE—EmME X

5 static void checkSorter(String name, Sorter sorter) {

for (int[] original : cases) {
int[] toSort = original.clone(), expected = original.clone();
Arrays.sort(expected);

sorter.sort(toSort); /7 PR TR SR AR A
assert Arrays.equals(toSort, expected) : name + " ZkB{ : " + Arrays.toString(
toSort);

¥

}

checkSorter("insertionSort", Sorting::insertionSort); // Sorting::insertionSort B Eh&k
FX—1& Sorter

checkSorter("mergeSort", Sorting::mergeSort);

B 3 T = L W —RRE - BAORE—G THER—EES > ekl > /£
An] i J2 B2 Z ) R T RE IR HE SR o 46 8 #ilif) Comparator BiZf 10 #if#) Listener #& [’ —fE# -

6.6 Lab %%

|

FHIEE CRW] B ) B assert & : (a) static int countOccurrences(int([]
x fE arrlfrom..1 H B A K #; (b) static boolean
isSortedRec(int[] arr, int from)——arr[from..] = B B M4 () static int
k4 AR ged(a,0) = a > ged(a,b) = ged(b,a mod b) » ¥}
B—EEH BRI 2 A R g 2

arr, int x, int from)

gcd(int a, int b)




Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 6 Lab &3 : REEGFF

B P51 | .
(a) % JE from >= arr.length [ 0; & 4 (arr[from] ==x? 1 : 0) +

countOccurrences(arr, x, from + 1) ; &/~ &E L arr.length - from o (b) Z£JE from

>= arr.length — 1 B true; #E B arr[from] <= arr[from+1] && isSortedRec(arr,
from + 1) o (c) FJEb == 0[5l a ; i gcd(b, a % b) ; E/PHEZLb(KAamodb<b)-
£ 5-2 HEFRE ZIREERMY N
B EMCR SN fakeSort « JERLAY AEE T R HRBUK 0 - FEE A4 checkSorter > BIEZIE
—f assert INF|'E - B E isPermutation(int[] a, int[] b) (AfHF] Arrays.sort ;
PN - HEETT R o RN RO AR R bR X R R o
G /
#' 5-3 : BAURIDH ST N
B F| % 3 #fi i LinkedSimpleList > ¥ get(int index) I &5 p% iE i & FA A W B
77 1% get(Node current, int index) : 3& JiE index == @ 9] 8 current.value ; 75 HI
get(current.next, index - 1) o Pk e B 3l P Jik A< () W] A 14 > Ol 35 B 4% A JEE £R A AR
TR IR A7) R R 28 3l P R A

g J

%38 H | 130 B



F ki 0

Week 7 : Bzt ~ ;S BUEH MRS

Lecture 07A e Lecture 07B e Week 7 Workshop



o 'S o) N -

Java Week 6-7 : ¥ E LT ~ Al EasEER 7 Lecture 07A (L) : JUnit JAIE BRI BR Eh B 25

7 Lecture 07A (L) : JUnit ;815 2381 5, BR 5/ B 2%

B H A 2 LA assert fn—1 main g &R o BREH - EHEZMEME - ramasE—
BT A > 5 — (8 RO & s 2 T Y 2 kR 5 WA — R 5 T HAREE [ —m RS
FEEAE] - JUnit & Java TSR AEEREREAMESE - IESFARYLE = 1R -
71 AHEEZEEBLAR?

o [iER#E (regression) : RRREMAL—SEEM - L2 FUEAT AT FREE LART REBH A SR

o FTHITIOBLRS © BRI AL AR R B/ B R SRS LSO R ~
I -

o CatEIf - HELLRRKR RS OB B B LLAE AT 5 S0 R TR e IR T e

R /A EA AR N
AP (black-box) JUZMA A BT ERAEWIME - FURR SRR FI W 88 > 2 AHEIE
[e] — 4y FRAG AT LS 2% i ) A — B B A
HARPE (white-box) KUEBEIEANE (Flan [REZIN 7 &g ) - wr DIsHEREE 7 S 8tat
A > AR AR o AET AR IAR - I e ——E B A 5 -

- /

7.2 JUnit5 AFj

—f8 JUnit JE080E B T @Test T3 ¥% © JUnit 1 9 BB T BRI T 3 ~ BT ~ Bt
AR

import org.junit.jupiter.api.Test;

import static org.junit.jupiter.api.Assertions.x; // assertEquals ~ assertTrue:--
class CalculatorTest {
@Test
void additionWorks() {
assertEquals(4, 2 + 2); // (TBEAE, BERE)
}
}

23X 19 £/ JUnit 5 I8

HHEE S (EfE org.junit.jupiter.api.Assertions) :



1
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assertEquals(expected, actual) Wi equals ; TEHAMEAER] > RBGRE A€ EfE -

assertTrue(cond) / assertFalse(cond) f&fF&E /{8 -

assertNull(x) / assertNotNull(x) XHE/ AR nullo

assertArrayEquals(expected, actual) WE RS BEAH ) R ST A S (== Lufis) H B i 7k
EAEH) -

assertThrows (E.class, () —> ...) #A7 lambda FRppZEMH E (BLETHR1) 5 BHERZ A 54t
i 2l

fail("msg") SEARAFIRE > R TAEBATEE M -

B8 W 5 #B AT DA 26 B — 1 7 H S R BGGIUE. © assertEquals(1, gl.count(), " EEM
ARNEHEETE") -

@ JuUnit (EGEH : SEARBEEZHAHER
JUnit ¥4 —1{ @Test J5 L #0& new — ¥ B HIELAERN M A AT © P LR Z TR AS & 3

EHIOLRGE - NP B AE E—E R 2R R RN A RS - T
@BeforeEach )75 LB TERERIAURT BT - MG [ oM Eis i M IE ) HORR A -

7.3 ZEf : GuestList B EFH AR

Lecture 07A (MR [FHELH ] — (HEEFHEMN ADT © —EAZWE K - ZHAEs
A —fE A\ add F§KEit add —IK »

public interface GuestList {

void add(String name); // REREMNEEER

void remove(String name); // BHREMNEBEEART (RATERE LRI EEARE)
boolean isComing(String name); // ZERZHEI=EZR

int count(); // BRIERIAE (REERFTH)

String[] coming(); // BERMEZTE PFEMER)

#2320 05_junit_tdd/GuestList.java

WECRERHEE A o % TR BRI E M B 2 AR > RATCHEUER MR
TR R ) AR B ESR A TR

abstract class GuestListTest {
abstract GuestList create(); // BFERREZ R —EEE
private GuestList gl;

@BeforeEach
void setUp() {
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gl = create(); // SEBREBIEHED—NEMNERE

@Test
@isplayName ("FREETEH")
void emptyListHasNobody() {

assertFalse(gl.isComing("Fabian"));
assertEquals(@, gl.count());
assertEquals(@, gl.coming().length);

@Test
@isplayName("EE5EE : B—MEA add MXZER add —X")
void addingTwiceIsIdempotent() {

gl.add("Fabian");

gl.add("Fabian");

assertTrue(gl.isComing("Fabian"));

assertEquals(1, gl.count(), "EEMANEHEETE");
gl.remove("Fabian");

assertFalse(gl.isComing("Fabian"), "B —IXZENEATEHEK");
assertEquals(@, gl.count());

@Test
@isplayName("coming() EfEREMHEMER  HETHERE")
void comingReturnsDefensiveCopy() {

gl.add("Fabian");

gl.add("Nicholas");

String[] snapshot = gl.coming();

snapshot[0] = "Intruder"; /1 BE (HA/NL) KRB EERRES]
assertFalse(gl.isComing("Intruder"), "#f#% : S\ EUE R ELERNTHARE");
assertEquals(2, gl.count());

@Test
@isplayName("assertThrows 7R&0 : null ZBFAREE")
void nullNameIsRejected() {

IllegalArgumentException e =
assertThrows(IllegalArgumentException.class, () —> gl.add(null));
assertNotNull(e.getMessage());

""" 3t o {AHIE : remove ALEZA ~ REHZE remove ~ BEREEM ~ 1000 AMGEFIE---

W42 E | 130 H
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class LazyGuestListTest extends GuestListTest { // ¥ THE) EERBEAR
@Override GuestList create() { return new GuestArraylList(); }

}
class StrictGuestListTest extends GuestListTest { // 8 TEE BEBE—EAR

@Override GuestList create() { return new GuestArrayUniquelList(); }

2 21 #i$%# g GuestListTest.java

& BB EHIRLIER 2 N
(SR SR — 3 > S — (R -

o 7% PALWIAN ~ count() == 0 ~ coming() RO o

o Hi—BaLH : add — A ~ Wi\ ; remove HESEWAL IR IR —1 -

o HifH : Ji]— A add BRI — A ; remove —RIEEAIER CaMEAS BEELEE) -

o A BWREAHEAESH ERY N remove » AREHISE -

o ZRM] - FERRAEFEIN B o

o Rf : 1000 A\——HERAFRMESIBCRIG A Z R CRAEE ARG - H TRES ) AR
) o

o B M@ coming () FJEIMEE AR B4 L o

o fil4} : assertThrows ##: add(null) o JEE : AR E null 175 > FrliE—KEE
ARG > ABERMBERRAL -

7.4 MEEE  —FERR

(15 | BAE GuestArrayList B add A& B > BEiEFEMEMY] ; B remove FF—IKTE >
count HIRYEAS [ —UCHIER ) RRRTEL

public class GuestArraylList implements GuestList {

String[] data = new String[2]; // package-private : F$HRIT HZEFEL

int used = 0; // datal@..used-1] 2 ABI HEF (ATEES null
L)

@Override

public void add(String name) {
if (name == null) throw new IllegalArgumentException("BEEZFAAE null");
if (this.used == this.data.length) { // T B EmEKAIRES
String[] old = this.data;
this.data = new String[this.used * 21;
for (int i = 0; i < this.used; i++) this.datal[i] = old[i]; // 0(n) &8
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}
this.data[this.used] = name;

this.used = this.used + 1;

@Override
public int count() {

int n = 0;

for (int 1 = 0; i < this.used; i++) {

if (this.data[i] '= null && indexOf(this.data[i]l) == i) n=n +1; // HE&

FIRHER

}

return n;
}
// remove : fRETEEMERES] - AR BEFAL null; isComing : AR | coming : #5 5 5P
5

25 22 f#fi$%H GuestArrayList.java

[EckS | B/E GuestArrayUniquelList #&E > Rk add (4E# isComing) > WM T —KA

s [IE null (B FHAMR ) > it remove $RE 25 —EBLAES ~ count LT o Wi H ¥ M7
By —8— 2 LSP &M PRI —r DL 18 fEHIEL (9 x 2 FEEfE) S fkimi

Test run finished after 185 ms

[
[
[
[
[
[

5 containers found

5 containers successful
18 tests found

18 tests started

18 tests successful

]
]
]
]
]
0 tests failed ]

QAR THNE B8 FALEEER
AR BRI N R ER 2 (—EATRMER - —ERA) > HEER A% - BHFENEE
WA S8 AR B AR AN B A Bl —— 388U B 2 Ak Gues tList » AELE ik GuestArrayList ;
IR ANEAE R data B used o




Java Week 6-7 : ¥ B @RET ~ IR B ER 7 Lecture 07A (k) : JUnit BIE BB s ER BN B B

7.5 BIFEREFE

M B EESNRAZ% (Test-Driven Development - TDD)

SRR > BEA  DIRERIEER S
LAL: A TR —EREE - BT — e AR (BRIEEZ B ) -
2. %k R AGEREUEME o B - RFFRIE -

I 3. HLA : RPN (REME - KA k) o B REULE B

A
B {EE KRR
P LR
fEHEL - TR -

HRE R AR -
ittt B EL A TEAR A TR o

X
BE > fiFge

12 TDD WJ4L- #%- EAEEIR -

i GuestList £—38 TDD WR = :
1. 4T : %5 emptyListHasNobody ° IR GuestArrayList XA FIFIRAE > SRiBIcHitE T4 -
% 0 BESTHER > isComing B4 return false; ~ count B3 return 0; o i
2. 4L : & addThenIsComing (add Z % isComing % true) o B 3LH) false el o %% : b L
F)Ed used > add 773 > isComing AR =t o

3. 4 : B addingTwiceIsIdempotent o count [H[{# 2 > SeB—— M) E KM E « B1E
add BEE M (%) » SRJE7E count / remove FHEpEIE (HETE) » WifRUSHRIE » A TR
FEEAE o HAd  WfE BRI R R 20 A2 KR o

\

o Rk ATREETE e —EHEUEE ) - BRI/

o B SEIHIEA A AR [ AR 100% - 117 HL 45 0 0 B A% 4 B A
}EH o

o [ /DR JRHIRE I st 5 [ AR ) S BRMEOR AR A e a1l -

o TEfESEHLER S > TDD BIRBERENA —(H AT AR R R A—— R DIREE A & -

g J

TRAVEEMHAA

B4 H | FH 130 H
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Java Week 6-7 : ¥ E LT ~ Al EasEER 7 Lecture 07A (L) : JUnit JAIE BRI BR Eh B 25

7.6 FiEMEEHR

coming() # B $% return this.data; > i comingReturnsDefensiveCopy & 2JcH © FEI 3 M
ReE 2] e 28 A B0 44 BEL AR o B RIAR il o

MEFEEESR (defensive copy)

w7 R E RSN T Y (B ~ List ~ StringBuilder----- ) BE [l fE— 4 El
A5 E— Ty VR A R AT S 0 B AR > B — I AT o AT AT
(String ~ int ~ record) PFEEHEL o

String[] copy = new Stringl[count()]; // 2FES

return copy; // MEK copy FEE data

5 // % 3 NS —EFF

; public List<String> getLog() { return new ArrayList<>(this.log); }

7.7 EFIEE  AHERTE k2] MAZ M0—17

GuestArrayList.add 7EREFRHEA RN o UK O(n) HE > FHEARE - (HER %
HEE2,4,8,16,... R > BKRHREIA log, n Ik > LA A E] K add | K
RS B—E M O(1) » B BURBER N —H5 > R IR add HEAE BEEAEES] > n Ik add
BB O(n?) o SEREMIAMMT CIE) FESS 9.4 #i > RAMEER B I A B & — R EH -

7.8 EMEH#E T JUnit

Intelli] & 9 B P JUnit ; 3 AEAEA AT > 8K JUnit B2 0TS (8 jar) BT

$ cd code/@5_junit_tdd
$ curl -LO https://repol.maven.org/maven2/org/junit/platform/junit-platform—-console-
standalone/1.12.2/junit-platform-console-standalone-1.12.2.jar

$ javac —cp junit-platform-console-standalone-1.12.2.jar *.java

$ java —jar junit-platform-console-standalone-1.12.2.jar execute ——class—path . —--scan-

class—path




Java Week 6-7 : Y& @5t ~ AR B =R 8 Lecture 07A () : E A ~ 5= AIEA Collections

79 &E

# 6-1: /& ChatHistory B E 58
4 3 fifl) ChatHistory B2 —{EHIHM 4 1) ChatHistoryTest » &4 Fral sk size() ==
0 ; add =HIJf% size() == 3 ; ErasableChatHistory.erase() & size() == 0 - FWif T
54> A LinkedListChatHistory B CircularBufferChatHistory(3) o JB% : add P4

% size() %4 2 HWEEEZERZAR—E ERHE » /i RL =% BN ?

- J

\
BRRARA R 0 3 > SiALHR 5 &Il 4 o 5 KR ChatHistory BRKRARIER [size £AA]
BE/NIA add BIYRE - WFEIETEE ¢ (a) A E K [size() [{E H H RN RIS > B/ET L
FEHEEME | o B assertTrue(h.size() <= 4 && h.size() >= 1) ; g% (b) 8 [ FH
A B R —E AT BoundedChatHistory o BAFHIGEAH ¥ it s bR AR 58 A I I T
—la e ER A EENEIER

S 6-2 : KA B N
H TDD & 4/E—1fE Counter %551 : increment() ~ reset() ~ value() > DI} [lvalue() 7kiZE
A iEim R4 EIR > BB increment () HH IllegalStateException | o A&
SF o BUROAEERE ~ SBFE R BRI BERDNER o RlskirAaIt T 4 -

- J

8 Lecture 07A (T) : &EZE « ;=8 Collections

5% 3 fiff) SimpleList [ Object HITH AR » [ EEHRREAL | ——(EAN(E U H 2RI - ) Object »
8 CRERY ] 2 > i) HLAR AR VAR L /R Integer ZEME—{H [ERZ UK String) B o A&
Hfi Je O Y G TS A > A Java MR 2B BRBEEELTEZ A Z 1Y Collections HEZE o
W F2 X 7E code/06_generics_collections °

8.1 Object Hd#EHY

Object x = "hello"; // B EEA (upcast) : BEj > KERZ

Object y = 42; // BENEEF © int - Integer > F[E) FiFE
s // x.length(); // HRFEEAER : ARREESHANE x = Object

String s = (String) x; // BITEA (downcast) : [FEF > BEHEZ String]
» System.out.println(s.length()); // 5

Integer bad = (Integer) x; // #m=Z=SHIT > PUITEIME ClassCastException !

B3 23 g% H Demo.java



Java Week 6-7 : Y& @5t ~ AR B =R 8 Lecture 07A () : E A ~ 5= AIEA Collections

X
] EER (PR - RA) & A B HokiEZ RN > K AEE String #R2 Object -
I FEA (R - FRU)) EHHE (T) expr o SRi#as AARE EMENE - T 7ER T IR
Y BRG] 5 AR ClassCastException o
ARG R o SRR —RIIREEE R —E R -
|\ J
224 ) N R BRI instanceof o Java 16 #EAYRI LS (pattern matching ) g B
HA A N

if (y instanceof Integer n) { // By BHNE Integer  SINTAETEE n
System.out.println(n + 1); // 43> NHEEHE (Integer) y

]

A BRE—TE [ERERK

TR 2 BE B (String) ~ instanceof > A F/ARR B AL IEHER T (FlAnHEs vy
JiCHE Object[1) o BLHEZFHAAEE AR » N — B LA iR 4 v oy re A 2B R ——38 1IE &2 B A
i o AR KR ADEIEN - BHAE equals(Object o) Ff ~ DI B EIE B &K} -

M izZ (generics) H2EIFISE (type parameter)
FERE R B A T AN b <T> > T Sk — 8 AR B A ALAF > W1 DLZERZ S0 9 5 e 28 A1) £t
oo i DI B 5| #E A : GuestList<String> 24 F M4 B > GuestList<Integer> &
AL Z B o [ — RS > MR RI AR 2 g 0 HAS TS A o

public interface GuestList<T> {
void add(T guest);
void remove(T guest);
boolean isComing(T guest);
int count();
TI1 coming(); /! x E—{TEE—EREM > R 7.3

B 24 ZARA GuestList (06_generics_collections/GuestlList.java)

GuestList<String> names = new ArrayGuestList<>(); // <> (#FR) @ EiFEEZEHRMERTLAGIE

names.add("Fabian");

// names.add(42); // AREEEEER | 42 AR String—SEERTEAREHATL M E]
String first = names.comingList().get(0); // NEE (String) EHH
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GuestList<Integer> ids = new ArrayGuestList<>();
ids.add(1001); // int BEIEEFER Integer

HAEH AR

/xx ZBTFE  <T> BEREEAIGEIE ; T HRZSWS IR o +/

static <T> T firstOrDefault(List<T> list, T fallback) {
return list.isEmpty() ? fallback : list.get(0);

}

/+x BREFIZE T KAEZ Comparable<T> > A {ReEREFFN| compareTo o x/
static <T extends Comparable<T>> T max(List<T> list) {

T best = list.get(0);

for (T x : list) if (x.compareTo(best) > @) best = x;

return best;

/xx MEZRASEMZE record o */

public record Pair<A, B>(A first, B second) {
public static <A, B> Pair<A, B> of(A first, B second) { return new Pair<>(first,
second); }

public Pair<B, A> swap() { return new Pair<>(this.second, this.first); }

Pair<String, Integer> p = Pair.of("Liam", 30); // p.swap() ;& Pair<Integer, String>

B 25 ARG AR 2 - ZEABSE (HigkH Demo. java Bl Pair.java)

Y kA

MBS HHE—REFRE - T (type) ~ E (element) ~K / V (key / value) ~A / B FZ|
Map<K, V>JtaniEe MR K- 28R V] -

8.3 ZUAIERR : ZEARITHAFHE

Java BZ R RAAAE R A ] - A ae i T AR Se AUA4% - AIEE#EBR (erase) & Object » /L
i) bytecode ¥R 3 ffiff] Object MRAKE T4k  iEA A IE EE A PR -

1. AHE new TInl @ $ATHIAKIE T 2k o HHEMOLIE N HRA] Object [T > HUH IRpHAY

| private Object[] data = new Object[2]; // RfEZ TI1!

3 @Override
4 @SuppressWarnings("unchecked") // BIEEESELERE  HEEENEZE
5 public T[] coming() {

BA9H | FH 130 H



Java Week 6-7 : Y& @5t ~ AR B =R 8 Lecture 07A () : E A ~ 5= AIEA Collections

6 return (T[]) Arrays.copyOf(this.data, this.used); // RZHREMNEE (unchecked
cast)

2 26 fi$% [ ArrayGuestList.java

BRSO TR U087 8 (AR e R bR A -
2. TO1 [MEE A RERE - b AR 5 FE AT A L2 Object [T > fiv A

1 Object[] ok
> String[] boom

names.coming(); // OK

names.coming(); // #REEEB » $ITHI ClassCastException !

=== 4. BIRIEERAUPERE ===

Object[] ok = [Fabian, Nicholas]

String[] boom = names.coming() - ClassCastException !
(T[] FEHITHAMIERREK Object[] » 52 Java ZEMEERT)
IEf# comingList() = [Fabian, Nicholas] (F List<T> ®;2EEERE)

HRigdste String[] boom = ... EITfififEA T — M@& & Stringl[]) W84 > ME
A o IEfF : Z RV R )5 V5 P List<T> > A ZEME T [ 1—A5 0 o X o 2 4 JEE A5
(Collection.toArray() [H[{# Object[]) -

3. RBIBI A RE R FE AR R - WA List<int>> HA List<Integer> - Java & H B 4
(autoboxing) (int — Integer) Ha¥FH > KL RHEMEIR > (HA—HZE L EPE

1 Integer a = 127, b = 127, ¢ = 1000, d = 1000;

> a==b // true NEEEY (-128..127) #HIRER > REISEE—EY4
5 ¢c==d // false ! REMY Integer ¥
4 c.equals(d) // true —LEEIHIKEF equals

8.4 Java Collections HEZE

H O LinkedSimpleList Jg:7% 7 B EUHE 5 BB LA java. utiVHRHEAY K08 T4 1
HHZ RS - BEREZNR 4 m (ADT) I b2EEE BRI — AR BLIERE
R

F50H | 130 H
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Java Week 6-7 : Y& @5t ~ AR B =R 8 Lecture 07A () : E A ~ 5= AIEA Collections

Map 4~z Collection :
B 0OF9E ¢ extends EENE B ->E 8

B4R 72 (5758 ¢ implements
Collection<E> Map<K, V>
R V\ /q D\
[ ) v | v |

S T % .- I

A

- N 1
7 \ -7 \ I
1

{ ArraylList H LinkedList H HashSet H TreeSet H ArrayDequeJ

13 Collections HEZRfAZ O T B AR (BEGRASYI / ADT » HEZEREHE) -

L] =8 BRI RE
List<E> HIEF ~ vEHE - HRSI7E  ArrayList : get O(1) » R add #45 O(1) »
B R O(n) (FHFERE) o LinkedList :

WA O(1) > get(1) O(n) °

Set<E> AEE - REED HashSet : add / contains “F3y O(1) > JIE
FANGE ° TreeSet : O(logn) » E#jRFH/MNE]
j( o

Map<K, V> - {E A EE HashMap : put / get 34 O(1) - TreeMap :
O(logn) » iHEHEFF -

Queue<E> / Deque<E> ZoifEsGH / g ArrayDeque : Wi O(1) ; ] EHEEH o

| List<String> fruits = new ArraylList<>(); // BEEHENE List » BEA ArraylList

> fruits.add("banana"); fruits.add("apple"); fruits.add("cherry"); fruits.add("apple");
5 System.out.println(fruits.get(1) + " " + fruits.contains("cherry")); // apple true
1+ Collections.sort(fruits); // lapple, apple, banana, cherryl

5 fruits.remove("apple"); /] REERRE—E

¢ for (String f : fruits) System.out.println(f); // for—each : FEFH{ET Collection

~

s Set<String> guests = new TreeSet<>(); // BEHEF - REE
9 guests.add("Liam"); guests.add("Thomas"); guests.add("Alice"); guests.add("Liam");

0 System.out.println(guests); // [Alice, Liam, Thomas]

> Map<String, Integer> ages = new HashMap<>();

s ages.put("Liam", 30);

4 ages.put("Liam", 31); // B—EH#: BE

15 ages.get("Nobody"); // null (REFEFERIEE)

¢ ages.getOrDefault("Nobody", -1); // -1

s Map<Character, Integer> freq = new TreeMap<>(); // FEERFEF : FTEX
19 for (char c : "mississippi".toCharArray()) {

20 freq.put(c, freq.getOrDefault(c, 0) + 1);

21}
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System.out.println(freq); // {i=4, m=1, p=2, s=4}

List<Integer> nums = List.of(3, 1, 4, 1, 5); // of() : AAEHNES
nums.add(9); // UnsupportedOperationException !
List<Integer> mutable = new ArraylList<>(nums); /! BUESHER—H

2= 27 Collections EE (£ji$%H Demo.java)

@ = RIEFAEE N

.

1. 38 S B4 > new FIEAE © List<String> xs = new ArrayList<>(); o HE XK
LinkedList HEt—fE% ; kS EMES K List / Collection » $EZEFHK °

2. ANiEEFH ArrayList ~ HashMap ~ HashSet : B2 & KA TERREE ; FEYF
FEFTA YR Treex » T ENEEAER U fd M 444 ArrayDeque o

3. List.of / Set.of / Map.of # V. W& A A Al & : i & % ¥ £ 5 Z Xk new
ArrayList<>(:-+) #E# o

-

@ MM EERY default ik )

Map.getOrDefault » List.sort ~ Collection.forEach #B & 4 M ¥ % H E/E W 7 &
(default BASES) > Java 8 5l ABRA THEAFERAEEMER THEANT - ERE
Tt BB DERE  (HABESWEEH o AEBARAS e A EHIRAL - rLl default 75
R R B H A I SR 7 VR SE LA -

8.5 &&

2 7-1 : 38 simpleList ;8L N

.

% 3 #i B9 SimpleList Ei LinkedSimpleList 2 J& SimpleList<T> /
LinkedSimpleList<T> o [N ¥ % Il Node [ value ## iz 8 B 22 32 5 A1 JBE 2 get [ [H] {8
HIBIWE ? B 58 7% Main #f) list.get(1).equals("banana") W] DLt 5 i (1 28 B fidf i i) T
= ?

m )

(&

Node 2 E8 (JE static) 2851 » AL EBAERAERI T : T value; ; T get(int index) o &
Fy get [H{E String > W[LLE list.get(1).equals("banana") A4 » (HE4HF] String B8
ik (I length()) AT EER o F/RHE Node MU, static » ‘BB ANBISNER T > b

JHH OB 4 static class Node<T> o

B52H | 130 H
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w
S {18 T RO S B A A T B > R IABR D - (a) ROSR— R SO P A B B K
B BARMKFBHEFENH 5 (b) ABEH AR ID 258 HB# (%) 5 (o) REFH
JIE ORAE IR GRS I RE BB R ISR ¢ B 5 (d) s BRE TAE(TS) - el -

\
(a) Map<String,Integer> - H| TreeMap (FZK#EHEF) ; 5 5E H HashMap &t 2 F HF )7
— K ° (b) Set<String>> Fj HashSet (H Z contains > AT EJEF > F1 O(1)) - ()
List<String>> f] ArrayList (R add #E8H O(1) > BE# get O(1)) o (d) Queue<Job> >
Hl ArrayDeque (R O(1))

-
N

9 Lecture 07B : HiERE « MEREEHEHE

b —#fi#t HashSet.contains B HashMap.get F#) H % O(1) ANEE A —E =2 —
JCF o fE PR ARG E L - 7E ArrayList #IHRRTEEL O(n) > FEHEFUFHY TreeSet #12E O(logn) »
BB BEANE T T A JC EEAUE BT ? B R o BEMTFEXTE code/07_hashing -

9.1 #ZUEiE BB EY RS

REZ A — 8 HAb A I AR AE 1) ¢ arr[i] J& O(1) » NEMLHIZ K o IR ILA BE ALy 5
(FH ~ A ~ B5E) SR —H 0...m — 1 S AR I B BOE R /NG m B « &
B ToR ke ) rY) R O R R > IRME ) iR A o -

9.2 HiERE
M #3%= /B (hash function) .
—{EE g B H B (JEVE(H - hash code) RIS h o BREFITEREIE R > BAA ¢

1. HH%MH : a.equals(b) = h(a) == h(b) - ERIEMEMESR - ERORE [HUEL AR
2o

2. Wtk [ — AR YRR W — R (37 DA RE PR B ~ BER ~ RCIEREOIAL) -

3. P O(BMKAN) > HHHKIH T O(1) HILFIE -

4. S ASY C ARRSERE TR ) BEIAFRE < ERMEER MRS - R

AN [ B e 8 — 1) Rl 4

HEERT A FAL h(a) == h(b) A48 % a.equals(b)

(collision) °
\\ J

= ER B P R 2 THA B » L IF & java. lang.String. hashCode () [EEE

1 /%k h = s[0]1%31~(n-1) + s[1]1%31™(n-2) + ... + s[n-1]1 ; TF 3E 31 BEMT—EFIT]  */

%53 H | 130 B
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static int goodHash(String s) {

int h = 0;
for (int i = 0; i < s.length(); i++) {
h =31 % h + s.charAt(i); // int ERMN—REARFR  RNRINEEZEMEN
¥
return h;
}
static int mediocreHash(String s) { // RIBFTmE  NEBEERET
int h = 0;
for (char c : s.toCharArray()) h = h + c;
return h;
¥

static int badHash(String s) { return @; } // [IE#E] BRF : FTEREEE—
/xx HEEE - FZES| o floorMod 7KIZEE{E 0..capacity-1 (hashCode TIREREE ! ) */

static int bucketOf(int hash, int capacity) {
return Math.floorMod(hash, capacity);

23 28 #ji$%H StringHashing.java

goodHash("hello") = 99162322 * String.hashCode() = 99162322
goodHash(ab) = 3105 > goodHash(ba) = 3135

mediocreHash(ab) = 195 : mediocreHash(ba) = 195 (&lf#ZE !
goodHash(fRA]) = -609428141 (AIREEEH)

=== 4. HHmE : 1000 FEHEIE 128 B ===
goodHash =IER@ = 21 EH#E - =@ = 28 / 128
mediocreHash HFIEHFE = 70 {E8E > =/ = 73 / 128
badHash BRI = 1000 fEHE - Z=4F = 127 / 128
(FEAEARSR @ 1000/128 ~ 8 E#HE—1E)

o 31 MAIELBLER (Mab" £ "ba") ; 31 AAVEM > H 31h = 32h — h W LR FiR PR
o

o =fEpAAMME (RFEFME) B TN > PrLURIERE 5 2E5) 2/E53 1 © badHash a3 i%
AR — R R 5 —— AR O(n)

o I HEZE (SHA-256 55) %1 [MEIAFEMER LM  MEIAZ R BOERAE | hiseat - 18 1%
Fiffi o MEZRATZE SRR > BT DA RN -
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A Math.abs(h) % m 25580

h ZEKEh % m 2B By &5 BA; BE NS5 K Math.abs(h) % m> {H
Math.abs(Integer.MIN_VALUE) {R 2 & # (23! AHE int) o 7kiE ] Math. floorMod(h,

m) o

9.3 MER : fREAE

M #:%=% (hash table)

—fEA m A (bucket) HJREZY o #E k FLAEAR floorMod (h(k), m) o [K 2% G Ay S
Kt m ERMER - FINPA T8 > RN GRFEREL - B DR R S5O
WA el B BRAE 1 o

F7iiEk— : 8% (chaining)
BTG E—RSAS B ) > HREE T AR R (key, value) o 52 Java HashMap FiZEAS 5% -

h(k) = floorMod(
k.hashCode(), 4) WA - MERE o kR

—>[(Alice, 28)}—)[(Thomas, 25)}

“Thomas" —>[(Liam, 30)}

14 55 4 WSEAS AR A=A (HashDemo 55 1 BrH B BIRAE) -

null (Z=4)

(3] null

public class ChainingHashMap<K, V> {
private static class Node<K, V> { // (key, value) + BRI T~—EEEL
final K key;
V value;
Node<K, V> next;
Node(K key, V value, Node<K, V> next) {

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

¥
private static final double MAX_LOAD_FACTOR = 0.75;
private Node<K, V>[] buckets;

private int size = 0;

private int indexFor(K key, int length) {
return Math.floorMod(key.hashCode(), length);

%55 H | 130 B
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private Node<K, V> findNode(K key) {

int idx = indexFor(key, this.buckets.length); // 1. F§ hashCode F#H
Node<K, V> n = this.buckets[idx];
while (n !'= null) {
if (n.key.equals(key)) return n; // 2. F equals #E:R
n = n.next;
}

return null;

public V put(K key, V value) {

(1)

Node<K, V> existing = findNode(key);
if (existing !'= null) { // BFRE:BE - OEEE
V old = existing.value;
existing.value = value;
return old;
¥
int idx = indexFor(key, this.buckets.length);
this.buckets[idx] = new Node<>(key, value, this.bucketsl[idx]); // #HFE#EEE : 0

this.size = this.size + 1;
if ((double) this.size / this.buckets.length > MAX_LOAD_FACTOR) {
resize(); // BEETEE 58+ B

}

return null;

public V get(K key) {

Node<K, V> n = findNode(key);

return n == null ? null : n.value;

BX 29 PhAHERIIL (HigkE ChainingHashMap. java)

=== 1. FUMBEERER ===

RE 4 size 3:

[0] - (Alice, 28) - (Thomas, 25)
[1] - (Liam, 30)

[2]
[3]

put(Bob) REE 8 ({51 +EMZR)
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[0] - (Alice, 28)
[1] - (Liam, 30)
[4] - (Thomas, 25)

[5] - (Bob, 41)
=== 2. KE&EH  #RFRE ===
100000 fEIE > BE 262144 > HRHE = 3

HEREIEA % Thomas 1EAF 0 W EIAF 4 - MERGIKEE m > m &8 7 A HBrafiE (rehash) -
B E G 262144 AT > FRMISEHAE 3—E AT O1) MZKIE - BEMTFHRA n/m
AR > REH n/m BEFEEIT » F—EE A TE S E R -

FiEZ  BRUE N AR TR A

S ERS > BT A TCR BHEEARRS R 5 REREREAE T A4k 220 (B R im e e fH ) o

21 %) 5 - AT 4% 29 #2113
7~ N 7~ N
5121 7 | - . . . 13 ] 29

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

LinearProbingIntSet : JIA 5,13, 21, 7, 29 i HpES] (BRE 16 1.1 = %)

15 ZRVERR - AR IRRAEA A — B 22A% o AXR IR T IR BRI AS » BB AR AEREE [ ANFTE )

public boolean add(int x) {
if (contains(x)) return false;
if ((this.size + 1) % 2 > this.table.length) resize(); // BHETEB 0.5 HEE
int i = indexFor(x, this.table.length);

while (this.table[i] != EMPTY) { /7 BRMEERR - T 48K
i = (i + 1) % this.table.length; // DR imEiaE O pEE
}

this.tablel[i] = x;
this.size = this.size + 1;

return true;

B3 30 ffig%H LinearProbingIntSet.java



Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 9 Lecture 07B : #EZRE ~ MR REMIHEHERE

gzt (chaining) N (linear probing)

b R WA RS R A BT &R 2= AL

B R s BEUN Al 1 hReEAE s I GOIRREESE ~ UGS s ATREHIEY
252 14

T {18 5 Y S — {1 2 B B 4 B 8 KOHME CES 5 HmBERBE) ; A

R (0.5) 5 MHBRTR 2 (250 47
AL 7 R O R 1
AEFER]  JavaHashMap (SRR IRFSUSALRAE) Python dict » Rust HashMap fj4 f

9.4 BHET BAEEBHERE

R &#HEF (load factor)
a=mn/m : TEEHMELAE > B TS EYEMETE) o SRR EYEREALGE 1 +a;
HE o BHE O e O(1) < Java HashMap 7E a > 0.75 IRFFEAGEOINAE I E AT HER

PR —RE O(n) (EITHEEHME) > FRAEHE (0(1)) KEM - BRIERIREFRD
B o SRS 7 B RS R REL— AR > T R B B 5 e A

D@
174
9 a6 =MBETR
(BRE 2-54-58-516-32)
5 . _
Bf = MAHITRE (1)
-------- .---- —mmm-m--- il B LR 3
1
> SE4% add
1 2 3 4 6 7 8 9 10 1 12 13 14 15 16 17

16 (5 5HE T A K add BB AT o SRR (BB AR BiAR > JEALETEIRE T#E) BT A add b 4
KA 2

M i#sEEE (amortised complexity)
B n EERAE > BRRERDL n o B4R ET REAR ] - EA AV ERIE R A0G 2 » PR K
s
REF (G BG H o3A - SR 1 BHAREAE add n (BT > B EAETERE 1,2,4, .. RIS
WA E = 1+2+4+ - 4208 <20 o 1 FMAREN n o BEA < 30> BTG
add #85 O(1) -

B EHBRIUN—% > BEBERE1+2+ - +n=0(n?)  #EHEEKOn) -

G J

MEVZ M rehash SE Az [ B« ARSI - AR [E15E > B L put B AR O(1) » s mlt

%58 H | 3130 H
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 9 Lecture 07B : #ZRMRE ~ MR REMIHEHE

B TEFATH HashMap J& [EE O(1) ) AR M2 O(1)) : B—K put W REMB#E R L B 4k »

EE S35/ G2 Ann e i

@ =7& 0(1)) MZERI .

o FEEUL O(1) : H—WHAMEEHE (arrlil) -

o SN O(1) : ABA—HER BRE AR B R AREM (ArrayList.add Big) & &SR

o Xy () OQ) : iz RE N MIYS) > HE(ERF# (HashMap.get) - BF| 2
HUEREAECE - DI RERILEL O(n) -

9.5 equals 2 hashCode AJZ2 %]

M ¥ % St Bl hashCode $#ffi > P H equals FEE o & (R B H T equals AR A B F
hashCode > WifE T4 ) M EVEFER R RM—BOE L > AR

static class PointNoHash { // $85iR  HEE equals ’ & 1 hashCode
final int x, vy;
@override public boolean equals(Object o) { return o instanceof PointNoHash p && p.x

==X&& p_y = y; }

}

static class Point { // IEHE : ME—EES  BAE—AM
final int x, vy;
@Override public boolean equals(Object o) { return o instanceof Point p && p.Xx == Xx
& p.y == vy; }
@0verride public int hashCode() { return Objects.hash(x, y); }

}

record Coord(int x, int y) {} // IE®E : record BEIEL—EM equals £

hashCode

2 31 #ji$% 8 HashDemo.java

=== 5, equals/hashCode 3%J ===
HOZE equals : contains(new PointNoHash(1,2)) = false « ¥AF] !

equals+hashCode : contains(new Point(1,2)) = true

record : contains(new Coord(1,2)) = true

59 H | k130 H
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 9 Lecture 07B : #EZRE ~ MR REMIHEHERE

A hashCode %) (java.lang.Object BIFEE)
1. F—{E¥FFER: equals I EI AU AL A6 > hashCode () WAZH [l {3 5] —{E1{H -
2. a.equals(b) AHE = a.hashCode() == b.hashCode() °

3. PHERYIER LA R hashCode ({HABikF)

HEHH A B equals 5t — & 28 55 hashCode > H JH [F] — A0 M7 5 5 ff B 00 55 1k 12
Objects.hash(fl, f2, ...) ; FLEMEREH record E#E -

\§ J
A ENRESE .
SERDE R B IAET > B hashCode 85T » (I E M 7E B RO -

1 List<String> key = new ArraylList<>(List.of("a"));

> Map<List<String>, Integer> map = new HashMap<>();

5 map.put(key, 42);

. key.add("b"); // B TH - hashCode &7

5 map.get(key); // null ! EEBERE > AKEERAT ; size 12 1

LR - R SR A G b R A T B Y
S H T BT o

String > Integer ~ record #{%:4> ; ArraylList ~ 0

9.6 1Z#EpR=JE : HashMap £ HashSet

Map<String, Integer> wordCount = new HashMap<>();
for (String w : words) {
wordCount.merge(w, 1, Integer::sum); // BEL 41 BEME 1 (—1TEEETE)
}
// {the=3, and=2, bird=1, cat=1, dog=1} (JBFT{R:E)

Set<Integer> seen = new HashSet<>();

for (int d : new int[I{3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5}) {
if (!seen.add(d)) System.out.println("E# :" + d); // add EfF false = BF1E

230 32 fi$%H HashDemo. java

SHH AR AR (n JTH)

%60 H | 3130 B
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H]K A B AL sk
ArrayList (FHk O(n) Rt O(1)  O(n) T PREFEANET ~ 7 EE
) O(nlogn)
TreeMap / O(logn) O(logn) O(logn) O(n) > RKHF  HEFHTHER
TreeSet (Comparable)
HashMap / FHO()  HEEETHO(1)  FHOQ) AZE JEFA HEFEIERER equals /
HashSet E) hashCode ~ A A4

9.7 &8

.
B m = 8 WS4 EIZ S > @] floorMod(h, 8) » KFMALLT (&t M) : (A 17)
(B,25) ~ (C,6) ~ (D,-3) ~ (E, 33) - H M EEMmASE G BEH7EsEEH) - BEZA (E9) »
A TERE D 2 16K 0.75 PR B A EES ?

I(
J

P 81 B%
%5 : A-1-~B->1-~C—6>D-5 (floorMod(-3,8)=5) E—»1-fil1: E—-B - A (E %
AT UTESEEE) 5 M5 - D5 M6 : C; HAZE - A F (9-1) fEn=6>a=6/8=0.75>
AE 0.75 » NS CREMEER T>1 FE) ; BR—EAg -

I(
J

s 8-2  BIFE AR

T PR A HashMap 1Y 88 & H AR 8 2 S5 HAB IERR (WfE @ T+ hashCode ~ UK
record) o

1 class StudentId {

2 String faculty; int number;

3 @Override public boolean equals(Object o) {

4 return o instanceof StudentId s && s.faculty.equals(faculty) && s.number ==

number;

5 }

6 }

\\§ J

\
A5 hashCode » RIfEARSE MY StudentId £-F UM RVE LRI > get FAE] - HAWALAT
£ (A final) » JBOERZI number L& 3 B RHE - B15— © Bk @Override public int
hashCode() { return Objects.hash(faculty, number); } AFIEMINIH final - EHE
record StudentId(String faculty, int number) {}———47#%xE » HREAST]E o

FelH | FH130H



Java Week 6-7 : ¥J{HEm%sT ~ BIEEEER 10 Week 7 Workshop 3 : HFtHIRE Fimfd/ T &

s 8-3 : HiHHEE .
JEAE ArrayList fSARE7ETN IS RR 1.5 (Java BERR LR g B ) AT 2 - #E8
JRAAT R O(1) W 2 % BU% [ 11000 4% 1 W 2 FIAE LG / 25 22 AR B AR LI

:
1.5 : AL R A 1.5 S AR > 1.5% ~ 3n > 1752 O(n) 485 - #E84 O(1) (B
1 BRI ST - FIEHBORTR) » fil 1000 #% : & 100042000+ - - &~ n2/2000 = O(n?) »
WSS O(n) — W B R THEE

(& J

Ve
G

10 Week 7 Workshop &E5E : BstHIXE FinfITmE

Week 6 Workshop PeE T #8 E#If1E (15E) 5 Week 7 Workshop e B A #8 /B Y) « #2
MR G ) RS (P AU B TEREHE BB ) ARSES (UD) 2 >
JA— 18 kE B o BB ——ATAT N UL ¥ A2 AT AT AR )% 5 A2 S0 - J5 )L Lecture
06A T T RI#E% ) Bl Lecture 07A TR ) MIAEA HHE -

101 BITEEYE—TI?

| Listener [H[IFf :

1
, onMessage / onError /

1 .
, onDisconnected

SocketChatClient FakeChatClient
BRYE RS TREABES - HiEO
A

WS (58 5 Hfi)

fAbkzs

17 UI MGk ChatClient Siil > ft AT AR FCAUAERE S04 > vl DLRR{BRAN) BEAR AR HIR -

o WG - ULl GGRE/EEHEMR - SR BB BR) TLLH FakeChatClient fE#R A A ikds
IR —— L B A IR A AR LR S8 i -

o HERGR Aot i BRI T2 R UT 36 AT IR — R AR 30 5 A2 SRR BT 58 TH AR S BT 4
UL A7 #AS I

o T friigRaH o Ul AELRE R B S8/ B 8 > R e AR -

Fe2H | FH 130 H



Java Week 6-7 : & me5st ~ Al BEER 10 Week 7 Workshop #37E : st HIAZ Rimfd/ T HE

10.2 FrERTER?

1 public interface ChatClient {
2
/xx BEEEE U1 BREEENE > BXEEEFEERIFUE o x/
4 interface Listener {
5 void onMessage(String room, String from, String text);
6 void onError(int code, String text);

7 void onDisconnected();

8 ¥

9

10 void addListener(Listener listener); // AR EZE

11

12 /xk EERILE N o @throws IOException #BEXSKHEL ; @throws IllegalStateException # i iEAR
*/

13 void connect(String host, int port, String name) throws java.io.IOException;

14

15 void join(String room);

17 /+k BIBIEN : 2EEBED join 3ZEM  */

18 void say(String room, String text);

19

20 [k ERAIARBSEE B I BAEA AR | X BIEMRIEESR IllegalStateException o */
21 void disconnect();

22

23 boolean isConnected();

s}

23 33 08_chat_protocol/ChatClient.java

PO Rt R - (A EAE BB i J ) -

L g TERE M E] > miARE o LA sendLine(String) ~ 347 LOGIN
/ SAY JE 485 o Bk e R B AR AN A —— PRI A EE - UL ARNEZHDE ~ ARIREE - Hig
W > UL 5208 o

2. fl IR A (O S5 PR I IINE (callback) o BB TSI - UL SEIL T > BT LA fig
(IR 57 G A ) 77 RIS o BOR UT REM—18 Listener » F2 K7 S48 AR I SO
ARIF] UL - 45258 6 fii Sorter [BfTRESHME ) HIF—H -

3. BRI SRHIS FERA) o KRR say > IllegalStateException (WP g, > 5 2
ffi) ; A4¥EBiPE — I0Exception (ERBEMIES - WPIE DAZEBEIE > FrLUE 2R 51) o UL Kt
KR HIRLE 51 -

4 AT R R o AT B —— R BB B —— RS R — 0 A (BN Tsay Z24% > fr




Java Week 6-7 : ¥IFE@ZT ~ AREER 10 Week 7 Workshop &3 : &R PIRE BT E
A listener €I F]—¥K onMessage |) o {5 HI AR EEREA UL > 2 EEEEMRE T ; E1E
5 4 i LSP ER ) E -

10.3 RARE(EE UI

FakeChatClient & FhlAEREE : say EIEIEFE BEEA A listener (FHE{R AR % 11 MSG FEHE ) >
AAEEH# BB onError (403, ...) (Bt ERR) o Ul i F & A 8E B E1F Listener :

StringBuilder screen = new StringBuilder(); /] & T&EE ]
ChatClient client = new FakeChatClient(); // BEEEBIENE
client.addListener(new ChatClient.Listener() { // BERER  BISEENE

public void onMessage(String room, String from, String text) {
screen.append (" [").append(room).append("] ").append(from).append(": ").append(
text).append("\n");
}
public void onError(int code, String text) { screen.append("ERROR ").append(code).
append(": ").append(text).append("\n"); }
public void onDisconnected() { screen.append("(disconnected)\n"); }
3
client.connect("localhost", 5555, "angelia");
client.say("general”, "hi"); // B join - onError
client.join("general");
client.say('"general", "hi again"); // - onMessage
client.disconnect(); // - onDisconnected
assert screen.toString().equals("ERROR 403: not in room general\n[generall angelia: hi

again\n(disconnected)\n");

2 34 %% H ProtocolTest.java

=== FJ FakeChatClient | UI ## (FHFEHK) ===
ERROR 403: not in room general

[generall angelia: hi again

(disconnected)
ERAR1E1E{E - IllegalStateException : [HRELR

\
new ChatClient.Listener() { ... } BERLEA : —HEREL4F - R —RKHEE - &
A1 R A 5 75 (W0 Sorter ~ Runnable ~ Comparator) » A DLifE—# i 55 it lambda :
Sorter s = arr —> Arrays.sort(arr); o Listener =18/ % LA GEH lambda ; 5
— MR EHEIR B S H T /v (onMessage (MessageHandler) %) » #& [ #1fE il lambda
— 4 A& Workshop H{EA5 5w A HUEE ©




Java Week 6-7 : ¥ E @RET ~ BB ER 10 Week 7 Workshop 3 : 3Rt HIAE FuwmiI &

10.4 EEEHEZHEwEE

H.HJ SocketChatClient & 145 5 fiifY) Socket / BufferedReader / PrintWriter > ilf H 7%
— T RmPUTEAE readLine() > HEEE{T parse Ji ChatMessage £ R%S listener :

private void readlLoop() { /] EESRRITERT
String line;
while ((line = in.readLine()) != null) {
ChatMessage m = ChatMessage.parse(line);
switch (m) {
case ChatMessage.Msg g —> listeners.forEach(l —> 1l.onMessage(g.room(), g.name
(), g.text()));
case ChatMessage.Err e —> listeners.forEach(l —> l.onError(e.code(), e.text()

));

case ChatMessage.Bye b —> { listeners.forEach(ChatClient.Listener::
onDisconnected); return; }

default —> { /* OK: ZHB% > S AKRMBREFTA connect/join */ }

}
listeners.forEach(ChatClient.Listener::onDisconnected); // EiRHE 5FIED

23K 35 SocketChatClient HEHUHE (RE)
Workshop HJ 5% %5 34 T SO R

1. connect & PHZE 2 fal ks Bl OK A3k [F] > 32 @7 ZI3R Bl ~ Z#&H onConnected [HIIE3@ %I ? (i
HIGH > BEAG R UL

2. [EIPEFERR—RA T AR B 2 & UL @5 L RETE Ul $UT45 EH & i ——a & Week 8 1)
T BN SO BIER B 2 o
3. HH connect ~ K join jif say ~ disconnect ZBZFRAE © 45 HEHISMR ZEFEANE » (K
A1 A% Il1legalStateException o)
4. fFARESEEEA (XA BYE) I > FRIEMIAE500F 8% Ul ? (readLine() [Ef# null )

5. say ZRHC (ERR) IRf > UL ey S0 2 WK — R 8 55 R B 2 7 SEAE I A T 0 L SR A G 2

|
%’*1@1%%#& UL : fi] Scanner i ffi & ¥ A > /join room FFIY join » HABSZFIFH say -
/quit FERY disconnect ; ff Listener FEI R IR EP B2 5 - S FakeChatClient HifE
Ao BB RE) UL AIRA AR —F7 A2 U518 B FakeChatClient DIAHAIEAERER 2 Br T
new il —1724F > NIEZA ©

%65 H | 3130 H
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 11 BEE : BisthE B REREB AR

292 HAEEEMHER
A JUnit 5 % ChatClient B —EMRBIRIEF ((FIE 7 & Y GuestListTest) » &4
M RE A say i I1legalStateException ; join 72 say &% listener I E 5 ITF—IR
onMessage ; disconnect £ isConnected() % false H listener it #l] onDisconnected - 4¢ff
FakeChatClient FXE7I}i# ; H& SocketChatClient By > [ —FEHIEEZ B IELEM

1 REE : BoiE - BREREE KRR

%66 H | 3130 H



Java Week 6-7 : ¥JfHig st ~ RIEt R E R 11 BEE BthE - ERERER TR
1.1 —EEFTWE

Bl& —Aih BgEE / Hihl

2 WL private » BB AP T EEBUREE - BankAccount.balance ;
G SR O A S 8 510 il 1T B B A IllegalArgumentException vs

IllegalStateException

S 2B ~ WAHEIERRE s BfE  implements -~ @0verride A A new
SR b SR AR T v

ADT —HHERAE I _ERRAS - ARRGEAETR /v ChatHistory : BUIRARMER vs Sl4L A
FzE ADT > JERI Bk A 5

Ryl T UMM #6E4S T 5 ZUBIII4ES > 7 implements / extends ; Object J&
ity ey Giss

K FH BRI B 5 BEMATA 5 extends ~ MR - protected ~ #
super WP A A BT HER

g4Ik REARENF I B RRAESL 5 FEERERRAF  PointsAccount p = new
AT IR PremiumPointsAccount()

LSP TR LA RER B T A FFRARI OverdraftSavingsAccount 5 ;
R EORABEAE S ~ FKFEANAESE A AccountWithwWithdrawalFees [Hid%

JUnit @Test ik + W5 ; BEBE—EHY assertEquals(expected, actual) »
14 ; @BeforeEach #Eff; assertThrows

A SUBBAIE ~ FURZRAFIE ; —ERET  FhR BRI + TROT % create()
W 2 FE B

TDD AL CREERMIEED - & (BPER) SE—N S BEUERECHAESR
- Hi

il Al EAEZ%E ; n FEHE BT A ClassCastException ~ instanceof T

t

Z R IR 28 > SREBRIA] 22 ~ Al GuestList<T> » <T extends
AT AR Comparable<T>> » ffE new T[]

Collections 41 (List / Set / Map) + &1E BE A ; of () AAT[&E
(ArrayList / HashSet / HashMap---) getOrDefault

Wik V2% 2R EESE - HE -t 9mHY 31xh + c ; Math.floorMod

MR - fRET] 5 Bl A AN BRI AR ) O(1) 5 equals / hashCode #2
TR G % K5 GEAT S

HESHERERE  ARUARRRDARAER s AR R E RS OISR A < 3n

b

1.2 EERI+ AR
1. © BAHEMALR SHEHE getter / setter - @ AT ¥ EHAE (deposit) » ANEEMINL -
2. © [ NHRAIE List B8 - @B EEEH (Arrays. copyOf ~ new ArrayList<>(x)) e
3. © catch (Exception e) {} FHFTAHH - @ HizH CHEEZEEI M HIS o
4. © 153t @override > PRE I8 RHOTIETIR A EE - @ KiE/N @override -

#67 H | k130 H
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 11 BEE : BisthE B REREB AR

5.

6.

10.

11.

12.

© H] == L#g String ~ Integer B F ¥t - @ ] equals (& Objects.equals ffj null) o

© & 7 AT MR — R E R kAR (T2 E P 4K SavingsAccount) o @ MR
FEAT B L is-a ; RIS -

© 1 static 75 JE AR B EHIMOL - @ T YR BB E 7k > SR 2
Ao

© JEAME H GuestArrayList glilfii# gl.data - @ B WA RG] - NP AL -
@ assertEquals(actual, expected) Hiff| - @ FARHELERT > SLBGRE A IEFE o
O iz AVEA EME T - @ [ # List<T>; KA Objectl] o

© #E equals AEE hashCode ; A& W1EE i - @ WifH—HEE S (Objects.hash)
B3 record -

@ Math.abs(h) % m &kFEE - @Math.floorMod(h, m) o

11.3 B#AER (20 &)

FEANEME - SHEA AR ER I -

QL
Q2.

Q3.
Q4.
Q5.
Qé.
Q7.

Q8.

Qo.
Q10.
Q11
Q12.
Q13.
Q14.

F 56 7 AR B R A i g A 2 4552 BankAccount i —fE {1 »

deposit(-5) JEZ L H I1legalArgumentException ## & I1legalStateException ? f&%H
10 i withdraw(50) Wg ?

[private WA H A [ — (B AR REAEIR | ——HE 24

ST B SRBR & AT TG L T AT 4 2

ChatHistory h = new LinkedListChatHistory(); h.erase(); Zff ka2 »
F—AIEEE TR0 o PremiumPointsAccount & Account BY-FZUAING 2 Zpfi)EE ?

Account x = new PremiumPointsAccount(); Zf&M:M x.deposit(100); » AT A& MF{E
KR deposit ? i3 M 48 »

HERET- B B AR AR 2 U T RS — AT R S TR M2 2

F AT 2 F R U H R - OverdraftSavingsAccount 3 S A4 15 »

Square extends Rectangle ff/EIRpGiE iz LSP ~ f1JEEIRFASIEE S 2

JUnit %845 @Test J7 i sz —(E#T Aty 2

DA AR B A IS S5 R ? GuestListTest HRME—{HE I L 82 %8 »

TDD wr [HlER SR HY B R A2 2

Object o = 42; String s = (String) o; EIYEARFIIEZPATHIHES » HAHESS 2

%68 H | 3130 H
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER 11 BEE : BisthE B REREB AR

Q15. Zft T RUE RN GEE new TI10] ? AEEERRARMOEE AT EE 2
Q16. Integer a = 1000, b = 1000; a == b &5 RE(1E 2 BfHE 2

Q17. & TR FRENE BN 45 BE 2 0 I Bk ) > % WA Map B4 » 5 R BRI 75 I 7
We 2

Q18. — 1 i 1 5 i 05T R DB L 2 R — (IR IE AP R ~ MR A R R 2

Q19. FEHHBEAEFEE R get(key) B BR > LIK 11 equals B hashCode WAJH—EK ©

Q20. 1B RS 541 add SEHEEH O(1) > TN —A 2 HESH O(n) ?

.

Al. 5E#EME (balance 7kiE > 0 > K2 HABAY deposit / withdraw ) EEfli5 (ffif#& R
T FE =77 5 AERMUE long ASZ BRI ) o

A2. I1legalArgumentException (Z#AH ALEH:) 5 IllegalStateException (¥ &
PAHH AR AFT) o

A3. §f o private EHEBIE R AR« [FREA AR X8 AT LA EC S — 8 R R - A A
HADL ©

Ad. NYTH - RIERE T/ Y B2 HENE - HERKMEH (RS - s - 2HF
YEF R A A B ELf8 T 1 o

AS. h (PRI Chattistory » SATMILAT erase() 5 ARFAS TR REAHI Yt Jy 1
R -

A6. EATREE U My # o Dl 232t T B T & U 512450 - & : Premium extends
PointsAccount implements Account > FZYFI A EIE o

A7. PremiumPointsAccount FURRAS (BATHAZLA]) 5 BIRESTIR ©

A8. g o FBEIEN super() » Je@AEASERNIRE 4 5 SRR A M S B4 T e JE A
B super(...) °

A9. FIEMGEAREE® - BEGREAREES - R R0RE: - BRAR - EX 2 (ki H
true) H13 (fREETIH) o

A10. 47 setWidth / setMeight (W SETL G (R 5 5 3 WILRY 15) 5 A4
record NI o

A1l GERIEAE ST ~ NP AR - — RS FAREAS e 2 S —E o

A12. B R E W AN ERZLH G v £ A EE B KRB EENE -
nullNameIsRejected (SVEIRFRE null f754) °

A13. 3B A TER & BARAT A (75 B AT Al 2 7k 3 40 308 1) SR HIA) - EAERR T D) R

%69 H | 3130 B
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER A KSR BER R B IRIAHS

Al4. $fTH] ; ClassCastException o #iEss HAIE o /& Object » A & E B R B R F AT
WA SE o

A15. RUFIHERR - AT A FIE T &A1 o A Object[] fif 77 > BUH I (T) R 36
@SuppressWarnings("unchecked") > B{ B0 ArraylList<T> o

Al6. false (KZ#JVM) : 1000 i Integer PLEUHIE (-128.127) > WfEREARDILE 5
PR 2 A equals -

A17. TreeMap (ik#EHEFEDT) 5 HashMap (¥ O(1) » REEF) -
A18. BEL(E (EMME) - fEEM (EMEN) ~ P s (BRERRE) -

A19. % floorMod(key.hashCode(), m) $kifF — #5s# H equals FL¥t o A AHZE A0 S = {H
AW o g REE A E o

A20. 539 BB 1 +2+44 - < 2n0 BEAK < 3n> FIHEE - I—# : KE

142+ +n=0(n?) > F#HO(n)
\ J

1.4 PREEfifsEH R

B encapsulation W s R A abstract data type (ADT)
BRI data invariant HFHUE T access modifier

A interface Bk implementation

F-HIR subtype KER / FHER superclass / subclass
IR inheritance =t override

BIBES IR dynamic dispatch BFRE / BT AR static / runtime type
W kER abstract class T ETFRIA behavioural subtype
Liskov ## 5 H] Liskov Substitution Principle & / 14 & 5} pre- / postcondition
TR unit test M/ B black-box / white-box
TR 280 B 2 test-driven development =] assertion

B Bk AR defensive copy e cast

P generics R 28/ 518 type parameter / argument
T R4 Ra type erasure EEIEE autoboxing

R PR hash function B hash table

b bucket filfi & collision

S g chaining AR linear probing

AHET load factor AT rehash

PEEHIE B amortised complexity Wil E protocol

A BtEx : BEMIE e B R IA TS

LR code/ ERIRN T A Java BRI EHEN > BLASTE SR IRA— 2L o A8 BRI e # 7] LI
B r#weE (javac *.java) ifP java —ea <Main ¥HA > #1175 05_junit_tdd 5% JUnit5 (&
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Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER A B8R BETE X T BRI

55 7.8 1) o

A.1 01_encapsulation : #f#

B 01_encapsulation/Account.java

VE S
x IRFAE (interface) : Rffiuk TAEfEl (L) > 2Rl ['SEMH -
*

x {EfA] implements Account RYFEBIEBN/BIRHHE=E7%
x MfEM Account HIFEXFERFTERFIEMRLARNT -
*/

public interface Account {

/%%

* £A amount °

* @param amount BIEIFEF : amount >= 0
*/

void deposit(int amount);

/%%

* 2 amount °

* @param amount BUEMEMF : 0 <= amount <= getBalance()
*/

void withdraw(int amount);

VeSS
* @return BREISREE > ZEBHFG  OEFE >= 0
*/

int getBalance();

B 01_encapsulation/BankAccount.java

o
* SRITIRF : /n&E #9%5] (encapsulation) -
*

* BRIAREE (data invariant) : balance >= 0

* N5 balance & private ' ARARATAEE account.balance = -500;

* ME—RERN A RAEERUER ISR deposit / withdraw @ MiEMER AEETETEE -
*/

public class BankAccount implements Account {

// FEWA - RBEEENENEXRBESE

private int balance;

B71H | FH130H
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/%%
* BT (constructor) : FERMIM TH4 | BERERSIEMRE o
* @param initialDeposit BIFEXE - BIBEIFH 1 >= 0
*/
public BankAccount(int initialDeposit) {
if (initialDeposit < @) {
throw new IllegalArgumentException(

"BIFSZEANAEE " + initialDeposit);

}

this.balance = initialDeposit;
}
@Override

public void deposit(int amount) {
if (amount < @) { // BRATEESE - 8
throw new IllegalArgumentException("fFsX&EENAAEE : " + amount);

}

this.balance = this.balance + amount; // F&EE{IEL
}
@Override

public void withdraw(int amount) {
if (amount < @) {
throw new IllegalArgumentException("{25X&ZERAAEH : " + amount);

}
if (amount > this.balance) { /7 PERIR THREE ] RARFLLIRIE
throw new IllegalStateException(
"EREENE : BREE " + this.balance + " AKIEZ4E " + amount);
}

this.balance = this.balance - amount; // /& amount <= balance #R{H >= 0

[k Getter : ZESVSE [FE) BRREE - B IE] T8 */
@Override
public int getBalance() {

return this.balance;

B 01_encapsulation/PointsAccount.java

VESS

* MITEZHHIRS © Z—EXEFREM Account EiE -
*

x {T/AH BankAccount ANE (BIFEE 10000 25~ ERTFEAME 1%) -
x {BEZFEST Account NEHRENHE / BEKMS

B72H | 130 H
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* EULEM T 23R Account] MITRTNIELRREEEFAE -
*/

public class PointsAccount implements Account {

private int points = 10000; // FEE1E : HAME 10000 2

@Override
public void deposit(int amount) {

if (amount < @) {

throw new IllegalArgumentException("ZHERr] AEE]

}
/] BRFEAME 1% (BEERE T2 100 FHFRBALF)

this.points = this.points + amount + amount / 100;

@Override

public void withdraw(int amount) {

if (amount < @ || amount > this.points) {
throw new IllegalStateException("ZHEIREHXEEERE
}
this.points = this.points - amount;
}
@Override

public int getBalance() {

return this.points;

B 01_encapsulation/PremiumPointsAccount.java

/%K

* SREREIRE | #& (extends) PointsAccount ' R E deposit e
*

x FAZROREE TENRESIR]  (dynamic dispatch)

*  PointsAccount a = new PremiumPointsAccount();

A

A B8R BETE X T BRI

+ amount);

"+ amount);

*  a.deposit(500); // FHITHIZE PremiumPointsAccount A deposit @ MN+=2 PointsAccount HY

*/
public class PremiumPointsAccount extends PointsAccount {

[k BIREE  BALEAE 1.1 BRARKERERE (REHIFZE
@Override
public void deposit(int amount) {

if (amount < @) {

throw new IllegalArgumentException("ENEI R AEE]

$73H | 1830 H
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super.deposit(amount * 110 / 100); // super.deposit : FEAYA & R HR 7

B 01_encapsulation/Main. java

/%%

* 01_encapsulation ;REIFER o
*

* AREEEAET

*  javac *.java

*  java —ea Main

*/

public class Main {

/*x
* BEFERRHE Account N :

* NEHERMZ BankAccount ~ PointsAccount 3B & PremiumPointsAccount » ERAEIEHIE(E o

*/

static void handleAccount(Account a) {
System.out.println(" £f%8 : " + a.getBalance());
a.deposit(500);
System.out.println(" 7FA 500 % : " + a.getBalance());

public static void main(String[] args) {
BB ITABUERE ===");
BankAccount acct = new BankAccount(100);

)
System.out.println("=== 1., & : 3

acct.deposit(50);
acct.withdraw(30);

System.out.println(" &R%E = " + acct.getBalance()); // 120
assert acct.getBalance() == 120;

// acct.balance = -500; // #m:2#%:R | balance & private EIFEHEMNEM

System.out.println("=== 2. fl4} : BRATEGERFLZIKRE ===");
try {
acct.withdraw(1000); // BREEARE

} catch (IllegalStateException e) {

System.out.println(" ##%] IllegalStateException:" + e.getMessage());

¥
try {
acct.deposit(-5); /] BEIER
} catch (IllegalArgumentException e) {
System.out.println(" ##Z] IllegalArgumentException : "
}

assert acct.getBalance() == 120 : "SRENHUIRIERIESEARRE";

B74H | 130 H
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41

2 System.out.println("=== 3. '\ : @—RKEXBEREERNEEE ===")

43 System.out.println(" BankAccount : ");

44 handleAccount (new BankAccount(0)); // 0 - 500

45 System.out.println(" PointsAccount : ");

46 handleAccount(new PointsAccount()); // 10000 - 10505
47

48 System.out.println("=== 4. EFRELIK : EHZE THITHI WEA ===");

19 PointsAccount p = new PremiumPointsAccount(); // EFEEREIFI PointsAccount
50 p.deposit(500); // 4T Premium K : 550 + 5 = 555
51 System.out.println(" PremiumPointsAccount 7% 500 - " + p.getBalance());
52 assert p.getBalance() == 10555;

53

54 Account[] accounts = {

55 new BankAccount(10), new PointsAccount(), new PremiumPointsAccount()
56 h¥

57 for (Account a : accounts) {

58 a.deposit(100); // BETREEHBECHEFIN deposit

59 System.out.println(" " + a.getClass().getSimpleName()

60 + " - " + a.getBalance());

61 }

02 System.out.println("&IF5E ")

63 }

64 |}

A.2 02 _adt _interfaces : /T EEHHF BRI A A

B 02_adt_interfaces/ChatHistory.java

1 /%%

2k BIRAEHNMRELEA (ADT) o

3 0%

o ok BEMERR TEEMAE]  FERE  BRAE  EHEE -
5+ ERERBRARY  #ERIERERRE—NTHATEARE -
6 %/

7 public interface ChatHistory {

9 /xk FIE—BIFREEIL 8 o
10 void addMessage(String msg);

12 /xx R THRFTERT] RIER @ EEE—fT—1TENHZR - */
13 void display();

15 /xx @return BEITREREEE */

16 int size();

F75H | F 1830 B
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B 02_adt_interfaces/ErasableChatHistory.java

VESS
* #&F N E (interface extends interface)
x {E£ ChatHistory FIFREERZ L BZEXR—@E =1 BIRES -

%

* {E{A] ErasableChatHistory [EIBFtE—1E ChatHistory (FEFIRAZR) -
*/

public interface ErasableChatHistory extends ChatHistory {

/xk MIBRET AR - BB : size() == 0 */

void erase();

B 02_adt_interfaces/CircularBufferChatHistory.java

/¥%

* BIf— BEREN BIREFE] (circular buffer) o

*

x RIRB&EIL capacity BIFLE ; MT 2% FEESBEREMI—A| -
* BB TRIEE O(capacity) o fREL : BFESEL -

*

* BRAEE

* @ <= size <= arr.length

* @ <= nextAvailable < arr.length

*  EETHIRILELFS (nextAvailable - 1 + arr.length) % arr.length
*/

public class CircularBufferChatHistory implements ChatHistory {

private final Stringl]l arr; // BER/NFEET M
private int nextAvailable; // T—RFEZEEAMERS]
private int size; // BEIRENHEHE

public CircularBufferChatHistory(int capacity) {
if (capacity <= 0) {
throw new IllegalArgumentException("REWNERBIEE " + capacity);
¥
this.arr = new Stringl[capacity];
this.nextAvailable = 0;

this.size = 0;

@Override
public void addMessage(String msg) {

this.arr[this.nextAvailable] = msg;

// BUEREERARS| TAR[E ) BAER : SRR TRk AIEXK

76 H | H: 130 H
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this.nextAvailable = (this.nextAvailable + 1) % this.arr.length;

if (this.size < this.arr.length) {

this.size = this.size + 1; // BEWCEE +1; w7 BEERETE (BE)

@Override
public void display() {
int i = 0;

/7 R —RIERE

int idx = (this.nextAvailable - 1 + this.arr.length) % this.arr.length;

while (i < this.size) {

System.out.printin(this.arr[idx]);

idx = (idx - 1 + this.arr.length) % this.arr.length; // FEIE—#& (FJRELE[D

i=1i+1;

@Override
public int size() {

return this.size;

B 02_adt_interfaces/LinkedListChatHistory.java

/%%

BIEZ : B N#884&8575)] (linked list) fREAE  BETRZR -

A EKEEESRYIRAIE (prepend) - Frll addMessage & 0(1) °
MEBERFAGHE ZHER ] WIERF » display EEEHEIT

* X X X X x

EEMERIEERN R ErasableChatHistory @ FTLABEFH2Z—1{E ChatHistory ©
*/
public class LinkedListChatHistory implements ErasableChatHistory {

VE S

* FFREEARSER] (static nested class) @ —fEEZE = —HIFE + @ T —HEMLER

AN

* 2R private : S BEEMAE - NARARZIER M ABEERT] -
*/
private static class Node {

final String msg;

final Node rest;

Node(String msg, Node rest) {

this.msg = msg;

B77H | 130 H
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this.rest = rest;

private Node head = null; // null RERZEEF

private int size = 0;

@Override

public void addMessage(String msg) {

this.head = new Node(msg, this.head);

this.size = this.size + 1;

@Override
public void display() {
Node current = this.head;

while (current !'= null) {

System.out.println(current.msg);

current = current.rest;

@Override
public int size() {

return this.size;

@Override

public void erase() {

A B8R BETE X T BRI

// FETEESEER head * BREEHH head

this.head = null; // i head F8[@ null  FTESERL S IR E YL

this.size = 0;

B 02_adt_interfaces/SimpleList.java

/%%
BAHAY ADT @ List (EB%)) o

EE S R R R

*/
public interface SimpleList {

FE EENTEERIE object ((RAMIEEERAER)
£ 7 FEH Z8) IBEFALKK SimpleList<T> o

78 H | F 130
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/*%k @return ERFIFRITTRAEE */

int size();

/%%

% @param index BUEMRMF : 0 <= index < size()
* @return £ index fEITE (I 0 #£H)

*/

Object get(int index);

/#x 8 o MENEFIEuR - BEEM : size() M 1 x/
void add(Object o);

/xx BERE—EE o F (equals) MITER ; ERFHERMTEERM o +/

void remove(Object o);

B 02_adt_interfaces/LinkedSimpleList.java

import java.util.Objects;

/%%

x SimpleList RUSEAEERFIE(E o

*

* Fﬁqﬁﬁ*ﬁﬂﬂ (inner class) Node 3IBESELIRALIE R

* EAERET SimpleList WIUEHRIE  TERFEFE Node MIFFLE -

* A \EEE% MZEeR%) ) 8 TIEEHT| | —SLMEHZMRIFERT -
*

* BRREE  size L head HEREETINEEIE -

*/

public class LinkedSimpleList implements SimpleList {

/+x FNENEBEER  HARETRE > BAFEET o +/
private class Node {
Object value;

Node next;

Node(Object value, Node next) {
this.value = value;

this.next = next;

null;

private int size = 0;

private Node head

B79H | FH 130 H



Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER A KSR BER R B IRIAHS

28 @Override

29 public int size() {

30 return this.size;

31 }

32

33 @Override

34 public Object get(int index) {

35 if (index < @ || index >= this.size) { /] WERTEESE

36 throw new IndexOutOfBoundsException(

37 "index " + index + " HAHHIE [0, " + this.size + ")");

38 }

39 Node current = this.head;

40 int i = 0;

4 while (i < index) { // fEBIZE index &

) current = current.next;

43 i=1i+1;

44 }

45 return current.value;

46 }

47

48 @Override

49 public void add(Object o) {

50 Node node = new Node(o, null);

51 if (this.head == null) { /7 &Y FEEHRE head
52 this.head = node;

53 } else { // BRERIRE (G680 BELE
54 Node current = this.head;

55 while (current.next != null) {

56 current = current.next;

57 }

58 current.next = node;

59 }

60 this.size = this.size + 1;

61 }

62

63 @Override

64 public void remove(Object o) {

65 if (this.head == null) {

66 return; // R RREABER
67 }

8 if (Objects.equals(this.head.value, o)) { // Objects.equals BERZRZERIE null
69 this.head = this.head.next; /! B2 E— B
70 this.size = this.size - 1;

71 return;

72 }

73 Node prev = this.head;

74 while (prev.next != null) {

75 if (Objects.equals(prev.next.value, o)) {

%80 H | 3130 B
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prev.next = prev.next.next; /7 BEBIEFEERAEIEL
this.size = this.size - 1;
return;

+

prev = prev.next;

/xx TT1EBREEF : EDAK [a, b, c] B9 o */
@Override
public String toString() {
StringBuilder sb = new StringBuilder("[");
Node current = this.head;
while (current != null) {
sb.append(current.value);
if (current.next !'= null) {
sb.append(", ");
}
current = current.next;
H
return sb.append("]").toString();

B 02_adt_interfaces/Main.java

Ve

% 02_adt_interfaces ;RESFER o
*

* ARFRERET

*  javac *.java

*  java —ea Main

*/

public class Main {

VeSS

* EER T B ChatHistory 71T o

* FERNERRETRXBLERT > EX2AET
*/

static void simulateChat(ChatHistory history) {

SR [##] (decoupling)

history.addMessage("Alice: Kg | ");

history.addMessage("Bob: {R&F~");

history.addMessage("Alice: BENE—#E:E Java 1?7 ");
history.addMessage("Bob: #Flf » T MEIEEZER - ");
System.out.println(" (3 " + history.size() + " B &¥1ER) ");
history.display();

B8l H | FH130H
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public static void main(String[] args) {
System.out.println("=== 1. FA—KERXE WMES(E ===");
System.out.println(" [Si&EER%] : 2FREI");
simulateChat(new LinkedListChatHistory());
System.out.printin(" BRAREERE : RB&E 3 Bll");
simulateChat(new CircularBufferChatHistory(3));

System.out.println("=== 2. EEHFREREMMTEE ===");

ChatHistory hl = new LinkedListChatHistory();

hl.addMessage("hello");

// hl.erase(); // #4m=2#52 | h1 NESEAIR ChatHistory » BHEHIRE erase()
ErasableChatHistory h2 = new LinkedListChatHistory();
h2.addMessage('"hello");

h2.erase(); // OK : ErasableChatHistory & erase()
assert h2.size() == 0;

System.out.println(" erase Z7& size = " + h2.size());
System.out.println("=== 3. List ADT : LinkedSimpleList ===");

SimpleList list = new LinkedSimpleList();
list.add("apple");
list.add("banana");
list.add("cherry");

System.out.println(" " + list + " size =" + list.size());
assert list.size() == 3;

assert list.get(1).equals("banana");

list.remove("banana");

System.out.println(" 7B banana - " + list);

assert list.size() == 2 && list.get(1).equals("cherry");

list.remove("not—there"); /! NEFTE : ATEEAEK
assert list.size() == 2;

list.remove("apple"); // TBERE— A
assert list.get(@).equals("cherry");

try {

list.get(5);
} catch (IndexOutOfBoundsException e) {

System.out.println(" 3% IndexOutOfBoundsException : " + e.getMessage());

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

A.3 03 _inheritance_Isp : #7&EL LSP

B 03_inheritance_lsp/BankAccount.java
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/%%

* 4R (abstract class) : FrAMRENILEZS -

r

*x - OB ERETTE (deposit ~ getBalance) AIAETFHERI &) £ ;
* — TREEE new BankAccount() : ERZ2FRM extends MIBZE -

o

*x BH (FERELEBEST)

x  ERAREE : balance >= 0

x  deposit(amount) : BTEMRMF amount >= 0 ; BEMKMH ERZELL/N amount

*/
public abstract class BankAccount {

/% protected : FHEANEEER  BRBNNBEXBRIT - */

protected int balance;

public BankAccount() {

this.balance = 0;

public void deposit(int amount) {
if (amount < @) {
throw new IllegalArgumentException("fFXEZEAAEEE " + amount);
}

this.balance = this.balance + amount;

public int getBalance() {

return this.balance;

VESS

* ME A SRIEFWIRFRAITE  FIMERRES - REE -
x BA BRI ERIERRIN ; KIEFEREER L amount o

* @param amount HIEMEMH : amount >= 0

*/

public abstract boolean withdraw(int amount);

B 03_inheritance_lsp/SavingsAccount.java

/oK

* EEIRF | #7K BankAccount » ik withdraw FIETE -

*

* SavingsAccount BY#2%J (Lt BankAccount FEHRAHE)

*  withdraw(amount) : % amount <= balance BIFNFRICEIE true ;

%83 H | H: 130 H
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* BRIRKEARREL B{E false o
x  BRAREE  balance >= 0 (HABRFER » BRIERMIL)
*/

public class SavingsAccount extends BankAccount {

public SavingsAccount() {

super(); /7 MULQLERINEET (BT (18] R ZEACE)

@Override
public boolean withdraw(int amount) {
if (amount < 0) {
throw new IllegalArgumentException("{25X&ZERAAEH 1 " + amount);

}
if (this.balance < amount) {
return false; // BREERE : ERR - AR
}
this.balance = this.balance - amount; // protected M : FFERIT] HIEFE

return true;

B 03_inheritance_lsp/LoggingSavingsAccount.java

import java.util.ArrayList;

import java.util.List;

/%%

* BROSRIENMHERS : X withdraw > {18 TEIEAVIZFESE | 248 super.withdraw °
o

x S [EFEMIERR] RBATHRINHEEIEE -

* E?—E%E# SavingsAccount HIE%] (HER—IE—1%  REZH—% log) -

*x FTAZ LSP &HRAIFEA -

o

x final : E5EEERNEEBHEEX -

*/

public final class LoggingSavingsAccount extends SavingsAccount {

private final List<String> log = new ArraylList<>();

@Override

public boolean withdraw(int amount) {

boolean ok = super.withdraw(amount); // FeMRFERRE
if (ok) {

this. log.add("withdraw " + amount); // BMEECHE
} else {

E8AH | FHI130H
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this.log.add("withdraw " + amount + " FAILED");

}

return ok;
}
@Override

public void deposit(int amount) {
super.deposit(amount);

this.log.add("deposit " + amount);

/xx B TBHEMER]  AREINEELE > BAZHFAATH log o */
public List<String> getlog() {

return new ArrayList<>(this.log);

B 03_inheritance_lsp/OverdraftSavingsAccount.java

/%%

AEZHINRS : withdraw JKIERLTN - BREEV] REFFR B 2N o

* S8R NER LSP)
SavingsAccount BIZAIRR [84%E >= 0] H EAREFAERFE(E falsel -
BEEFARTAEE (BEVA) BERTEERY (GKE true) -
fEfAILL SavingsAccount RBRRBHER  EXEHAELE—HFRERTE2IFIBE -

* X X X X X X ¥

B REE > 2ATEFEREE LsP WERKNER (R Main.java) -
*/
public class OverdraftSavingsAccount extends SavingsAccount {

@Override
public boolean withdraw(int amount) {

this.balance = this.balance - amount; // RREEREE
return true; // KREEEBRIN

B 03_inheritance_lsp/AccountWithWithdrawalFees.java

/*%

BRIRAW 5 TFEEMIRS -

RETRE © B extends BankAccount ¢ 7l A2 ] extends SavingsAccount e

* X X X
*

%85 H | 130 H
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x EHA SavingsAccount s BXBEATEL  BEERTATEA :
* ¥f SavingsAccount 5 MRBRIFENGRENSEE —EKI -
« BEEEFRAFEEMAK—%FF SavingsAccount {TRMMIEREERT -

b3

* MUK A7 BankAccount (%Z’Ji‘%% : ERRRTERLER] ) @ SORBENRE
x EME (ERRHENRXER ] H P;J:IET]EE’] QFERI ) ZFERIER AT -

*/

public class AccountWithWithdrawalFees extends BankAccount {
public static final int FEE = 5; // static final: E#l > #&ZKE

public AccountWithWithdrawalFees() {

super();

@Override
public boolean withdraw(int amount) {
if (amount < 0) {
throw new IllegalArgumentException("IRFXELZEARAIEEE 1 " + amount);
}
int total = amount + FEE;
if (this.balance < total) {
return false;
¥
this.balance = this.balance - total;

return true;

B 03_inheritance_lsp/Main.java

VeSS

* 03_inheritance_lsp ;REFER
*

* AReEEEEAT

*  javac *.java

*  java —ea Main

*/

public class Main {

/%%

* EEERNE ML SavingsAccount FIRAAERIIR] BH :

* EEREEEMEL R—REL > REBFENRENSEERY > ZEBRER 0 -
*/

static void withdrawEverything(SavingsAccount acct) {

int all = acct.getBalance();
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16 boolean ok = acct.withdraw(all);

17 System.out.println(" #2488 " + all + " - BIN? " + ok

18 + " BR%E = " + acct.getBalance());

19 assert ok : "EAREE : IRESNERBEHSTELERIN";

20 assert acct.getBalance() == 0 : "IWRE : BN BHBREER o

21 }

2

23 public static void main(String[] args) {

24 System.out.println("=== 1. #&KEL super ===");

25 SavingsAccount s = new SavingsAccount();

26 s.deposit(100); // deposit ##7H BankAccount ' RBEED

27 System.out.println(" withdraw(30) - " + s.withdraw(30) + " #%E " + s.getBalance());
28 System.out.println(" withdraw(500) - " + s.withdraw(500) + " > 6%%8 " + s.getBalance());
29 assert s.getBalance() == 70;

30 // BankAccount b = new BankAccount(); // #m:EfEaR : MIREAIREEE B

31

32 System.out.println("=== 2. EIREDK : [FESEMHEBECH withdraw ===");

33 BankAccount[] accounts = {

34 new SavingsAccount(), new LoggingSavingsAccount(), new AccountWithWithdrawalFees()
35 BE

36 for (BankAccount a : accounts) {

37 a.deposit(100);

38 boolean ok = a.withdraw(100); // FREZ!AIRZ BankAccount » FITRIAIE & FRERIRIARA
39 System.out.println(" " + a.getClass().getSimpleName()

10 + " 177 100 48 100 - " + ok + " BR%E " + a.getBalance());

1 }

")

5 System.out.println("=== 3. LoggingSavingsAccount : #EFMIEEX ===");

44 LoggingSavingsAccount 1 = new LoggingSavingsAccount();

45 1.deposit(50);

46 l.withdraw(20);

47 l.withdraw(999);

48 System.out.println(" log = " + l.getLog());

49 assert l.getlLog().size() == 3;

50 l.getLog().clear(); /! BHIREIA (FEMHER)

51 assert l.getlLog().size() == 3 : "HARZEXZIRNF log";

52

53 System.out.println("=== 4. LSP : SRMNFEFIAT AR ===

54 SavingsAccount good = new LoggingSavingsAccount();

55 good.deposit(80);

56 withdrawEverything(good); // 0K

58 System.out.println("=== 5. LSP: M FEFIFEEHENEXBLEE ===");

59 SavingsAccount bad = new OverdraftSavingsAccount();

60 bad.deposit(80);

61 withdrawEverything(bad); /] BRI

6 bad.withdraw(1000); /] BRA[RATREBEEMNEEET

63 System.out.println(" FBIE 1000 - £3%8 = " + bad.getBalance() + " (B# | FNEBWFTH) );
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if (bad.getBalance() < 0) {

System.out.println("
H n
gHo");
}
System.out.println("&&B5TH ") ;

A.4 04 _lab_recursion_sorting :

B 04 _lab_recursion_sorting/Recursion.java

import java.util.Arrays;

/%%

% Lab FEE— : #E3 (recursion) o

» AREERRAWEE

A B8R BETE X T BRI

{BIL SavingsAccount A ERIIREXER AL AE

BEHEFr

*
* GERDE T EERMEBO AR
x - HEBT (base case) : BEE/NFAEEEDE -
x - IEEIFEN (recursive case) : BRI [E/NWEERE] » BHEREEGERK -
*
* ARFEEAEN{T © javac Recursion.java && java —ea Recursion
*/
public class Recursion {
/¥ nl =nx (n-1)! 0! = 1 FIBMEHF 1 n >= 0 %/
static long factorial(int n) {
if (n == 0) { /7 EEER
return 1;
}
return n * factorial(n - 1); // EEER - BEZ/N (n-1)
}
/%« PEF| arr(from..] HYAEFI: SE—METER + HEBRTTRNAM - +/
static int sum(int[] arr, int from) {
if (from >= arr.length) { /] BE:RBTETY
return 0;
}
return arr[from] + sum(arr, from + 1);
}
/ex REFE  HFE—EFT + RE [EESGE—EFTNFER] - «/
static String reverse(String s) {
if (s.length() <= 1) { /] BE EFBERE—FT

return s;
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return s.charAt(s.length() - 1) + reverse(s.substring(@, s.length() - 1));

/+x ESCHER : EEMEE > BREHREES e «/
static boolean 1sPa11ndrome(Str1ng s) {
if (s.length() <= 1) {
return true;
}
if (s.charAt(@) !'= s.charAt(s.length() - 1)) {
return false;
}
return isPalindrome(s.substring(1, s.length() - 1));

[+ [RERE : baserexp  FIF ET7) BMREESRKEE (DEE) - BTEEMS exp >= 0 */
static long power(long base, int exp) {
if (exp == 0) {
return 1;
}
long half = power(base, exp / 2); // RE—X > BEEFH
if (exp % 2 == 0) {
return half x half;
}
return half * half x base;

/%%

« BE AR (RE) -

x @param haystack © H/NEIRHEFRIPET)
x @return needle MIZR5| ; HARIEE -1

*/
static int binarySearch(int[] haystack, int needle, int lo, int hi) {
if (lo > hi) { /) BE: SEET > BERHFE
return -1;
}

int mid = (lo + hi) / 2;
if (haystack[mid] == needle) {
return mid;
} else if (haystack[mid] < needle) {
return binarySearch(haystack, needle, mid + 1, hi); // F&EFEHK
} else {
return binarySearch(haystack, needle, lo, mid - 1); // {EZ3iE#H

7wk ESRTRIRA  WUERFTEFE lo/hi EWE [ZHENZE] o +/
static int binarySearch(int[] haystack, int needle) {

return binarySearch(haystack, needle, @, haystack.length - 1);
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/Hx SARYE D48 n ERFHE from BE to EEBENRE (= 2°n - 1) © */
static int hanoi(int n, char from, char to, char via, boolean print) {
if (n == 0) {
return 0;
}
int moves = hanoi(n - 1, from, via, to, print); // %&fEtE n-1 ERIEEFLT
if (print) {
System.out.println(" BF " +n+" "+ from+ " - " + to);
}
moves = moves + 1;
moves = moves + hanoi(n - 1, via, to, from, print); // B n-1 EH%EBEZEMHFE

return moves;

/Hx RBEEER ~ SCKIEMATEKER 0 MY StackOverflowError o */
static int countDown(int n) {
if (n == 0) {
return 0;
}

return 1 + countDown(n - 1);

public static void main(String[] args) {
System.out.println("=== Ri@AF ===");
assert factorial(e) == 1;
assert factorial(5) == 120;
assert factorial(10) == 3628800L;
System.out.println(" 5! =" + factorial(5) + "> 10! = " + factorial(10));

int[] a ={3, 1, 4, 1, 5, 9, 2, 6};
assert sum(a, 0) == 31;

assert sum(new int[1{}, @) == 0;

System.out.println(" sum" + Arrays.toString(a) + + sum(a, 0));
assert reverse("").equals("");

assert reverse("a").equals("a");

assert reverse('"Java").equals("aval");

System.out.printin(" reverse(\"Java\") = " + reverse("Java"));
assert isPalindrome("");

assert isPalindrome('racecar");

assert !isPalindrome("Java");

System.out.printin(" isPalindrome(\"racecar\") = " + isPalindrome("racecar"));

assert power(2, 10) == 1024;

assert power(3, 0) == 1;
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assert

System.

PR AR R A B8R BETE X T BRI

power(7, 3) == 343;
out.println(" 2710 = " + power(2, 10));

int[] sorted = {1, 3, 5, 7, 9, 11, 13};

assert
assert
assert
assert
assert

System.

System.

binarySearch(sorted, 7) == 3;
binarySearch(sorted, 1) == 0;
binarySearch(sorted, 13) == 6;

binarySearch(sorted, 4) == -1;
binarySearch(new int[1{}, 4) == -1;
out.println(" binarySearch(sorted, 7) =" + binarySearch(sorted, 7));

out.println(" AR 3 ELF:");

int moves = hanoi(3, 'A', 'C', 'B', true);

assert
assert

System.

System.

try {
//
//

moves == 7;
hanoi(1e0, 'A', 'C', 'B', false) == 1023;

out.println(" £ " + moves + " £");
out.printin(" countDown(1000) = " + countDown(1000));
FEKR : §—EFUIMELS —([EHEBRIE (stack frame) - EHERZHRM -

BRRAEIEREIURT IWM RE (Xss) BEZER/N  BERHTIHERE -

countDown(1_000_000) ;
} catch (StackOverflowError e) {
System.out.println(" countDown(1000000) - StackOverflowError (MEEENA) ");

}
System.

out.println("ZIREBE - ");

B 04_lab_recursion_sorting/Sorting.java

import java.util.Arrays;

import java.util.Random;

/%%
*
*
* R (it
*
*
*
*
*
*/

Lab FBE " : #EF (sorting) o

(in-place) HEF&ERXBimEMEEERE

1. BUTERESREESFN
2. ITRMETIREATRN—E M55 REZ -~ RED - REBH) -
REARZR/E 1 & TTF 2 %!

4REBEAH1T @ javac Sorting.java && java —ea Sorting

public class Sorting {

FI1H | FH130H
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16 // FRETE THEORE) - HERBIREANRE

17 static long comparisons = 0;

18

19 static boolean less(int x, int y) {
20 comparisons = comparisons + 1;
21 return x < vy;

2 }

23

24 static void swap(int[] arr, int i, int j) {
25 int tmp = arr[i];

26 arr[il = arrljl;

27 arr[jl = tmp;

28 }

29

30 /xx BEHEF - BEAH TRHIFR) StH&/ME  BRERIEFRMNKEIE © 0(n2) */

31 static void selectionSort(int[] arr) {

32 int i = 0;

33 while (i < arr.length) {

34 // INV: arr[0..i-1] BHF » B#P <= arrli..] HEHETE
35 int minPos = i;

36 int j =1+ 1;

37 while (j < arr.length) {

38 if (less(arr[jl, arrlminPos])) {
39 minPos = j;

10 }

41 j=3+1;

) ¥

3 swap(arr, i, minPos);

44 i=1+1;

45 }

46 ¥

47
48 ek FOBHEF (RIRBIAR) : 1EHBMMLLE - IMRAKE—K 1 ZRE¥ - 0(n~2) » BHEFE 0(n) */
49 static void bubbleSort(int[] arr) {

50 int end = arr.length - 1;

51 while (end > 0) {

52 // INV: arrlend+l..] BHEF > B >= arrl0..end] HISETER
53 boolean swapped = false;

54 int j = 0;

55 while (j < end) {

56 if (less(arrl[j + 11, arr[jl)) {

57 swap(arr, j, j + 1);

58 swapped = true;

59 }

60 j=3+1;

61 +

62 if (!swapped) {

63 return; // BEENE T OEHTT o IRETAER
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+
end = end - 1;

~ RS ERAER R

A B8R BETE X T BRI

/¥ FEABEF  BETR—ExTE [EA] CHEFERIERAME - 0(n2) » SHEFEF 0(n) %/

static void insertionSort(int[] arr) {

/%x

int i = 1;

while (i < arr.length) {
// INV: arr[o..i-1] BHF
int x = arrl[il;

int j =1 - 1;

while (j >= 0 && less(x, arr[j1)) {

arr[j + 11 = arrl[jl;
i=i-1

}

arr[j + 11 = x;

i=1i+1;

// b x KRMTTRFEAB 1%

// BUEZ RNV E

« BHME TEHEF] fIRESIRK— @S HEFRaES o
* HEEFEFH—IX : 0(left.length + right.length) °

*/

static int[] merge(int[] left, int[] right) {

int[] out =
inti=0, j =0, k =0;

new int[left.length + right.lengthl;

while (i < left.length && j < right.length) {

if (!less(right[jl, left[il)) {

out[k] = left[il;

i=1+1;

} else {
out[k] = right[j];
j=i+1

}

k =k + 1;

¥
while (i < left.length) {
out[k] = leftlil;

i=1+1;
k =k + 1;

}

while (j < right.length) {
out[k] = right[j];
=i+
k =k + 1;

// left[i] <= right[j]

CEAE (RFERAE - B

/] EEFTHEERBER

// FEFRTREEBRSR
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}

return out;

/xx BHHEF (598%) ¥ -

if (end < start) {
return new int[]1{};

}
if (end == start) {

return new int[]{inputl[start]l};

}

int mid = (start + end) / 2;
int[] left = mergeSort(input, start, mid);

int[] right = mergeSort(input, mid + 1, end);

return merge(left, right);

/xx HORA  REFHEF RS

static void mergeSort(int[] arr) {
int[] sorted = mergeSort(arr, @, arr.length - 1);

System.arraycopy(sorted, @, arr, @, arr.length);

static boolean isSorted(int[] arr) {

int i = 0;

while (i < arr.length - 1) {

if (arr[il > arr[i + 11) {

return false;

}
i=1+1;
}
return true;
}
ff ——— B -

/xx HEFFREENAE (B )
interface Sorter {

void sort(int[] arr);

static void checkSorter(String name, Sorter

int[1[] cases = {
{1,
{42},
{7, 7%,

{1, 2, 3, 4, 5, 6, 7, 8, 9},

&fF - 0(n log n) > B
static int[] mergeSort(int[] input, int start, int end) {
/! BR: THE

FRAAHEAT MEEEEES

Fo4H | FH130H
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FE 0(n) FEHNTEHE */
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159 {9, 8, 7, 6, 5, 4, 3, 2, 1}, /7 REHEF

160 {6, -5, 212, 42, 19, o, @, 5, 9718}, // FEtf (ZEHHEENE)

161 {-1, -2, -3, -4, -5},

162 };

163 for (int[] original : cases) {

164 int[] toSort = original.clone();

165 int[] expected = original.clone();

166 Arrays.sort(expected); // PREERTENERE MEELR]
167 sorter.sort(toSort);

168 assert isSorted(toSort) : name + " BEFH 1 KB : " + Arrays.toString(toSort);
169 assert Arrays.equals(toSort, expected) // ERREREGEE 2 (RERTENEEY))
170 : name + " BEFEMHF 2 KB " + Arrays.toString(toSort);
171 }

172 System.out.println(" " + name + " :" + cases.length + " #HBIEX#EAE");
173 }

174

175 static void countComparisons(String name, Sorter sorter, int[] data) {

176 int[] copy = data.clone();

177 comparisons = 0;

178 sorter.sort(copy);

179 System.out.printf(" %-14s FEEOXEL = %,d%n", name, comparisons);

180 }

181

182 public static void main(String[] args) {

183 System.out.println("=== IEFEMHAIR ===");

184 checkSorter("selectionSort", Sorting::selectionSort);

185 checkSorter("bubbleSort", Sorting::bubbleSort);

186 checkSorter("insertionSort", Sorting::insertionSort);

187 checkSorter("mergeSort", Sorting::mergeSort);

188

189 int n = 2000;

190 int[] random = new Random(42).ints(n, @, 100_000).toArray();

191 int[] sorted = random.clone();

192 Arrays.sort(sorted);

193 int[] reversed = new int[n];

194 for (int i = 0; i < n; i++) {

195 reversed[i] = sorted[n - 1 - il;

196 }

197

198 System.out.println("=== [EBORE (n =" + n + " FEHER) ==");

199 countComparisons("selectionSort", Sorting::selectionSort, random);

200 countComparisons("bubbleSort", Sorting::bubbleSort, random);

201 countComparisons("insertionSort", Sorting::insertionSort, random);

202 countComparisons("mergeSort", Sorting::mergeSort, random);

203

204 System.out.println("=== LLBOREL (n =" + n + " BHFER  ZEBR) ==");
205 countComparisons('selectionSort", Sorting::selectionSort, sorted);

206 countComparisons("bubbleSort", Sorting::bubbleSort, sorted);
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countComparisons("insertionSort", Sorting::insertionSort, sorted);

countComparisons("mergeSort", Sorting::mergeSort, sorted);

System.out.printin("=== LLEIXE ( +n+ " RAHF : HEBFR) ==");
countComparisons('selectionSort", Sorting::selectionSort, reversed);
countComparisons("bubbleSort", Sorting::bubbleSort, reversed);
countComparisons("insertionSort", Sorting::insertionSort, reversed);
countComparisons('"mergeSort", Sorting::mergeSort, reversed);
System.out.println("2IPiEE - ");

A.5 05_junit_tdd : JUnit &2 TDD

B 05_junit_tdd/GuestList.java

/%%

BERZENE: —@ K51 (set) FEER ADT o

E—fEA add FRHIZR > M add —RTEE—Hk -
NERZREREEEEEE—EELRMNHEEE I—HR - ZEEE] NERA -
*/
public interface GuestList {

*
*
* AR —EREW (k) 2 [Ta%k]
*
*

/xk FREERNBEZEER -

void add(String name);

/3¢ RBRNEBEARRT (BEREABAEREL  TEHAH) o »/

void remove(String name);

/*x @return ZEZBAIRETER x/

boolean isComing(String name);

/*+ @return HRIERMNEZAY (REEFTEH) */

int count();

/%x
* @return BRIERMNEEZZT (BHEMEHR - WUEXCSEMEIITELEZE)
*/

String[] coming();

B 05_junit_tdd/GuestArrayList.java

%96 H | 3130 H



20

21

22

23

24

25

26

27

28

29

31

32

33

34

35

36

37

38

39

40

41

)

43

4

45

46

47

Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER

import java.util.Objects;

/%%

Bff—: TH#I51 (lazy) BIREFIAR -

HRTEE
0@ <= used <= data.length
datalused..] 2FBE null (EARER)

* K X X X X X X *x

*/
public class GuestArrayList implements GuestList {

EE : datal@..used-11 ATRES null (IEBERHVE) HATRESEENEZE o

A B8R BETE X T BRI

add TREEE  HIEEEMRY ; EEESE remove A —XIEFBRZMESH null] -
FEZm TR [E# ) (array doubling) ——i==M#H 0(1) FHEARIBERLIS -

// package-private GREEHT) @ B—EEHENER (HWOFHER) ATEEEFE

String[] data = new Stringl[2];

int used = 0;

@Override
public void add(String name) {

if (name == null) {

¥
if (this.used == this.data.length) {
String[] old = this.data;
this.data = new String[this.used * 2];
int i = 0;
while (i < this.used) {
this.datalil = old[il];

i=1i+1;

}
this.data[this.used] = name;

this.used = this.used + 1;

@Override
public void remove(String name) {
int i = 0;

while (i < this.used) {
this.data[i] = null;

¥

i=1i+1;

BI7H | FH130H

// datal0..used-1] =& | KT

/7 null BIR MEBERAE] BRE—  ER
throw new IllegalArgumentException("&E&EZFAAE null");

/7 mT B ERERAET

// FBEERZE—ERBEE 1 0(n)

// WBIEE . HAERTRERES  EEEER A
if (this.data[i] !'= null && this.datal[il.equals(name)) {
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49 @Override

50 public boolean isComing(String name) {

51 int i = 0;

52 while (i < this.used) {

53 if (Objects.equals(this.datalil, name)) { // Objects.equals : Wi2EFATEERE null hZL®
54 return true;

55 }

56 i=1+1;

57 }

58 return false;

59 }

60

61 @Override

62 public int count() {

63 int n = 0;

64 int i = 0;

65 while (i < this.used) {

66 /1 RFE TERHER ) Bt BREENZFTERERFE
67 if (this.datali] !'= null && indexOf(this.data[il) == i) {
68 n=n+1;

69 +

70 i=1+1;

71 }

72 return n;

73 }

75 /%% @return name FE—RHBIRMRES| ; REERIEE -1 */

76 int indexO0f(String name) {

77 int i = 0;

78 while (i < this.used) {

79 if (this.datal[i] != null && this.datalil.equals(name)) {
80 return i;

81 +

82 i=1+1;

83 }

84 return -1;

85 }

86

87 @Override

88 public String[] coming() {

89 Stringl[]l copy = new Stringlcount()]; // ZFHIRET) : FEMEER
90 int k = 0;

91 int i = 0;

92 while (i < this.used) {

9 if (this.datali] !'= null && indexOf(this.data[il) == i) {
94 copy[k] = this.datalil;

95 k =k +1;

98 H | 130 H
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96 }

97 i=1+1;
98 }

99 return copy;
100 }

101 |}

B 05_junit_tdd/GuestArrayUniquelist.java

1 /%%

BEZ . TEM&] (strict) BIPESIM——FI#AER GuestArrayList FUFEIUHG o

add FciRZE isComing ' BEMERZE LM ERE return AILE T —EFEBMNERNREE :
datal0..used-1] AETHIE null BZFERIER -

*
*
*
*
6 *
x BTEBRAEE  remove HEIE—EMATLUE (RUFTEMEET])
* count RUBEIREELRS o
*
* B{ITE (MEHRL) B GuestArraylList TE—E - E2 LSP &RMTRA -
11 *x/

12 public class GuestArrayUniqueList extends GuestArrayList {

14 @Override

15 public void add(String name) {

16 if (isComing(name)) {

17 return; // BRERE L HEETMH

18 }

19 super.add(name); // EERERE (SREYEE) RUOER—% > BEEH
20 }

21

22 @Ooverride

23 public void remove(String name) {

24 int i = 0;

25 while (i < this.used) {

2 if (this.datal[i] '= null && this.datalil.equals(name)) {
27 this.datal[i] = null;

28 return; /! TNEERERZ—E KEHMAUE
29 +

30 i=1+1;

31 }

32 }

33

34 @Override

35 public int count() {

36 int n = 0;

37 int i = 0;
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while (i < this.used) {
if (this.datalil] !'= null) {

n=n+1;

/! NBEIHREEE

}
i=1i+1;
}
return n;

B 05_junit_tdd/GuestListTest.java

import org.junit.jupiter.api.BeforeEach;
import org.junit.jupiter.api.DisplayName;
import org.junit.jupiter.api.Test;

import java.util.Arrays;

import static org.junit.jupiter.api.Assertions.x;

A B8R BETE X T BRI

» RNEEEME -

/%%

* GuestList AY JuUnit 5 B -

*

x BB

x - BHELR GuestList (1A > MAREBEIELER : AKE 12249

x - §BE eTest FHEEZBIM 1 Junit EESEARESL—@E TFHY AR -
* FTVA @BeforeEach EV W ZEASEARZEMEHETIE -

* - E—HAREMESESRE X (R LazyTest / StrictTest MfETHERI) -
*

* f£ Intellil & : HHFERNELER @Test E£#Z Alt+Enter - Add JUnit5 to classpath

* RERIREER BFENGE BRI ATHAT
*/

abstract class GuestListTest {

/xx BFEBIREERM—EENE (TRITE) o +/

abstract GuestlList create();
private GuestList gl;
@BeforeEach

void setUp() {

gl = create();

@Test
@DisplayName("FT ZEZZEM")

25100 B | 130 B
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35 void emptyListHasNobody() {

36 assertFalse(gl.isComing("Fabian"));

37 assertEquals (@, gl.count());

38 assertEquals(@, gl.coming().length);

39 }

40

41 @Test

p @isplayName("add Z7& isComing /& true")

43 void addThenIsComing() {

m gl.add("Fabian");

45 assertTrue(gl.isComing("Fabian"));

46 assertFalse(gl.isComing("Nicholas"));

47 assertEquals(1, gl.count());

48 }

19

50 @Test

51 @isplayName("S&EE : B—EA add MXER add —K")
52 void addingTwiceIsIdempotent() {

53 gl.add("Fabian");

54 gl.add("Fabian");

55 assertTrue(gl.isComing("Fabian“))'

56 assertEquals(1l, gl.count(), "EEMATEWEETH");
57 gl.remove("Fabian");

58 assertFalse(gl.isComing("Fabian"), "#—IXRZEBNETEHK");
59 assertEquals (@, gl.count());

60 }

61

62 @Test

63 @isplayName("remove SR EHBERAA")

64 void removeAffectsOnlyThatGuest() {

65 gl.add("Fabian");

66 gl.add("Nicholas");

67 gl.remove("Fabian");

68 assertFalse(gl.isComing("Fabian"));

69 assertTrue(gl.isComing("Nicholas"));

70 assertEquals(1, gl.count());

71 }

73 @Test

74 @isplayName ("¢ % BEHAEFEEKA remove ~NEHEE")
75 void removeFromEmptyOrMissing() {

76 gl.remove("Fabian"); // ERZE
77 assertFalse(gl.isComing("Fabian"));

78 gl.add("Ann");

79 gl.remove("Bob"); /! NEERA
80 assertTrue(gl.isComing("Ann"));

81 assertEquals(1, gl.count());

82 }

F101 8" | 130 H
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83

84 @Test

85 @DisplayName (" FEERE A LA MEZR")

86 void reAddAfterRemove() {

87 gl.add("Fabian");

88 gl.remove("Fabian");

89 gl.add("Fabian");

90 assertTrue(gl.isComing("Fabian™));

91 assertEquals(1, gl.count());

) ¥

93

94 @Test

95 @isplayName("JIARZ A : MBIEETIFISH I IEHE")

96 void manyGuestsTriggerResize() {

97 int i = 0;

98 while (i < 1000) {

99 gl.add("guest" + 1i);

100 i=1+1;

101 }

102 assertEquals (1000, gl.count());

103 assertTrue(gl.isComing('guest0"));

104 assertTrue(gl.isComing("guest999"));

105 assertFalse(gl.isComing("guest1000"));

106 }

107

108 @Test

109 @isplayName("coming() EHFMZBIEMER » HERHEEE")

110 void comingReturnsDefensiveCopy() {

111 gl.add("Fabian");

112 gl.add("Nicholas");

113 String[] snapshot = gl.coming();

114 assertEquals(2, snapshot.length);

115 String[] sortedSnapshot = snapshot.clone();

116 Arrays.sort(sortedSnapshot);

117 assertArrayEquals(new String[]{"Fabian", "Nicholas"}, sortedSnapshot);
118

119 snapshot[0] = "Intruder"; /7 EBE (FA/ND) HENEERIFES]
120 assertFalse(gl.isComing("Intruder"), "#5 : SR REHFENIBARGE");
121 assertEquals(2, gl.count());

122 }

123

124 @Test

125 @isplayName("assertThrows 7~& : null BFEAREZE (KRE(EEEHRE G ")

126 void nullNameIsRejected() {

127 // BB RE assertThrows RIF% ; GuestlList NMEAASRERE null NITE -
128 // FTDAERBHRRER B8] AR—RBERMESWEIERIL -

129 IllegalArgumentException e =

130 assertThrows(IllegalArgumentException.class, () —> gl.add(null));
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assertNotNull(e.getMessage());

7ok H TS BEREEAR - ~

class LazyGuestListTest extends GuestListTest {

@Override
GuestList create() {

return new GuestArrayList();

/xx ¥ TERfE ] BEEBE—FRR o +/

class StrictGuestListTest extends GuestListTest {

@Override

GuestList create() {

return new GuestArrayUniqueList();

A.6 06_generics_collections : iZZ!Ed Collections

B 06_generics_collections/GuestList.java

/%%

x JZBIARAY GuestList : BURIZEL T 2 ITHEERINMGMNFF] -

*

* GuestList<String> FEBZFHES ~ GuestList<Integer> FEZHNES
x* B—RNE MEREMAEEMELLE  MERNTEEHE (cast)

*/
public interface GuestList<T> {

void add(T guest);

void remove(T guest);

boolean isComing(T guest);

int count();

/xk @return BEIERMER (FFEMER) */

T[] coming();

/103 H | #1300 B
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B5 06_generics_collections/ArrayGuestList.java

import java.util.Arrays;

A B8R BETE X T BRI

/K

* ZBUAREY TERAS ) PEFIEE

b3

x BIRHRER (type erasure) BIPR®I : #UITHARANE T 2B Bl [REEl B new TIn] °
* IZEEMGE © NEBF Object[] 77 @ BUHRFHEAIR T

x RERMEHERSE (EIERREE 71 > E5E TRIHRENEE | ABBLHELZEM -
b3

* BRREE  datal0..used-1]1 JF null BEELRHME (F equals LEE) -

*/
public class ArrayGuestList<T> implements GuestList<T> {

private Object[] data = new Object[2]; // FBEZE TI1!

private int used = 0;

@Override
public void add(T guest) {
if (guest == null) {

throw new IllegalArgumentException("&EZEAAIE null");

}
if (isComing(guest)) {
return;
}
if (this.used == this.data.length) {
this.data = Arrays.copyOf(this.data, this.used * 2);
¥
this.data[this.used] = guest;

this.used = this.used + 1;

@Ooverride

public void remove(T guest) {
int i = 0;
while (i < this.used) {

if (this.datalil.equals(guest)) {

/7 BERNEE PR + B

// FARE—ETREME - fREF datalo..used-1] ZH null

this.data[i] = this.data[this.used - 1];
this.data[this.used - 1] = null;
this.used = this.used - 1;

return;

=1i+1;
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@Override
public boolean isComing(T guest) {
int i = 0;
while (i < this.used) {
if (this.datalil.equals(guest)) {

return true;

}
i=1+1;
}
return false;
}
@Override

public int count() {

return this.used;

/%
* « BIBIEERAPARH - SEEIIERTH TEMN] 2 objectl] °
* MEAY3RES Stringl] s = list. coming()' EEMITHIME ClassCastException !
* (B Object[] s = list.coming(); BI;2%8 o) R Demo.java HI7REEEL cominglList() RYIERE o
*/
@Override
@SuppressWarnings("unchecked") // &FFfReERS @ BANEEEEHEZERE > REFENZE
public T[] coming() {
// Arrays.copyOf EHERZMEZ] (PFEMER) ; (TI]) 2 IRZWEMED
return (T[]) Arrays.copyOf(this.data, this.used);

/xk IEfR : BIE List<T> o ZRESRBEIIFNHITHE BIRMRE  SHIEERKENEIE o +/
@SuppressWarnings("unchecked")
public java.util.List<T> comingList() {
java.util.List<T> result = new java.util.ArrayList<>();
int i = 0;
while (i < this.used) {
result.add((T) this.datalil); // BE—tHRMEL @ FUTHHERFIRE (T EHIER)
i=1+1;
¥

return result;

B 06_generics_collections/Pair.java

1 /%%

/105 H | #1300 B
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EE I

*/

record EEFELZEET ~ FEEE (first() ~ second())
EAT & (immutable) ERNRERZEZ—EUECHREZEZNEERE (BF 8 &) -

EMEE R8T E record : Pair<A, B> °

public record Pair<A, B>(A first, B second) {

/xx 2B TERRETT A BRI EEREEFIRIE o *+/
public static <A, B> Pair<A, B> of(A first, B second) {

return new Pair<>(first, second);

A B8R BETE X T BRI

s~ equals ~ hashCode #& toString :

/xx ZIRETTE - BE— @ Pair<B, A> (record BAAEK » FIIAE MEXETZ] ) o */
public Pair<B, A> swap() {

return new Pair<>(this.second, this.first);

B 06_generics_collections/Demo.java

import
import
import
import
import
import
import
import
import

import

/%%

java.
java.
java.
java.
java.
java.
java.
java.
java.

java.

util

util.
util.
util.
util.
util.
util.
util.
util.
util.

.ArraylList;

Arrays;
Collections;
HashMap;
HashSet;
List;

Map;

Set;
TreeMap;

TreeSet;

* 06_generics_collections ;REGFET : Object ~ EHAY ~ 55 A « AYFIHEIFR ~ Collections API o

*

* ARREEHIT

*  javac *.java

*  java —ea Demo

*/

public class Demo {

[k T RIS 8 (TR B List #AER ; T HARRESSESEUER - +/
static <T> T firstOrDefault(List<T> list, T fallback) {
if (list.isEmpty()) {

return fallback;

}

return list.get(0);
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27 }

28

29 /4x BREFZXE T KBERE Comparable<T> » A BEMEA compareTo o */

30 static <T extends Comparable<T>> T max(List<T> list) {

31 if (list.isEmpty()) {

32 throw new IllegalArgumentException("Z B2 EHFRAE");

33 }

34 T best = list.get(0);

35 for (T x : list) {

36 if (x.compareTo(best) > 0) {

37 best = x;

38 }

39 H

40 return best;

41 }

"

43 public static void main(String[] args) {

4 System.out.println("=== 1. Object : FrEMEAIMNEFEL ===");

45 Object x = "hello"; // String & Object RIFE!FI

16 Object y = 42; // BEI#ERE  int - Integer ' Integer ;2 Object HI-FHELAI
47 System.out.println(" x ="+ x + ">y =" +y);

48 // x.length(); // HRFETHRR : ARFERR RN x =2 Object ' Object A length()
19

50 System.out.println("=== 2. ## (cast) £ ClassCastException ===");

51 String s = (String) x; // ETER  ERRiRER [HEH  eHER Stringl
52 System.out.println(" s.length() = " + s.length());

53 try {

54 Integer bad = (Integer) x; // #WsE=sil4T > MITHIA IR H

55 System.out.printin(bad);

56 } catch (ClassCastException e) {

57 System.out.println(" ##%| ClassCastException : " + e.getMessage());

58 }

59 // REWMGE £ instanceof T (Java 16+ B MEILLLE ) BEEIEES S8
60 if (y instanceof Integer n) {

61 System.out.println(" y /=2 Integer > 1 1 =" + (n + 1));

62 }

63

64 System.out.println("=== 3. & : HFLE » NpEF ===");

65 GuestList<String> names = new ArrayGuestlList<>(); // <> EfRsessifsal B2
66 names.add("Fabian");

67 names.add("Nicholas");

68 names.add("Fabian"); /! EERBR TEHE

6 // names.add(42); // HReBEARR | 42 TR String : $EERTEAR-ZHARIINE
70 assert names.count() == 2;

71 System.out.println(" names.count() = " + names.count());

72

73 GuestList<Integer> ids = new ArrayGuestList<>();

74 ids.add(1001);

107 H | #1300 B
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75 ids.add(1002);

76 assert ids.isComing(1001) && !ids.isComing(9999);

77 System.out.println(" ids.isComing(1001) = " + ids.isComing(1001));

78

79 System.out.println("=== 4. EIFIEFRAIFER ===");

80 Object[] ok = names.coming(); // OK : HTHARIREFIE A Object(]

81 System.out.println(" Object[] ok = " + Arrays.toString(ok));

82 try {

83 String[] boom = names.coming(); // HRREIBIA - (BHUTHIEAR checkcast String[] &4k
B

84 System.out.println(boom. length);

85 } catch (ClassCastException e) {

86 System.out.println(" String[] boom = names.coming() - ClassCastException!");

87 System.out.println(" (T[] TEFITHAMIEERAL Object[] @ 52 Java ZEMEERSF) ");

88 }

89 List<String> safe = ((ArrayGuestList<String>) names).comingList();

90 System.out.println(" IEf# comingList() = " + safe + " (f List<T> FRBEERE) ");

91

92 System.out.println("=== 5. Collections API : List ===");

9% List<String> fruits = new ArraylList<>(); // BEEBENE List » BER ArraylList

94 fruits.add("banana");

95 fruits.add("apple");

9% fruits.add("cherry");

97 fruits.add("apple"); // List RRFFEE -~ REFIEF

98 System.out.println(" fruits = " + fruits + " size = " + fruits.size());

99 System.out.println(" get(1) = " + fruits.get(1) + " > contains(cherry) =" + fruits.
contains("cherry"));

100 Collections.sort(fruits);

101 System.out.println(" HBEFfE = " + fruits);

102 fruits.remove("apple"); 1/ RiERRE—E

103 System.out.println(" remove(apple) - " + fruits);

104 for (String f : fruits) { // for—each : EFH{E Collection

105 System.out.println(" - "+ f);

106 }

107

108 System.out.println("=== 6. Collections API : Set ===");

109 Set<String> guests = new TreeSet<>(); // TreeSet : BEIHEF ~ REE

110 guests.add("Liam");

111 guests.add("Thomas");

112 guests.add("Alice");

113 guests.add("Liam"); // B BN

114 System.out.println(" TreeSet = " + guests + " (HEF) ");

115 Set<String> hashGuests = new HashSet<>(guests); // HashSet : BR > BIEFRRE

116 System.out.println(" HashSet contains(Alice) = " + hashGuests.contains("Alice"));

117 assert guests.size() == 3 && hashGuests.size() == 3;

118

119 System.out.println("=== 7. Collections API : Map ===");

120 Map<String, Integer> ages = new HashMap<>(); // - &
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ages.put("Liam", 30);
ages.put("Thomas", 25);
ages.put("Lian", 31); /) B—Eg EEEE

System.out.println(" ages.get(Liam) = " + ages.get("Liam") + " > get(Nobody) = " + ages.
get ("Nobody"));
System.out.println(" getOrDefault(Nobody, -1) = " + ages.getOrDefault('"Nobody", -1));
for (Map.Entry<String, Integer> e : new TreeMap<>(ages).entrySet()) { // TreeMap : K&EHEF
EF
System.out.println(" " + e.getKey() + " - " + e.getValue());
}

");

// REELFEF : RTER

Map<Character, Integer> freq = new TreeMap<>();

for (char c : "mississippi”.toCharArray()) {
freq.put(c, freq.getOrDefault(c, @) + 1);

}

System.out.println(" FITIER = " + freq);

assert freq.get('s') == 4;

System.out.println("=== 8. of () LM% : TA#EESE ===");
List<Integer> nums = List.of(3, 1, 4, 1, 5);
try {

nums.add(9);
} catch (UnsupportedOperationException e) {
System.out.println(" List.of(...) =RAIEH : add EHE UnsupportedOperationException

¥

List<Integer> mutable = new ArrayList<>(nums); // BUgMER—H
mutable.add(9);

System.out.println(" new ArrayList<>(nums) Z% add(9) - " + mutable);

System.out.println("=== 9. ;Z#J5XH record ===");
System.out.println(" firstOrDefault([], \"none\") =" + firstOrDefault(new ArraylList<

String>(), "none"));

System.out.println(" max([3,1,4,1,5]1) =" + max(nums));

System.out.printin(" max([\"pear\",\"apple\"]) =" + max(List.of("pear", "apple")));

Pair<String, Integer> p = Pair.of("Liam", 30);

System.out.println(" p="+p + "> p.swap() =" + p.swap());
assert p.equals(new Pair<>("Liam", 30)); // record BENHFIEFEM equals
System.out.println("=== 10. BEIZAEAIER - Integer EM equals LLEX ===");

Integer a = 127, b = 127, ¢ = 1000, d = 1000;

System.out.println(" 127 == 127 - " + (a == b) + " (/NEEEHREY - REIGAEE) ");
System.out.println(" 1000 == 1000 - " + (c == d) + " (REYHE ') ");
System.out.println(" 1000.equals(1000) - " + c.equals(d));
System.out.println("ZIPTA ") ;
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A.7 07 _hashing : %

B 07_hashing/StringHashing.java

/%%
* HEZERE (hash function) BE : FEMNZERNRIHEE vs EAHE -
*

* AREBELHN{T : javac StringHashing.java && java —ea StringHashing
*/
public class StringHashing {

/*%
+ ZIERXFHHZE (polynomial rolling hash)
* h = s[0]x31"(n-1) + s[1]%x31"(n-2) + ... + s[n-1]
« §—HHWRABER 31 BMT—EFxT il B hEREER ("ab" = "ba") -
* EEA FFE java.lang.String.hashCode() HITEESL o
* SFR int Bl (overflow) - ERBFE—GMUENERISEEMEN -
*/
static int goodHash(String s) {
int h = 0;
int i = 0;

while (i < s.length()) {
h =31 % h + s.charAt(i);
i=1+1;

}

return h;

/ex RILFITNGE - NBEAET > "ab" B "ba" HIE (DFHE) o #/
static int mediocreHash(String s) {
int h = 0;
for (char c : s.toCharArray()) {
h=h+c;
}

return h;

sk [IEWE| BRZ2RANGEER  MEFE—HIMREEN  ARAEREER M- */
static int badHash(String s) {

return 0;

/xx BHEREZNEENRERS]  EIBHERNERE CEE Integer.MIN_VALUE FIBERE) o «/
static int bucketOf(int hash, int capacity) {
return Math.floorMod(hash, capacity); // floorMod 7kiZ[E{# @..capacity-1 - Et Math.abs(h)
% c &&
}
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43

44 interface Hasher {
45 int hash(String s);
46 }

48 /%k 5T words #{ hasher £33 capacity B > RIEWAELESR  HLETHE - «/

49 static void report(String name, Hasher hasher, String[] words, int capacity) {

50 int[] counts = new int[capacity];

51 for (String w : words) {

52 counts [bucketOf(hasher.hash(w), capacity)]++;

53 }

54 int maxBucket = @, empty = 0;

55 for (int c : counts) {

56 if (c > maxBucket) {

57 maxBucket = c;

58 }

59 if (c == 0) {

60 empty++;

61 +

62 H

63 System.out.printf(" %-13s HIEAIMH = %3d EHE  Z=4F = %3d / %d%n", name, maxBucket, empty,
capacity);

64 }

65

66 public static void main(String[] args) {

67 System.out.println("=== 1. ¥ERENE (EEEE]| : equals WMEFREZEHERD ===");

68 String a = "hello";

69 String b = new String("hello"); // RS HRRE

70 assert a != b && a.equals(b);

71 assert goodHash(a) == goodHash(b);

72 assert a.hashCode() == b.hashCode();

73 System.out.println(" goodHash(\"hello\") = " + goodHash(a) + " > String.hashCode() = " + a
.hashCode());

74 assert goodHash(a) == a.hashCode() : "F{HAVEEMEL String.hashCode —Z";

75

76 System.out.println("=== 2. UBREZE ===");

77 System.out.println(" goodHash(ab) = " + goodHash("ab") + " > goodHash(ba) = " + goodHash("
ba"));

78 System.out.println(" mediocreHash(ab) = " + mediocreHash("ab") + " : mediocreHash(ba) = "
+ mediocreHash("ba") + " (Rf3E ! ) ");

79

80 System.out.println("=== 3. B EEBRE  BNARESEEMEN ==");

81 String longStr = "The quick brown fox jumps over the lazy dog";

82 System.out.println(" goodHash(ff]) = " + goodHash(longStr) + " (FJREREED) ");

83 System.out.println(" #8Z3| (F& 16) = " + bucket0Of(goodHash(longStr), 16));

84

85 System.out.println("=== 4. S7ME : 1000 EHNE 128 EHF ===");

86 String[] words = new String[1000];
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for (int i = 0; i < words.length; i++) {

words[i] = "user" + i; /7 RIRENGE  BHRERERRTNER
}
report('"goodHash", StringHashing::goodHash, words, 128);
report("mediocreHash", StringHashing::mediocreHash, words, 128);
report("badHash", StringHashing::badHash, words, 128);
System.out.println("  (ZBFEAAIR : 1000/128 = 8 fEFE—IA) ");
System.out.println("ZREE - ") ;

B 07_hashing/ChainingHashMap.java

/%%

* FZIMNHEFR (hash table) : F 8845 ] (chaining » B separate chaining) FERAEHE o

*

* FERE . —(EWEFES] (buckets) > BEME—K MR » BEMBHEEIZMN (key, value) °

*

* HB1EFY o(1) WIRATIR :

x 1. RRESMHS ;

x 2. BHEFATF size / buckets.length REARK—iBiE 0.75 FICHETIFIEI [EHHHHE]  (rehash
)

*

x ERAEE

x - BERHFZEHREFHELE - BHR—K;

x - # k —ENF buckets[indexFor(k)] iSfEsE L ;

*x - size FRETHEINETBLHES -

*/

public class ChainingHashMap<K, V> {

/+x BELEERFIANESEL © —{@ (key, value) ¥ M EIEAERT —ESHHNSE - +«/
private static class Node<K, V> {

final K key;

V value;

Node<K, V> next;
Node(K key, V value, Node<K, V> next) {
this.key = key;

this.value = value;

this.next = next;

private static final double MAX_LOAD_FACTOR = 0.75;

private Node<K, V>[] buckets;
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33 private int size = 0;

34

3 @SuppressWarnings ({"unchecked", "rawtypes"}) // ZBPEZIREEEREE new » HAE new Nodel..] FH
ﬁl_]

36 public ChainingHashMap(int initialCapacity) {

37 this.buckets = (Node<K, V>[]) new Node[Math.max(1, initialCapacity)];

38 }

39

10 public ChainingHashMap() {

41 this(8);

42 }

43
m /xx 2 - $8ZEZ|: B floorMod FE{RL5ERFE 0..length-1 (hashCode FAIREZEE) o x/

45 private int indexFor(K key, int length) {
46 return Math.floorMod(key.hashCode(), length);
47 }

49 /xx TERFTEAE EHEE  HATEE nulle +/

50 private Node<K, V> findNode(K key) {

51 Node<K, V> n = this.buckets[indexFor(key, this.buckets.length)];
52 while (n != null) {

53 if (n.key.equals(key)) { // 5t hashCode %1% B equals &R : MEMNE—E |
54 return n;

55 +

56 n = n.next;

57 }

58 return null;

59 }

o

61 /3 FIEHEE o @return BE > HERAZBRIEE null */

62 public V put(K key, V value) {

63 if (key == null) {

64 throw new IllegalArgumentException("fEARAIA null");

65 }

66 Node<K, V> existing = findNode(key);

67 if (existing !'= null) {

68 V old = existing.value;

69 existing.value = value;

70 return old;

71 }

72 int idx = indexFor(key, this.buckets.length);

73 this.buckets[idx] = new Node<>(key, value, this.bucketsl[idx]); // #E7ESEMERIME : 0(1)
74 this.size = this.size + 1;

75 if ((double) this.size / this.buckets.length > MAX_LOAD_FACTOR) {
76 resize();

77 }

78 return null;

79 }
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80

81 public V get(K key) {

82 Node<K, V> n = findNode(key);

83 return n == null ? null : n.value;

84 }

85

86 public boolean containsKey(K key) {

87 return findNode(key) != null;

88 ¥

89

90 /xk FERRERE o @return WHRRIE  BERFEREE null */
91 public V remove(K key) {

92 int idx = indexFor(key, this.buckets.length);
93 Node<K, V> prev = null;

94 Node<K, V> n = this.buckets[idx];

95 while (n != null) {

9% if (n.key.equals(key)) {

97 if (prev == null) {

98 this.buckets[idx] = n.next; // BEREHEME—EEHE
99 } else {

100 prev.next = n.next; // BB n
101 }

102 this.size = this.size - 1;

103 return n.value;

104 }

105 prev = n;

106 n = n.next;

107 }

108 return null;

109 }

110

111 public int size() {

112 return this.size;

113 }

114

115 public int capacity() {

116 return this.buckets.length;

117 }

118

119 /xx WEREDIEIE  SWILEEESE [ENEE] 2HUE (RS @R length #7) o x/

120 @SuppressWarnings ({"unchecked", "rawtypes"})

121 private void resize() {

122 Node<K, V>[] old = this.buckets;

123 this.buckets = (Node<K, V>[]) new Node[old.length * 2];
124 for (Node<K, V> n : old) {

125 while (n !'= null) {

126 Node<K, V> next = n.next;

127 int idx = indexFor(n.key, this.buckets.length);
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n.next = this.buckets[idx];
this.buckets[idx] = n;

n = next;

[k RRMBALEGSR (FARBERALEBFR) o */
public int longestChain() {
int best = 0;
for (Node<K, V> n : this.buckets) {
int len = 0;
while (n != null) {
len = len + 1;
n = n.next;
}
best = Math.max(best, len);
}

return best;

/o BEBKRFEIL  TEER M) & 18] REERT - */
public void dump() {
for (int i = 0; i < this.buckets.length; i++) {
StringBuilder sb = new StringBuilder(" [+ 1+ "]");
Node<K, V> n = this.buckets[il;
while (n !'= null) {
sb.append(" - (").append(n.key).append(", ").append(n.value).append(")");
n = n.next;
}
System.out.println(sb);

B 07_hashing/LinearProbingIntSet.java

/%%
FA T4 M#RA ] (linear probing » —FEBAMUENLE open addressing) BIEMIEBHES -

TSRS - frATREERERETE -
WERFRE T 183 (ZIRWARDMER) » EFIRFZEERIL -

B2 ROINEER - REURE - R RS T8 %] (clustering) ——
—REWS AN TFEREARESHNEE  ALEHRTFEESER (58 0.5) -

* K X X X X X ¥
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x BTE  AERHRXIE add / contains (MFRFTEE IEm | 1252 » REMRA) -

*

« BRAREE B x BEEF - Bl indexFor(x) FRIAERE (BE) HF x 281 TEBF K o

*/
public class LinearProbingIntSet {

private static final int EMPTY = Integer.MIN_VALUE; // IHEE: RE ERETEH]

private int[] table;
private int size = 0;

public int probes = 0;

public LinearProbingIntSet(int capacity) {
this.table = new int[Math.max(2, capacity)]
java.util.Arrays.fill(this.table, EMPTY);

private int indexFor(int x, int length) {
return Math.floorMod(Integer.hashCode(x) x*

T

}

public boolean add(int x) {
if (x == EMPTY) {

/] BERFRARE (B2R)

’

0x9E3779B1, length); // F—EKXZTE MEEL] —

throw new IllegalArgumentException ("L BIERBEFA Integer.MIN_VALUE (#ERHEME) ");

¥
if (contains(x)) {
return false;

}

if ((this.size + 1) * 2 > this.table.length) { // BHETBE 0.5 FHEILEFHHEA

resize();

H

int i = indexFor(x, this.table.length);

while (this.table[i] !'= EMPTY) {
this.probes = this.probes + 1;
i=(i+ 1) % this.table.length;

}

this.table[i] = x;

this.size = this.size + 1;

return true;

public boolean contains(int x) {
int i = indexFor(x, this.table.length);
while (this.table[i] !'= EMPTY) {
this.probes = this.probes + 1;
if (this.table[i] == x) {

return true;

%116 H

/\|

/] RRMEERR  ET 183

// B R immiAE O BREA

// BEZERHATAERENEFE

3130 B



65

66

67

68

69

80

81

82

83

84

85

86

Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER A B8R BETE X T BRI

i=(i+ 1) % this.table.length;
}

return false;

public int size() {

return this.size;

private void resize() {
int[] old = this.table;
this.table = new int[old.length * 2];
java.util.Arrays.fill(this.table, EMPTY);
this.size = 0;
for (int x : old) {
if (x != EMPTY) {
add (x) ; /1 EFEA (R5|a%)

/+x EDHAERES] - L RREAE o w/
public void dump() {
StringBuilder sb = new StringBuilder(" )l
for (int x : this.table) {
sb.append(x == EMPTY ? "." : String.valueOf(x)).append(' ');
H
System.out.println(sb);

B 07_hashing/HashDemo. java

import java.util.ArrayList;
import java.util.HashMap;
import java.util.HashSet;
import java.util.List;
import java.util.Map;
import java.util.Objects;

import java.util.Set;

/%K

* 07_hashing "REEFEI | FZIFEZER ~ 421438 ~ HashMap/HashSet ~ equals/hashCode
*

* AREEELHIT

*  javac *.java

FI117H | £ 130 H
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*  java —ea HashDemo
*/
public class HashDemo {
/xx —18 TEE] PR MEEEHERRZR AR —

@SuppressWarnings(*"overrides")

hashCode ]

static class PointNoHash {
final int x, y;

PointNoHash(int x, int y) { this.x = x; th

@Override

public boolean equals(Object o) {

return o instanceof PointNoHash p && p.

Ed

PN

/*x IEWERR :

static class Point {

equals hashCode —# & X » HHE
final int x, y;

Point(int x, int y) { this.x = x; this.y =

@Override

public boolean equals(Object o) {

return o instanceof Point p && p.x

@Override
public int hashCode() {
return Objects.hash(x, y);

}
@Override
public String toString() { return "(" + x
}
/%% record : EEIESE T—3 B equals E& hashCode °

record Coord(int x, int y) {}

[k AFZHERKEHREZRNET o */

static String mostCommonWord(String[] words) {
ChainingHashMap<String, Integer> counts =
for (String w : words) {

Integer ¢ = counts.get(w);

counts.put(w, c == null ? 1 : c + 1);

I
String best = null;
int bestCount = -1;

Yaran

% 118

// WEREIEERR

"

A B8R BETE X T BRI

B - */

javac HEEEE [EBHT equals AIRERE
is.y = y; }

/ REE equals * 57 hashCode - FAJHLAFEE

X == X & p.y == y;

—HEAL o %/

y;

X & p.y == y;

/) BT BB HE equals MU EEE

+ II’II +y + II)II; }

ERTEMNG - +/

new ChainingHashMap<>();

3130 B
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for (String w : words) {
int ¢ = counts.get(w);
if (c > bestCount) {
best = w;

bestCount = c;

}

return best;

public static void main(String[] args) {

System.out.println("=== 1. FZPNHELEHEZR ===");
ChainingHashMap<String, Integer> ages = new ChainingHashMap<>(4);
ages.put("Liam", 30);

ages.put("Thomas", 25);

ages.put("Alice", 28);

System.out.println(" %&E " + ages.capacity() + "> size " + ages.size() + " :");
ages.dump();
ages.put("Bob", 41); // B 4/4 > 0.75 - MEEEE

System.out.println(" put(Bob) A& " + ages.capacity() + " ({SE+JHEE) "),

ages.dump();
assert ages.get("Liam") == 30 && ages.get("Nobody") == null;
assert ages.put("Liam", 31) == 30 && ages.get("Liam") == 31; // BEMOEEE

assert ages.remove("Thomas") == 25 && 'ages.containsKey("Thomas");
assert ages.size() == 3;
System.out.println("=== 2. K2&H : #RFEE ==");

ChainingHashMap<String, Integer> big = new ChainingHashMap<>();
for (int i = 0; i < 100_000; i++) {

big.put("key" + i, i); // TEETFERE
}
for (int i = 0; 1 < 100_000; i++) {
assert big.get("key" + i) == i;
}
System.out.println(" 100000 fEE > FE " + big.capacity() + " HERHH = " + big.

longestChain());

String[] words = "the cat and the dog and the bird".split(" ");
System.out.println(" HERAEF = " + mostCommonWord(words));

assert mostCommonWord(words).equals('"the");

System.out.println("=== 3. #RMHA ===");

LinearProbingIntSet set = new LinearProbingIntSet(8);

for (int x : new int[]{5, 13, 21, 7, 29}) {
set.add(x);

I

set.dump();

assert set.contains(13) && !set.contains(99) && set.size() == 5;
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108 set.probes = 0;

109 for (int i = 0; i < 1000; i++) {

110 set.add(i *x 37);

111 }

12 System.out.println(" JIA 1000 ETTHILIRA " + set.probes + " X (CEHFK

113 + String.format("%.2f", set.probes / 1000.0) + " YXEESMEAD ");

114

115 System.out.println("=== 4. {Z#K X E : HashMap EL HashSet ===");

116 Map<String, Integer> wordCount = new HashMap<>();

117 for (String w : words) {

118 wordCount.merge(w, 1, Integer::sum); // BEL +1 RBE 1

119 }

120 System.out.println(" wordCount = " + wordCount);

121 Set<Integer> seen = new HashSet<>();

122 int[] data = {3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5};

123 List<Integer> dups = new ArraylList<>();

124 for (int d : data) {

125 if (!seen.add(d)) { // add [Elff false RREHFE

126 dups.add(d);

127 }

128 }

129 System.out.println(" EEEHBEHEHF = " + dups);

130

131 System.out.println("=== 5. equals/hashCode #%j ===");

132 Set<PointNoHash> broken = new HashSet<>();

133 broken.add(new PointNoHash(1, 2));

134 System.out.println(" HRZEE equals: contains(new PointNoHash(1,2)) ="

135 + broken.contains(new PointNoHash(1, 2)) + " « #{AZF| ! ");

136 Set<Point> good = new HashSet<>();

137 good.add(new Point(1, 2));

138 System.out.println(" equals+hashCode : contains(new Point(1,2)) = " + good.contains(new
Point(1, 2)));

139 Set<Coord> rec = new HashSet<>();

140 rec.add(new Coord(1, 2));

141 System.out.println(" record : contains(new Coord(1,2)) = " + rec.contains(new Coord(1, 2))
);

142 assert !broken.contains(new PointNoHash(1, 2)) && good.contains(new Point(1, 2)) && rec.

contains(new Coord(1, 2));

144 System.out.println("=== 6. AJ&WFEIKHE ===");

145 List<String> key = new ArrayList<>(List.of("a"));

146 Map<List<String>, Integer> map = new HashMap<>();

147 map.put(key, 42);

148 System.out.println(" put Z7& get(key) = " + map.get(key));

149 key.add("b"); // & TH - hashCode &7
150 System.out.println(" key.add(\"b\") Z7& get(key) = " + map.get(key)

151 + "> size = " + map.size() + " « [HEBERE  AKEERFI");

152 assert map.get(key) == null && map.size() == 1;
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System.out.println("Z&R@EIB o ") ;

b

A.8 08 _chat_protocol : BIXi#EHE Fin

<] 08_chat_protocol/ChatMessage.java

/%%

* IR ER s8] ADT : [ sealed interface + record IBE—FEES A EFIEE 3K o

*
* MEER (—T—AE  MUNE—Z82R  &E—E#RLITIZH8)

*

x  EAW - RS AR - BFH

*

*  LOGIN <name> 0K [<text>]

*  JOIN <room> ERR <code> <text>

*  SAY <room> <text...> MSG <room> <name> <text...>

*  QUIT BYE

*

*x EEEANE [XF - SEBER) NEREFRE—@EHTT (parse / encode) -

* [AfREEEE PN EMEX BT 2ARTELFRIE -
*/
public sealed interface ChatMessage
permits ChatMessage.Login, ChatMessage.Join, ChatMessage.Say, ChatMessage.Quit,

ChatMessage.0Ok, ChatMessage.Err, ChatMessage.Msg, ChatMessage.Bye {

/- BFm - Ak —-

record Login(String name) implements ChatMessage {}

record Join(String room) implements ChatMessage {}

record Say(String room, String text) implements ChatMessage {}

record Quit() implements ChatMessage {}

/1 —— fAfREE - BEFm ——-

record Ok(String text) implements ChatMessage {}

record Err(int code, String text) implements ChatMessage {}

record Msg(String room, String name, String text) implements ChatMessage {}

record Bye() implements ChatMessage {}

/xk TREHHR | WEITFERRN—1T o +/
class ProtocolException extends RuntimeException {

private static final long serialVersionUID = 1L;

public ProtocolException(String message) {

super(message) ;
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/%%
* JE—{TSF BT ChatMessage °
* @throws ProtocolException FHIZFHXAEE
*/
static ChatMessage parse(String line) {
if (line == null) {
throw new ProtocolException(":E4REEAET (FF null) ");
}
String[] parts = line.split(" ", 2); /1 FINEESF
String command = parts[@].toUpperCase();
String rest = parts.length > 1 ? parts[1] : "";
switch (command) {
case "LOGIN": {
requireNonEmpty(rest, "LOGIN HEZF");
requireNoSpace(rest, "&ZFAAIZZEA");
return new Login(rest);
}
case "JOIN": {
requireNonEmpty(rest, "JOIN %%%%5?&5?5")'
requireNoSpace(rest, "ERZNA & );
return new Join(rest);
}
case "SAY": {
String[] p = rest.split(" ", 2); // <room> <text...>
if (p.length < 2 || pl@l.isEmpty()) {
throw new ProtocolException("SAY FEEZEEZHEANE");
¥
return new Say(pl[@l, pl1l);
¥
case "QUIT": return new Quit();
case "OK": return new Ok(rest);
case "ERR": {
String[] p = rest.split(™ ", 2);
if (p.length < 2) {
throw new ProtocolException("ERR TFHEEERAGEERAT");
}
try {
return new Err(Integer.parseInt(pl[0]), pl[1]);
} catch (NumberFormatException e) {
throw new ProtocolException("ERR HISEERIEMNEZEE - " + plol);

}
case "MSG": {
String[] p = rest.split(" ", 3); // <room> <name> <text...>
if (p.length < 3) {
throw new ProtocolException("MSG HEEM - BFHERAF");
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}

return new Msg(p[0]l, pl[1], pl[2]);
}
case "BYE": return new Bye();
default:

throw new ProtocolException("ZREIFIFES : " + parts[o]l);

/xx 8 ChatMessage #RAEMOHENTF (INEMIT) - parse(encode(m)) BAEZER meo */
static String encode(ChatMessage m) {
// switch #RILLL¥ (Java 21) : sealed FEARZFRWARMRABREEMN—TENL
return switch (m) {
case Login 1 —> "LOGIN " + l.name();

case Join j -> "JOIN " + j.room();

case Say s —> "SAY " + s.room() + " " + s.text();

case Quit q -—> "QUIT";

case 0k o -> o.text().isEmpty() ? "OK" : "OK " + o.text();

case Err e —> "ERR " + e.code() + " " + e.text();

case Msg g -> "MSG " + g.room() + " " + g.name() + " " + g.text();

case Bye b —> "BYE";
};

private static void requireNonEmpty(String s, String why) {
if (s.isEmpty()) {
throw new ProtocolException(why);

private static void requireNoSpace(String s, String why) {
if (s.contains(" ")) {

throw new ProtocolException(why);

B 08_chat_protocol/ChatClient.java

/%%

x Week 7 Workshop FE : HIX IERmfEXE]l BT EX °
*

« BREBEEZE [MEMAMN U Mt LEMANE FimfEE]
x BT UI HetfkEBEENE  BERNEREEESEEEER -
3

* BT ER

123 H | £ 130 H
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*
*
*

*/

- TAEE TERHEEHENE] (BA - TIARE %= %) - MAZHEME -
- AR EBIERWEMSF (FIARE -~ 558 ~ Bi4R) B MEEE ] (listener) [MEFE
B UI R gEREfEfiFEEl -

public interface ChatClient {

/o BHEEE VI BEEENE  BRMEXEESAEERITUE o +/
interface Listener {

void onMessage(String room, String from, String text);

void onError(int code, String text);

void onDisconnected();

/¥ FEMMEREEE (ATEEMZ@E) o «*/

void addListener(Listener listener);

VeSS

* EFJILBA o

* @throws java.io.IOException #ARSKRIR%

* @throws IllegalStateException & ASELR

*/
void connect(String host, int port, String name) throws java.io.IOException;

void join(String room);

/xx BB CEHKBED join ZEM - */
void say(String room, String text);

/#x EENEINRESAE R L RAAERR | < BETHRIEERE IllegalStateException o */

void disconnect();

boolean isConnected();

B 08_chat_protocol/FakeChatClient.java

import java.util.ArrayList;

import java.util.List;

/%%
3

*

MREY ) 2P - T2 AR - B AME EEMEGERREE -

x g EERSSIBIREG AT - FAEREE DA v1—
* BIER THNEEER ) BRNITE | F chatClient NEEA TR -

*/

public class FakeChatClient implements ChatClient {

FI124 7/ | 130 H



32

33

34

35

w
S

38

39

40

41

42

Java Week 6-7 : ¥)fFiE [ERat ~ Bl EMEER A KSR BER R B IRIAHS

private final List<Listener> listeners = new ArraylList<>();
private boolean connected = false;
private String name;

private final List<String> rooms = new ArrayList<>();

@Override
public void addListener(Listener listener) {

this.listeners.add(listener);

@Override
public void connect(String host, int port, String name) {
if (this.connected) {
throw new IllegalStateException("TAREAR");
}
this.connected = true;

this.name = name;

@Override
public void join(String room) {
requireConnected();

this.rooms.add(room);

@Override
public void say(String room, String text) {
requireConnected();
if (!this.rooms.contains(room)) {
for (Listener 1 : this.listeners) {
"+ room); // tRE{AIPRESME ERR

l.onError(403, "not in room

b
return;
3
for (Listener 1 : this.listeners) { // TR AR 2SO B E 2R
1.onMessage(room, this.name, text);
}
}
@Override

public void disconnect() {
requireConnected();
this.connected = false;
for (Listener 1 : this.listeners) {

l.onDisconnected();
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60 @Override

61 public boolean isConnected() {

62 return this.connected;

63 ¥

64

65 private void requireConnected() {
66 if (!this.connected) {

67 throw new IllegalStateException("[&7REAR");
68 }

69 }

70 }

B 08_chat_protocol/EchoServer.java

1 import java.io.BufferedReader;

> import java.io.IOException;

3 import java.io.InputStreamReader;
4 import java.io.PrintWriter;

5 dimport java.net.ServerSocket;

6 import java.net.Socket;

8 /)%
BN T—17—RIFRE ] AfRSS : /REE Java WHEEXMNEAEER -

HUWE—1T > LA ChatMessage.parse &7 ; &AFLE 0K (3 MSG EEK) > AEIERE ERR
B QUIT ®[E BYE IfRBARIZEL o

#117 : java EchoServer 5555
SH— @& imf : java EchoClient localhost 5555 (ZX nc localhost 5555 FEhEiA)

*
*
*
*

13k
*
*
*
* IR BERA—RRARE—NER (BHiTHE) -
« ZREBZNEFRSTE [ ZHIT4] - F2E Week 8 Workshop HIERE °

19  *x/

20 public class EchoServer {

22 public static void main(String[] args) throws IOException {

23 int port = args.length > @ ? Integer.parseInt(args[@]) : 5555;

2 try (ServerSocket server = new ServerSocket(port)) { // 1€ port £ IEE]

25 System.out.printn("fARESEIH) - BiEE port " + port);

2% while (true) {

27 try (Socket client = server.accept(); // BAEEEIF NEHER

28 BufferedReader in = new BufferedReader(

29 new InputStreamReader(client.getInputStream(), "UTF-8"));

30 PrintWriter out = new PrintWriter(client.getOutputStream(), true, java.nio.

charset.StandardCharsets.UTF_8)) {
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68
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System.out.println("E FimELR " + client.getRemoteSocketAddress());
handle(in, out);
System.out.println("% Sk = BE4AR") ;

[ E T—18] B FuRISTEEEE - —HED QUIT SUERHE o +/
static void handle(BufferedReader in, PrintWriter out) throws IOException {
String name = null;

String line;

while ((line = in.readlLine()) != null) { // readlLine Ef# null = 75
BARA T EAR
ChatMessage reply;
try {

ChatMessage m = ChatMessage.parse(line);
switch (m) {
case ChatMessage.Login 1 —> {
name = l.name();

reply = new ChatMessage.Ok("welcome " + name);

b

case ChatMessage.Join j —> reply = new ChatMessage.Ok("joined " + j.room());

case ChatMessage.Say s —> reply = name == null
? new ChatMessage.Err(401, "login first")
: new ChatMessage.Msg(s.room(), name, s.text());
case ChatMessage.Quit q —> {
out.println(ChatMessage.encode(new ChatMessage.Bye()));
return;

}

default —> reply = new ChatMessage.Err(400, "clients may not send " + line.

split(" ")[e]);
¥
} catch (ChatMessage.ProtocolException e) {
reply = new ChatMessage.Err(400, e.getMessage());
}

out.println(ChatMessage.encode(reply)); // println EM_EIRITIE flush

B 08_chat_protocol/EchoClient.java

import java.io.BufferedReader;
import java.io.IOException;

import java.io.InputStreamReader;
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import java.io.PrintWriter;
import java.net.Socket;

import java.nio.charset.StandardCharsets;

/%%

* J/NE P E EARRES  EE—BEENEE - LR ARSRNEG—RIEE -
*

* FUIT (JcEIE) EchoServer) : java EchoClient localhost 5555

*/

public class EchoClient {

public static void main(String[] args) throws IOException {
String host = args.length > @ ? args[@] : "localhost";
int port = args.length > 1 ? Integer.parseInt(args[1]) : 5555;

try (Socket socket = new Socket(host, port); // EEEEFERES

BufferedReader in = new BufferedReader(

new InputStreamReader(socket.getInputStream(), StandardCharsets.UTF_8));

PrintWriter out = new PrintWriter(socket.getOutputStream(), true, StandardCharsets.

UTF_8)) {

String[] script = {

"SAY general hi", // BREAN - ERR 401

"LOGIN angelia", // - OK welcome angelia

"JOIN general", // - OK joined general

"SAY general hello world", // - MSG general angelia hello world
"DANCE", /] RHESL - ERR 400

"QuIT" // - BYE

%
for (String line : script) {

System.out.println(">>> " + line);

out.println(line); /1 EHE—1T

String reply = in.readlLine(); // E—1TEE
System.out.println("<<< " + reply);

ChatMessage parsed = ChatMessage.parse(reply); // BRimthHE—1% parser
System.out.printin(" RATAEER - " + parsed);

B 08_chat_protocol/ProtocolTest. java

/%%
x HEEITERAEE (B assert ; WAL ER JUnit) -

*
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* #4T 1 javac *.java & java —ea ProtocolTest
*/

38

39

40

41

42

44

45

46

47

48

49

public class ProtocolTest {

/x THEIR | MEE A& EHE encode 2 parse - WABFIHEEHIG -
static void roundTrip(ChatMessage m) {

String line = ChatMessage.encode(m);

ChatMessage back = ChatMessage.parse(line);

assert back.equals(m) : "fHRZKBEL:" +m + " - \"" + line + "\" - " + back;

System.out.printin(" + String.format("%-40s", line) + " =2 " + back);

static void expectError(String line) {
try {
ChatMessage m = ChatMessage.parse(line);
assert false : "MEZELEIANMEATAKIN: " + line + " > " + m;
} catch (ChatMessage.ProtocolException e) {
System.out.println(" \"" + line + "\" - #E#48 : " + e.getMessage());

public static void main(String[] args) throws java.io.IOException {
System.out.println("=== A, (record HEIE equals ' FREEHELLE) ===")
roundTrip(new ChatMessage.Login("angelia"));
roundTrip(new ChatMessage.Join('general"));
roundTrip(new ChatMessage.Say("general”, "hello world, with spaces!"));
roundTrip(new ChatMessage.Quit());
roundTrip(new ChatMessage.O0k(""));
roundTrip(new ChatMessage.Ok('"welcome angelia"));
roundTrip(new ChatMessage.Err(401, "login first"));
roundTrip(new ChatMessage.Msg(''general”, "bob", "Z{ITTHEFITMRZEEE : café HZARZE"))
roundTrip(new ChatMessage.Bye());

System.out.println("=== T&ZEMNEAKREBHIEL  MAZERRET ===");
expectError("");

expectError(''DANCE");

expectError("LOGIN");

expectError("LOGIN two words");

expectError("SAY general);

expectError("ERR notanumber oops");

expectError("MSG general bob");

System.out.println("=== HSFAKNE ===");
assert ChatMessage.parse("login angelia").equals(new ChatMessage.Login("angelia"));

System.out.println("=== F§ FakeChatClient A UI #E#E (FRHELHIK) ===
StringBuilder screen = new StringBuilder();

ChatClient client = new FakeChatClient();
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52 client.addListener(new ChatClient.Listener() { // BEZEREEREENT

53 public void onMessage(String room, String from, String text) {

54 screen.append("[").append(room).append("] ").append(from).append(": ").append(text
) .append("\n");

55 +

56 public void onError(int code, String text) {

57 screen.append("ERROR ").append(code).append(": ").append(text).append('\n");

58 }

59 public void onDisconnected() {

60 screen.append (" (disconnected)\n");

61 }

62 1)

63 client.connect("localhost", 5555, "angelia");

64 client.say("general”, "hi"); // B|IZ join - $HER

65 client.join("general");

66 client.say("general™, "hi again");

67 client.disconnect();

68 System.out.print(screen);

69 assert screen.toString().equals(

70 "ERROR 403: not in room general\n[general] angelia: hi again\n(disconnected)\n");

71 try {

72 client.say("general", "after disconnect");

73 } catch (IllegalStateException e) {

74 System.out.println(" ET4R1E#R{E - IllegalStateException : " + e.getMessage());

75 }

76 System.out.println("Z&BEME - ");

77 }

78}
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