


au?m?iuh~%i~q (Object-Oriented: 0-0)  ~fiuniruo.r8.rdi.rl~u~an~~~~naiu~fiuo~q~u 

d d l  
Reletionship iion~iu~uw'ua'a:nii~ba~~onm 1vu uiununiu I ~ ~ U I ~ ~ U Q ~ % O U U ~  

d n  A' d r' 
Interaction RoniaJ~lluv3uf~tani1n~g:giii '~11n~uua~~.;ii0oooo idu uiu 

nuviuu'Yrouui w i o  ~ i u n ~ v i ~ ~ o ~ ~ o u u i  

Concept n'a~~uanaiu3m~l~'n'~a'm~ niuld;nroudfiinu(~(~omain) 141-1 
d d u u i u u a a u u  n'ornynriuiatii$?i?k ZXo Zm:atuui mGoui*yociu oovloom 

d ddd  3 y"?o:dioto(ilunnin(~~ass) T ~ u n  juuoaoou~mmnuTnr~nii~wwpiuwqR'naau~~uan'u 

nioJpol"'nu~zmi?oun'uo:raunjuo~lumai~~~~uan'u dnni~1n'ob;u1~vu#a~~diil31~o 
d d &  

'cl#1980fll~fl~1~~184 

d d 
Abstraction n'onaz~aunirIuni~lX~~ua~~~iu?~n'uoau~onm our6mrfiunain 

d dA A' 
Instance ilo oounnmngnnfi.ruuuioionain 

d r d  
Attribute ~ a q ~ l r m l l $ i d i ~ ~ u o ~ o o v ~ o n ~  % q ~ d n i u ~ ~ n a ~ ~ C f ~ ~ i f i i n ~ ~  

d d 
Function $0 wq~nrrun~a~lai~niuiaol~nia.ii in'onaruuo~oou~un~ 

Class Name 

Attribute 

Method 
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Object ~ ~ ? d i o t o d % u  class helass w i a  1mzrn~zn5 iu~anu~ '~s iunz~~un 

d i ~ q  UQP Object ~ lk lnnrna drrom%JX?u 
i 

1. '110nniff (Name class) 

2. q a ~ n ~ 0 1 z  (Attribute) u0p40qn 

3. nrruia (Method) n i o n i m r r d ~  (Operation) ~ m d a ~ & ~ ( ~ u n c t i o n )  

# ~ L L ~ I I V Q P  class student * 

Student 
40 class ,I 

Name 

Attribute Adcbss 

Average 

d 3on55unns:di Register for course 
h40yrl 

Drop course 
method 

operation 
Request transcript 

Change name 

9.1.1 Classification Abstraction ~dunrzu~umrd~airoli~nu~~undrz~n~(c~assi~) 
d d ~ ~ t ~ ~ u n n ~ d i c ~ d ~ ~ ~ u n s ~ ~ w ~ ~ u ~ ~ ~ u m d t f ~ n u n  ~ d o ~ f i # n r n a d h ~ m s  ~ ~ u m o u f i d  

a0 01 4 

1 ) ~ ~ U ~ U Q ~ ~ U ~ U O P ~ ~ U U ~ ~ I ~ ~ W Q I ~ ~ I  ~ i n n i a ~ R ~ a ~ u s ~ u G ( ~ ~ n ~ ~ n r z u u  



3) d i i c ~ n i d n n o a u ~ ~ n d F d i ~ ~  kulwonnda Attribute un: Function d141d 

dua8ar h 

4) ~riomii54d3zmn(rra Attribute LL~:: Function (rraaude3:aau~4n.Ii~daulol 
d hrdnT I~~Lf lun iodau~a  ~diuimua~du~h~f lb iq inniuuan 4 4  

Y d?:vln4la4 Attribute L L ~ :  Function t4iui3nrrriaaanrilu 3 do:mn&au 
- Private ~~udrzrnddn~n~traudaudia W a i u i  tnum rliulbi n i  rhd4 

Attribute diOanrzYiidiu Function Uua I I ? I U ~ ~ U L ~ I ~ V ~ ~ H U I U  - !ih 
I h ~ h  Attribute H h  Function naanni(1$u7 , 

- Protected ~~u~~zmnd~~ iu i~ndu~b i~ inn i~uan~du i iu  rrddrzm6 

t 4 1 r r l t f l d ~ d ~ ~ ~  Inherited class \bi L~II~LR~JUUIU # fi l~Y\I"i~u"l 

Attribute %!%I Function OB~IIIII~~I~U~ 

- Public ~ i l u d n m n d ~ i ~ i t ~ ~ a a d ~ ~ l i n n i u u a n  rnlarn%.ruuiu + 
!ln'uI"i%!u"l Attribute %!% Function $ul I 

Y 
9.1.2 Aggregation Abstraction ~ ~ u n t z i a u n i ~ ~ ( i i ~ n i a ~ u ~ i u d a ~ ~ ~ u ~ i ~ ~ i r m i  

r~oraui iu~"sadtma~ i i u l $ r ~ ~ m ~ i l u ~ n i a l ~ r i i ~ ~ u ~ n a i ~  1~19zl$r 

. ~~ ( ina~Qnasd~~duuvuu~~un~u~~am~i~an i foau i i~v~an~ i f l~huu 'n i r ! i~uo l  
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A d "  A 
9.1.3 Generalization Abstraction L f l ~ n ? t ~ ~ u n i ~ ~ i s m l n a i ~ n u a n ~ m ~ n ~ l ~ i u n ~ ~  

4 rl fiurmur)mhamzo.adir\matf~~w&~~~ou~u koonuiin~~uv~uanv~~?Iunain 

$~fluA lu'Cy(~eneral) w ~ d ( l b ~ ~ ~ ~ h ~ m ~ ~ i c f l a ( ~ ~ e c i a l i z a 8 0 n )  \$iiufla?a 

rim srcii\fldinainlrrd C(tnhnd~tnairdou(~ubclass) lnudiunonqm 

~ ~ n a m r a a ~ ~ ~ i ~ n ~ ~ ~ u i u ~ ~ ~ a i ~ d ~ u ~ u ~ o ~ ~ s i ~ u n n ~ m  nnmrlauiuqmnu43 

qno0~iuui~in superclass d l  inheritance KW8nadi(ldiiagn~~.jlyatd 
criuabuui~in Subclass 1dJ.l Superclass 

Superclass 

Subclqss 



9.1.4 Association Abstraction ~~unt :u lun1rdh~~~~~8uw"u~t : :~ i i~naiadi~~~u 

n t r u ~ u n i r v i i ~ i u  i i l i h t i ~ i u ~ t n e ~ n ~ ~ u ~ ~ ~ n " ~ u v d ~ ~ 1 ~ i G n i r r n ~ ~ a u ' i l ~ l ~ v ~ i u ~ d ~ ~ u u  

U d . t d ~ ~ f M u d d i k n d 1  Polymorphism . uuiuilinir$un~flud'il~.~n'.a'u~iu~n'u~~pi 



q z ~ i i u l ~ i i ~ ~ n l 4 ~ 4 n ' 4 u d a  circle a~ou~uwi~u~ua~nir i i~ iu~~wnpi i .~n'u fiilflaclnii 

k4luTdrunszl~hajin 
string 

r d d  .~in~d~flunirfihtfl4n'a'u;;f~ Test im~Sru1rntU~difiun~u~a04~qa nir i ic iuaa.r  

~tlnuurmamsn'i~w class 

Class hfinit ion 

Form: class className 

{ 

public: I 

- List of class attributes(variables, types, constahts, and so 

on that may be accessed by name from outside the class 

- List of prototype for each member function that may be 

accessed by name from outside the class 

. . . 
\ 

private: 

- List of class attributes(variables, types, constants, and so 

on that intended to be hidden for reference from outside the class 

- List of prototype for each member function intended to be 

hidden from outside of the class 

. . . 
); N Don't forget the semicolon 



Example: class checking Account 

public: 

// Member functions . . . 
/I Make deposit into checking account 

void makeDeposit (int) ; /I IN : number of account to 

/I receive deposit 

/I Set service charge for account 

void setServiceCharge(int , /I IN : number: of account to 

float); /I IN : service charge 

private: 

I/ Data members . . . 
char initfirst , , 

initmiddle , 

initLase ; // initials 

int accountNum ; ' /I account nurr~ber 

float balance ; I/ account balance 

folat servicecharge ; // service charge 

1; 
/I Don't forgot the semicolon 



nr&finlrli : mrafis class cwnter 
9 4.4 1Su class ~viitfiildlumr G'u 1fiuiirn,~~crur~ou6h~rWt~~n::nui~~nss~ii~aU' 

Attribute 

I .  iaidr diiluciiia~'~ int count: 

2. hudr d~iludiiau'uduion"~~ IM mexvalue 

Member function n'anrru6nr:dido#nyn 
i&  4 

1. duiai?liu d#oanfiafl~oauuuu I R ~ J U # I A ~ ~ ~ ~ ~ J  increment 

2. afin'iiau'u launhdtd~u decrement 

3. fii~uslriidiriu kunhafl t6ku setcount 

4. f i i~u~ i is i l r ju6u ind~~ IFICIU#~AA~~~U setmaxvalue 

5. d ~ 6 1  count 1 J t j ~ f i l  u 6  getcount 

6. dan'i MaxValue ni?uld&pmdunl# bunfiaflan'&~ getmaxvalue 

Speclficgrtion for counter Class 

Attrributes for counter Class 

int count the counter value 

int maxVaue the maximum counter value 

Member Functions for counter Class 

increment Increments the counter 

decrement Decrements the counter 

setcount Sets the counter value 

setmaxvalue Sets the maximum value 

getcount Returns the count 

getmaxvalue . Returns the maximum value 

I 



11 Definition of class counter 

// File: counter .h 

// Counter class definition 

#ifndef COUN'TER-H // used to avoid multiple definitions 

#define COUNTER-H // not part of the class 

class counter 

{ 

public: 

// Member Functions 

// Constructors 

counter () ; 

counter (int) ; 

// Increment counter 

void increment () ; 

// Decrement counter 

void decrement () ; 

// Set counter value 

void setcount (int) ; 

// Set maximum counter value. 

Void setmaxvalue (int) ; 

// Return current counter value 



// Return current counter value 

int getcount() const ; 

//Return maximum counter value 

int getMaxvalue() const; 

private: 

I /  Data members (attributes) 

int count ; 

int maxvalue ; 

) ; I /  Note - a class definition MUST end with a semicolon 

#endif I1 COUNTER-H 

u f l ~ i ~ h 4 i a  c0unter.h L ~ U  h.arl.r f i l n ~ U t t ~ ~ ~ ~ 4 h 7 ~ ~ ~ 4  class $ l l f iMt lUq~  

Pinaorrra~ class dl$u d a r m ~ w i i ~ i u u " r ~ ~ ~ n ' ~ u l u n i ~ ~ ~ ~ ' ~ ~ ~ ~ u ~ u c t ~ ~ r ~ ~ u n  ~ h a l u  

drrddol'l counter.cpp 

Class Implementation 
4 

~ ~ t ~ h ( i 4  C++ n'lu?u member function Imu9ruun~ihrdu do counter.cpp ao~f lun l t  

dou 97n users d o ~ l ~ i n m u m u n r d u n  ku~da~fluuuuniiwf~~nnd~n~td~y~ii4~u~3~ 9:: 
* 

ir~a~uumndu~~n~fiduluIdtLLnfum~~~r~4 hrnrvil :: Oundl scope resolution 

operator &uon compiler l~;clnud~tfl~nlwiluuafl4fidu~ail class d ~ n n u l 9  

Class Member Function Definition 

Form: type className: : fname 

I (formal parameter list) I 



{ 

. . .  
function body 

. . .  

1 
Example: N Constructor 

CheckingAccount: : checkingAccount() 

{ 

accountNum = 0; 

balance = 0.0; 

1 
I/ Make deposit Into checking account 

void checkingAccount: :makeDeposit 

(int acNum) N IN: number of account 

N to receive deposit 

{ 
. 

/I Local data . . . 
money amount; 

N Make deposit. 

If (accountNum = = acN~m) 
v 

{ 

. . . 
1 
else 

cout <c "Wrong account number specified." 

<< endl; 

1 



N Implementation file for counter class 

I/ ,File: counter.cpp 

// Counter class implementation 

#include "counter. h" 

#include ciostream> 

#include cclimits> 11 For INT-MAX 

using namespace std; 

I/ Default constructor 

counter : :counter () 

count = 0 ; 

maxValue = INT-MAX ; /I Set maxValue to default maximum 

1 
I/ Constructor with argument 

counter : : counter (int mVal) N IN: maximum integer value 

{ 

count = 0 ; 

maxValue = mVal ; /I Set maxValue to mVal ---- 

//Increment counter 

void count:: :increment() 

if (count c maxvalue) 

count++; 



else 

Cerr << "Counter overflow. Increment ignored. " << endl; 

1 
/I Decrement counter 

void counter: :decrement() 

I 
if (count > 0) 

else 

cerr << "Counter underflow. Decrement ignored." << endl I; 

1 I 

I1 Set counter value 

void counter: :setcount (int val) 

I 

if (val > = 0 && val <= maxvalue) 

count = val: 

else 

cerr << "New value is out of range. Value not changed." 

<< endl; 

1 

/I Set maximum counter value 

void counter: : setMaxvalue (int val) 

I 

if (val>= 0 && val<= INT-MAX) 

maxValue = val; 

else 



cerr << "New maxVakrta.%$~ot,#f of range - range - not changed." 

<< end; ' 

I1 Return current counter value 

int counter : :getcount () const 

return count; 

1 

11 Return maximam counter value 

int counter: : getMaxvalue () const 

{ 
r XI 

return maxvalue; 

1 

i 2.4 rv 4 flqn'%ud~flu constructer 9zgd~~i iu l r iu4ouaqn~la 1unuae~~naun.o counter 
\ 

~tdnitd1r1ufiiui~ndi~iuf~ula'~1f~~ fiiilirnisfih.reoudnw'lw~L3m$u f n u b t e b ~ u  

R R I ~ ~  counter nitd~u~ciu~uojhn~t~~1~~'i)~uL1"nm'fmo~4fiiuitn6iwum~m" 2 

rYu~~sziidi Attribute ~~ f lnd l9n 'u~d&?~n i~n1~d~u~ .~ iu ' I~~9n '%~ du 

iiiuunoed~snmdo A ua:: B kd 

counter Lllj 
counter A; //sf 8un$9fiqu& counter d ~ d ~  argument d191u < 

maxValue 

, dd 
counter B(5); 1 1 9 ~ ~ t ~ n f l ~ n ' ~ u d ~ ~ ~ o u n t e r  nu argument Y;IIIIU < ~ ~ ~ ~ , u ~ m  



counter ibi kZ 

I/ Test program and sample output for user of counter class 

/I File: counterTest.cpp 

/I Test the counter class 

#include "counter.h" 

#include <iostream> 

uging namespace std; 

int main () 

counter c l  ; 11 variable of type counter - maximum value INT-MAX 

counter c2 (1 0) ; /I variable of type counter- maximum value 10 

/I Test setcount, increment, decrement, and getcount functions 

c l  .setcount (50) ; // Setvalue of c l  to 50 

cout << "Final value of c l  is" << c l  .getcount () << endl ; 

cout << "Final valueof c2 is " << c2.getCount () +c< endl; 

return 0; 



ua~innitviiriu~a~ldrLLntulrFitlpI6~~~4d 

Final value of c l  is 49 

Final value of c2 is 1 

n i ~ j ; i ~ i ~ ~ a ~ ~ ~ l l t ~ ~ n t u d i i n i ~ ' ~ ~ ~ ~ ~ ~ t d ~ a ~ # ~ ~ f u ~ ~ ~ ~ n i ~ v i i ~ i u d ~ ~ m n ~ i i ~ ~ ~ ~ ~ I ~  
I 

P o ~ f u ~ i b ~ ~ u r m ' u i ~ u n n i t v i i ~ i u a o ~ & n ' i u ~ i i  Function Overloading uanqinu 
' 3 W . l  niwii~iua~~ldtunruus~unit2~rqm~uu"m~~~~aialu~adii Polymorphism ~ f l un l i u  

~ iu i toaaa~~n 'd :u  d ~ ~ a i u i o o l l ~ i u f l ~ n ' k u l ~ i ~ a i u ~ ~ ~ ~ u u  t t a z i i n i ~ ~ u 7 r ~ i u ~ ~ ~ d u u  

w miuaiiiiq~uumAiii~um 

1iu~u~.~n'~udfik4Iuni~11u~~ifibu ~tiaiuio~aan~~uurc?wah4fl4n'Qu2flaii 

ii~ruum~initdaciiuFiit:~ii4fl4ri~u~~u¶~ma~uLindilr~i l nun i rd~ . i a~ : i in i t ld~~%4 

H U ~ U  t i  14~da~a~f i a i f i qaq~~yu~ in rn '  ~ ~ a : l i o . r l d i i ~ w i  const l4Ii.rclfliaaanpIia 

~ ~ s : ~ f l u n i o r k u a n l f l n a u l ~ ~ a ~ i n ~ i ~ ~ i i  iinqtdqdiuaau~~nuiu'4fl~ii~ud kurflrmi, 

~.JC~IUF/IMI~L#U~ (pass by value) 

int counter: : comparecounter (const counter& acounter) const 

int result; 

if (count <= aCounter.count) 

result = -1 ; 

else if (count = = aCounter.count) 

result = 0; 

else 

result = 1; 

return result; 

1 



d w  2 mrrliai~uot~anauu~iSni~dun14~~d 

I = c 1 .cornpareCounter(c2) ; 
d w  rY & ~rnuoanirriiaiuriiuoa~a~~d~ I Sciidirlu 1 lnu~do~nirdunll flanruuazumrdaPiiu 

d d  ooutdni c2 idubynlb1lddjRa6+u lmuozdi attrbiute uoa oou1enmc2 i#r i i l l f i  

ooulbnsl' acounter ~dudariiuciini~lua(~ass by value) nirfiiaiumulu~a6~uerrSicii 
d d  s d d  uaa count uatoouidnmn~ru~~~~n"+~~udd~ouoaoouen c1 rfiuu~uur~u acounter 

ludi%?a 4921 dtrtnf#fi=udr resuit dm'u i ~mrci~diun'inR'u W aaqnri!unl# 

ndfinrln 2 : nllaSi4 class Fraction 

~Summha class Ctdind~Ctiumitiiuaa40~ndlfluLmilnz~iau Isuaziinoamrfiiaiu 

1nvfimufinninA4o Fraction dii Attribute dr:no~#a~ riim rlnr ciidau n'lrunoonein 
d w  4 riu Ranaunnrz~i~~lunnin~~fl~r~oau~anir~iuaaiiuan nu pa mr rz~iiaooulfn 

dia7 r i o u b u k a f i i m r ~ ~ i r f ~ ~ n i ~ ~ ~ ~ a a n ~ p i ~ ~ ~ ~ d a ~ ~ A o " ~ ~ ~ ~ " ~ ~ ~ ~ a n a ~ ~ n " ~ ~ ~ i o ~ ~ a d  
d d d  I fiinuclld~ ,B, C 1~~~quren~n~gI~nm'c1~~uan'u ~ r i n i ~ i r n ~ h a  Member 

Y rY 
functions uoannififl fmurr~siun~i~umuoanirfiiaiw~au 

1 niruann'u (add) ilju 

2. nirnufiu (subtract) lbiu 



3. nl~qrld~flwd?~ (multiply) ~du -- 

4. f l l ~ i O L ~ l ~ d ? ~  (divide) LdU 

5. setnum fi?v~rnf/?1[fi6u~fiw 

6. setdenom filvumF/11[fin'~Qb?~ 

7. displayFrac L L ~ M ~ I ~ L ~ U  4% LHa uclzdlu oonnlcsenln 

8, getNum ~flu~nwm::n~rdeCiiud7~R'u ('3': return d7 num n h )  

9. getDenom 7:: return d? denom f l h  

lo. readFrac ~ : : ~ f l ~ ~ f l ~ ~ t d l ~ d i 1 1 f l ~ ~ f l ~ d ~ ~ f l  . - 

n~zuaun7&'14 class 

1. class definition L~ufl7f~l~u0l~uLL~u'u%~ class (Prototype) ~mU~PlLfluI[u 

2. class lmolementation ~~unttri~vwnlovilc7i~oc function riicmacmcllbd iflu 
I 

rikwwmtI c++ dnrrn'll1.4 class kuQ~iiulu fraction.cpp 

Specification for fraction Class 

Attributes for fraction Class 

int num Numerator of the fraction 

int denom Denominator of the fraction 

Member Functions for fraction Class 

fraction A constructor 



setNum Sets the numerator 

setDenom Sets the denominator 

multiply Multipllies fractions 

divide Divides fractions 

add Adds fractions 

subtract Subtracts fractions 

readFrac Reads a fraction 

displayFrac Displays a fraction 

getNum Returns a numerator 

getDenom Returns the denominator 

I1 Class definition for fraction 

// File: fracti0n.h 

// Fraction class definition 

#ifndef FRACTION-H 

#define FRACTION-H 

class fraction 

{ ~, 

public: 

// Member functions 

// Constructors 

fraction () ; 

fraction (int); 

fraction (int, int) ; 



N Set numerator and denominator 

void setNum (int) ; 

void setDenom (int) ; 

N Multiply fractions 

fraction multiply (fraction f l )  ; 

// Divide fractions 

fraction divide (fraction f l )  

NAdd Fractions 

fraction add(fract1on fl); 

// Subtract Fractions 

fraction subtract (fraction f l )  ; 

// Read a fraction 

void readFrac () ; 

// Display a fraction 

void displayFrac () const; 

N Accessors 

int getNum () const; 

int getDenom () const; 

private: 



N Data members (attributes) 

int num; 

int denom; 

1 ; 

#endif !/ FRACTION-H 

#include <iostream> 

#include "fraction.hV 

using namespace std; 

int main() 

{ 

fraction f l  ,f2,f3; //Object ~ 7 : & 4  num L L E  denom ~ ~ 4 L L ~ f l z f i a  

f l  .setNum(3); NIU num L(J)~D:~?D(]I /U&~U~ ~Uq:6?Fh argument (3) ldl4d num 

f2.setDenom(4): I / ~ U  denom 1flUD:llD Ji(k&91ld fiuq&?dl argument (4) 1d14d denom 

f2,readFracO; / / ~ ~ ~ f i d f l B U l ~ L L f l U ~ ~ ~ q  A?.ItL?nLdU nurn A8*d(.D4LflU denom du 
// n?;rronflau 4 ~S;jdm\raau 5 

f3=fl .add(f2); 

f l  .displayFrac(): cout<<"tH; fraction fl(3); 

f2.displayFrac(); tout<<"=="; &action a; 
f3.displayFrac(); fiaction f3(3,4k --Q 

/ / ~ f l u n ? t f i ? ~ ~ ~ ~  input 3 n ~ ~ u v d . 1  



return 0; 

1 

Enter 1st fraction: 

Enter numerator / denominator:3/4 

Enter 2 nd fraction: 

Enter numerator / denominator: 5 / 6 

314 ' 516 = 15/24 

314 / 316 = 18/24 

314 + 516 = 38/24 

314 - 516 = -2124 

using namespace std; 



//Member function 

fraction :: fraction() 

{ 

num=O; 

denom=l ; 

1 
fraction :: fraction(int n) 

{ 

denom=l ; 

} 

fraction :: fraction(int n,int d) 

{ 

num=n; 

denom=d; 

1 
void fraction :: setNum(int n) 

{ 

num=n; 

1 
void fraction :: setDenom(int d) 

{ 

denom=d; 

1 
void fraction :: readFrac() 

{ 



cout <<"Enter numerator "; 

cin >>num; 

cout <<"Enter Denominitor "; 

cin >>denom; 

1 

fraction fractfon :; multiply(fraction f) 

fraction temp (num*f.num,denom*f.denom); 

return temp; 

1 
fraction fraction :: divide(fraction f) 

{ 

fraction temp (num*f.denom,denam*f,rwm); 

return temp; 

1 
fraction fraction :: add(fraction f) 

fractio:: temp ~num*f.denom+denom*f,num~denom*f.denom); 

return temp; 

1 
fraction fraction :: subtract(fraction f) 

{ 

fraction temp (num*f.denom-denom*f.num,denom*f.denom); 

return temp; 

1 
void fraction :: displayFrac() const 

{ 



int fraction :: getNum() const 

return num; 

1 
int fraction :: getDenom() const 

{ 

return denom; 

~ i ~ f u n i m ~ i r ~ ~ 6 ~ u ~ d o ~ i i ~ i u f i u n ~ u ~ ~ ~ ~ ~ ~ i t n 0 ; ~ 0 . ~ n a i n d  luriauuoc 
d d d  

constructor hnir$un1#~iu1#i1mndiQn'un'a 3 wu#auk uuojfi~ium~inu~oounnr 

U Q ~ @ #  daui~6+ulunis(ii~au iiu fraction fraction :: subtract(fracti0n f) Snir 
d d  d d w  d a  dsPiiun'ir~uoeuronmuiu'.~i.~64~ '1~utiiood~~nftd~uiJiinir~uoin88u1onmman~run1~ 

piu 1ia:d~diusi inXu~duo~u~i;n~~n~Idu' .~~~~u~l4 

n s d i n ~ 1 3  : f i t s a h  class Circle 

iilufliTnfi4 class Circle 1Runfi4ni~~8908ul~fld~$ Attribute d~mou#aufnii , flu4 

9 74nnzHI 
s"fl!! 1 f l # h ~ d 3 d ~  radius 

, 

A ' d  wun l~l#galldrdo area 

18urouap lfiG&ardr$o perimeter 



~d~~uuniofihtoaudnm'~i41 du 
radius 

circle A; 

circle B; 

circle C, D ; area 

4 w  4 Y .I 
11 'IwLL~E~:~~? ~%ZN mu, L&U~BU?.J, WII ~flu~lotrnu~lat 

1 
4 Y J 

1. circle ~flu6n'l~mz~atnirii1~1uplldiQ~$iu'IflKu %u, Wuy, ~ ? i N u i a ~ ~ t L d u r ~ ~ ? ~  

2. setRadius ~~~6n'lJm:n13~1~~01~1 %fi ~flunirdtti~PYPIj;Ztt~ld'lfi 
4 J 22 rl 

3. ComputeArea ~fluhammitAiu?mui~u ( P I  r 2  ) = -, r %.I k u  
7 

Specification for circle Class 

Attributes for circle Class 

float radius Radius 

float area Area 

float perimeter Perimeter I 

Member Functions for circle Class 

circle , I :  A constructor 

setRadius Sets the circle radius 

Com puteArea Computes the area of the circle: 

area = x radius 2 



Computeperimeter Computes the perimeter of the circle: 

perimeter =2.0 x 0 x radius 

displaycircle Displays circle attributes 

getArea Returns circle area 

getperimeter Returns circle perimeter 

Y 

n79as7a &ismit& 

//File : circle. h 

#ifndef CIRCLE-H 

#define CIRCLE-H 

class circle 

public : 

circle(); 

void setRadius(f1oat); 

void ComputeArea(); 

void ComputePerimeter(); 

void displaycircle() const; 

float getRadius() const; 

float getArea() const; 

float getperimeter() const; 

private : 

float radius; 

float area; 

float perimeter; 

1: 
#endif 



/TTest.cpp 

#include "circ1e.h" 

#include <iostream> 

using namespace std; 

int main() 

{ 

circle C; 

C.setRadius(7); //qz\d&~udi radius Lk~ll&flv '@ 
A J  

C.ComputeArea(); //Ih radius ~~~~Gu~~AI~~NIIIF~I~suM L L ~ L ~ I J ~ I ~  area 

C.ComputePerimeter(); 
A J  

/hi1 radius i l ~ j u ' u d r i i u a m ~ ~ l d i w ~ ~  L L ~  ~flllkd 

perimeter 

C.displayCircle(); //7z~UWS/'l radius = ............ 

............ return 0; // area = 

. ......... 1 /I perimeter = ., 
a 
NFile : circle.cpp 

#include "circle" 

#include <iostream> 

using namespace std; 

circle :: circle() 

{ 

radius = 0.0; 

area = 0.0; 

perimeter = 0.0; 



void circle :: setRadius(f1oat R) 

{ 

radius = R; 

1 

void circle :: ComputeArea() 

area = 22/7*radius*radius; 

void circle :: ComputePerimeter() 

{ 

perimeter = 2*22/7*radius; 

void circle :: displaycircle() const 

{ 

tout <<"radius = "<<radius<<endl; 

.. . 
float circle :: getRadius() const 

return radius; 

float circle :: getArea() const 

I 
return area; 



float circle :: getperimeter() const 

return perimeter; 

na%!nw 4 : n1anfi.r class simplestring 

ifium~nfid class simplestring tdo~iiurn~uumrdidiuuop class string lcluxy 

.riundu~uod class simplestring kd 

Attributes for simplestring Class 

capacity 

contents 

Constant 255 

string data 

length string length 

Member Functions for Class simplestring 

simplestring Constructor 

readstring Reads the strlng data 

writestring Writes the string data 

at Retrieves a character at a specified position 

getLeng th Returns the string length 

getcapacity Returns the string capacity 

I/ Class definition for simplestring 

I/ File simp1eString.h 
1 

I 

I/ Simple string class definition ' 

# ifndef SIMPLESTRING-H 



k define SIMPLESSTRING-H 

class simplestring 

I 
public: 

11 Member Functions 

11 constructor 

I1 Read a simple string 

void readstring( ); 

11 Display a simple string 

void writestring( ) const; 

I1 Retrieve the character at a specified position 

11 Returns the character \O if position is out of bounds 

char at (int) const; 

11 Return the string length 

int &length( ) const; 

I1 Return the string capacity 

int getccpacity ( ) const; 

I1 Return the string capacity 

int getcintents (char 0) const; 



private: 

11 Data members (attributes) 

enum {capacity = 255); I/ Capacity of a string 

char contents [capacity]; 11 string data 

int length; I/ string length 

1; 

~~fi~rr~omiiuu1~o~Lnoucda~3!un'1~~~~fi simplestring ~biki: 

11 Testing class simplestring 

11 File: simpleStringTest.cpp 

I/ Tests the simple string class 

# include "simpleString.h" 

# inglude <iostream> 

using mamespace std; 

int main( ) 

simplestring aString; 11 input - data string 

I/ Read in a string. 

cout << "Enter a string and press RETURN: "; 

/I Display the string just read. 



cout << "The string read was: "; 

aString.writeString( ); 

cout << endl; 

N Display each character on a separate line. 

cout << "The characters in the string follow:" << endl; 

for ( int pos = 0; pos < aStrlng.getLength( ); pos++) 

cout << aString.at (pos) << endl; 

return 0; 

1 

Enter a string 'and press RETURN: Philly cheesesteak 

The string read was : Philly cheesesteak 

The characters in the string follow: 



GR~ br nun Y nn P IEL f ~nunlnq CP ~LUCG~~~~LU~LEL~U~L~LU~~G~~~~~~~~L~OCG~~~ 
r 



// Local data ... 
char next; // input - next data character 

int pos = 10 ; // subscript for array contents 

cin.get(next) ; // Get first character from cin 

while ( (next ! = '\n') && (pos < capacity) ) 

{ 

// Insert next character in array contents 

contents[pos) = next ; 

pos++ ; 

cin.get(next) '; 11 Get next character from cin 

1 

length = pos ; // length attribute 

1 

/I Write a simple string 

void simplestring : : writestring () const 

{ 

for ( int pos = 0 ; pos < length ; pos++) 

count << contents[pos] ; 

1 

// Retrieve the character at a specified position 

/I Returns the character \O if position is out of bounds 

char simplestring : : at (int pos) const // IN: position character to get 

{ 

// Local data 

const char NULL-CHARACTER = ' \O ' ; 

358 
1 



if ( ( pos < 0 ) (pos >= length) )::, 
4 

{ 

cerr << "Character at mi- " << pos 

<< " not deflnd;" % end ; 

return NULL-CHARACTER : 

1 
else 

return contents[pos]; 
i 

1 
// Return the string length . 

int simpleString : : getlength () const 

{ 

return length; 

// Rerturn the string capacity 

int simpleString : : getcapacity () oonst 

return capacity ; 

1 

\ 

// Return the string contents 

void simplestring : : getcontents (char stra ) const 

{ 

for (int i = o; i < length; i ++) 



nqdhwi 5 : n n a f i ~  class saving 
- - - - 

~dunirvfiq class saving ido4ino~r1rdin-naulu , kaclonldu uorgnhaumirllci.r 
#t' ndpkudnwm ~ttribute dr:nauJ;?D 4~11~4  . mrdfiq~ly~, aa(m~1nRa imzQnclonluu 

hd?uro~ Member function ~ n d r r ; n a ~ ~ ? u ~ ~ n ' ~ u ~ w n i r ~ ~ ~ ~ q ~  . dmlu , nouau , 
X mriiclclonh 11a:bu~ #~r:q~$unundu~ku 

Specification for Savings Account class 

Attributes for Saving Account Class 

name 

id 

balance 

The account holder's name 

The annual interest rate (%) 

The account balance 

Member Functions for Savlngs Account Class 

savings A constructor 

openAccount Opens an account 

changeName Changes the account name 

addinterest Adds quarterly interest 

deposit Processes a deposit 

withdraw Processes a withdrawal 

Close the account 

Gets the account balance 

1 Prhrate Member Function for Saving Account Class 

I validld Validates the account identification before performing 

an operation 



//File savings.h 

// Savings account class definition 

#include "m0ney.h" // access money class 

#include <string> // access string class 

using namespace std ; 

#ifndef SAVINGS-H 

#defind SAVINGS-H 

class savings 

I 
public : 

// Member Functions ... 

// constructor 

savings () ; 

// Open a new account 

void openAccount () ; 

// Change account name 

void changeName (int, string) ; 



// Add quarterly intbretest 

void addlnterest () ; 

// Process a deposit 

void deposit (int, money) ; 

// Process a withdrawal 

void withdrawal (int, money) ; 

// Close an account 

void cioseAccount (int) ; 

// Get account balance 

money getBalance () const ; 

private : 

// D8f8 menbers (attributes) 

int id ; 

string name ; 

money balance ; 

float interestRate; 

// Member functions ... 
// Validate user identiflcetion 

boo1 validld (int) const; 

#endif / / SAVING-H 



// File savings.cpp 

// Savings ~ccount implementation file 

#include "saving.hV 

#include "money.h" 

#include <string> 

using namespace std ; 

// Member Functions . .. 
// constructor 

savings : : savings () 

{ 

name = " " 

i d = 0 ;  

bblance = 0.0 ; 

1 
// Open a new account 

void savings : : openAccou () 

{ 

tout << " Account name : ; 

getline ( cin, name, ' \n ' ) ; 

cout << "Accoun ID: " ; 

cin >> id ; 

cout << "Initial balance : $ " ; 

cin >> balance ; 

cout << "Annual interest rate percentage: % " ; 

cin >> interestRate ; 

CT 212 (S) 



// Validate user id 

boo1 savings :: validld (int ident) const 

{ 

if (id == ident ) 

return true ; 

else 

' { 

cerr << "Error - ID'S do not match! " ; 

return false ; 

1 

1 
17 Change account name 

void savings : : changeName ( int ident, string na ) 

{ 

if ( validtd (ident) ) 

{ 

name = na ; 

cout << "Changing account name to " << na << endl ; 

1 
else 

cerr << "Reject name change request." << endl ; 

1 
// Add quarterly interest 

void saving : : addlnterest () 

{ 

//Local data 

float quarterRateFrac; // quarterly rate as a decimal fraction 



quarterRateFrac = interestRate 1 4000.00 ; 

balance += balance quarterRateFrac ; 

1 
// Process a deposit 

void savings : : deposit ( int ident, money amount) 

I 
if ( validld(ident) ) 

I 
balance += amount ; 

cout << " Depositing " << amount << endl ; 

1 
else 

cerr << " Reject deposit of " << amount << endl; 

1 
//Process a withdrawal 

void savings : : withdrawal ( int ident, money amount) 

I 
if ( ( validld (ident) ) && (amou <= balance) ) 

balande -= amount ;' 

cout << "Withdrawing " " <c amount < endl ; 

1 
else 

cerr << "Reject withdrawal of " << amount << endl ; 

1 
// Close an account 

void savings : : closeAccount ( Int ident) 



tout << " Final balance for account number " << id 

<< " is " << balance << endl; 

cout << "Account has been closed " << endl; 

balane = 0.0 ; 

else 

cerr << "Account not closed " << end1 ; 

1 
// Get account balance 

money savings : : getealance () const 

{ 

return balance ; 

1 

1tmiu~taa~reuni6i.siu~~.j class savings 16648 

// File saving Test. .cpp 

// Tests the savings class 

#include <iostream> 

#include "savings.hn 

#include , "money. h" 

using namespace std ; 



int main () 

savings myAccount ; 

// Open a savings addount. 

myAccount.openAccount () ; 

cout << endl ; 

// Make valid and invalid deposit. 

M Get and displsy balence. 

cout << endl << "Current balance is " 

// Make valid and invalid withdrawal. 

//Add interest. 

// Close the account. 

myAccount.closeAccount (1 234) ; 

return 0 ; 



iiuanairriiri?ci~p (Object-Oriented: 0-0) i ~~n i r~oc~cd lc~~ut :nn l i~ 'c  

tmzld l l  lbu rnuusi iflilb ~ouQaaoi u?Gw gnh nJnciu nkauh 

iflu #u 
d d 

Reletionship il0nalrrb~uirz~liwo8ui0n911 ih uiurmnu dui#iuoc 

rnuuos' 

Interaction ~onird~bviuiniomrnrz~ici~n'~durzn<ic88ui1nsi idu uiu 

tiu%iuu'flrnuuos' H%I ui~nu~i~Udourfiuu6 - d l  Concept i lo~~anai~nnn .Xn'ia'mq f i l ~1d ;n38~df i l~~m(~omain )  ibu 

d d 
Abstraction ~ ~ n r ~ ~ a ~ n l ~ ~ ~ n i ~ ~ # i ~ ~ a f l a i ~ ~ ~ n ' ~ 8 ~ W l ~ n 9 1 1  outn'fir~unnin 

d d d  J 
Instance Ro oouro~ngnnh~uurnoinp~n~a 

d d 
Attribute Ro~anu~5dicquocoou~onfi &odnlu~unroudalhnum 

d d 
Function Go w ~ ~ ~ ~ ~ u H ~ ~ ~ ? ~ u ~ ~ u ~ Y o ~ u ~ ~ Y  fi1n"~nrruu ocooulon911 

Object y6ab;otojlu class l a  class ndc 1tnmicznriuqotp1uu3riunzidu~ 

die+ uoc Object ~llioinnnln hsnouldliau d8Rnm (Name class) . 



qcun'nvmz (Attribute) uoployn , nr.ry3 (~ethod) nfonirnrrJii 

(Operation) i m r ~ t d h ( ~ u n c t i o n )  

Class Name 

Attribute 

Method 

12. dr::mwuo4 Attribke im:: Function niuir~tli.~~rniflu 3 dr-Lnnad 

- Private t9ud2rm~A1~n1~l31dudaufia I r i a i u ~ ~ a u o t i i l u l d  m2id14~ 

Attribute 8o.mr:diPiiu Function ~ n u o  l n u ~ ~ l d ~ r i l d i n f  o ~ ~ u s  - fiifiu 

l$~Ih Attribute V% Function uoWnIfflhq 

- Protected ~ ~ u d r ~ m n i ( ~ n ~ u i r n ~ ~ w ~ d ~ ~ n n ~ ~ ~ e n ~ h n ' u  iiidrrmnd 

n i u a n d d o l d  Inherited class i d  irildiflfcsnuiu # hklJn41 

Attribute H ~ O  Function %U,09fl~lfldU7 

- Public idu~rr~nwjfnirn~nuo.riiluid;nnnivuon i21l#dopnurn + 

hfhl$n#i Attribute n fo  Function du7 

CT 212 (S) 



13. Inheritance //ornrciiun~fi~anu~oinnnindj~~lliT?!du'~nnin~~si &rh~# 
cr r A  P niuirodi~culm~n~ou~on11uu!~~1iT~rlinduui1fi~ri!#(~eusa1e) imrrnr 

ciiun~~ddufii~uR~~11#n~iu#u~'ua'rr~-i i~oou11n6;j~~iu~~~ouuin~~du 

au?n? iu~ f i l k~n~d~~ in i rdun~~~~dud~dd in '~  mrir i~lr i f idi t l~f i~u~nnd~~~ 

#urn, 
' 

14. m r u a u n i r n l i ~ m i n  niuiraldu&mounisnhqoon!# 4 nrru~unmr~w 

- Classification Abstraction dunrruaunirdGoirc~llund~r~nn 

(classify) u ~ a o o u l ~ n ~ i a ~ d o ~ ~ u n r ~ u ~ ? o ~ ~ u ~ ~ ~ ~ d i ~ i ~ u ~  d o ~ f l #  

nnind#o~nir  

- Aggregation Abstraction 19unrru?unirdrhnninduOludni1qduul 

Gnraidor~u8un~odrrnou~u1B~n"~1~unnin1~riij~~u~n~iun"~1~~ 

- Generalization Abstraction li)unrru?umrftoirolinnindii~n~ar1 

n h u n ~ ~ t ~ u ~ % i j ~ 8 ~ ~ a ~ o l i i ~ 1 ~ o d i ~ ~ i t ~ ~ ~ d ~ u n ' u  d i o o " u i h d u  

H ~ ? ~ H ~ l d ~ ( l ~ l ~ d l i ) ~ ~ l u ' ~ ( ~ e n e r a ~ )  l ~ ~ n d o l ~ l ~ ~ ~ l k u a r ~ l t ~  

(Specialization) ItkiunniniCq rrdilflbmnLJ d m l i u n i i  nnin 

dou(subctass) ~~adi~no~~~lllnuolt:uo~nair~niu'quiu'~nnintioudu 
4 

~ o q ~ r d u n n i m  nnindouhqanaui?qno~i~uioin Superclass ii 
Inheritance 

- Association ~bstradtion r8~nrru?uni~nfiqn?iu#u$uhr~diqnnin 

ciiaq~urruudlnnu~o 

15. Polymorphism n u i u ~ ~ m n i a n ~ f i u ~ ~ ~ ~ n ' ~ u l ~ u ~ f i ~ ~ ~ c i n i u i r o ~ o u n u o ~ ~ i r  



16. ~Juuuue~n~gd~~usl  class 

Clam wmun 
Form: class className 

public: 

- List of class attributes(variables, types, constants, and so 

on that may be accessed by name from outside the class 

I - List of prototype for each member function that may be I 
I accessed by name fmm outside the class I 

I - List of class attributes(varlables, types, constants, and so I 
on that intended to be hidden for reference from outside the class 

- List of prototype for each member function intended to be 

hidden from outside of the class 

1 ); I/ Don't forget the semicolon I 

Class.Member Function Definltion 

Form: type className: : fname 

(formal parameter list) 

{ ..... 

function body 

. . . 
1 



~ ~ i a n a l u i i i d u d n f i ? i ~ ~  -- siler-uqrpdusiiuiuuot class di1#wnuqol 

8nva:uoa class i d ~ $ ~  daunirdinu~~o~l~n'4~1unird~~3~iu~ui~is:i iu~ 

fifi~1u~dud~ariuan'uPt)~t)~~nlfii~diiui@u .cpp 

19. Class Implementation q z ~ f ~ i 1 d . j  C++ dll lkl  member function ~dadou qln@# 

~ d a ~ I f l n n u n u ~ z ~ 3 u n  0?u~de~fiuw~fidu1nnd1n1d~~3.j1~dq3.j rzfliinalu 

umnoi1.j 
J nn~1.jfi4~'1utrl~~tn~rn~d~=:'1~ f l a n ~ z d ~  : : \ h n h  scope resolution operator LWO 

uan compiler 1iinnu.i11~n1nil~urn~4fiIu~a.j class dmnulq 
P 

20. Member function diSu Constructor rriflu~1~6~u~do~~uan'ubbvo.j~nifi ~Rusru 
d d m~iauadiuor Attribute ~ u # u 1 ~ u ~ ~ u ~ ~ # 6 i r i 0 o u i s n f i i d b ~ ~ i i n i f  d1:niff 

d d 4  oouianRnroldqiudbd1uld~LinroJ 

21. Member function ddu Modifier ~ : i i ) ~ ~ ~ 6 ~ u d i d t ) i j n i r ~ u n 1 d Y ~ 6 ~ ~  nirdg'u%qiu 

niu\u~~n'Qu~uo:d~wnes'oni~~dduu~idn~(r;iu~ Attribute ~ i a n r i i ~ i i u q i i i i d i ~  

d%~d7Iuuld 

22. Member function 4 t h  Accessor s r i ~ u ~ ~ ~ u ~ d o i l n i r f  un~~. jn '~u$uq mr 
I 4 d  d d Y  ~ i i a i u u o c r Y a n ' 4 ~ ~ : ! d i l w n n 1 ~ w ~ d ~ ~ 1 i ~ ~ n u ~ P ; ~ ~ ~ ~ ~ u ~ s n f i ~ ~  ~r inr im~~incnl l i  

snmrfiinu~lh const I lwkq~ua~4luuuuY~n'4~ &si3odis 

Int getcount() const ; 



1. uu~n~iu2~d.j.Srnq (object oriented Programming) arnndi~oinnwanaiu2m1~~1~1 

Modular alii.j!.r rJoiuluwar(i;~r 

2. ;;of u i u ~ . j n n u ~ u i u u o . j ~ ~ ~ d d ~ l ~ ~ d ~ o ~ ( i ~ ~ o  

a. Inheritance 

b. Polymorphism 

c. Encapsulation 
ad Y* 

3. n~rnr~un~.rorf?i.jnn~flunuu~~wo~~ad~~ o.joa'ui~nol41lv 

4. Attribute llnr Function d ~ f l ~ ~ 1 ~ u 1 ~ f l f i l n u m ~ 8 f l l ~ ~ 9 V 0 ~ ~ 7 ~ ~ 1 6 1 ~ ~ ~ u ' ~ l ~ ~ * n  

darmnogbdi~ r~os'uiut#~41'Ir 

5. eal?uuIdaunauniui c++ I ~ u L ~ ~ u u L I ~ ~  OOP 

4' 
1 b  ¶Jim ~ ~ w u F I  Attribute 11% Mathod VOJ Class 6 . j ~  

Condo / do class 

float cost ; 

void Condo(int); 

void Findcost(); 

float getcost() const 

/ aip1iuo.j#os~n 
I d 1  

/ Constructor ~ R ~ f f l ~ ~ R ~ ~ l f l ~ ~ J # ~ P f l n 9 1 l ~ n l n ~ 4 u l  
d w  d 0 

/ ~ ~ u R . j n r u n u i u u i ~ u o r # o . j ~ n u i ~ f i a i m i u ~  

/ du&6~uIun1add1ud1a1m1.Xo~w'nn8~11elu'.jlda~~n~u 

d dun14 

~ a ~ m a u m u u a n ~ i u i a n ~ i . j i ~ ~ ~ u ~ u n ~ ~  class djc C0ndo.h tbi 



8mciisnir r3unl# 

Condo Urai(SO) ; / l ~un i rd inu f i~b jec t  d4o i i  Urai lauds 

/ P/ l~( i i lu~ la~04do4 50 Id84 Class Condo 

Condo Ty(60); / i ~ u n i n h n u a ~ b ~ e c t  d d e i i  Ty laud4 

1 P / l ~ ( i i l ~ ~ l ~ u o 4 # ~ 4  60 Id84 Class Condo 

Ural.FindCost(); / ~ 1 7 1 f l l ~ ~ t h t  &li(u~u Object Urai 

cout << Urai.getCost() << endl ; / dseiiutiniuo~do~ui8sniuuon 

Ty.FindCost(); / n l 7 l n ~ ~ a 4 h t  1Aotflulu object ural 

 out <+ ~y.qet~o$t() << endl ; / dshunmuo~do~ui84niuuon 

11iniu 

t 4 f i 4  Class kkji Condo ~~ofdtlimrodi~iu~~s~~iuddi~ua kut l iu irooon 

1iuulkdlulrilud4a Cond0.h dwlldubfia? nqo tntunldu~du 2 ~lAuJrrhw 

h Cond0.h lmr Condo.cpp 816 

Name 

Attribute 

customer 

string Name 11 4 0 ~ w r i u n i r  

strlng Tel // Inr#ndd~#iratriunir 

boo1 question // fladioiuikmfa~n 



Operation 

customer() //constructor f i i ~ h ~ i i h ~ # u  

setQuestion(bool) / /f i i~~wdil#n'u question h ~ ~ u 7 1 u  

7.2 l8finilnlvilflouldrllnrut)i~i c++ daiian~Qnmn customer , 

1 n u 1 f l ~ r ~ m r u r n u i r o ~ ~ u n 1 ~ ~ 6 ~ u ~ i ~ ~ 1 o ~ ~ t a 1 u n e r i n d I ~  

8. n~duuldr~~n1rtln~~~X~~~it~ul4~~~anaiun'~~3~~slqtp1~fii~u~~nin 

student f i i~~~1#~~ad#~1/13qdniui '10~1i3iu&nmn 

9. fiiwucrnunriouRridnninfi3oio1dd 

Name : computeArea 

Attributes .for computeMul Class : 

int a // riiuor6qnii?llrn 

int b I/ f i i u ~ ~ b ~ n h d n o r  

int area 
. . 



Member Functions for computeMul class : 

Getarea / / d ~ n ' i ~ ~ q  area n8u 

4184 .~c~~taulJnmru ida~inur~olfiufivaqfinind lwtlinurld attribute& 

nu~jdu'l3 dm function iqnufigl#niouanmui,nliun1(8?1# lld?uuo~ 


