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Reference (alias) in C++

« Reference is alias. r— |
— inti=2;
— int&r=i;
— r=3;=1Is 3 now.

 Reference is similar to a pointer but reference, once
assigned, cannot be reassigned.

— r++; = 11s 4 now. // different from pointer arithmetics
— Int] =100;
— r=J;=11s 100
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modified from ReferenceClassType.cc in the textbook

YHL

|.t] ReferenceClassType.cpp &2

b

int maini)

{

(il

class User |
public:

string hame:
int age:
User | =tring ham,

int a ) { name = ham! age =

Tser ul{ "Melinda™, 87 )1:

Tser* w2 = new User | "EBelinda®™, 129 ): K
Tser& ui = ul:; < I
const Uzer& ud = User | "Tralinda™, 187 ):
cout << ul.name << endl: A
cout << uZ-sname << endl; A
cout << u3i.name << emndl; Ly
cout <<  ut.name << endl; i
Tser* p = &ul:;

Tser® o = &uld; <:|\

COUL << p-rhame < endl; £
COUL €< g->hame << endﬁf S
4 the following code i3 added to the oringal
p = ul; x

Ccout << p-rhname << endl; A
cout <<  ul.name << endl;\\ i
u3 = u4; \

ar !}

& means referenc

Melinda
Belinda
Melinda
Tralinda

Melinda
Melinda
example

Belinda
MHelinda

A4 u3d iz equivalent to ul,\$u ul's name is changed

\

cout << ul.name << endl: \ A
\

return 0; \

\
\

& means address

Tralinda

e

£TA)
£ (B
£0C)
£0D)
fE)

dF)

£0G)
£H)
£E0T)
L0

= B E consale 52

Ea

= 8
<terminated = ReferenceClas:
® %
x o & &

2 B-ry-
Melinda
Eelinda
Melinda
Tralinda
Melinda
Helinda
Eelinda
Helinda
Tralinda
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User* p = &ul,;

p=u2;

p—>

Reference

ul

u2

(ul is not affected.)



Self Test
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Parameter Passing in C++ and Java

Java C++
pass by value, primitive types (int, char, | same
double ...) func(int x) {x = 0; }
func(int x) { x = new_value; } y = 6;
// change not seen by caller func(y); // calling
y is still 6
none pass by pointer, primitive type
func(int * x) { *x =-1; }
func(& y); /Il calling
I/l change seen by caller (y is -1)
none pass by reference, primitive type

func(int & x) { x =94; }
func(y); /l calling
I/l change seen by caller (y is 94)

YHL Parameter Passing




Java

C++

same syntax
but change seen by caller

the behavior, however, is
similar to “pointer”

pass by value, object

AClass x;
func(AClass obj) { obj.att = new_value; }
func(x); /Il calling

I/ object copied before passing
I/l change not seen by caller

none pass by pointer, object
func(AClass * obj) { obj ->att = new_value; }
func(& x); /I calling
I/l change seen by caller

none pass by reference, object

func(AClass & obj)
{ obj.att = new_value; }
I/l change seen by caller
Il reference = alias

YHL
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Pass by Value
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//PassPrimByValue.cc
#include <iostream>
using namespace std;
void g( int);
Int main()
{
Int x = 100;
9(x);
cout << x << endl; // 100
return O;
}
void g(inty)
{ y++; } // change will not been seen

YHL Parameter Passing



//PassPrimByValue.java
class Test

{

public static void main( String[] args )

{
Int x = 100; II(A)

9(x); /1(B)
System.out.printin( x ); // outputs 100

}
static void g(inty ) { y++; } //(C)

YHL Parameter Passing



Pass by Pointer
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& CIC++ - CppParameterPassing/PassPrimByPointer.cc - Eclipse SDK
File Edit Refactor Mawigate Search Project Run  Window Help

|| PassPrimByPainter.cc 52 = B | B consale 2 = B8

f/PassPrimBEvPointer.co <kerminated > ReferenceClas:

X %

#include <iostream>

using namespace =td; I_--!l Eﬁ IEI IEI
E,* - ak -
void g{ int* j; — =] Ca
rvoid h({ int* ) 1ao0
200

int maini)
i
int x = 100;

int* p = gx; AR
gip): fB)
cout << x << endl; A4 100 (not changed) FAC)
hip): AD)
cout << X << endl; A/ 200 (changed by side effect) fE)

return 0;

volid g int* o )
int v = 200;

{
<~ {3 no*in front of g /110

FEF)

void h{ int* oo ) { *q = 200; } £ TH])

|
ﬁ *In front of @

1 Writable Smart Insert |

YHL Parameter Passing



Why doesn't g change x?

Int* p = &x; P—|x
g(int*q) q— p —|X
inty = 200; q

q=&y; y

Changing q assigns the pointer to another location.
To change the content, we need to use * g (in function h).

YHL Parameter Passing 9
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//PassPrimByRef.cc
#include <iostream>
using nhamespace std;
void g( int& );
Int main()
{
Int x = 100;
g(x);
cout << x << endl;
return O;

}
void g(int&y ) { y++;}

YHL

// 101

Parameter Passing

/I(A)
//(B)

J/(C)
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& CIC++ - CppPararggter s [ypeBy¥alue.cc - Eclipse SDK
File Edit Refactor ‘ e =earcn Project  Run Window  Help
@ PassiZlassTypeByYalue,cc i3

ffPassClasaTypebByValue. oo

#include <iostreatm:-
#include <=tring:>
using namespace =td;

class Tser
public:
string hame:
int age:;

Usger | string nam, int vy | { name = nam; age = ¥v¥;

b2
void g|{ User ):

int maini)

i
Uzer ul "Xenon"™, 89 ):
giu);
Cout << u.hame << 7
return 0O;

" ogg u.age << endl: S/ Henon 59

= 8| Bl console 2

=8
<kerminated > ReferencelassTvpe.exe (1

% % Gk bE & &
& r9-

Xenon 829

not changed

vold g User v 1 {
W.name = "Tukon®;:
v.age = 200;
oA
{_ | == I
nks Wirikable Srnart Insert 9117
YHL Parameter Passing
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s [ypeByValue. java - Eclipse SDK

Jject Run  Window Help

[J] PassilassTvpeByyalue. java 52 = B E consale &2 = B8
//PassClassTypebyValue. java <kerminated > Tesk (1) [Java Applicatior
X% GbiEE

class User | N

String hame: = = - L=

int age: fruki  zoo <:|
= User(3tring nam, int yvy) |

wmare = changed

age = ¥v:
h

class Te=st |

= public static void main(3tring[] args) |
User u = new User ("Xeno™, 39); // (L)
glal; /5 (B

dyatem.out.printlnf{u.name + " " + u.age); S/ Tuki z00

= gtatic void g(Uzer w) { /S ()
v.hame = "¥uki™: S/ (D)
v.age = 200; /7 (E)

YHL Parameter Passing 13



rP C++

& Java - CppParamg

ypeByRef.cc - Eclipse SDK

e =earcn Project  Run Window  Help

@ PasslassTypeByRef.cc @2
ffPassClassTypebyRet.

#include <iostreatm:-
#include <=tring:>
using namespace =td;
class Uzer |

string hame:

string nam,

int maini)

COout << U.hame <<
return 0;

"o u.age << endl; S/ Tukon zZ00

Tsere v )

*1}'|A

= 0| E console 2 =0
<kerminated > ReferenceClassType.exe

® %% Gk bE & &
+ E- -

Yukon 200 <:|

changed

| W

Parameter Passing
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C++ Copy Constructor

class NameOfClass

{

NameOfClass(const NameOfClass & origobj)

{

/[ a constructor with special syntax
/[ 1f a programmer does not provide a copy constructor
/| C++ compiler automatically creates one

/[ allocate memory for attributes, if necessary
Il copy each attributes from origobj to this new object

YHL Copy Constructor



Assignment Operator =

class NameOfClass

{

NameOfClass& operator = (const NameOfClass & origobj)

{

/[ C++ compiler automatically creates one, if not by a programmer
if (this !'= & origobj)

{

Il release memory, if necessary

/[ allocate memory for attributes, if necessary

I/l copy each attribute from origobj to this new object
}

return * this;

YHL Copy Constructor



W CopyAssignX - NetBeans IDE 6.1

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

CopyAssigns.cpp x] |II| E] @

PHCDp?ASSian.cc [rodified) | m

finclude <iostreams

using nammespace std;
Elolass X -
int* data;

int =i=e:;
puknlic:
Jlconstructor:

= Z{ int* ptr, int sz ) : size(sz) {
cout << X[ int¥® ptr, int =z 1" << endl;
data = new int[=i=e]:

for [ int i = 0; i < si=e; i++ | data[i] = ptr[i]:
I~ H
Sfoopy consStructor:
= | const & xobi )
cout << "X const H& okl 17T << endl;

3ise = xXokhj.size:
data

new int[ =size ]:
for [(int i=0; i<zi=ze!; i++) data[i] = xobj.datali]:

B }

ffoopy assignment operator:
=] XL operator=| const X& xobjl |
cout << "L operator=| const XL HokbJ1"™ << endl:
if | this != gxohj ] |

cout << "thi=s !'= &£xobi™ << endl:

delete [] data:

Shaims = wsln ohmss

1:1 |INS|

Cupyﬂsﬂgnx{EquJRunj[ ]

YHL Copy Constructor



W CopyAssignX - NetBeans IDE 6.1

File Edit

Miew Mawigate Source Refactor Build Run Profile  Mersioning Tools Window  Help

Copyfssigns.cpp o= ]

=]

1
int

(D]EE]

Z& operator=( const & ®Xokb]j) |
cout << "X& operator=| const &£ HZob]l" << endl;
if [ thiz '= &xobi ] {
cout << "this = &fxcobhi" << endl;
delete [] datas
Zize = xobhj.=ize:

data = new int[ =ize ]:
for (int i=0; i<size; i++4) data[i] = =zobj.datali]:
1 else |
cout << "thi=z == Lxob]"™ << endl:;
K
return *this;
H
didestructor:
~X{1 { delete [] datar

maini)

int freshbhatalLk] = {1, 2, 3, 4, 5i:
¥ x1{ freshhata, 5 ];

X xZ = xH1;

X %3 freshhata, 5 1:

®3 = XE:;

2 = =2;

return 0O;

E

<

22:5

|INS|

Cupyﬂsﬂgnx{EquJRunj[

YHL
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"l..Cnpf.lssignI - NetBeans IDE 6.1

File Edit Wiew Mawvigate Source Refactor

[T@Cnpy.ﬁ.ssignx.cpp x] |II|B@
I e e R e e

Build FRun Profile  Mersioning Tools  Window  Help

| e |
e+ C:\yunglu\Programsicygwinibinish.exe

*%( int¥ ptr, int sz )
Al const X& xobj )

Al int¥% ptr, int sz ) n
& operator=( const X& xobj)

this t= &xobg

& operator=( const X& xobj)

this == &xobj

[Press Enter to close windowl

W
111

CopyAssigny (Build, Rum) #2 [ ] ]
YHL Copy Constructor




Shallow or Deep Copy

 If you do not provide a copy constructor (or an
assignment operator), C++ will create one for you.

 The one created by the compiler copies the values of
attributes.

 When an attribute is a pointer, two objects' attributes
point to the same location.

« If one object releases the memory (for example, by the
destructor), the second cannot access the memory any
more.

objectl || object2

\

data_array

YHL Copy Constructor



W CopyAssignX - NetBeans IDE 6.1

File Edit

Miew Mawigate Source Refactor Build Run Profile  Mersioning Tools Window  Help

=

Cnpy.ﬁ.ssignx.cpp x]
SfCopwhzsignE.co (modified)
finclude <iostreans
using nammespace std;

Flelass X 4

(D]EE]

int* data:
int =i=ze:

puknlic:

Jiconstructor:
Z[ int* ptr, int s= ) : siseizs=z)] 1

cout << "X[ int¥® ptr, int ==z 1" << endl:;

data = new int[=i=ze]:

for [ int i = 0; i < si=e; i++ | data[i] = ptr[i]:
H

(D <:| put copy constructor

X const &£ xob]i )
cout << "E[ const X& xobj In a. Comment
Zize = xokhj.=ize:
data = new int[ =i=ze ]:
for (int i=0; i<si=e; i++) data[i] = x~+3 A=r=T-H7.

j’fcn:\p? aSsignmwent OpeErator: <:| p Ut O p erato r —

X& operator=| const X& Hokij) |
cout << "E& operator=| const & xobj)"™ Ir] Ei (:()II lIIIEBr]t
if [ this '= &xob]j 1 4
cout << "this !'= £xobj"™ << endl:

Aolostrs 1 Sotros

S

10:49

|INS|

YHL
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W CopyAssignX - NetBeans IDE 6.1

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

CopyAssignx.cpp x] |II| E] @
cout << "X& Ooperator=( const X& xXob]) " << endl: Alm
if | thi= '= &xobj ) | n
cout << "this !'= &xobi" << endl:
delete [] datar
Zize = xobhj.z=ize:
data = new int[ =ize ]:
for (int i=0; i<size; i4++4) data[i] = =zobhj.datal[i]:
1 else |
cout << "this == &xobj"™ << endl:
K
return *this;
B
- 1-’,-'
dddestructor:

~Z1) { delete [] data; }
—h:
int maini)

int freshhata[5] = {1, 2, 3, 4, 5}:
X ®x1( freshDhata, 5 )

X %2 = x1;

X %3 freshDhata, &5 ):

®x3 = x2:;

XE = x2;
return 0O;

<|

50:1 |INS|

YHL Copy Constructor



1 t_upﬂssign! - NetBeans IDE 6.1

File Edit Wiew Mawvigate Source Refactor

Window  Help
@Cnpy.ﬁ.ssignx.cpp x]
‘ cout <<

Build FRun Profile  Mersioning Tools

«EHO
Ak Operator=( Cconst x& xobj) "™ << endl;
if ([ thi=z !'= Lxobj 1 4

e S T | X P g

[ e, gy | R

e+ C:iyungluYProgramsicygwinibinish.exe

—amel 1w

X( int* ptr, int sz )
A int%® ptr,

int sz )

21662 sig] copyassignx 2652 _cygtls::handle_exceptions: Error w
tate (probably corrupted stack)
scygdrivesc/yunglus/Programs /NetBeans 6. 1/cnd2/bin/dorun.sh: line 1
lentation fault (core dumped) "$pam" "$0"
[Press Enter to close windowl

| .

YHL

CopyAssigny (Build, Run) [ [ ] ]
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W CopyAssignX - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

@ CopyAssigna.cc = ]

using namespace std;
Flelass X i
public:
int* data;

{J make the attributes

int =ize:

public:
fioonstructor:
= X[ int* ptr, int sz ) size(sz) |
cout << X[ dint® ptr, int ==z 1" << endl;
data = new int[=size]:
for | int i = 0; i < si=ze; i++ ) data[i] = ptr[i]:
B h
Afcopy constructor:
=] ¥ const & xobi 1 o
cout << "H| const HL xobi 17" << endl;
Zize = xobj.size;
data = new int[ =ize ]:
for (int i=0; i<szize; i++) datal[i] = =xobj.data[i]:

B b
Afoopy assignment operator:

public

=] ¥& operator={ const X& xobj)] |

cout << "Xg operator=( const X& xobi) " << endl:

if | this !'= gxob]j )| {
cout << "this !'= &xob]™ << endl:
delete [] data;
2ize = xobj.zize:
data = new int[ =size ]; bl

47:32 | NS |

YHL

Copy Constructor
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W CopyAssignX - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

@ CopyAssigna.cc = ]

cout << "X& operator=( const X& xob]j) " << endl;

if [ thiz '= &xoki ] {
cout << "this = fxobi" << endl;
delete [] data;
z2ize = xobj.zize;

data = new int[ =ize ]:

for (int i=0; i<size; i++4) data[i] = =xobj.datal[i]:
P oelse |
cout << "thisz == &xob]™ << endl:

b

return *this;

B h

Jidestructor:

~E() { delete [] data; }
- b

Flint main) |

int freshDhatali]
I xl1( freshData, 5 ):
X x2 = x1;

X %3 freshData, 5 ):
x3 = ®a:

I}
—_—
=
-
-2
-
L)
-
N
-
o
—
-

®a = Hi:

o {3 change avalue in x1

cout << xz2.datal[2] << Endlﬂ
return O;

ol

< |

47:32 | NS |

YHL

Copy Constructor
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1- CopyAssignX - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

[E Proj.. 4l = I Classes | @ CopyAssign,cc x] (4] »][=](O)
e Cilyunglulcygwinibinish.exe

int® ptr, int sz -
x({ const X& xobj )

A int¥ ptr, int sz )

»& operator=({ const X& xobj)
this t'= &xob
K&
th
3
CP

operator=ﬂ const X& xobj)
is == &xobj

value in X2 not changed

ress Enter to close windowl

|£

2|

YHL
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® CopyAssignX - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

@ CopyAssigns, oo x] |II| E] @

data = new int[size]: A m
for [ int i = 0; i < size; i++ ) datal[i] = ptr[i]:
- } —
=] £
Afcopy constructor:
=] ¥ const & xokhi 1o
cout << "H| const & xobj 1" << endl;
Zize = xobj.zize:; -
data = new int[ =i=ze ]:

for (int i=0; i<szi=ze; i++) datal[i] = =xokbj.data[i]:
B ¥
Afoopy assignment operator:

=] ¥& operator={ const X& xobj)] A
cout << "XE operator=( const X& xobi) " << endl: il
if | this !'= gxob]j )| |

cout << "this '= &xob]"™ << endl:

delete [] data;

2ize = xobj.zize:

data = new int[ =size ]:

for (int i=0; i<si=ze; i++) datal[i] = =xobh]j.datal[i]: B
Poelse |

cout << "thisz == gxobi™ << endl:

¥
return *this:
B H

— '.\".\'II."

fidestructor: |
146 | Ing |

YHL Copy Constructor



W CopyAssignX - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

@ CopyAssigns, oo x] |II| E] @

| if ( this != exob) ) { Alml

e C:yungludcygwinibinish. exe

Al int¥ ptr, int sz )
§£ int¥ ptr, int sz )

11 [sig] copyass ignx 5332 _cygtls::handle_exceptions: Error w
tate (probably corrupted stack
fcygdrlvefcfyunglquetbeansé@fcndlfblnfdcrun sh: line 82: 3332 Se
1t (core dumped) $p "

[Press Enter to close win cw] -

value in x2 changed, then the program crashes

Build successtul.

YHL

Copy Constructor
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How about Java?

Java does not need (neither allow) copy constructor.

Java does not allow programmer-defined operator
overloading.

Java performs garbage collection. Destructors are not
needed (and not allowed).

Copy Constructor 16



YHL

Self Test

Copy Constructor

17



ECE 462
Object-Oriented Programming
using C++ and Java

Parameter Passing in Functions I

Yung-Hsiang Lu
yunglu@purdue.edu

YHL Parameter Passing 2



C++ Parameter Passing and Copying

pass by value, object
func(AClass obj) { ... }
// object copied before passing, change not seen by caller

pass by pointer, object
func(AClass *x) { ... }
/] object not copied, change seen by caller

pass by reference, object
func(AClass & obj) { ...}
// object not copied, change seen by caller

YHL Parameter Passing 2




Return Object and Copying

return object
AClass func(...) { ... }
/] object copied before return

return pointer
AClass * func(...) { ... }
I/ object not copied, cannot return a local object

return reference
AClass & func(...) { ... }
// object not copied, cannot return a local object

YHL Parameter Passing 2




W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

PassObiject, oo x] |II| E] @

Ei%ﬁinclude <iogtreanms: 2=l m
B “#include <strinog: —

using namespace std:

Eclass User |
- A this class can use the copy constructor and

A4 the assignment operator by the compiler
/4 2inee there iz no pointer
- /¢ the purpose is to show when ohjects are copied as parameters
public:
String hnhame:

int age:
= User | string nam, int vy7 )
cout << "User | string nam, int vy 17 << endl:
name = nam;
age = ¥y»

B *

A4 copy constructor

=] User (const User & u) |

cout << "Uzer (const Tser £ ow) ™ <4 endl:
name = W, hame;

age = u.age:

B b

44 assignment operator

= User & operator = (const User & u) |
cout << "lUszer & operator = [(const User & u)l ™ << endl;
if [ thi=s !'= & u ] {
Fd Ames mat mesd o o relesss Ar o =sllocsts wmetwmorT b’
413 | N3 |

YHL Parameter Passing 2



W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

PassCbject.cc = ]

B h
ff assignment operator
=] User & operator = [const User & u)
cout << "User & operator = [(const Tser & ul ™ << endl;
if [ this '= & u )] {
ff does not need to release or allocate memory
hame = . hawne !
age = u.age;
h
return * this;
B b
sl

[Flwoid £1{ User u | {
W.natme = TET:

n.age = 2;

~

[Flwoid £2( User® u | |
u->name = FCf;

u-rage = 3;

al

woid £3( Users u ) |

W.name = "DT;
n.age = 4;

e | s |

YHL Parameter Passing 2



W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

F‘assobject.cc x]
)]
[FlUser £4( User u | { E
return u;}
-t
[FlUser £5( User & u | {
return u;}
-t
[FlUser & f&6( User & u | |
return u;}
-t
Eluser £7(1 {
Uzer ui( "X", 10 i;:
return u; S/ copy the local ohisct
-t
FlUsers £51)
Uzer u( "¥", 11 : L_
return u; // illegal, local ohject destroyed outside the function
— 1
Elint main() |
Tser wi "™a", 1 1;
cout << endl << "L£l(ul ";
£1(u):
mAnr 1n_mame L n_ame endAls S/ 0 1 s
413 | NS |

YHL Parameter Passing 2



W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

PassObiject, oo x] |II| E] @

Elint main() |

Uzer u( "o", 1 1:

cout << endl << "f£l(ul " << endl:

£1{u):

cout << u.name << " " << u.age << endl; S/ L1

cout << endl << "f£Z(ul " << endl:
20 & u ):
cout €< u.name << " " <4 u.age << endl; AT 3

cout << endl << "f£3(ul " << endl:
£3(u):

cout << u.name << " " << u.age << endl; S/ D 4

cout << endl << "f4(u) " << endl:
Uzer w1 = f4(u):

cout << endl << endl << "L£S(u)l " << endl;
Uzer w2 = f£5(u):

cout << endl << endl << "fo(ul" << endl;
Uzer w3 = felu): b

v3 = £6(u) ;|

94:16 | INS |

YHL Parameter Passing 2



W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

PassObject.co x] |II| E] @
-

|
cout << endl << "T£3 ()" << endl: =
£3(u):
COut << W.hame << 7 "7 << W.age << endl; S/ DI 4

cout << endl << "Tfd(u) " << endl:
Tser w1l = f4iu);

cout << endl << endl << "L£S5(u)l " << endl;
Tzer w& = £5(u):

cout << endl << endl << "fofu)l " << endl;
Tzer w3 = £6(u):

w3 o= f£aiu);

cout << endl << endl << "L£7(1" << endl;

Uzer w4 = £7():

cout << vd.name << " " << vid.age << endl; S/ X 11

cout << endl << endl << "£S (1" << endl;

Uzer w5 = £31(): .
cout << wS.name << " " << vB.age << endl; /) program crash

return 0O:

-t

< |

=]
89:21 | INS |

YHL Parameter Passing 2



W PassObject - NetBeans IDE 6.0

File Edit Wiew Mawigate Source Refactor Build Run Profile  Mersioning Tools  Window  Help

E:‘]F‘assobject.cc x] |L_P|E]@
Cluser £70) alm
Tzer ul "X", 10 ): —
return u; S/ copy the local ohisct
i
FlUsers £51)
User u{ "7, 11 ): <::|
return u; // illegal,Nlocal ohject destroyed outside the function =™
— 1
int main() |
User ul "i", 1 3: b
67:1 | INS |
: Dutput - PassObject {Build) ¥ =
Punning "C:hZvyunglucygwintbinimake exe -—-f Makefile CONF=Debug" in C:Zvyunglujavah Copylssiogns ft
fasr/binfmake -f nbproject /Makefile-Debug. wk SUEPROJECTE= _build-cont
make[l]: Entering directory " JSoygdriwvefo/vyanglusjavasCopyhssigrdd’
wkdir -p huildeehungygwin—Windnwﬂ
g+t exe -c -y -0 build/Debug/Cygwin-WMindows Pass0bject._o Pass0bject.cc
Pasz=0bject._cc: In function “Usersa £80()':
PassObject.cc:67: warning: reference to local wariable *u' returned
wkdir -p dist/Debug/Cyguwin-Mindows
g+t exe —o dist/Debug/Cygwin-Windows/copyassigny build/Debuy/Cygwin-Mindows /Pass0bject .o
make[l]: Leawing directory " Jfoygdriwve/sc/yunglusjavasCopylssigrk'
Euild successful. Exit walue 0.
W

YHL Parameter Passing 2



User{ string nam, int vy )

f1(u)

Hser{ccnst User & u)

2(y)

3{u)

)

(const User & u)
(const User & u)

cCCcCHh O O h

U
3
u
a

4{u

ser

ser

(
e
e

fS(u)

User{const User & u)

fF6(u)
User{const User
User & operator

u)

Il =

f70)

User{ string nam, int yy )
X 1@

F8()
User( strlna nam, 1nt vy )
User{const Use

X?ygdrlveﬂcﬂyungluﬁNetbeansBﬂfcndlfbinfdorun.sh:
4

(const User & u)

line 82: 1896 Ab-
| B

YHL

Parameter Passing 2
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ECE 462
Object-Oriented Programming
using C++ and Java

Overload Resolution

Yung-Hsiang Lu
yunglu@purdue.edu
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Overloading (by Parameters Types)

Overloading: same function name, same return type,
different input parameters (hnumbers, types, or both)

Overload cannot be resolved by the return type.

example: Java Color class has 7 constructors

 Color (ColorSpace cspace, float[] components, float alpha)
Creates a color in the specified ColorSpace with the color
components specified in the float array and the specified alpha.
(alpha: transparency)

o Color(floatr, float g, float b)
Creates an opaque sRGB color with the specified red, green, and
blue values in the range (0.0 - 1.0).

YHL Overload Resolution
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Color(float r, float g, float b, float a)

Creates an sRGB color with the specified red, green, blue, and
alpha values in the range (0.0 - 1.0).

Color(int rgb)

Creates an opaque sRGB color with the specified combined RGB
value consisting of the red component in bits 16-23, the green
component in bits 8-15, and the blue component in bits 0-7.

Color(intr, int g, int b)
Creates an opaque sRGB color with the specified red, green, and
blue values in the range (0 - 255).

... 2 more constructors ... check

Why to overload? convenience: you may have different
types of information
frequently used in constructors

Overload Resolution



J Color (Java Platform SE 6) - Mozilla Firefox
File Edit Miew  History  Bookmarks  Yahoo!  Tools  Help

ﬂ;: - - I:é'j E & http: /fiava.sun, comfjavasefe/docsapifiavalamt ) Color, hkml ¥ | @ ' java color &

|J_I.LJ.J.'J.J_LLJJ.'L||' e o A LT LSl e LIS L

Constructor Summary

Color (Colorfpace cspace, float[] components, float alpha)
Creates a color 1 the specified Colorgpace with the color components specified m the
float array and the specified alpha.

Color(float r, flocat g, float bl
Creates an opaque sRGB color with the specified red, green, and blue values m the range (0.0 -
1.0).

Color (float r, float g, fleocat b, flocat a)
Creates an sSRGB color with the specified red, green, blue, and alpha values in the range (0.0 -
1.0).

Color (int rgk)
Creates an opaque sRGB color with the specified combined RGE value congsisting of the red
component m bits 16-23, the green component m bits §-15, and the blue component in bits 0-7.

Color (int rgka, boolean hasalpha)

Creates an sRGB color with the specified combmed RGBA value consisting of the alpha
component in bits 24-31, the red component i bits 16-23, the green component in bits 8-15, and the
blue component i bits 0-7.

~

[aone

YHL
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5 Qt 4.3: QColor Class Reference - Mozilla Firefox

File Edit Miew  History  Bookmarks  Yahoo!  Tools  Help
<E| - - @ ‘S_I!" | http: /fdoc. trollkech, com/4. 3/ qoolor . html |‘| [}] '*| H\]
* i Spec § BEZ0, ]SV, UIDYEK, Hivanld A

Public Functions

*

*

»

»

*

L

L ]

overloaded constructors.
QColor ()

QColor {mnt », mt g, mt », nt ¢ = 255 )
QColor ( QRgb coior )

QColor ( const QSting & name )
QColor ( const char * name )

QColor ( const QColor & color )
QColor ( Qt:GlobalColor color )

mt alpha () const

qreal alphaF () const

mt black () const

greal blackF () const

it blue () const

qreal blueF () const

QColor convertTo { Spec calorSpec ) const
mt cvamn () const

areal cvanF () const

Similarly, QColor also has

[£

[aone

YHL
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) Object {Java Platform SE 6) - Mozilla Firefox
File Edit Miew  History  Bookmarks  Yahoo!  Tools  Help

- - I:é'j E & hkbp:ffiava.sun.com/javase s /docs/ apifiavaflang/Object iml#waity |~ | [& '

Waltes up a smgle thread that 15 Walting o11 tins object’s moitor.

woid

notifyAll ()
Walces up all threads that are waiting on thig object's monitor.

String

tc:-String ]
Returns a string representation of the object.

vDid1qait(} < I .
Cauges the current thread to wait until another tly over I 0 a‘d ed fu nctions
or the notifyall () method for this object. | N J ava O bJ eCt
void

wait (long timeout)

Caugeg the current thread to wait unti either another thread involces the notify ()
method or the notifyall () method for this object, or a specified amount of tune has
elapsed.

woid

wait (long timeout, int nanos)

Cauzes the current thread to wait untid another thread mvokes the notify () method
or the notifyall () method for this object, or some other thread mterrupts the current
thread, or a certam amount of real time has elapsed.

Constructor Detail

[aone

YHL
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5 Ot 4. 3: QHash Class Reference - Mozilla Firefox
File

Edit  Wiew  History  Bookmarks  Yahoo!  Tools  Help

<E| = = @] g | http: ffdoc.trolltech, comf4. 3 /ghash. bl |‘| [}] '*| H\]
« 1terator mserthiula ( const Ikey & ey, const T & valie ) A
+ bool isEmpty () const
+ const Key key ( const T & value ) const <::| =
+ const Key key ( const T & value, const Key & defaultKey } const
+ QList<Key> kevs () const
+ QList<Key> kevs ( const T & value ) const
« int remove ( const Key & key ) ]
» void reserve (int size ) overloaded functions
+ inf size () const .
+ void sql?eeze () In Q H as h
+ T take { const Key & fey )
+ QList<=Key> uniquelieys () const
+ QHash=Key, T= & umnite ( const QHash=Key, T & other )
+ const T value ( const Key & key ) const
+ const T value { const Key & key, const T & defauif Value ) const
+ QList<T= values () const
+ QList<T= values { const Key & key ) const
+ bool operator!= ( const QHash=EKey, T= & other ) const
+ QHash=Key, T= & operator= ( const QHash=EKey, T= & other )
+ bool operator== ( const QHash=EKey, T= & other ) const
s I R, fonll {_nasc P C P S Y M

Done

YHL Overload Resolution



Overload Resolution
(how to find the right function to call)

e |f there is an exact match, the function is called.
— (int, double, User) — f(int, double, User)
— (String, User, Color) — f(String, User, Color)

« If there is no exact match, the compiler will find the
"closest" match by

— type conversion through promotion (no information
loss), eg. short — int, char — Int, float — double

— not const — const

— C++: standard conversion (information may be lost),
eg . double — Int, int — double

— derived class — base class

YHL Overload Resolution



Overload Resolution

 If two (or more) matches are equally close = error
e determined at compilation time, not run-time
 C++ allows default values, as one format of overloading
func(int x, inty =8){ ... }
func(5); // same as calling func(5,8);
func(5, -11); // x=5andy =-11
/[ always start from the last parameter
func(intx =3, inty) {... }// error
func(int x, doubley =0.0,intz=-10){... } // OK

YHL Overload Resolution
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Differences between Java and C++

Java allows conversions without losing information
(6.7.2):

— byte — short, int, long, float, or double

— Int — long, float, or double

— long — float or double

Java does not allow programmer-defined conversion.

Java does not allow ellipsis (undefined number of
parameters, should also be avoided in C++)

Overload Resolution

10
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C++ Overload using
Primitive Types

Overload Resolution
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File Edit

& CIC++ - CppOverload/main.cpp - Eclipse SDK

Fefactar

[ main.cpp 52

Mavigate Run Search Project

#include <iostreatms
using namespace std;
volid £1 (char x) !

Cout €<
Cout <<
b
roid £1 (int
cout <<
Cout <<
h

"fl(char) ™ << endl:
¥ << endl << endl:

)
"El(int) "™ << endl;
¥ << endl << endl;

volid £l (float =) ¢

Cout £«
cout <<
'

ff1(float)™ << endl:;
¥ << endl << endl;

roid £1 (double =) {

cout <<
cout <<
}
void £2(int
cout <<
cout <<
h

"fl(dowole) ™
¥ << endl <<

<< endl
endl ;

oA
EZ (int) "™ <<
¥ << endl <<

endl;
endl ;

roid £2 (float =) |

cout <<
cout <<
}
void £3(int
cout <<

=4

T2 (float) ™ << endl;
¥ << endl << endl;

¥, int v =
PE3{int =,

i, int =
int v

3

Window  Help

=8

<terminated > CppOverload.exe [C/C++ Local Application]
Xk hpfEE&E ot B-15-

£1iint]

1024

= 8| Bl consale 2

L

flichar)
J

£2 (float)
0.0377

£3iint =,
12 3

int ¥ 3, int = 3

fijint x, int =

4 5 5

int v 3, 5]

H —

f3lint =,
& 3 5

int ¥ 3, int = 5]

3 d
, int =

= 51" f¢ endl;

Writable Smart Insert 50:1

Overload Resolution 12



& CIC++ - CppOverload/main.cpp - Eclipse SDK

File Edit Refactor Mawigate Run  Search Project  Window Help

[ main.cpp 52

volid £2 (float =) ¢
cout << "fZ(float) ™ << endl;
cout << ¥ << endl << endl:

h

rvoid £3(int x, int v = 3, int =z = §)

cout << "f£i{int x, int ¥ = 3, 1int =

= 51" << endl;

cout << ¥ o<w "M oL oy o< " o« B €< endl << endl;

}
int main{int argc, char * argv[]) |
int iv = 10z24;
f1liiwv):
char cv = '3':;
£f1iew);
A/ error, ambiguity
A long lv o= -9;
FO£1ilw)
A error, ambiguity
ff double dv = 1.23e+47;
AfOf2idw)
A4 this is fine
float fv = 3.77e-2;
£2 (£v) :
£3i(1, 2, 3i1:
£3i(4, 5):
£3i6):
return 0O;

1 Writable

Srart Inserk

Bl console 52

= O

<terminated > CppOverload.exe [C/C++ Local Application]

X% Expi &

£iiint)
1024

flichar)
J

£2 (float)
0.0377

£3iint =,
12 3

fijint x,
4 5 5

f3lint =,
& 3 5

=i-M=h

=]

=y

=y

YHL
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C++ Overload with Objects

Overload Resolution
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& CIC++ - CppOverload/main.cpp - Eclipse SDK

File Edit Refactor Mawigate Run  Search Project  Window Help

[ main.cpp 52

#include <iostream>
using namespace std;
class CE { ¥: // bhase class

class CD1 : public CE { ¥: // derived 1
class CDZ : public CD1 { }:lff deriwved 2

rvoid £1(CDh1 & ol, CDZ & o) |
cout << "£1(CD1, CD2) "™ << endl;
}
void £1(CDhZ2 & ol, CD1 & o) f{
cout << "£1(CDhZz, CD1)"™ << endl;
¥
rvoid £1(CDh1l & ol, CD1 & o) |
cout << "£1(CD1, CD1)™ << endl:
h
void £1(CE £ ol, CE & oZ) {
cout << "£1(CE, CE]"™ << endle/'
} o
int main{int argc, char * argyt]] 1
CE hobi; S
CDh1 clobi: e
CD2 czZohi: 4
flieloh]j, clokij):
flieloh]y, c2okbij):
flici2okij, clokij):
fiikhobj, bhobj):

A f1eEZob]i, ciZobj): Y ambicuous

return 0;

=4

Writable

= 8| Bl consale 2

L

(&

v 28

Overload Resolution

<terminated > CppOverload.exe [C/C++ Local Application]
X% Gupi&&E

< £11CD1, CD1)
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& CIC++ - CppOverload/main.cpp - Eclipse SDK

File Edit Refactor Mawigate Run  Search Project  Window Help

[@ main.cpp & = 8| Bl consale 2 = B8
#include <iostream: # || | |C-Build [CppQverload]
using namespace std; @ e #BE-CY-

class CE { ¥: // bhase class

class CD1

class CDZ2 :

rvoid £1(CD1
cout <<

}

void £1(CL:E
cout <<

¥

void £1(CD1
cout <<

h

void £1{CE & ol, CE & o2 |

cout <<

'

int main{int argc, char * argv[]) |

flieloh]j, clokij):

public CE { }: // deriwved 1

#%*% Bulild of configuration Debug
public CD1 { }: // deriwved =

TR . e

L L m, F1(CD1, CD2) and f1(CD2, CD1)
o1, o1 6 02} equally close

"f1{CDZ, CD1)]" << endl;

YTT TR T Twass To
—-fmessage—length=0 -MMD -MP
-MF'main.d" -MT"main.d™
—o"main.o™ .. Smain.cpp'
Swain.cpp: In function Cint
mainiint, charc#®¥*)':
.Swain.cppiZ6: error: call of
owverloaded "f£1(CD2g, CD2Zg)!' i=

&£ ol, CD1 & o2) {
"£1(Ch1, CD1)" << endl:

"f1{CE, CE)]" << endl;

arrb iguous
CE bobi: ../main.cpp:6: note: candidates
CDh1 clobj]: are: void £1{CD1ls, CDZ&)
CD2 czZohi:

LS mEain.cppi?: note: woid
f1(CDh2&, CD1g)

fii{ciob], cZobj): Amain.cpp:12: note:  woid
flicZob]j, clobj); = f1(Chls, CD1&)
flibaokij, bokijl:

.Swain.cpprl5: note:  woid

=4

fliczobhi, czobil;: /7 ambiguous < | error £1({CB&, CB&)

return 0;

make: *** [main.o] Error 1

Writable Smart Insert 2615

YHL

Overload Resolution 16



& CIC++ - CppOverload/main.cpp - Eclipse SDK

File Edit

Refactor  Mavigake Run  Search  Project

[ main.cpp 52

==

class CB { }:

rvoid £1(CD1

b
ll."ﬁ'

woid £1(CD2

i
*”

rvoid £1(CD1

'

void £1(CE & ol,
cout << "£1(CE,

'

& ol,

=

£ base class
class CD1 : public CE { }; // derived 1
class CDZ : public CD1 { ¥; // derived Z

cout << "f1({CD1,

cout << "f£1(CDZ,

& ol,

cout << "f1({CD1,

int main(int argc,

CE hobkbj;

CD1l clobj
CDa cz2obj
fil{elob],
fi(elob],
fil(eZob],
f1(kbobj,

fil(eZobi,
return 0O;

clobij):
cZobi):
clobi):
bokij):
c2okbi);

CDZ & o2} |
CDZ) " << endl:

&£ ol, CD1 & o2) { :

CDh1y" << endl;
CD1 & o2} |
CD1)" << endl:

CE & 02) {
CE)"™ << endl:

char * arogv[]] |

A ambiguous

Writable

Window  Help

NOo error

El consale &2 =0
<terminated > CppOverload.exe [C/C++ Local Application]
Xk hpfEE&E ot B-15-

£1({CD1, CD1)

£1{CD1, CDZ)

£1{CD1, CD1)

£1{CE, CE]

£1{CD1, CDZ)

f1(CD1, CD2) is the closest

Srart Inserk

13

W
=
3

YHL
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