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CompareTo N :notn

int compareTo(Comparable other)
throws IncomparableException {
VersiondString other _vs;
try {
other _vs = (VersiondString) other;
catch (java.lang.ClassCastException ce) {
throw new IncomparableException();
iIf (this.length() > other vs.length())
return 1;
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7wInn NX wnnnv ,LinkedVersionedString
VersionedString

NX NYNNAY Np7Nn 727 qpn pI'1Ta DN'Y INIX 0
7YUINn

ITD NP7NN 720 NIN'YN DX 790W7 1D OX ;)X O

YIN'nl 029 ,7vn% ,n711 oKX ¥ X7 7190wn o
NI770W NIR7NNN 701 INIX [7N7 00X , DN'YN
INIX



DOYOIN PN :NNoN |e

|7EJ]Y.\'7 QNivnn nN'Yn N1An NR q'0|n'7 n'n 'IX1 o

NP7NN QNN M'2ANN N1ANd YNNWN? X NIIR'Aa 7aX o
(abstract class) nowom

abstract class VersionedString
Implements Comparable {
public int compareTo(Comparable other)
throws IncomparableException {...}
abstract public int length();
abstract public String getLastVersion();
abstract public String getVersion(int i);
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abstract

NOYOIN X'NY NP7NNN NNTAN2 DA |7 D'A'N O

NIP?NN T 2V DN NIN? DTIrm nowsin np7nn o
D'NN'YN DX DN'TaNY NI'vNin

D'VYOIN N'NN'Y 72V NP7NN NWYN? XIN 7wiIn o

NP7NNN 7V 790 NTA TAmM ATIiNN L,0'PYIN 7V [T nd o
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class LinkedVersionedString

-

-

1

~
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o

protected int n;

protected Version last;

pu
pu
pu
pu

D

0
0
0

ic void add(Strings) {...}
icint length() {...}

ic String getlLastVersion() {...}
ic String getVersion(int i) {...}

VersionedString

S _——-
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LinkedVersionedString
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Visibility) niny (e

NIZ7NN DAl D'NN'YIE NITY 7W NIRNMI 7Y DIFNWOKX YIIN
1N117 D¥nixnnn N71Y 110 (NI7DIN

N?7NNN NNIRA TIR? 77 w2 (NN IR nTY) Private o
(NP7NNN NNIXA INK DXY T 771D)

NNKR QX NY'oIm X7 :(Package visibility) n7xana nixan o
DA qonal 7" .protected Ix public ,private n'7ninn
N7'2N NNIXA DNNX NIP7NN

NniwII'Y Ni'7nn n0a qonal (private) 7"10 Protected o
NINX N7'2N7 NRD"YI NN

N'72aN 72 nP'7nn 7on waa Public o

NIXI DY V' TANT7 MY (D'70mM X7) pYIn IR ng7nn o
public IXx n7'ana
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N'D N2'NNN NR7NNN ,0'NMN'YN D7 Uin'm [N X7 0X 0
NIXT [''¥?7 NA''NI,NOVYWOIN NNXY2

abstract class Abst1 {
abstract public void do1();
abstract public void do2();

}

abstract class Abst2 extends Abst1 {
public void do1() { ... }

}
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NP7NN N2'NONY N7NNN OXY 7V NN'Y D'7'V95N0 TWUKD O
N?7N0N2 YT DN'YN OX L,(NINN DwAIY) Nowsin
72p7NY NN'YN 7V910 NONK L7Y91M XN ,N'WNIMN
NOYSINN NP7NNNN NYIN2

VersionedString vs1 =
new LinkedVersionedString();
VersionedString vs2 =
new CyclicArrayVersString();
vs1.add("Mr. X"); //LinkedVersionedString.add -
intc =
vs1.compareTo(vs2); //VersionedString.compareTo

VersionedString

LinkedVersionedString
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71 X721 (NTNNN) DY D02 [IN'0 TWONT DY NNAIT? ©
IIT'0 190N2
D'NN'YI 'X1Q,Y9IN NTY 9'0INT )X wimmn IX? o

Nj77nn2ai java.util. Map j7vina o'wnnwn 11NiX
JwnN2a 0'019 ;INIX hwnnnv java.util. TreeMap

D'wUNNYn ,int-7 quiyv 019'V XN Integer nE'7NNnN 1™
2'0'M9 019'VA K71 DYV WNNWN7 02N TWKRD N
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import java.util.*

class TaggedLinkedVersionedString
extends LinkedVersionedString {
protected Map tags;
public TaggedLinkedVersionedString() {..}
public void tag(inti, String t) {...}
public String getVersion(String t) {...}
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(TaggedLinkedVersionedString

tags:

" (LinkedVersionedString)
n:

L last: ... Y
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public TaggedLinkedVersionedString() {

super();
tags = new java.util.TreeMap();

0'02N NP7NN 7Y 'R1AN NX 'WON7 W' 7D 0TIp ©
super NN9NN N7 NITva (0'2'NIN NNIRY NpP'7NNN)

70 7'WoNn7 "WON ,0'X12 190N ¥ 0'0aN N77NN7 DX ©
7Un7 ,0M'RNN 0'0INIANK NNAYN T 7V 0NN TRX
super("a demo");

,0'01N N77NN 7¥ 'N127 W19 [9IXA D'RIIP X7 OX ©
N7'NNY7 super() NXMPN NN N'VNIVIX N0 NIIN'A
NN
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public void tag (int i, String t) {
tags.put(t,new Integer(i));

}

public String getVersion(String t) {
Int I;
i = ((Integer) tags.get(t)).intValue();
return getVersion(i);

}
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Java collection framework-nn 7'n Xin Map pwinn o
D'NXY NXIAP7 ,NINN9NA NXIAP ['2 0719 qOIX X' 0

Container
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Map pwnn |e

Java collection framework-nn 7n x1n Map pwinn o
D'NYY NXIAP7 ,NINN9NA NXIAP |2 0"I9'™ OIX X' O

NX AX'"N [ITYKRIN OI9'0N NINYN ["M1A XN PW]YJH) O
(DIHﬂDYJ'? DYYN 0O'DYN DX YAl ,NINN9NN

X NIPZ?N 0'WALZN DI'X OX ;NTA DT 02IY NINNSNN O
19'] VIN'YI DN WX NNY!' X7w Nn'oany

DN D"P'YN D'NN'YN o
-7 t-n(D" 9'7nn IX) wTN 19" g'om — put(t,i)
t NNoN7 WWipnw 1vn NX 'tnn — get(t)
7YUINN DX nwnnnn npnn — TreeMap o
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LinkedVersionedString
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X7 TaggedLinkedVersionedString -2 o'nin'wn winm
LinkedVereionedString-a nxya '17n

CyclicArrayVersString-? na o'xn' pI'12 win'm ININ

yomn nTvi) 1770 0'NN'yn DR 9'oIn7 ,7wun% awoN
VersionedString nowosmn np7nnY (tags
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Comparable

T
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LinkedVersionedString

TaggedLinkedVersionedString

N7 X'n VersionedString NX na'nn n'wnmn np'7nnn oX ,NYD 0
NN N2'NIN XN DX 72X ,tags-2 DNIYRN D'NN'WN DR D737
1> X'n ,TaggedVersionedString
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NN'WN DX X7 72K ,tags-2 DNIYRN D'NN'YN NN DY DX NN ,NIY - 0
NIF7NNN 'MY 72U 1TON NIX 1907 11X ,a¥NN N7 OX ?compareTlo
nivYOINN

Comparable

LinkedVersionedString

ComparablelinkedVersionedString
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Comparable VersionedString
LinkedVS

N

CLinkedVS CTLinkedVS  TLinkedVS

D'NN'YN NN 1INA7 D710 N'wNIN Np7nn 75 AT N1and o

NI'YNMI NIVYOIN NIP7NNN QYN 'T' 7V 790N K'NY
Ti 7190W X77 ,NiM'RNn

2NN DY NN X7 nir'aL(?)aven nant o

nINN NIMm o'nn'y v awin' multiple inheritance)
(nwin yya 1N
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X'77 NI7NN NNTAN2 N2 NIYMA NMYONN NN NYN'Y NNNY
NI'Y2 X' NTA (amMN TR 7190w

m nin'w YTam ComparableVS-a nal TaggedVS-a naw nma

IX ComparableVS.m 2y9in oxn ,CTLinkedVS nx 0'7'yon "wxd
n1'N2 1120 Y ?TaggedVS.m

NI NN DTANY D'NN'Y 7V DA Y'DYN7 WY DTN (12210
NP N7¢ NN'WY NwoIn np'7nn IT oxX ,VersionedString-1 7wn?

m nN'wY
Comparable VersionedString
\ /A\
LinkedVS
A B

22 CLinkedVS CTLinkedVS TLinkedVS
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class VSComparator {
static a procedure, does not refer to a “this” object
public int compare(VersionedString x,
VersionedString y)

(..}
}

class CLinkedVS extends LinkedVS
Implements Comparable {
public int compareTo(VersionedString y) {
return VSComparator.compare(this,other);

}

23
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class Tagger {
protected java.util.Map tags;
public Tagger() {...}
public void tag(int i, String t) {..
public int get(String tag) .
}

class TLinkedVS extends LinkedVS
Implementes Taggable {
protected Tagger tagger = new Tagger();
public void tag(int i, String t)
{ tagger.tag(i,t); }

{..-}
{..-}
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DXV 0'0QN NP7NN 7Y yoINn NITY NX N7'72n nwN' o
NIYONNI ,D'NN'YN DX 17701 ,N2a'Nnn np7nnn v
0'02 DXY N'N 17'ND 2'NN DXV wNNwn?

7uUnY ,is-a oN' NXY71 '917N WIN'Y7 NINWONRN O
TLinkedVS is a LinkedVS

NI71D' |NIX DX A'WUN7 NIY ANRIN NATIZN NNAITN 0
DXV 0'0dN NP7Nnn D7W DXY NN T 7V pIr1a
7¥ yoInn NITY NX 7227 Nan 7v) narnnn np'7nnnn
0'0aN 'MN'Y7 NwAIsn xR T 7V ,(0'0an
NX NPo0on n7nnnw nnxn T i, (forwarding)
(implements Taggable) o'oan 'nN'w

727100 NI VYN AKX ,WMA NI L,VIYO TNIF O
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DIMTEN DN TAXKNA NN'Y DYAIF DP7NNn OX DA O
UTNN INIX ' TANT7 N71D' X', N

class LinkedVersionedString
extends VersionedString {

int compareTo(Comparable other) ... {
VersiondString other _vs;

iIf (this.n > other_vs.length())
return 1;
NN'Y? NP DIPN2 N Y9In 2TY? nionnn 7'y Nt o

26



NP7NN2 NI7'WRA NP NN'YN DX UNNnY 0D'y97 TWON
N77NN2 TWKRN DXYN 7¢ UiMmn '019 DX NNDOny
nowosin
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DA'X UONNY NN'YWN NOMT 'T' 7V NIy Nl
NTINN NX 2TN7 D712 NWAI'D D'AYS7 1MW Na'0

N'VaNn N'TNN CS-YW Q10V'RN 7Y ATINN ,7WUn?
DNIN 7'2NY VYNV [11'DN ,N71Y 1ToA NTNI' DMARNY
1'nn
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C static C dynamic C = new C();
C static_ C_dynamic_CS = new CS();
CS static CS_dynamic_CS = new CS();

Clter i1 = static C _dynamic_C.iterator();
// M1V NPN0 7Y JNNON7 TWON 'NKY 1N2
Clter i2 = static CS_dynamic_CS.iterator();
// M1V NP0 7V JNNONT7 TWON DY 1IN]
Clter i3 = static C _dynamic_CS.iterator();
// ?N1012m NP0 Y NNon? TWON DXRN
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019'0N Inn yaIp target.method(...) Nnx" 7 7w '0VO NINY
IX "IN NINwn ,NTY DX |11) target ninwnn 7w ST
(N?7Nn IX PwIn) '0voN 019'0N (VNS
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CS )1 91wun

7Y wimmn 71X N1 U7N NTina N2 NIy nn? o
DIYNY D'0Q'NNN NINS7 , 7'V ANI' W7Nn NTINN
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ni?77nnni VersionedString pwinn o
NINONAN 190N NX 0'7'2an X7 LinkedVersionedString
NIn getVersion 7w nTpn 'Nan 271,287 Mav
nixoNan 1oon ,length() rar 1 12 n'nr vINRNY
nD TV 1190INY

NYTN NP7NN7 np'7nnn NX 2'NIN7 0'Y¥IN 1XYW N12) O
,901 niN'y oy BoundedVersionedStrin
NTIPO NN ;LI -1 NIKONAN NN PNINY ,chop(intg
length() Tv I 71 XIn getVersion 7w "nmn ninnn ,I™

X7Y NIN'Y 19010 2 ,NTINN DX P7T'N ,IN'10N N2'Nan o
NX) NTINN DX NY7NN ,NONX N2'Nan 72X ,0T17 '
NP DTR 'RIN DY NN'Y YW YUTNN 7907 D ,(7900N
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0I9'0N OIN' YT DXV UNNWUNY NIp? o
NTINN NX 0"'7n DxVnW n'n LinkedVersionedString
LinkedVersionedString 7w

NXY DXVN NR7NN DT8RN NYT? 212' T'AN X7 NIR7n o
NP7NNNN XIN 71X ;7'Won KIN I'MN'Y
nN2'NNY n7nnn XN 2R LinkedVersionedString
NNIN

LinkedVersionedString nx narnmw np7nnn oxy p7 o
NP 7NNNN XIN 17'XD Unn 2ninn7 a'n
LinkedVersionedString

NP7NNNN DXV INIK 97007 AN IYORY 1Y NI o
niP7n v yowr ntw 71 LinkedVersionedString
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(DI'P7 NWR ONIY) TN AN DTR 'KIN WINT7 JI0OR O
w70 NI INX 'NAN N'VANT7 ION O

YNl N7) QN2 NXIN K7W 019'0Nn AN 7V Y'TINT NION o
(NuX'a2a nann

Unnnvy NN'Y ¥ IX) ONIT NN'Y W ATiNN ,NINNK 0'7'N2
NIIXNN TN XN (PTINN ATIN DY 72X 7wIn

"INN DT 'NIN IR YOI DT 'RIN" XIN DTN 'NIN
"o TNX 'RIN DA W12 ONKX 'RINT XN NKRD 'RIN

0OIIN TNXN 'NIN) DTPN 'KIN DX 71 TN MNMY |amd
NIN ONX DT 'NIN) INXD 'KIN DX 7 IR (true XN
(false
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public void dolt(VersionedString vs) {
for (inti=1; i<=vs.length(); i++) {
String s = vs.getVersion(i);
do something with s
}
}

VersionedString bvs =
new BoundedVersionedString();
add versions to bvs
dolt(bvs); no7nnn NPy NX 1950 7ax nAann pn
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class BoundedVersionedString
extends LinkedVersionedString {

public void getVersion(i)
throws DeletedVersionException {...}
7¢ DTN 'NKAIN NIXYN T 7V N'Yan DX TINS7 11'01 ©

NN 7907 1D AN 901N 72K ,110 7V getVersion
chop '™ 7V 12D nnNIYv NoNa wpan NI

NN DONN NN QY'7NN 21NN "hooln My X7 nr o
NIIX'A 0T NN ;2N 7907 NI DWAIT X' D ,NN'YN
N"'ANN NOIN
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,D'TN'YN 9122 NTINN N7' T 72V nYpn n97nnn JNpy o
public void someMethod(...) {
it (!( precondition )) throw Precond...;

NN'YN 7Y DTEN 'KIN DX DA PITA7 YW X' Dan o
INN NYT? NVIYD T |'NIL,PYINN 7W IX 00N

'NIN NIX 077 NIYANT? )X ONX 'KIN N7 T2 ,NNITA o
7YINN IX OOTIN NN'YUN 7Y INKN

'197 PITA? )X 0O'K1Q 7V DTRN 'NIN IR L9012 ©
NATNY 7712 NWOX 'M72 DT, INYN D'YIY O'X1ANY

0'02N N7NN 7¥ 'R127 XNP7 XIN D'YIYV DNV [IYURIN
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N2'NINN NP7NNA 'N1a )INn

nn'ion nP7NN 7v 'R127 KR TN NIp? 901N o
7Un7 ,NP'NNN DY YIn'y N

VersionedString bvs =
new BoundedVersionedString();

NP7NN 7Y 'R 7w ATinn 7V nnon X7 Nign o
0'0an

770 0'N1 'R D'PWUINTI O
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7Y nwnnn IR) Super np7nn na'nnv Sub npP'7nn o
M1'W K77 Super 7w ntina wnnwin? n712' (Super

IN/I NI70N NINS WINT? WNI7D LINIXK 2TNT7 N71D' K'Y IR O
ANI* 17 N'0an?

Super 7un ¥7n XInw n1ina wnnwn? Sub-7 110K 7N o

D'7'2200 0'TINN OY NIR7NNN ,N'DIY'N D1DNN OX LD7 O
nLN? NIN'NNN NI7NNANE,N7YN% DA% DAY N
(19'n7 X71 ,NI7'2ann NN 2'NNY)

DAl ,[1DN7 )X NIR7NN 7W 0'DIN L,V ©

NIP?7NN7 0'01) NN NIZ7NN] YNNWYN7? TWON 'X O
NYIN' T 9V NIYTNN DX DX OX DI'MNNMY NIYTN
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:(java.lang.String JIMn NNITYNSN) 120 Nk AT ©

static String valueOf(doubled) {...}
static String valueOf(boolean b) {...}

AToyiNm 7ax o

overloaded(VersionedString x) {...}
overloaded(LinkedVersionedString x) {...}

VersionedString

,017NN7 20 Y% onIpn XN X7 ©
vs = new LinkedVS();

LinkedVersionedString lvs = new LinkedVS();

overloaded(vs);
overloaded(lvs);
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The more specific method applies
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overTheTop(VS x, LinkedVS y) {...}
overTheTop(LinkedVS x, VS y) {...}
LinkedVS a = new LinkedVS();
LinkedVS b = new LinkedVS();
overTheTop(a, b);

7V NN IT'R 72X ,N75N7 DNXR Q'Y 1XYW 1N o
?bIx a

NN N'ZIN X7 NNAWN N7WON ;0'7NN7 NT 'R ©
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overTheTop(VS x, LinkedVSy) {...}
overTheTop(LinkedVS x, VS y) {...}
LinkedVS a = new LinkedVS();
LinkedVS b = new LinkedVS();
overTheTop(a, b);

NP1 N0NAN 0 NN'N PN OX (MYMAY 2IN DT 0
N'PIN NN NNAYT RPN

N'77 129N NNMPZN ,NNITRN NONAN NX 0'9'0IN TWKXD O
NN YAIPQ AT OX DT DX N7 X7 27"9n1p0 72K ;npein
NPN'N N0NA7 XN, TIAV? 'wnn NINNI

NX MYN NINYN X7V yalp ¢ 1 nX?7'9101pw 110 X7 O
1YW AXN NT ;NDINN NIANINN
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class B {
overloaded(VS x) {...}

}

class S extends B {
overloaded(VS x){...}  override
overloaded(LinkedVS x) {...} overload but

no override!

}

S o = new S();

o.overloaded( Ivs );

((B) 0).overloaded( lvs ); What to invoke?
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NNYN 77U NN'MNN NX N 'UVO XIN NONYNN |IAIN ©
22X ,(DVNI9N 2101 190N ,NNWN DY ,0DXVN 0I9'V)
X701 KT NNY QTR VAL X7 1Ty

((B) o).overloaded(lvs);

NIN NXMPN TV'w 7722 B.overloaded(VS) nn'nnin anam
('DITNN XID '012A7N TN NN'wN) B 019'on

I'2 2NIAY ,'MI TN YN 12201 7VU91IN DX Nt o
O19'07 NI O'RNNN NX ,NXT NN'NN 792 0'NNWN
N1 D7 ,S KIN 'MNXTN 0I19'0N .AXRMPN TV W M1 TN
7NN NNYN

N'N IXPN DR 7"D o
B b = new S(); b.overloaded(lvs);
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class TaggedLinkedVersionedString
extends LinkedVersionedString {...}
VersionedString vs =
new TaggedLinkedVersionedString();
vs.add("Mr. X");  LinkedVersionedString.add
vs.add("Ms. Y");  LinkedVersionedString.add
vs.tag(2,"F"); TaggedLinkedVersionedString.add
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class AudibleButton extends Button {
public void Clicked() {
getDisplay().play(clickSound);
super.Clicked();
H}
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SubClass =: @

BaseClass b =

(BaseClass) s;
s.method ()
b.method ()
s.field

(SubClass
field:
method:

[ (BaseClass))
method: .
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extends-n on'w g1 "W NP nnn 0'osLvnN DX
java.lang.Object nj7nn%? Tnn o'wan rTan

WAIY DY |12 YV XIN 9Ian i

,NQ'NN X' ' DX NN X7 NR7NN ¢ 2NTan OX
NANINN 7109 DX N'UNIVIX N9'0IN NDYN
extends java.lang.Object

Object 7w 110 NIn DYV 7OW N'Vvan NT

D"0'0] D'NIN'Y 790N NIIX'AQ DXV 70w N'VaN DT
no"T 'T' 7V IN Object-n nwin' ' Sy OX ,0'M'ion
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java.lang.Object

java.lang.Object

VersionedString SymFloat A >

LinkedVS CycArrayVS DJele 3

TaggedLinkedVS
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o public boolen equals(Object obj)

O

o protected Object clone()

(29— (S

o public String toString()

Default: Full class name + Hash code

Override: Custom implementation
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VWOIN NNWY? XNE?7 71D' NVYWOIN NP7NN 'WNIN NNY ©
(unnwn TI7 7'von "n>wn" i) callback Yw pnan o
abstract class Stack {
public void change top(String 1) {
pop(); push(t);
}
abstract public void push(String 1);
abstract public void pop();

}
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public class B {
public Bdo1(...) { ... }
public B1 do2(...) { ... }
}

public class S extends B {
public S do1(...) { ... }
public S1 do2(...) { ... }
// ST must inherit from B1
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