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/* file stack.h */
/* header file exporting declarations to clients*/

typedef struct stack {

int elements[100]; /* stack of 100 integers */

int top; /* number of element */
s
void push(stack, int);
int pop(stack);
e end of file --------mmmmmmmm */

/* file stack.c */
/* implementation of stack operations */

#include “stack.h”
void push(stack s, int 1) {
s.element[s.top++]=i

I
int pop(stack s){
return s.elements|[--s.top];
55
A end of file ------m-mmmmmmmmem */

/* file main.c */
/* a client of stack */

#include “stack.h”

void main() {
stack s1, s2;
s1.top=0; s2.top=0

/* declare two stacks */
/* 1nitialize them */

int i;
push(sl, 5); /* push 5 on first stack */
push(s2, 6); /* push 6 on second stack */
i=pop(sl); /* pop first stack */

}

A end of file --------mmmmmmmmem */

uni 8 mym lsunsmaaing

311 8.1 myasrwazmaison1dInseaidoyaduanluniu C
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// file stack.h
// header file containing declarations exported to clients

class stack {

public :
stack();
void push(int);
int pop();
private :
int elements[100]; // stack represented as array
int top=0; // number of stored elements
s
[ mmmmmm e end of file
// file stack.cpp

// the implementation of stack member functions

#include “stack.h”

void stack::push(int i) {
elements[top++]=I;

’5

int stack::pop() {
return elements[--top]

A — end of file

// file main.cpp
// a client of stack

#include “stack.h”
main() {
stack s1, s2; // declare two stack
int 1;
sl.push(5); // push 5 on first stack
s2.push(6); // push 6 on second stack

i=s1.pop(); // pop first stack

R ——— end of file

U7 8.2 myaazmsifenld Inssadedoyaauanlunim C++
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push(sl, 5);
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class stack {

public :
void push(int v); // operations, visible to users
int pop();

private :
int elements[100]; // variables; invisible to users
int top=0;

{ o { I '
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struct Node {
intval;
Node * next;

},.
class stack {
private :
int count;
Node * top;
public :
void push(int, v);
int pop();
}’.
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8.3 MIONENDA

(Inheritance)
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Y
daae lil

class NewClass : Existing Class{
// new member declarations

53
A v dgl ll ~ ' AY Yo 1 . a ~
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P '
(base class) msa1fmEmﬁm15aﬁuﬂuﬁﬁu%’uﬁmmﬂugﬂﬁ 8.5

(a) single inheritance (b) multiple inheritance for V
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1A 8.5 (a) Aad D meneaguaulianie) nnaad B udiiedninainaaid B

v v
MeNnoauINNAmd A sariuaama D 39 1a5uauauiananne B uaz A Tunsdivesnsargnsnain

q

'
o

vateaana (U7 8.5 (b)) Weuguvudidelddai

class V: X, W {
// new member declarations

4 1 1 [ 1 1 a g
Tunw Java aanan ldsumsarenenvzissnnaaiages (subclass) aaunaraauniuaaia
~ U ] A o I @ dy
guvzFeNI Aaaui uie gilnlesaand (parent class or superclass) 3iuunvesnarasziuaail

class D extends B {
// new member declarations

s
1 1< . . . ' 094} "9
msmeneanamaluniyl Java azillutuy single inheritance vy wudnaia Stack
: 24 L a4 4
218N0ANINNAAA Vector Haa18M0AN19INAAIE Object dndionia (31l 8.6) Mmitszmanaie
1< @ {
witluaslugiln 8.7

Object

<

Vector

'

Stack

d‘ 1
717 8.6 mimeneanaraluniu Java

class Vector extends Object {
public void insertElementAt (Object obj, int index) {...}
public Object elementAt  (int index) {...}

/

class Stack extends Vector {

public Object pop() {...}
public void push(Object obj) {...}

717 8.7 m3vszmenaa Vector tag Stack Tuny Java

k4
1 v @ < 1
A Stack o1eMmeAnIINAAId Vector it s uinguesnana Stack wenaInms
~ Yy < v o = Yy 3 .
Gonldwdon spush() uaz spop() udundedunsnsenldwion s.insertElementAt() tag

;g S A g '
s.elementAt Fuiuusoalunana Vector Miilupaiauiveinara Stack
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8.4 msunaezluazmstamitenuunadn
(Polymorphism and dynamic binding)

a a o { 1 ' Y <]
ufaveImsoenuuuMesiag  Aldaaalvwdansaneneadulsuazivioaniain
a o Y a wvaa A 1 2 . < A o v o 1
aaaani liinagaauianiFondn msinaiegi (polymorphism) veunFoansoflandu Ao
o A A I 1 3 .
mﬂizmﬁﬂm’diugﬂﬂ 8.8 nuAad shape LﬂUﬂm’dgm ADINUUANH circle LazAAH rectangle
teneanuauliaaie Tanaaa shape uazgamoaad square o1enon lanaana rectangle NN
= Y o do A& o ¥ A b 1
AMaUMIaINlanFy draw IMBINMUINNATUNTURMIZVDRANATUUTAIUUIDMNNW 19U AAE
. = = v o @ us.ll d o =2 = 1 o Jdo
circle 11931/n39naw, Aad square MNAFUNTITHAENTY T Auiulandy draw() 39gniFennilandu
: o Zo < ' g o ‘o o g
vanegl Tasilanduaziigiuuuiluesslsvnegnuilenduiinniuvesnarals
class shape {

public :
virtual void draw()=0; // generic draw function

}

class circle : public shape {
public :
virtual void draw(){...} // draw a circle

/

class rectangle : public shape {
public :
virtual void draw(){...} // draw a rectangle

/

class square : public rectangle {
public :
virtual void draw(){...} // draw a square

51/ 8.8 mstinanegilvesiladdu draw()

U

& { ) 1 . 1 1
Wandu draw() gniszmalAnaaragiundrgmimndeulni (override) luudaznanados

A v ' o o Yo q U o A A A
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Tulsunsush ldsaasavu wu ddesmamuilaidumsnaglaundsunannsoi 1dlaeadwnara
. 1 J o g [} 14 a Jo
triangle 1¥aneneauininaatd shape ndadouilendu draw() Yuluineylna lsunsuuddedn
a 4 { o @ { [} @ a {
Tulsunsudwnag I8 Tdsunsuiianudugdammaoy 8 Tag ludesinmsud lulaq fuldsunsuaund

3]

ecR .

A~ = 9 J o J o Y A 1 = 9)3 o [
WelimsiSenlsieantu draw() aoulwasivzmthnasrngeuinmsisonldiunseimu

< < ]
doudn la 1a5u
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rectangle r;

r.draw();
< < & a v o o du = o Fo A
ouIn r Wuwila rectangle A9UUNINTU draw() ruenailanyu lunaa rectangle Ms1eu Tag

% o o Y o - a dg’ na.zl [ 4
Wlantu draw() lumds rdraw(); nnuilenduvesnand rectangle NATUALATIIMI AN Ina
[ 3 d' dy =~ 1 = d’ %

Tdsunsuaariumswson leauuutiaisenin msgamile muUAIa I (static binding)

o o 1 1<} < a o o ' ' J
SmsiFenldiladdy draw() nsziirhudeudnilszinnsravedadiediane il

square s; //'s is a square shape
shape &ref shape=s, // a reference to s
ref shape.draw();

v Y 1

Y I Y I I <3 a @ I 1
auls ref shape Wudwlsnioitludeuianlszinndredans i shape Fuilunaragiu uagn
o Sldy v o = Y] =& <3 <3 s dy a 1 S v
Amualdy lldedmniafenny s sulludeudnvesnard square lunsaiguiimsnnsannilandu
I 1 Aa 4 1 s
draw() w1ilu draw() vesnand shape %30 draw() vesnand square 92 linadulugisnonlng
' a 4 @ % v A 1o o I~
Tdsunsuuaeg limaduluvazsullsunsy deszvvlssananazaadunilandu draw() 1fuves
4 I o [ { v [ J
Aamd  square  Msvzaomayen Teailandudiiuaaangndes i 13 lugaesulsunsuuuuiioe
~ 1 = = o . . . A 3 =3 1 = ~ A 4
5N msdanideauunada (dynamic binding) ¥30U1ATUTENI MIdamileangnyasl) (late

binding)
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8.5 i‘ﬂTﬂﬂ‘iJi!!ﬂiN!%Q?ﬂﬁﬂﬂﬂ]‘kﬂiﬂ?h “TIWQET‘WQET flazauaanaan

(Object-oriented programming in Java, C++, Smalltalk)

4
et Tlsunsude lfinaasmsvina luesisdludnpazvesmsi lisunsudaingae

N1 Java, C++ wag Smalltalk

aar0e19 [1sunsuluniv Java

import java.io.*;
class DataConvert {
public int convert(byte ch) {return ch-'0";}};
class DataStore extends DataConvert {
public void initial (int a)
{ci=0;
size=a;};
void save(int a)
{store[cit+]=a;};
int setprint() { ¢i=0; return size;};
int printval() { return store [cit+];};
int sum()
{int arrsum = 0;
for(ci=0;ci<size;ci++)arrsum=arrsum-+store[ci];
return arrsum; };
private static int maxsize = 9;
int size; // Size of array
int ¢i; // Current index into array
int[] store = new int[maxsize];};
class sample {
public static void main(String argv[])
{int sz,j;
byte[] Line = new byte [10];
DataStore x = new DataStore ();
try{
while((sz= System.in.read(Line)) != 0)
{int k = x.convert(Line[0]);
x.initial(k);

for(j=1;j<=k;j++)x.save(x.convert(Line[j]));

for(j=x. setprint(); j>0; j—)
System.out.pr int (X. printval());

System.out.print(" ; SUM=");

System.out.sprintln(x.sum());} }

catch(Exception e){System.out.println("File error.");}

} // End main
} // End class sample
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ar0619 1/sunsuluaivy C++

#include <stream.h>
// This is C++ IOstreams, stdio.h also works
class DataConvert {
protected:
int convert (char ch) {return ch-'0';}};

class DataStore: DataConvert{
public:
int initial(char a)
{ci=0;
return size = convert(a); };
void save(char a)
{store[ci++]=convert(a);};
int setprint() { ci=0; return size;};
int printval() { return store[ci++];};
int sum()
{int arrsum;
arrsuin=0;
for(ci=0;ci<size;ci++)arrsum=arrsum-+store|[ci];
return arrsum; }
private:
const int maxsize=9;
int size; // Size of array
int ci; // Current index into array
int store[maxsize];};

main()

{int j,k;

DataStore x;

while((k=x.initial(cin.get()))!=0)
{for(j=0;j<k;j++)x.save(cin.get());
for(j=x.setprint();j>0;j--)cout << x.printval();
cout << "; SUM=" << x.sum() << endl;
while(cin.get()!="\n"); } }
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a210619 1/sunsulunivr Smalltalk

[N T NS T NG T NG T NG T N T N T e e e T
AN EOUN S0P AN DEWR—, O PRI N R W —

27
28
29
30
31
32
33
34
35

Array variableSubclass: #Datastore
instanceVariableNames: "
classVariableNames: 'DataFile ArrIndex Storage Size'
poolDictionaries: "
category: nil !

!Datastore class methodsFor: 'instance creation'!

new
DataFile _FileStream open:'data’ mode: 'r'.
Storage Array new: 99.
Size 99.
self reset !!

!Datastore class methodsFor: 'basic' !

asgn: aValue
Arrlndex _ Arrlndex + 1.
Storage at: Arrlndex put: aValue !

getval
Arrlndex  Arrlndex + 1.
~Storage at: Arrlndex !

nextval

~((DataFile next) digitValue - $0 digitValue)!
reset

Arrlndex 0!
k j sum|

Datastore new.
"Initialize k"
[(k _ Datastore nextval) > 0]
while-True:[1 to: k do: [(j-Datastore nextval) print.
Character space print.
Datastore asgn: j].
Datastore reset.
sum 0.
' SUM = print.
1 to: k do: [ sum _ sum + Datastore getval].
sum printNI.
Datastore reset]!
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8.6 a1l
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@ a @ 1 { o w 4 { 1
Uszmadunlsuazriavesanls sazdmmiugamdaionugumsnlasunasivesdoya

as o a o [ 9 o n'J d' d‘ A v ad o a o o'/ ] =
’J‘ﬁﬂﬁ‘l/ﬂiﬂiuﬂilllf’]f\ﬂﬁi!ﬂ\iﬂ\ﬂ"]f“]fﬂﬂ1ﬁ\1ﬁ/‘lﬁ]ﬂﬁﬂ')‘]_lﬁ]ll‘ﬂLW?JE]L!ﬂ‘U'J‘ﬁﬂﬁ‘l/ﬂiﬂil&ﬂillt“lﬁﬂ?’di YU Y
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AN lf, fOI‘, while ﬂﬁglﬂuﬁ1 ﬂluﬁ1/]']Glﬁ!ﬂq51/]']ITJﬁllﬂﬁ1]!,6]5\1'quLW]ﬂ@n\iﬂ’]ﬂﬂTﬁ'ﬂ’]IﬂﬁllﬂﬁNl%\iﬂ’]ﬁ\i
A v oAA Y o 9 v A 2 o Hq¥ad 1 )
o GLuﬁ'Jucﬂlﬂﬂ’JsU'ﬂﬂﬂ‘U"UﬂHﬁ IﬂfﬁlﬂqﬂHNNﬂﬂﬂlﬂﬂmﬂy‘ﬁﬂﬁﬂqﬂﬂﬂﬁ'Jllﬂﬁﬂcl%!,ﬂﬂﬂqﬁq\i“] Gh’iﬂﬁﬂ‘ﬂﬂf,jll
y 2 2 o Lo A < ' A o o e Y A v = Y o
ﬂ'ﬂ\i"uuvlﬂQQV\IQﬂ%UWjﬂLMﬁ@ﬂ@'NG] ﬂﬂ131uﬂﬂm@3§,alﬂa1uu lLa'Jljﬂﬂm@ﬂ”aﬂﬂjgﬂ@‘ﬂﬂaﬂﬂjuﬂj
o o @ " v = o Y A a 9 [ =2 A 1 g a 9
Lla$WQﬂsﬂuﬂuﬁ’Jllﬂﬁ'}13ﬁq IﬂElllﬂfnﬁ“ﬂ'n’iuTV]‘Uﬂﬂ“]fuﬂ"Uﬂy’a"llﬂ\1’Jﬁq%ﬂlﬁﬂﬂﬂaqﬁ”lnﬂusﬂu@ﬂlﬂya
HIUTITTV (abstract data type)
a J o o o a o 9 = 9 A A
ﬂ’]ﬁﬂﬂﬂllﬂﬂﬂ’]yqﬂﬂﬂv\l’llﬁﬂ5f;’nTT'iﬂfn51/]']ITJ5Llﬂﬁlllslﬁ’JﬁQflgﬁﬂﬂn1ﬂﬁﬂﬁ§1ﬂmﬂﬂﬂ1y1ﬂﬁﬂﬂ
o o A o @ o o o a o A Y I ] =
ﬂ']ﬁ\uWﬂﬁUUﬁHuqﬁaﬂﬂ'ﬁﬁ']ﬂiE 3 1]53ﬂ'ljﬁllﬂ\iﬂ'ljll/niﬂjllﬂjlll(']ﬁjﬂq o ﬂiii?ﬂ%@gﬁ&ﬂuﬂuaﬂmm
. v . . 2 = A [
(data encapsulatlon), N1TINIYNDA (mherltance), ﬂqﬁﬂﬂaqﬂzﬂllagﬂ’]ﬁﬂﬂlﬁuﬂjuﬂﬂv‘lﬁ’lﬁ (pOly-

morphism and dynamic binding)
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] v Y d'
nuydnamaunin 8
fmannlsie: IMdendimeuigndoaiga

1] § o o -4 A wvAa
1. w1 CH funwn IdSumswanniuunnng iz C Taeunaauiia a1y 2
f. Procedure 9. Function

fl. Object 1. Reference

g o A .
2. muiuduiuilaves Object az class Aonula ?
n. Java 9. Smalltalk

f. Simula ]

3. M1 CH uans1991nn 1w C 9813'ls 2
o o 4 24 .
A, MIAIUAT V. MIAI¥RAMT

o o o
. MIMUUANATT 3. mamuualandu

4. mu Java lgaanalalumshnuiuansa 2
f. char i@ *char 9. String a2 Snobol
f. String 1ag StringBuffer . String 1ia WordPat

5. M1 Java vianiesilymninaainms 19 pointer #1075 2

4

n. 1laeu 1114 reference type v. IR ldmme class ﬁm%}ﬁ%ﬂﬁumﬁ
A. enanms 1491 nil uag null 1. #1989 new
y A Y o Y A & A N ~ o 9 A
6. ﬂ”lﬁcl%!,ﬂ'i’é]\iﬂil”lﬁl + 114‘1/]”I"H‘Ll”l‘ﬂ‘1/]\1fﬂ'iﬂ’)ﬂllﬁ%ﬂ?ﬁl%ﬂn@]ﬂﬂlﬂﬂ’)”m LTYNNITNTISMUANYVUINY ”I’E]%Ul'i ?
n. mixed mode arithmetic 4. operator polymorphism
f. global side effect 3. operator overloading

7. anvaz lude lameadosniy object-oriented programming MﬂﬁQ’ﬂ ?
o s oA 9 9 o .
f. mawmuwaﬂmnsmumaga 1ag 1571 data abstraction
o s o 0
9. fﬂi‘VWJJUWGﬁﬂwﬂllﬁiﬁlﬁuﬂiZUQUfﬂi tas N13N1 concurrency
fl. MIINATTHUIANUIWVUAIN tiag N3 recursive

1. M3 lsaoilaenssuuuy von Neumann 1ag n13911 virtual machine

v v A X o s .
8. MIATNANINUIAQDUINBIDBADNMINAUI¥OWALIT (software development environment) ﬂﬁﬂ;]
Tunmunla 2

n. UNIX shell programming 4. Script language
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f. Java Just-In-Time 3. Microsoft visual C++

9. anwansnludelanniu Java il
. I o w 1 .
n. msutlasdoyan int i float . M3 1¥fdeuIna pointer

a. M3 157 laily object 3. MINMUA inheritance

10. object Tun1w1 Java meummnuduilsiszianla 2
f. static variable 9. stack-dynamic variable

fl. explicit heap-dynamic variable . implicit heap-dynamic variable

9 = va .
11. Yolaliguaniiaves process abstraction ?
. subprogram 4. primitive variable

f. structure data type 3. Java constant

Y o 9 ~ 1
12. M359% subprogram 1i1nudeya Fonitezls ?
. block 4. meta-program unit

f. encapsulation . overriding

13. 9A1ja1118v04 abstract data type Aooz 15 2

]
A o w

n. ietlesiudeyandinyainyananiouen
A [ = ~ 1o o3 Y Y

9. macﬁauswazmﬂwuﬂﬂamﬂuaﬂ”lmuﬂu@mg
A ° ' . .

f. INDLYNNITNINIUITSHIN instance variable ttag class method

A s . .
1. WouenMInol Ina class method 90n910 instance variable

14. muusnisu19uuIn1g abstract data type Aoaula 2
n. Simula 67 9. Smalltalk

A, C++ 3. Java

] v v [} 9
15. 14® subclass 1/asuuilasud 1 method NoneneaIanAaIady MIinsziiGonies'ls 2
f. overwrite 9. override

f. overload 4. overdrive

1 QSJI a EL 4
16. 81 subclass C 518M9AW191NN4 class A 1ag class B INANANTO 1T 2
n. multiple inheritance 4. method overloading

f. method polymorphism . type-checking failure
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'
o

17. i pure object-oriented 3¢ “ 21 + 3 « 0e19'5 ?
o, Savuadaulsdi 1 195 21 uazdaulsd 2 Waa 3 :1mfuGon method add()
V. MHUA int x =21 LazMUUA inty =3 Nt x = x + y
a. favuna 21 Wi object 7 1 uaz 3 Wil object 7 2 :1TuEon method add()

a . A A 3
3. 9z1NA compiler error 1119491MATOIMNY + 111 overload operator

18. MuNiTonI1 M UFITAY (object-oriented language) 1dnllsznoudlsdnuardinnlatha 2

n. data abstraction, garbage collection, inheritance

9. concurrency, inheritance, polymorphism
fl. data abstraction, inheritance, dynamic binding
4. data abstraction, interface, abstract class

o ] . . o 4
19. S Tdsunsuwes Iasvueumnelddoullsunsy device driver A2UAUMITHIIMYBIATOIDOU
Y
a [ A 4
QuoaTuwia Tisunsuwesauiinsezlesnmlsznanlalums@euTsunsy 2
f. system programming language 9. logic programming language

. functional programming language 3. object-oriented language

20. o laludnumzdfyuosniunlungy imperative?
n. msldmd package, exception handling i8¢ switch
v. m3ldmida assignment, selection L8 iteration
f. ms 19 assignment, exception handling ttag garbage collection

Yo o . . .
1. M3 lgmida assignment, recursive a2 selection

o3| Y ' a L 1
21. Yolalludnyuziauvesnimnouiiuaes lungu procedural ?

n. Nanywg orthogonality 79 uall reliability ¢

'
Y o 1

= Y v Yo o g}
v. amsleaauds msldmdsmvuan wazmsiiaudg

= ~ @ g’ . ) . . ~ Yo o
A. UMII38NA0IE (recursion) M3 aliasing tazmsionlailendu

3. WA goto A4 switch Ll,azmicl“i’f}pointer

22. dolandnIdgndeaifivafuniun Java 2
n. JDK 133 runtime environment fidoe191us run Tulsunsu
v. subclass aunsaifonldaulsiiszyiuilu private 1u superclass
a. deuwFoaiiiiu overload methods @15 0il signature milouiu'ld

2 A g . a A v 9y
3. avunsoatilu override methods @11130% signature milounu'la
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23. anwaz exception handling Us1ngegluniula 2
n. Ada, C++, Java ¥. FORTRAN 77, LISP, C
f. Prolog, Scheme, ALGOL 4. Perl, PL/I, C#

24. anuannsnved 1sunsulumsmBny iy run-time error udrdvansnlszuianadidene lu1d
=~ 1
Foniozls 2
f. run-time abstraction 9. exception encapsulation

fl. exception handling 3. error hiding

25. exception 11a111a lun1u1 Java detilu object voanaraiaeneaminnaaala 2
n. class Throwable 9. class Exception
. class NullObject d. interface Exception

9
wosanTUsunsy Java eo' Uil tdraeudiniude 26-27

/* 1 */class A extends Exception { }

/* 2 % class B extends Exception { }

/* 3 */ class Main {

/* 4 % public static void main(String [] args) {

/%5 % try {

/%6 * try {

/* 7 * if (args.length == 0) throw A(); else throw B();
/% 8 * }

/%9 * catch(A a) { System.out.println(*“9”); }
/*10 */ finally { System.out.println(“117); }
/*11 %/ System.out.println(*“13”);

/%12 %/ }

/%13 */ catch(B b) { System.out.println(“15”); }
/* 14 */ System.out.println(“17”);

/%15 %/ }

/%16 */ }

26. $rdnd if Tuussiai 7 throw exception A() T15unsu Java $1edusziusimadnila 2
n.9 11 13 15 17 ¥.9 11 13 17
.9 11 13 15 .9 13 17

27. $rérda if Tuussviail 7 throw exception B() Tsunsu Java Shsduaziiusimadnila 2
n.9 11 13 15 17 ¥.9 11 13 15
a. 11 13 15 17 L1115 17

' 4
28. §115 A Java dsde lalil
throw new MyException(“message”);
dnanludelagndesige 2
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4

n. TilsunsuiidesamnsaSenldnanaie MyException

E4

Y [ '
v. Tisunsutivzdesderoniusonald Ae MyException

dydal a A o 1 ya
fl. TdsupsutifivoRanaraiiosn1ndin throw 15721

4

1. Tlsunsutiiidoranaratiioanin luia1i catch

Y

29. aaaludelage lufifidlu subclass ¥oa Throwable ?
f. java.io llag java.lang
4. Error ttag Exception
A. RuntimeException 182 CompileTimeException

3. NullException ttag ObjectException
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