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/*ﬁ'*'ﬁ'***********'iii***fﬁ*fi'f'fi’fitif**t*fi*w**i*ti'f"

// INTRODUCTION TO CLASSES AND OBJECTS (ACCESS SPECIFIER)

*******************i*i*ﬁ**iv'vvf**",ﬁ’".6&*"""1"'/

#include <iostream>
using namespace std;

module 1
: 2.
class J! pw! 3.
4.
5.
6.
7.
ds.
block To.
: 10.
[ ]
e 11.
fun setab 12.

» 1. class myclas

(class J) i y&13.

14

16.
B4 17.

block 15

fun geta
g 18

(class J &b) 19,

20.
21.

22.
23.
24.
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40.
41.

® Dr.Samer Khasawneh

@ class J! 4l
in { J

int a;
public:
int b;
void setab(int i);
int getal();
void reset();

) o class J 2o

void myclass::setab(int i)

{

a = 1i;

b =i*i;
)

int myclass::geta()
{
return a;

)

void myclass::reset ()
{

setab (0);

)

int main()

{

myclass ob;

ob.setab (5);

cout << "ob after setab(5): ";
cout << ob.geta() << ' ';

cout << ob.b;

cout << '\n';

ob.b = 20;
cout << "ob after ob.b=20: “;
cout << ob.geta() << ' ';

cout << ob.b;

cout << '\n';

ob.reset ()’

cout << "ob after ob.reset(): ";
cout << ob.geta() << ' ';

cout << ob.b;

cout << '\n';

return 0;

}

Data Structure

Fall22/23
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ob after setab(b5): 5 25
6b after ab.b=20: 5 20
ob after ob.reset(): 0 O

...Program finished with exit co

de O
ress ENTER to exit console.
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/tiﬁ*ii*****i*****i********

// CONSTRUCTORS/DESTRUCTORS
*wﬁa*+***¢**t*f&ﬁ'********/
1. #include <iostream>

2. #include <cmath>
3. using namespace std;

4. class point@ class J! &l

5. float x;

6. float y;

7. public:

8. point():x(1),y(l) // non paramerterized constructor

9. {

10. cout<<"non paramerterized constructor initialized x and y to 1"<<endl;

11. }

12 point (float a, float b):x(a),y(b) // paramerterized constructor

13. {

14. cout<<"paramerterized constructor initialized x to "<<a<<" and y to:
"<<b<<endl;

15 }

16. float distance_origin();

17. void show_xy ()

18. {

19 cout<<"The value of x is : "<<x<<"the value of y is :"<<y<<endl;

20, }

21. Vi class J! 4:lg

22. float point::distance_origin()

23. {

24. return sgrt (pow(x,2)+pow(y,2));

25. }

26. int main{()

27. {

28. point pl;

29. point p2(4,10);

30. point p3 = point(-2,-6);

31. cout<<"The distance between pl and the origin i:s "<<
pl.distance_origin()<<"\n";

32. cout<<"The distance between p2 and the origin i:s "<<
p2.distance_origin()<<"\n";

33. cout<<"The distance between p3 and the origin i:s "<<
p3.distance_origin()<<"\n";

34. return 0;

35. }

® Dr.Samer Khasawneh Data Structure Fall22/23
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non paramerterized constructor initialized X and y to 1

paramerterized constructor initialized
paramerterized constructor initialized
rhe distance between pl and the origin
'he distance between p2 and the origin
'he distance between p3 and the origin

. .Program finished with exit code 0
)ress ENTER to exit console.

X to 4 and y to: 10
X to -2 and y to: -6
iss 1.41421
izs 10,7703
1:5 6.32456
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/*t*****h*t**ii****t'ﬂﬂﬁ**i*it*i****iﬁi'**ﬁ***tﬁ*i**v**1*****

// OVERLOADING CONSTRUCTOR AND MULTIPLE OBJECT INSTANTIATION
**iii*i*tiiilﬁ‘*d**ii‘iﬁiddt‘*i‘idii‘*‘*it*iitiiﬁiit**iiﬁ*ﬁ/
1. #include <iostream>
2. #include <cmath>
3. using namespace std;

4. class point (
5. float x;
6. float y;
7. public:
8. point():x(1),y(l) // non paramerterized constructor
9. {
10. cout<<"non paramerterized constructor initialized X to 1 and y to 1 "<<endl;
11. }
12 point (float a, float b):x(a),y(b) // paramerterized constructor
13. {
14, cout<<"paramerterized constructor initialized x to "<<a<<" and y to:
"<<b<<endl;
15. }
16. float distance_origin();
17. void show_xy ()
18. {
19. cout<<"The value of x is : "<<x<<"the value of y is :"<<y<<endl;
20. }
21. ~point ()
22, {
23. cout<<"the point (onject) with x = "<<x<<"and y = "<<y<<"is exiting"<<endl;
24. }
25. )i
26. float point::distance_origin()
27. {
28. return sqrt (pow(x,2)+pow(y,2));
29. }
30. point pl;
31. void test_function()
32. {
33. point p2(4,10);
34. }
35. int main()
36. {
37. point p3 = point(-2,-6);
38. test_function();
39. return 0;
40. }
©® Dr.Samer Khasawneh Data Structure Fall22/23
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v M O S input
non paramerterized constructor i
nitialized x to 1 and y to 1
paranerterized constructor initi
alized x to -2 and y to : -6
paranerterized constructor initi
alized x to 4 and y to : 10
the point (onject) with x 4and y
= 10is exiting
the point (onject) with x -Zand
y= -6is exiting
the point (onject) with x land vy
= lis a@xiting

...Program finished with exit co
de 0
Press ENTER to exit console.|j
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/t**t**i**t't*i**t*t*it*w*w*t**i**'***ti*tﬁ*ri**tt*

// VARIABLES SCOPE: FILE, FUNCTION AND CLASS SCOPE

tt*i't*t'ﬁ*'w**'**tﬁt*tt*l*'al’ft*rttt*ittt*'**'t*ivtt/

1 #include <iostream>
2. using namespace std;
3. int x = 100;
4. class test{
5. public:
6. test(int a,int b,int c):x(a),y(b),z(c)
7. {}
8. void function ()
9.
10, int x = 44;
11, cout<<"x = "<<x<<"\t for the function scope \n";
12. cout<<"x = "<<test::x<<"\t for the class scope \n";
13. cout<<"x = "<<::x<<"\t for the file scope \n";
14. }
15. private:
16. int Xy ¥Yr 2Zs
17. }i
18. int main{()
19, (
20. test t_object(10,20,30);
21, t_object.function();
22, cout<<"x = "<<x<<"\t local to the main \n";
23. cout<<"x = "<<::x<<"\t global \n";
24, cout<<"It is incorrect to use test::x since this syntax could be used inside
a member function"<<endl;
25. cout<<"It is incorrect to use t_object.x since x is private"<<endl;
26. return 0;
27. }
® Dr.Samer Khasawneh Data Structure Fall22/23
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PO o B~
= 44 for the function scope
= 10 for the class scope
100 for the file scope
100 1local to the main
= 100 global
It is incorrect to use test::x since this syntax could be used inside a member function
It is incorrect to use t object.x since x is private

KX X X X
I

...Program finished with exit code 0
Press ENTER to exit console.D

CamScanner = g d>guaall



https://v3.camscanner.com/user/download

/**********ﬁ***************************

// ARRAY OF OBJECTS + POINTER TO OBJECT
t*t*t*t*t**t*i***t*i*ti*i**ti**#**t***/
1. #include <iostream>
2. #include <string>

3. using namespace std;

class student {
string name;
long id;
int year;
char *major;

0 ~J o 0D
s s e e

9. public:

10. void set_attributes(string na,long no, int ye=2014, char *maj="CE")
11. {
12. name=na;
13. id = no;
14. if (ye ==2014| |ye==2013]| |ye==2012]| |ye==2011)
year = ye;
15, else
year = 2014;

l6. major = maj;
17. }
18. void display_attributes ()
19. {
20. cout<<"hello"<<endl;
21. cout<<"iam "<<name<<" a student with ID : "<<id<<endl;
22. cout<<"Enrolled HU in : "<<year<<"and my major is

:"<<major<<endl<<endl<<endl;
23. }
24. }:
25. int main{()
26. {
27. student students(3];
28. students[0] .set_attributes("ahmad",20140301);
29. student *pointer_to_student = &students[l];
30. pointer_to_student->set_attributes("Ali",20140303,2003);
31. (pointer_to_student+l) ->set_attributes("Bayan",20130304,2013, "EE");
32. for(int i=-1;i<2;i++)
33. (pointer_to_student+i)->display_attributes();
34. return 0;
35. }

e Objects with one data members could be treated specially by initializing them using the initializer list

e A default constructor is created for every object in the array of objects, but the constructors have null
body

©® Dr.Samer Khasawneh Data Structure Fall22/23
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hello
iam ahmad a student with ID : 20140301
Enrolled HU in : 20l14and my major is :CE

hello
iam Ali a student with ID : 20140303
Enrolled HU in : 20l4and my major is :CE

hello

iam Bayan a student with ID : 20130304
Enrolled HU in : 2013and my major is :EE

.. .Program finished with exit code 0
Press ENTER to exit console.[]
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/*tt*****************************t*-ﬁ******i*******7**'***********t*t**********

// PASSING OBJECTS BY VALUE AND BY REFERENCE + RETURNING OBJECTS FROM FUNCTIONS

t*f*t*******w***ti*i***r*tt**tt**t**ttt*t**tr**r**r***w**t*********w***w**w***/

1. #include <iostream>
2. using namespace std;

3. class date {

4. public
5. date();
6. date (int , int ,int );
7. void print() { cout<<d<<"\t"<<m<<" \t"<<y<<endl; }
8. int d,m,y;
9. };
10. date::date(int a,int b, int c)
11. {
12. d=a; m=b; y=c;
13. )
14. void fun (date x,date &y,date *z)
15. {
16. X.d+=2; x.m+=2; X.y+=2;
17. y.d+=2; y.m+=2; y.y+=2;
18. z=>d+=9; z->m+=9; z->y+=9;
il Op; }
20. date special function(date &ob)
21. {
22. ob.d++;
23. ob.m++;
24, ob.y++;
25. return ob;
26. }
27. int main()
28. {
29. date a(10,10,10);
30. date b(20,20,20);
31. date c(30,30,30);
32. date *d=&c; // d is not an object, it is a pointer to object c
33. fun (a,b,d);
34. a.print();
35. b.print();
36. c.print();
37. d->print();
38. date e(2,4,6);
39. e.print();
40. date f = special function (e);
41. f.print();
42, return 0;
43. }
© Dr.Samer Khasawneh Data Structure Fall22/23
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.. .Program finished with exit code 0
Press ENTER to exit console.D
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/*1’**ﬁ*ﬁ**G*Ot‘#fﬁ’#t.f""."”’t0090"'0.

// FRIEND FUNCTION

****Q-ﬁ*********tOQOf.ott-ﬁt'-ﬁ"oot'o.'ttc'f/

1. #include <iostream>
2. #include <cmath>
3. #include <string>

cout<<"function F has the power to access the private data in both class A and

4. using namespace std;
5. class B; // forward declaration
6. class A {
7. private:
8. int data;
9. public:
10. A(): data(l2)( }
11. friend int func(A , B*); //friend function Declaration
bi
12. class B {
13. private:
14. int data;
15. public:
16. B(): data(l){ }
17. friend int func(A , B *); //friend function Declaration
18. }:
19. int func(A dl,B *d2)
20. {
21
B"<<endl;
22. if (dl.data > d2->data)
23. return dl.data;
24, else
25. return d2->data;
26.
27. }
28. int main()
29. {
30. A a;
i I B b;
32. B *p=&b;
33. cout<<"Data: "<<func(a,p):
34, int t;
35. cin>>t;
36. return 0;
37. }

© Dr.Samer Khasawneh

A friend function may be friend to more than one class

Data Structure

Fall22/23

CamScanner = Ligo d>guaall


https://v3.camscanner.com/user/download

#H2F ICoM i€ A

Ser 232 Lpls U NS L3¢ 1 £2is 15} (Friend) 2 5= 15 o

Lmewper al6 Slast Ao &5 LrCiclay Ng s aim ] oS Ly o pea) Ao
Fun = Non member Fanctizwn

Yesk \---)
Skudent ¥1;

Wow A \') \.P,y
WMember TunCrion

C—\QS& )Y J..b\.a T,;f;o \,:)J\S _I_J} \?:rt\ —QBJ-S rr\'ma Q\Q.o

5 o . . S - “ “
3,3)‘&..»,_3_-)&) )\NK;‘ () le_vonccess i\ z:b)b?;.&ow\j ‘{Y\q'\\l\k\ \ "F:::\::r
LW et e el 323515 ) Fune WE X S Th o G ese

PUBYC > ) Werfriend Sl /12 1) Public , Privare
o c\mss informghion

WA e e U s Funckon e Punchion 2 3L a1 K
[scope P\ SC"Fﬁ_J’_e_)J Fumchion )} Class 302 (Cso Lg}{ r o) pls Rlock 2 555 000 Funcrien 1
Quagg 30

L« Yown-member pia)
* famcrion

\5\ Aceess LB Na\z:{\:h o

\Pubric) Qariple, ! Aa:g.;; A
\ Jeolsie \Jariple ot

[ otsh > * Varote '
UL L &€ Privare ) Public Dol 15) Bty \X) A IPT /80 Wewmd o &\\;\ng ) Fun Y

- o < . “:‘ ) DR
wga2 AL, ! o E))t’*—‘_)e.'_nl\t_.__r_:eif,p[objuﬂ RYCRAIRN] g2 iy
obyeck ¥ \arpk) e o e &w\b\bﬁ,\\
- C oo s Qlus BUpLS p e delll Y
8O Alzve  pupiie ) ) asw) Gk vl e S 5

“ao X IR Gl & Closs RE % C\Wwe 8 o
4+ Clags isspub (R} e oo s Llme 3D 4=

‘;P FU@@‘”‘I)—‘) U“J‘—‘;J\’J’;)QJ‘_’ b= F“\ﬂ(“'\o»\ F\"\QMA
éq}eﬁ\x_ == aq\q \\1»_) r [\‘w\Q o) a—

[Member) Codu? 5 150 9580 501 ooy 1 o9 Friente i@ friend Func ® Dliweyy 3 <=
wmewmber o Acgesg NapLeily

e Jeomlw ssasasdl slousislac]

£ spb e <o Liewies
o

¢ L, A {
ok P b Y Ndal b B

CamScanner = g d>guaall


https://v3.camscanner.com/user/download

e ICom tripisS a2

;2\3 6% pud paihy oy Velme,

L Scepe) ouhimgimd Vvl s 2fen ) Jrad)) 2 oy referece Y&
q_———r

e

Cobyeck / Pointe ) duer 20 Bn 1 2 [ e VA7)
\A) (B) riew 3

privie S of )" [olge)Uamd it daka ]
"ol Efoi\d\'cr J\:,-..qu__,\ ‘l—fr,_-) deyta

c\uss B
ac&\m
Cc\lé\‘m&'w
Q_._.
-on B \ Fr-’ma F\mq —-£ S o
| 1“)) J"PA

¢ 1 Yiwe 22y &

RPNV )

Povmmd\f

I:L.P ;)_f)—‘

M Clag A N
dakq / =
)50 Susaye
[« \ WO Ly S - .
C\M‘:\f\ e AL \') dor 2 gt L ole -
Povasmeler
W\Qin
Aake JH{)/EUJ
[ private 3 dary N ¥
Fr:ma C,"’Jb Lt Seltte ouis Fumc RN
[ 3y]
,,?.;J-S'— J.u..u.clm q_'SJu.z\::'Jﬂ ch:.aﬂ.r&@
s p= T f=3 '

st

CamScanner = Wgo d>guuaal

b R P Vgt 7 e okt



https://v3.camscanner.com/user/download

600 Y.O\\HN\F_\ Tb:J HEN t-'J—Ooo
£26 1
[ Gtk

A\_ C\Q\S} Lo 9: W) OLJ’CC}— JEJBJJ ‘_\'\v\g_ S :}F\N\Q\\\A W-Q_.lu\ Jo
1\

- B \a
B Cluy b asw obyed e a= Ve
B ced Qs o b ded Ponke 3¢ &(Ve 223 13)
a b P i_>_= \)-*j- Lale

C Wae \& A& at s Func _)\(_,L_:.JL,BJ{.J)J—-QL‘Q-D\_\D

Aot Loty A g ra L
Ciarion 33 Coveb=) R ivprish A o obyed ) O

-5 ‘:\mc\-‘\o»\ ‘: \\0\5 -H._ ai)oww o a(_-geSS H‘A—-PY“U“‘E éq\'q ™ \30\\,‘
Quss A owd R \L

[ powrer 3 80 2 Wlils) Cobyect D 56 £/ 'S TiR\ Wen
’E_fj o byex :\‘L/ Y_)Q‘M\v 2 &
TEA\VO) 5T celu \ —=Dowrpwr

[25 (5o Ourpat Gen) S e e 353 \8)

! RS bhe a
/ S PR A 13 8
L S R o g e 3

CamScanner = g d>guaall



https://v3.camscanner.com/user/download

Data: function F has the power to access the private data in both class A and B
12
29

. ..Program finished with exit code 0
Press ENTER to exit console.D
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/********w**t**t***wri

// COPY CONSTRUCTOR
**'**i*'*i**i*i'**t'f/
1. #include <iostream>
#include <new>
finclude <cstdlib>

2

3

4. using namespace std;
5. class array {
6
7
8
9

int *p;
int size;
public:
array(int sz) {
10. p = new int([sz];
11. size = sz;
12, )
1% ~array() { delete [] p; } destructor
14, array(const array &a); copy const.
15. void put(int i, int j)
16. (
17. if(i>=0 && i<size)
18. pli) = ;)
19. int get(int i) { return p(i]; }
20. )i
21. //Copy Constructor
22, array::array(const array &a) |
23. int i;
24, p = new int[a.size];
25. for(i=0; i<a.size; i++)
26. pli] = a.pli]:
27. )
28. int main()
29. {
30. array num(10);
31. int i;
32, for(i=0; i<10; i++) num.put(i, i);
33. for(i=9; i>=0; i--) cout << num.get(i);
34, cout << "\n";
35. // create another array and initialize with num
36. array X(num); // invokes copy ccnstructor
37. for (i=0; i<10; i++)
38. cout << x.get(i);
39. return 0;
40. )

e array a(l0);
array b(l0);
b = a; // does not call copy constructor
e copy constructor must be included when the class contains pointer to data to ensure
correct operation

© Dr.Samer Khasawneh Data Structure Fall22/23
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...Program finished with exit code 0
Press ENTER to exit console.D
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NS 3y ()
class example
{ oy 45 e
int x, y, z;

- vl
pubiycs 3 A sl s
Coma\L) o Prawme Tex tted \ ol

example(int a, int b

i () B

P . TA (73 J R - - - b . J\-%
. A Ne/53) o) 23\ebT) Tlgs 3ol To et D Go S TN o>l (o G &g Copy Comst
L e G R U TIRGA RS I

ar 'y

, int ©) :x(@), y(), z(c) { cout << parameter1zed constructor\n"; }

st )
(_._“_9 example(const example& left_object) == R S YT Ve ..ECS:_L\l
wnsY2y Consl uu_))uu I EVETE =) - -
{ ‘s SR\ ¢ H‘G\:*)\ " k@,a\,t \ LD ?1akn\3§\ % Q\h& Q\LQMO\D'S ;_C\):‘wau k).___:) ) 8 L)
N\ oI o V) f——
".':' \f:_,. o X = left_object.z; g T \\8\0\61& W, 2y (Pusiyes ot @)
o
he &\,1 y = left_object.x; Public .a,bu, Microsoft Visual Studio Debu: X
S,,\M N ] . =B s TEse ..t_’
\A‘\)b’g_)\;\ oR> z = left_object.y; T 1500 Quiode (Bo Xy LS BN T 55 D parameterized constructor
Q,m,»—u cout << "values have been c copied\n"; —%» 6'?30“‘\' parameterized constructor
} Tuw B3) W41 Values have been copied
int get_ x() { return x;} - o s\ X)) PN 100 200 300
B SR ' QNS g £V = \\) 1000 2000 3000
P . B = \N&
int get_y() { return y; } = L R Y ?;,; 3000 1000 2000
int get_z() { return z; } ORI, - e

Y
}; e

void mainQ

{
example one(100, 200, 300);

example two(1000, 2000, 3000),

. ) Yo ',\\,,\no"t’--i \
example three = two; K € ), s st N~ »
cout << one. get_x() << "\t" << ofe. get__y() << "\t" << one.get_z() << "\n";

3io
cout << two. get_x() << "\t" << two. get_y() << "\t" << two. get_z() << "\n";

3ow o

Nt T

\XI\"( e

S Cod e_ g,.,-\u\

cout << three get_,x() << "\t" << three get_y() << "\t" << three.get_z() << "\n";

} by v Py S S -
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Cowrs

class example

{

int x, y, z;
public:

example(int a, int b, int ¢) :x(a), y(b), z(c) { Cout << "parameterized constructor\n"; }

// example(const example& left_object)

Ve £o o ] -

. Microsoft Visual Studio Debu: X ST SE RN
// x = left_object.z;
44 y = left_object.x; parameterized constructor
=== Y z = left_object.y; parameterized constructor
//  cout << "values have been copied\n"; 100 200 300
1000 2000 3000

YV a
int get_xO { return x;} 1000 2000 3000

int get_y() { return y; }
int get_z() { return z; }

};
void main(Q) = . Covmnady  C S
{ B e = Ty
example one(100, 200, 300);/, T
example two(1000, 2000, 3000);
example three = two;
cout << one.get_x() << "\t" << one.get_y() << "\t" << one.get_z() << "\n";
cout << two.get_x() << "\t" << two.get_y() << "\t" << two.get_z() << "\n";
cout << three.get_x() << "\t" << three.get_y() << "\t" << three.get_z() << "\n";
}
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/ii‘*'ﬁi*ii*t**ﬁ'tt"w'."-“t"Q-'Q't“t'.'

// STATIC vs AUTOMATIC OBJECTS
ii*i**ta&tﬁifiittttttt'tctﬁct.tQat-ﬁ.ﬁ.c/
1. #include <iostream>
2. using namespace std;

3. int i=1;
4, class test
5. |
6. public :
7. test(int x){ // parameterized constructor
8. object_num = x;
9. cout<<"object with ID "<<object_num<<" created"<<endl;
10. )
Il ~test ()
12. {
13. cout<<"object with ID "<<object_num<<" destrocyed"<<endl;
14. }
15. private:
16. int object_num;
17. | ¥
18. void create_ob()
19. {
20. static test T2(20); // STATIC LOCAL OBJECT
21. test T3(i); // AUTOMATIC LOCAL OBJECT
22. }
235 test TO(0); // STATIC GLOBAL OBJECT
24. int main{()
25. {
26. static test T1(10); // STATIC LOCAL OBJECT
27. for(;i<3;i++)
28. create_ob();

return 0;

}

©® Dr.Samer Khasawneh Data Structure Fall22/23
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object
object
object
object
object
object
object
object
object
object

.. .Program finished with exit code 0

with
with
with
with
with
with
with
with
with
with

ID
ID
ID
ID
ID
ID
ID
ID
ID
ID

0O created

10 created
20 created

1 created

1 destroyed
2 created

2 destroyed
20 destroyed
10 destroyed
0 destroyed

Press ENTER to exit console.D

CamScanner = g d>guaall


https://v3.camscanner.com/user/download

@EBOM i ginS azo po

Serz.* 6
Qarole. & Hia wewber) 9\'{:

E’ﬂ (e \27 o (e > [ Shancy ¢ U1us A5 ¢ [ Shakic Fun ) X
§os ‘f:‘.\. L ooy \¥\\wc‘r‘\o»\) \:\ [ \wme V3 P t\n—_ﬂ"’ \»Z 2y

o F\m&\m \1:\ s Fun iine. 2 et K

fam S oLl @3\5 U Skavie  allemavb :X ;
o= oL Ly okany v - P o°.‘_5"q\§l_] ued

Usharicy Wi T Sl e s E.S\"qh‘r. eq\'q 1 Qb—;‘-‘\‘“—“‘*’ oL dwyb s ity
wmember
[ sk v
[ Svavic Saya wem\ser \ oS 3
Qr\\k\\w_ s P\\\o\\n. B\ uu:?/’\: Cwember] 9L fun WY e ber E \ne 3 3

Put15) S= SE Pridie 1) A Sk bols it bdedin, Do -maudoerd Bl
ass Yo \sv 8l

\\.L\ Cons\yudoy _)\3 0\0]&\- ot = as t" et [_\\\\g_ \3 1 d—
cbyesk A\ \,,gq?; flhive Af 3 *

S\}“u a3 o) 0 L Ye e [ ek 4 U K
‘«\ﬁ'blc
E S = S\“\L ""‘“ %K
BUIRTY abeck _Wpails '\lcuv\b%c

L Wi\ zeaviow

LA(\J ohc C\uss —ugl
woV bdﬂﬁ ooyeck 5 ' \ ' | e Wi
(obyed MV e®\ < Garpr 3 g\ | = b soPasdf Shabic wud

belely Qluss | o\ \
LEeEH) 3ot 3 TTTL D) B o850 goalt) s 0D

obyxy N Pol> a5 B8 ¢ bl X ) Yesos Sared Sl sVe
Yoyl

© oy o)) (obyecy] e Shaved varhe 3y oz /2ad ob

2 Sk ) S N) 7\ 2
Shhc  of Mr:ﬁ. o [V\Acwbq']c\l\L\.sqw X

C\qss WA Tl o)) a3 Obyeck 3y §S )3

Shaved Vo
el N e ()
L Skaiicy N3

oyt ,T ' ~ay

o b1z,

CamScanner = Wigs ¢>W|


https://v3.camscanner.com/user/download

w8 IcoM ssigiaS ama

[ Dy CLnza)

@ _ 2% Newe [oBGeba ez v
W — L mewbe, r_ Clugg \'.-.nn\_g\’.)a:au}_)_]

Loxs .)VE__'G wewmbe — ) Fun. W) class SV @)
©) deb o obz -jG,J

L Fumcrion wewber RS IR lw ) Swleiey g._b_l) %[\‘w\e_ g —A e

o I - 2
[ob3) > Po2d [3av3 QX¢ Ul oo Cobs Y D Y Shared

@ ‘;\-I.S‘-'- Mu a._S.L:_.xJJﬂ sLxua:.;I.u;ﬂ

CamScanner = Ldgo d>guaall


https://v3.camscanner.com/user/download

o —————————

000 I:O\H-fq\—] S &',J),S.M E"— c0d
Qosl Clugs G B Wsloby 41 Dhine 25 3 i) by Gt P2 €10
shyesy nm=0 = L Ve ¢ 7 Congae? ot ¢ ABC

objeck
b i praid € ARC as~'Clags (o AR ass) oby gw&[\we 2 3\
shyectmm= 1 &L Vwe b A Congrdor 2
i I Miwe A V¢ fun[ivead #taAY oby oM = Nwe 24 1) \___\
Shared Yayr = \o\ do 1) 5L Shaved D27 o )aled L
Clwe 2 Nd= Rnlprwd A TAY6h nia\ & [ Ve zs 3 WM
AR — obJedt O Wik shared Vadole N0\

C eSO e T Diveresss) 4 (ARD 61 el e=T e 2.6 AR

Shware d \Jar = \o s ) 0 Chared OV 2iev) a4 K‘*“

D obredr 1 O e d Voxlole \o

[lne\2 & AR ass! Clag e L Shavic penr Afun gzl e e 22 3\:55
—P Shaed Gadble Vo

Lobyy ncsneaLa [ destwan T2

N3]
\___,.L: J.a.u.u.].m 4.5.\1.)&.7«.1 SL‘LE_‘):.DHJJ-E

CamScanner = g d>guwaall


https://v3.camscanner.com/user/download

Object 0 with shared variable: 101
Object 1 with shared variable: 102
shared variable: 102

...Program finished with exit code 0
Press ENTER to exit console.D
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/**************'*******+*t+*+******7**+w+r+*t***+'+t+:fit*tv

// THIS POINTER AND FUNCTIONS RETURNING REFERENCE TO OBJECTS

‘k‘k‘i’************'***7’**7&'***11"'*#""*'*tf"ﬁ'*'*'*t*I*"*"/

1. #include <iostream>
2. using namespace std;

3. class A;
4. class B;

5. class B

6. {
7. int b;
8. public:
9. B(int y=33):b(y) { }
10. B& set_b( int x )
11. {
12. b=x;
13. cout<<"class B \t"<<this -> b<<endl;
14. return *this;
s ; }
16. A& set_b( char c )
17. {
18. b=c;
19. cout<<"class B \t"<<this => b<<endl;;
20, return (A&)*this; }
21, )i
22. class A
23. {
24, int a;
25, public:
26, A(int w=11l):a(w) { }
27. A& set a(int c)
28, { -
29, a=c;
30, cout<<"class A \t"<<a<<endl;
31. return *this;
32. )
33, B& set_a(char c)
34, { as=c;
35. cout<<"class A \t"<<a<<endl;
36. return (B &) *this;
37 }
38. )i
39, int main()
40, {
41, A a_object;
42, B b_object;
43. a_object.set_a(l).set_a(2).set_a(3);
44. cout(("*ttw-ta*t*t**"<<endl;
45, a_object.set_a(10).set_a('2').set_b(3);
46. Cout(("*wtttt**t**t*"((endl;
47. a_object.set_a('a').set_b('b').set_a('c').set_b('d').set_a('e');
48, return 0;
49, }
© Dr.Samer Khasawneh Data Structure Fall22/23
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...Program finished with exit code 0
Press ENTER to exit console.D
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// COMPOSITION: SYNTAX, CONSTRUCTORS, DESTRUCTORS
sk e koo o ok sk ok sk ok ok ksl stk ks ok stk stk ke sk koo ke ko /
1. #include <iostream>

. #include <new>

#include <cstdlib>

using namespace std;

class CPU

{
string vender;
long speed;
int cores;

.public:

W NOWWU» A WN

B
= ®

12. CPU(string v, long s, int c¢) :vender(v), speed(s), cores(c) {}

13 CPU(const CPU& a) { vender = a.vender; speed = a.speed; cores = a.cores; cout <<
"Copy constructor of CPU class\n"; }

14. ~CPU()

15. {

16. cout << "Destructor for the processor " << vender << "\t" << speed << "\n";

17; }

18. void set_specs(char* v, long s, int ¢)

19. {

20. vender = v,

21. speed = s;

22, cores = C;

23. }

24. void get_cpu_spects()

25. {

26. cout << "CPU specs: " << "\n" << "Vender : " << vender << "\tSpeed : " << speed
<< "\tNumber of cores : " << cores << endl;

27. cout <« “**************\n“j

28. }

29.};

30.class MEMORY

31.¢

32. string technology;

33. long capacity;

34. bool multiple_slots;

35. public:

36. MEMORY(string t, long c, bool m) :technology(t), capacity(c), multiple_slots(m) {}

37. MEMORY(const MEMORY& a) { technology = a.technology; capacity = a.capacity;
multiple_slots = a.multiple_slots; cout << "Copy constructor of MEMORY class\n"; }

38. ~MEMORY ()

39. { cout << "Destructor for the memory " << technology << "\t" << capacity << "\n";
40, }
41, void set_specs(char* t, long c, bool m)

© Dr.Samer Khasawneh Data Structure Fall22/23
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a2. {

43, technology = t;

44, capacity = c;

45, multiple_slots = m; }

46. void get_memory_specs()

47. {

48. cout << "memory specs: " << "\n" << "Tecgnology : " << technology << "\tCapacity
: " << capacity << "\tMultiple slots ? : " << (multiple_slots ? "YES" : "NO") << endl;

49. Cout << “***#*****#****\n";

50. }};

51.class IO

52.{

53. bool mouse;

54, bool keyboard;

55. bool screen;

56.public:

57. I0(bool m, bool k, bool s) :mouse(m), keyboard(k), screen(s) {}

58. IO(const IO& a) { mouse = a.mouse; keyboard = a.keyboard; screen = a.screen; cout <<
"Copy constructor of IO class\n"; }

59. ~I0()

60. { cout << "Destructor for the io " << endl; }

61. void set_specs(bool m, bool k, bool s)

62. { mouse = m;

63. keyboard = k;

64. screen = s;  }

65. void get_io_specs()

66. {

67. cout << "IO specs: " << "\n" << "Mouse attached ? " << (mouse ? "YES" : "NO") <<

"\tKeyboard attached ? " << (keyboard ? "YES" : "NO") << "\tScreen attached ? " <«
(screen ? "YES" : "NO") << endl;

68‘ COUt << "**************\n“;
69. }

70.};

71.class computer {

72. long cost;

73. bool used;
74.public:

75. I0 io;

76. MEMORY memory;

77. CPU cpu;

78. MEMORY* MEMpointer;

79. computer(long c, CPU& cp, MEMORY& m, bool u, IO& i) :cost(c), cpu(cp), io(i),
used(u), memory(m) { MEMpointer = &m;cout << "Constructor of container is being invoked

\nII; }
80. ~computer() { cout << "Destructor of container is being invoked \n"; }
81.};
82. int main()
83.1
© Dr.Samer Khasawneh Data Structure Fall22/23
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84. CPU c1("Intel", 2400, 4);
85. CPU c2("AMD", 2100, 2);
86.
87. MEMORY m1("“DDR 2", 4000, true);
88. MEMORY m2("DDR 2", 2000, false);
89,
90. I0 il(true, true, true);
91. I0 i2(true, true, false);
92,
93. computer pc(5€0, c1, m2, 8, i2);
94, computer* p = &pc;
9S.
96. p->cpu.get_cpu_spects();
97. p->MEMpointer->get_memory_specs();//p->memory.get_memory_specs();
98. pc.io.get_io_specs();
99,
100. return @;
101. }
© Dr.Samer Khasawneh Data Structure
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memory Specs:
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P o o o o i e b e e e o g

Destructor
Destructor
Destructor
Destructor
Destructor
Destructor
Desitructor
Destructor
Destructor
Destructor

2 YES

Copy constructor of IO class

Copy constructor of MEMORY class

Copy: constructor of CPU class

Constructor of container is being invoked

ender : Intel Speed : 2400 Number of cores

B e e e e e e g

Capacity : 2000 Multiple slots ?

of container is being invoked

for
for
for
for
Fox
fo®r
for
for
for

the
the
the
the
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the
the
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processor Intel 2400
memory DDR 2 2000

io0
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io

memory DDR 2 2000
memory DDR 2 4000
processor AMD 2100
processor Intel 2400

. ..Program finished with exit code 0

Press ENTER to exit console.|]

Keyboard attached ? YES Screen attached ? NO
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Operator Overloading

e Operators are the building blocks for expressions, thus they are essential part in any high level programming
language.
e Usually, operators work on the built in data types.

For example, + operator can add integers, floats, Booleans but can NOT add objects of classes

Also, > can compare characters, doubles, integers but can NOT compare objects of classes

¢ How can the programmer extend the capabilities of the operators to operate on objects??
= This could be done by operator overloading

¢ Operator Overloading is a mechanism that helps the programmer to let the operators do operations that do not
exist on their original definitions. (like extending the capabilities of + operator to add objects)

¢ General guidelines and precautions that must be taken into consideration when overloading an operator:

1. When an operator is overloaded, none of its original meaning is lost , instead the capabilities of the

operator is extended.

Operator overloading is done using special function called operator#. Where # is the operator that we

wish to overload (ex. operator+ can extend to meaning of the + operator)

3. The operator# function can be a- member function b- friend function c- global function that is non-
member non-friend function

4. You can NOT create new operators; rather you can overload the existing ones.

5. Operator is not overloaded implicitly, if you overload the + and the = operator , this do not mean that the
operator += is already overloaded.

6. When an operator is overloaded, it can work with classes but the precedence, associativity, arity could
NOT get changed.
Four operators can NOT be overloaded are: . ¥ 2 22

o

8. = () and [] operators can NOT be overloaded using friend function.
9. << and >> must overloaded as friend function.

© Dr.Samer Khasawneh Data Structure Fall22/23
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/*********t****i****i**i*i*********

//Operator Overloading : + operator
'**********ﬁ*ii*****ﬁ*************i/

1. #include <iostream>
2. using std::cout;
3. using std::endl;
4. using std::cin;
5. class class_3d{
6. int x,y,z;
7. public:
8. class_3d() {x=y=2=0;}
9. class_3d(int x1,int yl,int 21):x(x1),y(yl),z(z1){)
10. class_3d operator+(class_3d operandl); // operator function is a member
function
11. void display() {cout<<x<<'\t'<<y<<'\t'<<z<<endl;}
12. }i
13 class_3d class_3d::operator +(class_3d opl) // call to the overloaded
operator
14. (
15. class_3d temp;
16. temp.x = x + opl.x;// these statments
17. temp.y = y + opl.y;// overload the meaning
18. temp.z = z + opl.z;// of the addition operation
19. return temp;
20. }
21. int main()
22. (
23. class_3d object_one(10,10,10);
24. class_3d object_two(2,4,6);
25. class_3d object_three(6,0,-2);
26. class_3d object_four(5,4,3);
27. class_3d result = object_one+object_two;
28. result.display():
29. class_3d resultl = object_one+object_two+object_three+object_four;
30. resultl.display();
31. return 0;
32. }
Important Notes:
1- You can NOT omit temp. from lines 17,18 and 19 since this will change the meaning of
the + operator because it takes two constant objects. That’s why we add a temp object.
2- Having cascaded calls to operator+ in line 30 is possible because the operator+ function
returns object of type class_3d (the temp object).
3- Inline 30, we have 3 calls to operator+ function and a call to copy constructor.
4- You can implement the operator+ function as a function that returns reference (to allow
cascaded calls). The alternative solution is shown next.
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. ..Program finished with exit code 0
ress ENTER to exit console.D
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/*ﬁ‘fﬁ*ﬁﬂ'ﬁ"*ﬂiﬁ**i*ﬁﬂ'ﬁ'***i*i*‘h"*ﬁﬁiﬁﬂitiﬂ'ﬁ*tﬁ*'t*‘ﬁﬁi

//Operator Overloading : + operator : alternative solution

"'i‘ii'i""ii“t"".'i.“'i'ﬁ"t“i'i*'i"l"itﬁi"l'ﬁii'i/

1. #include <iostream>
2. using std::cout;
3. using std::endl; - L“J].);S]‘. !9“”
4. using std::cin; S “}C'“}A
5. class class_3d( & Jl Lol sa
n . n
6. int x,y,z; calling by reference " sues
7. public:
8. class_3d() {x=y=2z=0;}
9. class_3d(int x1,int yl,int zl):x(x1),y(yl),z(zl){)
10. class_3d &operator+(class_3d operandl); // operator function is a member
function
11. void display() {cout<<x<<'\t'<<y<<'\t'<<z<<endl;)}
12, bi
13. class_3d temp; // must define the object as global to avoid returing
reference to destroyed object
14. class_3d& class_3d::operator +(class_3d opl) // call to the overloaded
operator f%
e * ———calling by reference
16. temp.x = x + opl.x;// this statments
17. temp.y = y + opl.y;// overload the meaning
18. temp.z = z + opl.z;// of addition operation
19. return temp;
20. }
copy constructor J!
21. int main() . i .
22, ( Ol ¥ L8 pdiye eatu 7y
23. class_3d object_one(10,10,10); el L) 3
24. class_3d object two(2,4,6); op1 W wesl la) 30 (1
25, class_3d object_three(6,0,-2); 5 oy 1 .
26. class_3d object_four(5,4,3); JL““‘” u'l'c’ L@JP'9 result Jl &?)l o] O30 (2
27. class_3d result = object_onetobject_two;
28. result.display():
29. class_3d resultl = object_onetobject_twot+object_threetobject_four;
30. resultl.display():;
31. return 0;
32. }
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/*t**w*t**wvi*w*twti*w*trt*wiitwi‘tt*i'ii'

//Operator Overloading : complete Example
*ﬁ**’*iﬂ*********ﬁ***tiﬁ*i*ii**t*i*ii*t*‘/

1. #include <iostream>
#include<iomanip>

. using std::cout;
using std::endl;
using std::cin;
using std::istream;
using std::ostream;
. using std::setw;

oo WN

9. class mobile_num({

10. int country_code,num_prefix, num_postfix;

11. public:

12, mobile_num() (country code=num_prefix=num_postfix=0;)
13. mobile num(int x1,int yl,int

zl) :country code (xl),num prefix(yl),num_postfix(zl){)

14. int operator([] (int part); // overloading the [] operator as member function

15. friend ostream &operator<<( ostream &output, const mobile num &no ) //
overloading the extraction operator

16. {

17. output << '+' << no.country code << '-' << no.num_prefix<<'-
'<<no.num_postfix;

18. //to allow cascaded printing , we must return an object of ostream

19. return output;

20. }

21. friend istream &operator>>( istream &input, mobile num &no ) // overloading
the insertion operator

22, {

23, input.ignore(l);

24. input>>setw(3) >>no.country code; // friend function must access the data

members as object_name.member_name

25. input.ignore(l);

26. input>>setw (2) >>no.num_prefix;

27. input.ignore(l);

28. input>>setw(3)>>no.num_postfix;

29. return input;

30. }

31. mobile_numé operator=(const mobile_num Left_side)//must overload the =
operator as member function

32. {

33. country code = Left_side.country_code;

34. num_prefix = Left_side.num_prefix;

35. num postfix = Left_side.num postfix;

36. return *this;

37. }

38. friend bool operator==(const mobile num R,const mobile_num L);//as global
function

39. }; // End class

© Dr.Samer Khasawneh Data Structure Fall22/23
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40. int mobile num::operator[] (int part)

41. // must overlcad the [] operator as member function

42. // member function access the data members directly without using
//object name.member_name

43. {

44. if(part > -1 && part < 3) // range checking

45. {

46. if (part==0)

47. return country_code;

48. else if(part==1)

49. return num_prefix;

50. else

51. return num postfix;

52. }

53. else // for incorrect index

54. return country_code;

55. }

56. bool operator==(const mobile num Right, const mobile_ num Left )// this
function //needs to access the private date

57. //therefore we can define it as member or friend function

58. {

59. return

(Right.country_code==Left.country code&&Right.num_postfix==Left.num_postfix&&Right.
num prefix==Left.num prefix);

60. }

61. bool operator!=(const mobile num R, const mobile_num L)

62. //this function calls the == operator and does not require to access the
private data, so it is declared as global function

63. {

64. return ! (R==L);

65. }

66. int main()

67. {

68. mobile num mobl (962,79,6862314);

69. mobile num mob2 (962,78,6462222) ;

70. mobile num mob3(962,77,6005005) ;

71. cout<<mob2<<endl; // calls the overloaded operator<<

72. mobile_num mob4; // calls the default constructor and initialize the number
to // +0-0-0

73. cin>>mob4;// calls the overloaded cperator>>

74. mobl = mob2 = mob4; // calls the overlocaded operator== twise

75. //first call format mob2.operator+ (mob4)

76. //second call format mobl.operator+(mcb2)

77. cout<<mob4<<"\t"<<mob2<<"\t"<<mobl<<endl;

78. cout<<mobl [0]<<"\t"<<mob3[1]<<"\t"<<mob4[3]<<endl; //calls the operator(]
//function 3 times

79. //first call mobl.operator[0]

80. //second call mob3.operator[1]

81. //third call mob4.operator([3]

82. cout<< (mobl==mob3) <<endl;

83. cout<< (mobl!=mob2)<<endl;

84. return 0;}
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. . .Program finished with exit code 0

Press ENTER to exit console.D

CamScanner = Ldgo d>guwaall



https://v3.camscanner.com/user/download

Inheritance

Base Class Data Inheritance Is inherited data Is inherited data from
Member access control from base Accessible | base Accessible inside
inside the derived the derived class?
class?
Public ‘/ ‘/
Protected Public ‘/ X
Private X X
Public / X
Protected Protected \/ X
Private X X
Public / X
Protected Prxate \/ X
Private X X
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