
&KDSWHU��&KDSWHU��

,PSOHPHQWLQJ�D�1HZ�&ODVV,PSOHPHQWLQJ�D�1HZ�&ODVV

,PSOHPHQWLQJ�D�QHZ�FODVV�

LQYROYHV���

❚ GHVLJQ�LGHDV�
�ZKDW¶V D JRRG FODVV�

❚ GHVLJQ�UHSUHVHQWDWLRQ
�H�J�� GLDJUDPV�

❚ DJJUHJDWLRQ�
�FRPSRVH 	 KLGH VXE�REMHFWV�

❚ ODQJXDJH�IHDWXUHV
�&�� V\QWD[�UXOHV�

❚ WRROV�
�WR FRGH�GHEXJ�



6WUXFWXUH�RI�DQ�$JJUHJDWLRQ

Section 4.2:

$GYDQWDJHV�RI�$JJUHJDWLRQ

❚ VLPSOLFLW\
�RQH REMHFW� QRW PDQ\�

❚ VDIHW\
�YLD HQFDSVXODWLRQ RI VXE�REMHFWV�

❚ VSHFLDOL]DWLRQ
�RI LQWHUIDFH�

❚ VWUXFWXUH
�LVRPRUSKLF WR UHDO�ZRUOG�

❚ VXEVWLWXWLRQ
�UHSODFLQJ VXE�REMHFWV�



&RPSRVLWLRQ�YLD�$JJUHJDWLRQ

7\SHV�RI�$JJUHJDWLRQ

❚ 6WDWLF�DJJUHJDWLRQ

QXPEHU�	�RUJDQL]DWLRQ�RI�VXE�REMHFWV�DUH�
SUHGHILQHG�DQG�XQYDU\LQJ

❚ '\QDPLF�DJJUHJDWLRQ

WKH�RSSRVLWH��VXE�REMHFW�DOORFDWHG�G\QDPLFDOO\

❚ ([DPSOH� ,V�PD[�VWDFN�VL]H�IL[HG�RU�YDU\LQJ"



([DPSOHV

❚ 6WDWLF

❙ &DU�� IRXU�WLUHV

❙ %RRN�� IL[HG�QXPEHU�RI�
SDJHV

❙ 3DJH�LQ�D�ERRN�� RQH�
³QH[W´�SDJH

❙ 6WDFN�� IL[HG�VL]H

❘ VSHFLILHG RQ FRQVWUXFWLRQ�

EXW IL[HG WKHUHDIWHU

❚ '\QDPLF

❙ 7LUH�VWRUH�� YDU\LQJ�
QXPEHU�RI�WLUHV

❙ :HE�VLWH�� QXPEHU�RI�
³SDJHV´�FDQ�FKDQJH

❙ :HE�SDJH�� PDQ\�
SRVVLEOH�³QH[W´�SDJHV

❙ 6WDFN��YDU\LQJ�VL]H

❘ 6WDFN��3XVK�LQW� FDQ

JURZ VWDFN VL]H

Try it!

5HYLHZ�� &ODVV�6WDFN

class Stack {

public:

Stack(int sz);

void Push(int value){ ASSERT(numItems<10); stack[numItems++]=value;}

private:

int  size;           // Max capacity of stack.

int numItems;        // Index of the lowest unused position.

int* stack;          // Pointer to array that holds contents.

};

Stack::Stack(int sz) {

size = sz;

numItems = 0;

stack = new int[size]; // Allocate an array of integers.

}

Redefine Stack::Push(int) so it automatically 
increases size of array stack



6WDFN�:LWKRXW�6L]H�/LPLW�
6WDFN��3XVK�LQW��FDQ�JURZ�VWDFN�VL]H

void Stack::Push(int value) {

if (numItems >= size) // if numItems is greater than size
{

// allocate a new int array, twice current size
int* tempS = new int[2*size]; size = size*2;

// copy current contents into new array
for (unsigned i=0; i<numItems; i++)  {  tempS[i] = stack[i]; }

// swap old & new stacks; delete old stack
stack = tempS; delete stack;

}

// Finally!  We can push new value onto stack
stack[numItems++] = value;

}

http://ei.cs.vt.edu/~cs2704/fall98/Begole/StackTest1.zip

3URSHUWLHV�RI�D�*RRG�&ODVV�

❚ DEVWUDFWLRQ

❚ FRUUHFWQHVV

❚ VDIHW\

❚ HIILFLHQF\



,PSOHPHQWLQJ�D�FODVV�PHDQV�GHILQLQJ�

❚ GDWD�

HQFDSVXODWHG��KLGGHQ��SULYDWH��YDULDEOHV�
UHFRUGLQJ�FXUUHQW�³VWDWH´�RI�REMHFW

❚ FRGH�

PHPEHU�IXQFWLRQV��RSHUDWLRQV��PHWKRGV��
SHUIRUPLQJ�DFWLRQV�RQ�GDWD�

Section 4.3:

([DPSOH�,QWHUIDFH

class Location { 

private:
int  currentX, currentY;

public:
Location(int x, int y);
Location();         // Default location

int Xcoord();           // Return x-axis coordinate
int Ycoord(); // Return y-axis coordinate

~Location(); 
};



([DPSOH�,PSOHPHQWDWLRQ([DPSOH�,PSOHPHQWDWLRQ

Location::Location(int x, int y)
{ currentX = x; currentY = y; }

Location::Location ()  { currentX = currentY = -1; }

int Location::Xcoord() { return currentX; }

int Location::Ycoord() { return currentY; }

Location::~Location()  {}

7U\�WKLV�QRZ���

❚ $GG�/RFDWLRQ��(TXDO�/RFDWLRQ	�

❙ 1RW�XVLQJ�DFFHVVRU�PHWKRGV�

❙ 8VLQJ�DFFHVVRU�PHWKRGV
class Location { 

private:
int  currentX, currentY;

public:
Location(int x, int y);
Location();         // Default location

int Xcoord();           // Return x-axis coordinate
int Ycoord(); // Return y-axis coordinate

~Location(); 
};



6ROXWLRQ���

1RW�XVLQJ�DFFHVVRU�
int Location::Equals(Location& other)
{  

return (currentX == other.currentX
&& currentX == other.currentY);

}

8VLQJ�DFFHVVRU�
int Location::Equals(Location& other)
{  

return (currentX == other.Xcoord()
&& currentX == other.Ycoord());

}

7U\�WKLV�QRZ���

❚ ,PSOHPHQW�D�VDIH 6WDFN��3RS���IXQFWLRQ�

,I�WKHUH¶V�QRWKLQJ�RQ�WKH�VWDFN��3RS�³VRPHKRZ´�
VLJQDOV�WKH�FDOOHU�WKDW�WKHUH¶V�DQ�HUURU�



6WDFN��3RS���,QWHUIDFH

enum ErrorType { NO_ERROR, STACK_UNDERFLOW, STACK_OVERFLOW};

class Stack {
public:

Stack(unsigned sz=5); 
void Push(int value);
int Pop();
ErrorType GetError();
~Stack();

private:
unsigned size;         
unsigned numItems ;
int* stack;
ErrorType errorType;

};

,PSOHPHQWLQJ�6WDFN��3RS��

int Stack::Pop() {
if (numItems > 0) {

numItems --;
errorType = NO_ERROR;
return stack[numItems ];

} else {
errorType = STACK_UNDERFLOW;
return -1;  // -1 could be a legal value

}
}

int Stack::GetError() { return errorType; }



8VLQJ�6WDFN��3RS��

#include "Stack.h"
#include <iostream.h>

main() {
Stack  s1;

s1.Push(99);   s1.Push(345);  s1.Push(235);

for (int i=0; i<5; i++ ) {  // causes 2 underflow errors
s1.Pop();

// check for error after each Pop()
if (s1.GetError() != NO_ERROR) 

cout << "Error!” << endl;
}

}

0HPEHU�)XQFWLRQ�6\QWD[0HPEHU�)XQFWLRQ�6\QWD[

❚ *HQHUDO�V\QWD[�RI�PHPEHU�IXQFWLRQ�LPSOHPHQWDWLRQ���

5HWXUQ7\SH &ODVV1DPH��PHPEHU)FW1DPH �$UJ/LVW� ^6WPWV`

int Location::SetX(int newX) {x=newX; return x;}

❚ ZKHUH

❙ 5HWXUQ7\SH � W\SH RI YDOXH UHWXUQHG �H�J� LQW��

❙ &ODVV1DPH � FODVV WR ZKLFK PHPEHU IXQFWLRQ EHORQJV

❙ PHPEHU)FW1DPH � IXQFWLRQ QDPH

❙ $UJ/LVW � OLVW RI DUJXPHQWV IRU WKLV PHPEHU IXQFWLRQ

❙ 6WPWV � FRGH GHILQLQJ ZKDW PHPEHU IXQFWLRQ GRHV

ZKHQ LQYRNHG



7U\�'HILQLQJ�WKLV�6KDSH�&ODVV

class Shape {

private:
int height;
int width;

public: 
Shape(int width, int height); // specific shape
Shape();                    // default shape

int     Height();                   // return height
int     Width();                    // return width
Shape   Resize(float factor);       // return adjusted shape
Boolean Equal(Shape s); // are shapes same?
Boolean LessThan(Shape s); // is one shape smaller?

};

2UJDQL]LQJ�WKH�&RGH

❚ 6HSDUDWH�LQWHUIDFH�	�LPSOHPHQWDWLRQ�

❙ �K�� ,QWHUIDFH

❙ �&���FF���FSS�� ,PSOHPHQWDWLRQ

Section 4.4:



2UJDQL]DWLRQ�&KRLFHV

❚ �K�ILOHV�

❙ ���K�ILOH� ���FODVV�

([��5HFWDQJOH�K��&LUFOH�K��«

❙ ���K�ILOH� �1�UHODWHG�FODVVHV�

([���*UDSKLFV�K�FRQWDLQV�FODVVHV

5HFWDQJOH��&LUFOH��«

❚ �FSS�ILOHV�

❙ ���FSS�ILOH� ���FODVV�LPSOHPHQWDWLRQ��ZK\"�

2UGHULQJ�<RXU�&RGH�

IRU�WKH�&���&RPSLOHU

❚ &���LV�VWDWLFDOO\�W\SHG

6R�FRPSLOHU�PXVW�VHH�FODVV�GHIQ�EHIRUH�FODVV�XVH

❚ ��FDVHV

❙ ���6KDSH�FSS��LQFOXGHV�6KDSH�K

❙ ���2QH��K�ILOH�UHIHUV�WR�VHFRQG��K�ILOH

❙ ���2QH��FSS�ILOH�UHIHUV�WR�DQRWKHU��K�ILOH



���6KDSH�FSS��LQFOXGHV�6KDSH�K

6KDSH�K�
class Shape {

…

Shape(int x, int y);

…

}

6KDSH�FSS�
#include “Shape.h“

Shape::Shape(int x,
float y)

{

…

}

C++ compiler checks method “signatures”:  (int, int) vs. (int, float)

Compiler detects mismatch

���2QH��K�ILOH�UHIHUV�WR�VHFRQG��K�ILOH

0HVVDJH�K�

#include “Location.h“

class Message {
…

Message(Location where);

}

Compiler wants to check if 
argument class (Location) 
actually exists.

0HVVDJH�FSS�

#include “Message.h“

Message::Message(Location 
where)

{...}

Can compiler check if class 
Location exists even though 
Location.h isn’t included?



���2QH��FSS�ILOH�

UHIHUV�WR�DQRWKHU��K�ILOH

FileChooser.h:

class FileChooser {

private:

char* thePath;

char* theFilter;

public:

FileChooser(

char* path,

char* filter);

File AskUser();

}

FileChooser.cpp:

#include “Directory.h“

File FileChooser::AskUser()

{

Directory dir(thePath,
theFilter);

…

}

.h needs no #includes; only .cpp 
refers to a second class

&���3UHSURFHVVRU

// A.h

A1

#include B

A2

// B.h

#include C

B

=
A1

D

C

B

A2

Preprocessor uses stack while scanning #include files.

// C.h

#include D

C



$�6LPSOH�6WDWLF�$JJUHJDWLRQ$�6LPSOH�6WDWLF�$JJUHJDWLRQ

An object with a fixed number 
of simple internal parts.

Section 4.5:

&ODVV�5HFWDQJOH

+RZ�GR�ZH�GUDZ�D�UHFWDQJOH"



5HFWDQJOH�&ODVV5HFWDQJOH�&ODVV

FODVV�5HFWDQJOH�^�

SULYDWH�
/RFDWLRQ��XSSHU/HIW��XSSHU5LJKW��ORZHU/HIW��ORZHU5LJKW�
6KDSH�����DUHD�

SXEOLF�
5HFWDQJOH �/RFDWLRQ�FRUQHU��6KDSH�VKDSH��
YRLG�0RYH8S����� �LQW�GHOWD<��
YRLG�0RYH'RZQ� �LQW�GHOWD<��
YRLG�0RYH/HIW��� �LQW�GHOWD;��
YRLG�0RYH5LJKW� �LQW�GHOWD;��
YRLG�'UDZ������ �&DQYDV	�FDQYDV��
YRLG�&OHDU �&DQYDV	�FDQYDV��
a5HFWDQJOH ���

`�

5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ

5HFWDQJOH��5HFWDQJOH�/RFDWLRQ FRUQHU� 6KDSH VKDSH� ^

XSSHU/HIW  FRUQHU�

DUHD  VKDSH�

5HVHW�&RUQHUV���

`

5HFWDQJOH��5HVHW�&RUQHUV�� �� DGG WR SULYDWH SDUW RI LQWHUIDFH

^

XSSHU5LJKW  /RFDWLRQ�XSSHU/HIW�;FRRUG�� � DUHD�:LGWK���

XSSHU/HIW�<FRRUG����

ORZHU/HIW  /RFDWLRQ�XSSHU/HIW�;FRRUG���

XSSHU/HIW�<FRRUG�� � DUHD�+HLJKW����

ORZHU5LJKW  /RFDWLRQ�XSSHU/HIW�;FRRUG�� � DUHD�:LGWK���

XSSHU/HIW�<FRRUG�� � DUHD�+HLJKW����

`



5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ

YRLG 5HFWDQJOH��0RYH8S�LQW GHOWD<�
^

XSSHU/HIW  /RFDWLRQ�XSSHU/HIW�;FRRUG���
XSSHU/HIW�<FRRUG�� � GHOWD<��

5HVHW�&RUQHUV���

`

�� ��� 0RYH'RZQ� 0RYH/HIW� 0RYH5LJKW VLPLODU WR 0RYH8S

5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ��&RQWLQXHG�5HFWDQJOH�&ODVV�,PSOHPHQWDWLRQ��&RQWLQXHG�

YRLG 5HFWDQJOH��'UDZ�&DQYDV	 FDQYDV� ^

FDQYDV�'UDZ/LQH�XSSHU/HIW� XSSHU5LJKW��

FDQYDV�'UDZ/LQH�XSSHU5LJKW� ORZHU5LJKW��

FDQYDV�'UDZ/LQH�ORZHU5LJKW� ORZHU/HIW��

FDQYDV�'UDZ/LQH�ORZHU/HIW� XSSHU/HIW��

`

YRLG 5HFWDQJOH��&OHDU�&DQYDV	 FDQYDV� ^

FDQYDV�&OHDU�XSSHU/HIW� DUHD�

`

5HFWDQJOH��a5HFWDQJOH�� ^`



$�6XSULVLQJ�)DFW

❚ 7KHVH���YDULDEOHV�DUH�LQLWLDOL]HG�WZLFH�
/RFDWLRQ��XSSHU/HIW��XSSHU5LJKW��ORZHU/HIW��ORZHU5LJKW�

❚ :K\"

:K\�/RFDWLRQ�9DUV�

DUH�,QLWLDOL]HG�7ZLFH

class Location {

private: int currentX, currentY;

public:  Location() {currentX=currentY= -1;}

…};

class Rectangle { 
private:     Location  upperLeft,…; ...

Rectangle(Location corner, Shape shape) 

{ upperLeft  = corner; ...;}
2QFH�

7ZLFH�



:KLFK�UXQV�ILUVW"��:K\"

❚ 6XEREMHFWV�FRQVWUXFWRUV"� �5HFWDQJOH�

❚ 2EMHFW�FRQVWUXFWRUV" �/RFDWLRQ�

class Rectangle { 

private:     Location  upperLeft,…;
}

�6XEREMHFW�

�2EMHFW�

:KLFK�RUGHU�GR�GHVWUXFWRUV�UXQ�LQ"��:K\"

&RQVWUXFWLRQ�'HVWUXFWLRQ

6HTXHQFH

YRLG PDLQ��

^

FRXW���%HJLQ 7HVW´��HQGO�

5HFWDQJOH UHFW�ORFDWLRQ��

FRXW���(QG 7HVW���HQGO�

`

%HJLQ 7HVW

/RFDWLRQ GHIDXOW FRQVWUXFWRU

/RFDWLRQ GHIDXOW FRQVWUXFWRU

/RFDWLRQ GHIDXOW FRQVWUXFWRU

/RFDWLRQ GHIDXOW FRQVWUXFWRU

5HFWDQJOH FRQVWUXFWRU

(QG 7HVW

5HFWDQJOH GHVWUXFWRU

/RFDWLRQ ������� GHVWUXFWRU

/RFDWLRQ ������� GHVWUXFWRU

/RFDWLRQ ������� GHVWUXFWRU

/RFDWLRQ ������� GHVWUXFWRU

6XEREMHFW

OLIHWLPH

2EMHFW

OLIHWLPH

PDLQ��

IXQFWLRQ

OLIHWLPH



$�'\QDPLF�$JJUHJDWLRQ$�'\QDPLF�$JJUHJDWLRQ

$Q�REMHFW�ZLWK�D�YDULDEOH�
QXPEHU�RI�LQWHUQDO�SDUWV�

([DPSOH��D�FODVV�UHSUHVHQWLQJ�SRO\JRQ�
ZLWK�DQ�DUELWUDU\�QXPEHU�RI�VLGHV�

Section 4.7:

7KH�3RO\6KDSH�6WUXFWXUH7KH�3RO\6KDSH�6WUXFWXUH



3RO\6KDSH�&ODVV�,QWHUIDFH3RO\6KDSH�&ODVV�,QWHUIDFH

FODVV 3RO\6KDSH

^

SULYDWH�

/RFDWLRQ1RGH 
KHDG�

/RFDWLRQ1RGH 
WDLO�

LQW FXUUHQW;� FXUUHQW<�

LQW OHQJWK�

SXEOLF�

3RO\6KDSH�LQW [� LQW \��

YRLG 8S �LQW Q��

YRLG 'RZQ �LQW Q��

YRLG /HIW �LQW Q��

YRLG 5LJKW�LQW Q��

YRLG 0DUN���

YRLG 'UDZ�&DQYDV	 FDQYDV��

a3RO\6KDSH���

`�

%DVLF�0HWKRGV�RI�WKH�3RO\6KDSH�&ODVV%DVLF�0HWKRGV�RI�WKH�3RO\6KDSH�&ODVV

3RO\6KDSH��3RO\6KDSH �LQW [� LQW \�
^ FXUUHQW;  [�

FXUUHQW<  \�

/RFDWLRQ 
VWDUW  QHZ /RFDWLRQ�[�\��

KHDG WDLO QHZ /RFDWLRQ1RGH�VWDUW��

OHQJWK  ��
`

YRLG 3RO\6KDSH��8S�LQW Q�
^ FXUUHQW<  FXUUHQW< � Q� `

YRLG 3RO\6KDSH��'RZQ�LQW Q�

^ FXUUHQW<  FXUUHQW< � Q� `

YRLG 3RO\6KDSH��/HIW�LQW Q�

^ FXUUHQW;  FXUUHQW; � Q� `

YRLG 3RO\6KDSH��5LJKW�LQW Q�

^ FXUUHQW;  FXUUHQW; � Q� `



$GGLQJ�WR�WKH�3RO\6KDSH$GGLQJ�WR�WKH�3RO\6KDSH

YRLG�3RO\6KDSH��0DUN���
^
/RFDWLRQ�
QHZ3RLQW��� �QHZ�/RFDWLRQ�FXUUHQW;��FXUUHQW<��
/RFDWLRQ1RGH�
QHZ1RGH� �QHZ�/RFDWLRQ1RGH�QHZ3RLQW��
WDLO�!1H[W�QHZ1RGH��
WDLO� �QHZ1RGH�
OHQJWK� �OHQJWK�����

`

'UDZLQJ�D�3RO\6KDSH'UDZLQJ�D�3RO\6KDSH

YRLG�3RO\6KDSH��'UDZ��&DQYDV	�FDQYDV�
^

LI��OHQJWK�  ����UHWXUQ�
/RFDWLRQ1RGH�
QRGH��
QH[W�
QRGH� �KHDG�
IRU�LQW�L ���L�OHQJWK����L���
^�� QH[W� �QRGH�!1H[W���
FDQYDV�'UDZ/LQH�QRGH�!&RQWHQWV����

QH[W�!&RQWHQWV����
QRGH� �QH[W�

`
FDQYDV�'UDZ/LQH�KHDG�!&RQWHQWV����WDLO�!&RQWHQWV����

`



/RFDWLRQ1RGH�&ODVV/RFDWLRQ1RGH�&ODVV

FODVV /RFDWLRQ1RGH ^

SULYDWH�

/RFDWLRQ1RGH 
QH[W�

/RFDWLRQ 
ORFDWLRQ�

SXEOLF�

/RFDWLRQ1RGH�/RFDWLRQ 
ORF��

/RFDWLRQ1RGH
 1H[W���
YRLG 1H[W�/RFDWLRQ1RGH
 Q[W��

/RFDWLRQ	 &RQWHQWV���

a/RFDWLRQ1RGH���

`�

/RFDWLRQ1RGH�&ODVV��FRQWLQXHG�/RFDWLRQ1RGH�&ODVV��FRQWLQXHG�

/RFDWLRQ1RGH��/RFDWLRQ1RGH�/RFDWLRQ 
ORF�

^ ORFDWLRQ  ORF�

QH[W  �/RFDWLRQ1RGH
���
`

/RFDWLRQ1RGH
 /RFDWLRQ1RGH��1H[W��

^ UHWXUQ QH[W� `

YRLG /RFDWLRQ1RGH��1H[W�/RFDWLRQ1RGH
 Q[W�
^ QH[W  Q[W� `

/RFDWLRQ	 /RFDWLRQ1RGH��&RQWHQWV��

^ UHWXUQ 
ORFDWLRQ� `

/RFDWLRQ1RGH��a/RFDWLRQ1RGH��

^ GHOHWH ORFDWLRQ� `



3RO\6KDSH�&ODVV�'HVWUXFWRU3RO\6KDSH�&ODVV�'HVWUXFWRU

3RO\6KDSH��a3RO\6KDSH��
^�

/RFDWLRQ1RGH�
QH[W� �KHDG�
ZKLOH��QH[W�
^�

/RFDWLRQ1RGH�
QRGH� �QH[W�!1H[W���
GHOHWH�QH[W�
QH[W� �QRGH�

`
`

2SLQLRQ���:HDNQHVVHV�RI�

7H[W·V�3RO\6KDSH

❚ /DFN�RI�V\PPHWU\�LQ�/RFDWLRQ1RGH���

❙ &ODVV�XVHU �H�J���0DUN����DOORFDWHV�/RFDWLRQ

❙ %XW�FODVV�/RFDWLRQ1RGH�GHDOORFDWHV /RFDWLRQ

❚ &RPSOH[�LQWHUIDFH�

❙ 6SOLWWLQJ�DWRPLF�IXQFWLRQ�RI�DGGLQJ�YHUWH[�LQWR�
8S�'RZQ�/HIW�5LJKW���0DUN�FDQ�FDXVH�
HUURQHRXV�XVH�



7U\�WKLV

❚ ,PSOHPHQW�WKH�IROORZLQJ�

YRLG�3RO\6KDSH��$GG�/RFDWLRQ�	RIIVHW�

���$GG�QHZ�YHUWH[�XVLQJ�D�/RFDWLRQ1RGH�

���RIIVHW LV�UHODWLYH�WR�ORFDWLRQ�VSHFLILHG�LQ��

���3RO\6KDSH¶V�FRQVWUXFWRU

$�6ROXWLRQ

YRLG�3RO\6KDSH��$GG�/RFDWLRQ�	RIIVHW��^
/RFDWLRQ�LQLWLDO� �
KHDG�
/RFDWLRQ�
QHZ3RLQW� �QHZ�/RFDWLRQ�

LQLWLDO�;FRRUG�����RIIVHW�;FRRUG����
LQLWLDO�<FRRUG�����RIIVHW�<FRRUG����

/RFDWLRQ1RGH�
QHZ1RGH� �QHZ�/RFDWLRQ1RGH�QHZ3RLQW��
QHZ1RGH�!1H[W�KHDG��
WDLO�!1H[W�QHZ1RGH��
WDLO� �QHZ1RGH�
FXUUHQW;� �QHZ3RLQW�!;FRRUG���
FXUUHQW<� �QHZ3RLQW�!<FRRUG���
OHQJWK� �OHQJWK�����
`

:KDW�FRXOG�KDSSHQ��LI�ZH�

GRQ¶W�PDNH�D�FRS\�RI�RIIVHW"

RIIVHW�LV�UHODWLYH�WR

LQLWLDO�SRVLWLRQ�



:K\�PDNH�D�FRS\�RI�

RIIVHW"

❚ 6DIHW\

❚ RIIVHW ZDV�FUHDWHG�LQ�DQRWKHU�SDUW�RI�WKH�
SURJUDP�DQG�FRXOG�EH�GHOHWHG

❙ 'DQJOLQJ�UHIHUHQFH�LQ�/RFDWLRQ1RGH

❚ :KHQ�/RFDWLRQ1RGH�LV�GHVWUXFWHG��LW�
GHOHWHV�/RFDWLRQ�
ORFDWLRQ

❙ 'DQJOLQJ�UHIHUHQFH�LQ�RWKHU�SDUW�RI�SURJUDP

$�6LPSOHU�6ROXWLRQ

YRLG�3RO\6KDSH��$GG�/RFDWLRQ�	RIIVHW��^
/RFDWLRQ�LQLWLDO� �
KHDG�
FXUUHQW;� �LQLWLDO�;FRRUG�����RIIVHW�;FRRUG���
FXUUHQW<� �LQLWLDO�<FRRUG�����RIIVHW�<FRRUG���
0DUN���

`

1R�QHHG�WR�UHSHDW�WKH�FRGH�DOUHDG\�XVHG�LQ�0DUN���

2U��ZH�FRXOG�UHZULWH�0DUN���WR�FDOO�WKH�FRPSOH[�YHUVLRQ�RI�DGG��



&RQWUROOLQJ�&KDQJH&RQWUROOLQJ�&KDQJH

*RDO�

3URWHFW�LQWHJULW\�RI�REMHFW�YDULDEOH�E\�
OLPLWLQJ�ZD\V�LQ�ZKLFK�LW�PD\�EH�PRGLILHG�

Section 4.8:

.H\ZRUG��const

�FRQIXVLRQ���ORFDWLRQ RI�const NH\ZRUG�YDULHV��

&RQVWDQW�9DULDEOHV�DQG�2EMHFWV&RQVWDQW�9DULDEOHV�DQG�2EMHFWV

const double Pi = 3.141593;                // mathematical constant
const int MAX_ARRAY_LENGTH = 100;         // system limit
const int YesAnswer = 0;                    // program convention 
const int  NoAnswer = 1;                    // program convention
const int VersionNumber = 1;             // program information
const int ReleaseNumber = 5;             // program information
const Location dialogLocation (200,200);

// application information

❚ 3ULPLWLYH�W\SHV�DQG�2EMHFWV�FDQ�EH�FRQVW



&RQVWDQW�9DULDEOHV�RU�2EMHFWV&RQVWDQW�9DULDEOHV�RU�2EMHFWV

&RPSLOHU�IODJV�DVVLJQPHQWV�WR�FRQVWDQW�
YDULDEOHV�REMHFWV�DV�HUURUV�

,OOHJDO�([DPSOHV�

3L� �����

1R$QVZHU� ���

GLDORJ/RFDWLRQ� �/RFDWLRQ����������

MS VC++ 5.0 compiler error message:

FileName.cpp(35) : error C2166: l-value specifies const object

&RQVWDQW�&RQVWDQW�0HWKRGV0HWKRGV LQ�&ODVV�/RFDWLRQLQ�&ODVV�/RFDWLRQ

FODVV�/RFDWLRQ�^�������������������������������([WHQVLRQ��
SULYDWH�

LQW��FXUUHQW;��FXUUHQW<�

SXEOLF�
/RFDWLRQ�LQW�[��LQW�\�������������VSHFLILF�ORFDWLRQ
/RFDWLRQ�����������������������������GHIDXOW�ORFDWLRQ
LQW��;FRRUG���FRQVW�������������UHWXUQ�[�D[LV�FRRUGLQDWH
LQW��<FRRUG���FRQVW�������������UHWXUQ�\�D[LV�FRRUGLQDWH
YRLG�VHW;�LQW�QHZ[��������������FKDQJH�[�FRRUGLQDWH
YRLG�VHW<�LQW�QHZ\��������������FKDQJH�\�FRRUGLQDWH
`�

FRQVWmethods won’t 

modify currentX/Y.



&RQVWDQW�0HWKRGV�LQ�WKH�/RFDWLRQ�&RQVWDQW�0HWKRGV�LQ�WKH�/RFDWLRQ�

&ODVV&ODVV

���,PSOHPHQWDWLRQ�IROORZV

/RFDWLRQ��/RFDWLRQ��LQW�[��LQW�\��
^�FXUUHQW;� �[��FXUUHQW<� �\��`

/RFDWLRQ��/RFDWLRQ����^�FXUUHQW;� �����FXUUHQW<� �����`

LQW�/RFDWLRQ��;FRRUG���FRQVW ^�UHWXUQ�FXUUHQW;��`

LQW�/RFDWLRQ��<FRRUG���FRQVW ^�UHWXUQ�FXUUHQW<��`

YRLG�/RFDWLRQ��VHW;�LQW�QHZ;��^�FXUUHQW;� �QHZ;��`

YRLG�/RFDWLRQ��VHW<�LQW�QHZ<��^�FXUUHQW<� �QHZ<��`

FRQVW�must appear 

both in interface 

and implementation

([SODLQ�ZK\�VWDWHPHQWV�DUH�([SODLQ�ZK\�VWDWHPHQWV�DUH�

2.�RU�(UURU���2.�RU�(UURU���

FRQVW�/RFDWLRQ�GLDORJ/RFDWLRQ������������
�����
LQW�GLDORJ;� �GLDORJ/RFDWLRQ�;FRRUG������������2.
LQW�GLDORJ<� �GLDORJ/RFDWLRQ�<FRRUG������������2.
GLDORJ/RFDWLRQ�VHW;��������������������������������(5525

/RFDWLRQ�ORF���������
������
LQW�ORF;� �ORF�;FRRUG����������� ���2.
LQW�ORF<� �ORF�<FRRUG����������� ���2.
ORF�VHW;��������������������������� ���2.



FRQVW�3DUDPHWHUV

FODVV�/RFDWLRQ�^�������������������������������([WHQVLRQ��
���SULYDWH�GDWD

SXEOLF�
���«�RWKHU�SXEOLF�PHWKRGV
LQW�LV6DPH$V�FRQVW /RFDWLRQ	�RWKHU��FRQVW�

���LV�RWKHU�VDPH�DV�WKLV�/RFDWLRQ"
`�

RWKHU�will not 

be changed

WKLV�will not 

be changed

FRQVW�3DUDPHWHUV��FRQW·G�

LQW�/RFDWLRQ��LV6DPH$V�FRQVW /RFDWLRQ	�RWKHU��FRQVW ^

LI���FXUUHQW;�  �RWKHU�FXUUHQW;��		

�FXUUHQW<�  �RWKHU�FXUUHQW<���

UHWXUQ���

HOVH�UHWXUQ���

`�

,PSOHPHQWDWLRQ�PXVW�PDWFK�LQWHUIDFH�GHFODUDWLRQ�



8VLQJ�FRQVW�3DUDPHWHUV

FRQVW�/RFDWLRQ�GLDORJ/RFDWLRQ�����������

FRQVW�/RFDWLRQ�VRPHZKHUH�

���«

LI��GLDORJ/RFDWLRQ�LV6DPH$V�VRPHZKHUH��^�

���«

`

FRQVW�3RLQWHUV

/RFDWLRQ�ORF�����������

/RFDWLRQ�RWKHU���������

/RFDWLRQ�
OS�������������������������� �	ORF�������XQFRQVWUDLQHG

FRQVW�/RFDWLRQ�
OS������������������ �	ORF������REMHFW�FRQVWDQW

���/RFDWLRQ�FRQVW�
OS�������������� �	ORF�������VDPH

/RFDWLRQ�
�FRQVW�OS����������������� �	ORF������SRLQWHU�FRQVWDQW

FRQVW�/RFDWLRQ�
�FRQVW�OS�������� �	ORF������ERWK�FRQVWDQW

���/RFDWLRQ�FRQVW�
�FRQVW�OS����� �	ORF������VDPH

Note: book is wrong -/RFDWLRQ�FRQVW�
�OS��is object constant



FRQVW�3RLQWHUV�'LDJUDP

ORF

OS�

ORF

OS�

ORF

OS�

Shaded parts areFRQVW

ORF

OS�

8VLQJ�FRQVW�3RLQWHUV

OS��!;FRRUG�������������2ND\

OS��!VHW;���������������2ND\

OS�� �	RWKHU�������������2ND\

OS��!;FRRUG�������������2ND\

OS��!VHW;���������������(UURU

OS�� �	RWKHU�������������2ND\

OS��!;FRRUG�������������2ND\

OS��!VHW;���������������2ND\

OS�� �	RWKHU�������������(UURU

OS��!;FRRUG�������������2ND\

OS��!VHW;���������������(UURU

OS�� �	RWKHU�������������(UURU

Compiler error messages:
C:\Sample1.cpp(38) : error C2662: 'setX' : cannot convert 'this' pointer from 'const 

class Location' to 'class Location &’ Conversion loses qualifiers
C:\Sample1.cpp(47) : error C2166: l-value specifies const object



FRQVW�3RLQWHU�3DUDPHWHUV

LQW�/RFDWLRQ��LV,Q/LVW�FRQVW�/RFDWLRQ�
�FRQVW�OLVW��

LQW�OHQJWK��FRQVW�^

IRU��LQW�L� ����L�OHQJWK��L����

LI����FXUUHQW;�  �OLVW>L@�FXUUHQW;��		

�FXUUHQW<�  �OLVW>L@�FXUUHQW<���

UHWXUQ���

UHWXUQ���

`

DUUD\�HOHPHQWV�will 

not be changed

SRLQWHU��OLVW��will not 

be changed

WKLV�will not 

be changed

0DQDJLQJ�'\QDPLFDOO\�$OORFDWHG�6WRUDJH0DQDJLQJ�'\QDPLFDOO\�$OORFDWHG�6WRUDJH

Goals:
1.  Avoid unintended early deletion
2.  Avoid memory leaks

Simple Example:
FODVV 0HVVDJH ^

SULYDWH�

FKDU
 PHVVDJH�

/RFDWLRQ SRVLWLRQ�
SXEOLF�

0HVVDJH �FKDU
 WH[W� /RFDWLRQ S��

0HVVDJH �FKDU
 WH[W��

a0HVVDJH�� ^ GHOHWH PHVVDJH `

`�

Section 4.9

pointer & dynamic allocation

5HPHPEHU
WKLV�



8QLQWHQGHG�(DUO\�'HOHWLRQ�
&DXVHG�E\�&RS\LQJ

class Displayer {
public:
…
void Show(Message msg); // pass by copy

};

Message greeting (“Hello World”);
Displayer display;

display.Show(greeting); // pass by copy

6KDUHG�'DWD�

:KDW�KDSSHQV�LQ�6KRZ�JUHHWLQJ�

What happens when “msg” goes out of scope at end of 
display.Show(greeting) call?

�JUHHWLQJ� �PVJ�

Default copy constructor copies original object byte-by-byte.
It doesn’t traverse pointers!



6KDUHG�'DWD

Answer:  All of the memory used by variables and objects 
in the shaded box is freed, including the actual text.

“dangling” pointer

Default copy constructor copies original object byte-by-byte.
It doesn’t traverse pointers!

FODVV 0HVVDJH ^

SULYDWH�

���

SXEOLF�

0HVVDJH�FRQVW 0HVVDJH	 RWKHU�� �� FRS\ FRQVWUXFWRU

`�

0HVVDJH��0HVVDJH�FRQVW 0HVVDJH	 RWKHU� ^

PHVVDJH  FRS\VWULQJ�RWKHU�PHVVDJH�� `

This copy constructor initializes object’s private data using 
private data of another object in same class.

6ROXWLRQ���'HILQH�D�&RS\�

&RQVWUXFWRU



0DQDJLQJ�'\QDPLFDOO\�$OORFDWHG�0DQDJLQJ�'\QDPLFDOO\�$OORFDWHG�
6WRUDJH6WRUDJH

0HVVDJH��0HVVDJH�FKDU
 WH[W� /RFDWLRQ S� ^

SRVLWLRQ  S�

PHVVDJH  FRS\VWULQJ�WH[W��

`

0HVVDJH��a0HVVDJH��^ GHOHWH PHVVDJH� `

dynamic allocation

��FRS\VWULQJ��(from wxWindows documentation)

FKDU�
�FRS\VWULQJ�FKDU�
V�

Makes a copy of string s using C++ new operator, 
so it can be deleted with delete operator.

Both must be the class name.

Also, only 1 parameter.

class Message {
private:
...
public:

Message(const Message& other);    // copy constructor
};
Message::Message(const Message& other) {

message = copystring(other.message); }

'HILQLQJ�D�&RS\�&RQVWUXFWRU

Reference

FRQVW�keyword



&RSLHG�'DWD

Message copied when there is a copy constructor that 
copies data that is pointed to by private data.

PHVVDJH

RULJLQDO0VJ

³+HOOR�:RUOG´

PHVVDJH

FRSLHG0VJ

³+HOOR�:RUOG´

0HPRU\�/HDNV�'XH�WR�$VVLJQPHQW

Given the following statements:

0HVVDJH�WDUJHW0VJ��+HOOR�:RUG���
0HVVDJH�VRXUFH0VJ��0DFUR6RIW��,QF����

What is the effect of an assignment statement like:

WDUJHW0VJ� �VRXUFH0VJ��������������DVVLJQPHQW

Section 4.10



%HIRUH�$VVLJQPHQW�

6WDWHPHQW

$IWHU�$VVLJQPHQW�

6WDWHPHQW

The default means for assigning an object is a bit-wise assignment.



'HVLUHG�5HVXOW�RI�

$VVLJQPHQW

'HILQLQJ�D�&ODVV�6SHFLILF�
$VVLJQPHQW�2SHUDWRU

FODVV 0HVVDJH ^
SULYDWH�
FKDU
 PHVVDJH�

SXEOLF�
0HVVDJH	 RSHUDWRU �FRQVW 0HVVDJH	 VRXUFH��

`�

0HVVDJH	 0HVVDJH��RSHUDWRU  �FRQVW 0HVVDJH	 VRXUFH� ^
GHOHWH PHVVDJH� �� GHDOORFDWH SUHYLRXV VWULQJ
PHVVDJH  FRS\VWULQJ�VRXUFH�PHVVDJH�� �� FRS\ QHZ VWULQJ
UHWXUQ 
WKLV�

`

Notice the signature!



2YHUORDGLQJ�WKH�DVVLJPHQW�

RSHUDWRU

&ODVV1DPH	 &ODVV1DPH��RSHUDWRU �FRQVW &ODVV1DPH	 VRXUFH� ^

��« SHUIRUP WKH DVVLJQPHQW

UHWXUQ 
WKLV�

`

OKV2EMHFW  �UKV2EMHFW�

Allows chaining

e.g., D �E F��

Right hand side

object (UKV2EMHFW)

WKLV�is the OKV2EMHFW

6ROLG�&���&ODVVHV

$�VROLG�&���FODVV�VKRXOG�DOZD\V�LQFOXGH�WKH�
IROORZLQJ�

❙ GHVWUXFWRU � 'HDOORFDWH�UHVRXUFHV�RZQHG�E\�REMHFW

❙ QXOO�FRQVWUXFWRU � &RQVWUXFWRU�ZLWK�QR�DUJXPHQWV��
1HHGHG�WR�FUHDWH�DUUD\V�RI�REMHFWV

❙ FRS\�FRQVWUXFWRU � &RQVWUXFWRU�ZLWK�VSHFLILF�
VLJQDWXUH��,PSOLFLWO\�XVHG�ZKHQ�FRS\LQJ�DQ�REMHFW�

❙ DVVLJQPHQW�RSHUDWRU � 2YHUORDG�WKH�DVVLJQPHQW�
RSHUDWRU�� ���,PSOLFLWO\�XVHG�ZKHQ�DQ�REMHFW�LV�
DVVLJQHG�WR�DQRWKHU�



2WKHU�&ODVV�)HDWXUHV2WKHU�&ODVV�)HDWXUHV

❚ LQOLQH�PHWKRGV

❚ WKLV�SRLQWHU

❚ SULYDWH�PHWKRGV

❚ VWDWLF�YDULDEOHV

❚ IULHQG�FODVVHV

Section 4.11

1RUPDO�0HWKRG�,QYRFDWLRQ

❚ 0HWKRG�LQYRFDWLRQV�KDYH�SURFHVVLQJ�
RYHUKHDG�

SRO\�8S������  !

VDYH�UHJLVWHUV�RQ�WKH�VWDFN

FUHDWH�QHZ�FDOO�IUDPH

SXVK�IXQFWLRQ�DUJXPHQWV�RQ�WKH�VWDFN

JR�WR�SRO\�8S

UHPRYH�FDOO�IUDPH

UHVWRUH�VDYHG�UHJLVWHUV



1RUPDO�YHUVXV�,QOLQH�

0HWKRG�,QYRFDWLRQ

Normal Invocation

6725(����GHOWD<����

386+������$;

386+������%;

386+������GHOWD<

-03��������83B&2'(

323�������%;

323�������$;

3RO\6KDSH TXDG���� ����

LQW GHOWD<  ���

TXDG�8S�GHOWD<��

Inline Expansion

6725(����GHOWD<�����

029(�����$;��TXDG�FXUUHQW<

$''�������$;��GHOWD<

6725(����$;��TXDG�FXUUHQW<

,QOLQH�0HWKRGV�

❚ *HQHUDOO\�PRUH�HIILFLHQW�IRU�VPDOO PHWKRGV

❚ ([SDQGHG�LQ�SODFH�RI�LQYRFDWLRQ

❙ (OLPLQDWHV�PHWKRG�LQYRFDWLRQ�RYHUKHDG

❙ %XW�FDQ�LQFUHDVH�H[HFXWDEOH�VL]H

❚ 7ZR�ZD\V�WR�VSHFLI\�DQ�LQOLQH�PHWKRG

❙ 3URYLGH�LPSOHPHQWDWLRQ�GXULQJ�FODVV�GHILQLWLRQ�
�GHIDXOW�LQOLQH�

❙ 8VH�µLQOLQH¶�NH\ZRUG��H[SOLFLW�LQOLQH�



,QOLQH�0HWKRG�([DPSOHV

FODVV 3RO\6KDSH ^

SULYDWH� �� ���

SXEOLF� �����

YRLG 8S�LQW Q� ^FXUUHQW<  FXUUHQW< � Q�`

YRLG 'RZQ�LQW Q� ^FXUUHQW<  FXUUHQW< � Q�`

`�

LQOLQH YRLG 3RO\6KDSH��8S�LQW Q� ^

FXUUHQW<  FXUUHQW< � Q�

`

7UDGHRIIV�RI�LQOLQH�PHWKRGV

❚ 'HIDXOW�LQOLQH�H[SRVHV�LPSOHPHQWDWLRQ

❚ $OO�FRGH�WKDW�LQYRNHV�DQ�LQOLQH�PXVW�EH�
UHFRPSLOHG�ZKHQ�

❙ PHWKRG�LV�FKDQJHG

❙ VZLWFKLQJ�IURP�LQOLQH�WR�UHJXODU�RU�YLFH�YHUVD

❚ ,QOLQH�LV�UHTXHVW� QRW�FRPPDQG WR�FRPSLOHU

❚ ([HFXWDEOH�VL]H�PD\�LQFUHDVH



¶WKLV·�SRLQWHU

❚ $�SUHGHILQHG�YDULDEOH�ZKLFK�LV�D�SRLQWHU�WR�
WKH�REMHFW�LWVHOI�

❚ ([DPSOHV��

❙ ZLWKLQ�FODVV�0HVVDJH�

❘ 0HVVDJH�
�WKLV�

❙ ZLWKLQ�FODVV�/RFDWLRQ�

❘ /RFDWLRQ�
�WKLV�

8VLQJ�´WKLVµ��2EVHUYHU�

2EVHUYDEOH�3DWWHUQ�

FODVV /RFDWLRQ ^ �� 2EVHUYDEOH

LQW FXUUHQW;� FXUUHQW<�

/LVWHQHU 
OLVWHQHU�

SXEOLF�

YRLG $GG/LVWHQHU�/LVWHQHU	 OLVWHQHU� ^WKLV�!OLVWHQHU  	OLVWHQHU�`

YRLG 0RYH�LQW [� LQW \��

`�

YRLG /RFDWLRQ��0RYH �LQW [� LQW \� ^

FXUUHQW;  [� FXUUHQW<  \�

LI �OLVWHQHU� OLVWHQHU�!/RFDWLRQ0RYHG�WKLV��

`

WKLV distinguishes between 

OLVWHQHU variables

Notify listener thatWKLV�

Location has moved

FODVV /LVWHQHU ^ �� 2EVHUYHU RI /RFDWLRQ REMHFWV

SXEOLF�

YRLG /RFDWLRQ0RYHG�/RFDWLRQ 
 ORF�� �� FDOOHG ZKHQ D /RFDWLRQ PRYHV

`�



8VLQJ�´WKLVµ��FRQW·G�

❚ 5HWXUQ�D�UHIHUHQFH�WR�WKH�REMHFW�LWVHOI

FODVV 3RO\6KDSH ^

SULYDWH�

�� VDPH EHIRUH

SXEOLF�

3RO\6KDSH 	 8S�LQW Q��

3RO\6KDSH 	 'RZQ�LQW Q��

3RO\6KDSH 	 /HIW�LQW Q��

3RO\6KDSH 	 5LJKW�LQW Q��

3RO\6KDSH 	 0DUN���

`�

3RO\6KDSH 	 3RO\6KDSH��8S�LQW Q� ^

FXUUHQW< � Q�

UHWXUQ
WKLV�

`

�� XVDJH

3RO\6KDSH TXDG���� ����

TXDG�5LJKW������'RZQ�����0DUN���

TXDG�/HIW�����0DUN���

What if these functions 

returned by copy instead? 3UHWW\�FRRO��KXK"

3ULYDWH�0HWKRG

❚ $�PHWKRG�WKDW�FDQ�RQO\�EH�FDOOHG�ZLWKLQ�
WKH�FODVV

❚ $YRLGV�GXSOLFDWLRQ�RI�FRGH

❚ 8VHIXO�IRU�

❙ 6XE�$OJRULWKPV

❙ (UURU�&KHFNLQJ

❙ 5HSHDWHG�&RGH

❙ ,QWHUPHGLDWH�YDOXHV



3ULYDWH�0HWKRG�([DPSOH

&ODVV 5HFWDQJOH ^

SULYDWH�

/RFDWLRQ XSSHU/HIW�

�� 2WKHU /RFDWLRQ ���

6KDSH DUHD�

YRLG $GMXVW&RUQHUV��� �� SULYDWH PHWKRG

SXEOLF�

5HFWDQJOH� /RFDWLRQ FRUQHU� 6KDSH VKDSH��

YRLG 0RYH8S� LQW GHOWD<��

�� ��� 2WKHU SXEOLF PHWKRGV

`�

([DPSOH�FRQW·G�

YRLG 5HFWDQJOH��$GMXVW&RUQHUV�� ^

XSSHU5LJKW  /RFDWLRQ�XSSHU/HIW�;FRRUG�� � DUHD�:LGWK��� XSSHU/HIW�<FRRUG����

ORZHU/HIW  /RFDWLRQ�XSSHU/HIW�;FRRUG�� � XSSHU/HIW�<FRRUG�� � DUHD�+HLJKW����

ORZHU5LJKW  /RFDWLRQ�XSSHU/HIW�;FRRUG�� � DUHD�:LGWK���

XSSHU/HIW�<FRRUG�� � DUHD�+HLJKW����

`

5HFWDQJOH��5HFWDQJOH�/RFDWLRQ FRUQHU� 6KDSH VKDSH� ^

DUHD  VKDSH�

XSSHU/HIW  FRUQHU�

$GMXVW&RUQHUV��� �� FDOO SULYDWH PHWKRG

`

YRLG 5HFWDQJOH��0RYH8S �LQW GHOWD<� ^

XSSHU/HIW  /RFDWLRQ�XSSHU/HIW�;FRRUG��� XSSHU/HIW�<FRRUG�� � GHOWD<��

$GMXVW&RUQHUV��� �� FDOO SULYDWH PHWKRG

`



6WDWLF�9DULDEOH�

❚ &ODVV�ZLGH�GDWD��DND�³FODVV�YDULDEOH´�

❚ 6KDUHV�GDWD�DPRQJ�DOO�LQVWDQFHV�

❚ $YRLGV�QHHG�IRU�JOREDO�YDULDEOHV

❚ 5HVWULFWLRQV�

❙ 0XVW�EH�LQLWLDOL]HG��EXW

❙ 6KRXOG�QRW�EH�LQLWLDOL]H�LQ�FRQVWUXFWRU���:K\"

6WDWLF�9DULDEOH�([DPSOH

FODVV 5HFWDQJOH ^

SULYDWH�

�� « DV EHIRUH

VWDWLF &RORU UHFWDQJOH&RORU� �� FODVV YDULDEOH

SXEOLF�

5HFWDQJOH �/RFDWLRQ FRUQHU� 6KDSH VKDSH��

YRLG VHW&RORU�&RORU QHZ&RORU��

���� RWKHU PHWKRGV DV EHIRUH

`�

&RORU 5HFWDQJOH��UHFWDQJOH&RORU  &RORU���������� ��D VKDGH RI UHG

YRLG 5HFWDQJOH��VHW&RORU�&RORU FRORU� ^

UHFWDQJOH&RORU  FRORU� �� FKDQJH WKH FRORU IRU DOO 5HFWDQJOH REMHFWV

`



)ULHQG�&ODVVHV

❚ $OORZ�DFFHVV�WR�SULYDWH�PHPEHUV�

❙ 1RW�6\PPHWULF

❘ -XVW�EHFDXVH�\RX�WUXVW�PH��GRHVQ¶W�PHDQ�WKDW�,�
WUXVW�\RX

❙ 1RW�7UDQVLWLYH

❘ <RXU�IULHQGV�DUH�QRW�QHFHVVDULO\�P\�IULHQGV

❚ 6RPHWLPHV�XVHIXO

❙ )RU�(IILFLHQF\

❙ )RU�6HFXULW\

5HFWDQJOH��K

FODVV 5HFWDQJOH� ^

SULYDWH�

/RFDWLRQ XSSHU/HIW�

/RFDWLRQ XSSHU5LJKW�

/RFDWLRQ ORZHU/HIW�

/RFDWLRQ ORZHU5LJKW�

6KDSH DUHD�

VWDWLF &RORU UHFWDQJOH&RORU� �� FODVV YDULDEOH

5HFWDQJOH� �/RFDWLRQ FRUQHU� 6KDSH VKDSH��

IULHQG FODVV 5HFWDQJOH0DQDJHU�

SXEOLF�

�� QR SXEOLF FRQVWUXFWRU

a5HFWDQJOH����

`�

Allow RectangleManager 

to access private 

data and methods



5HFWDQJOH0DQDJHU�K

FODVV 5HFWDQJOH0DQDJHU ^

SULYDWH�

5HFWDQJOH� 

 UHFWV� �� DUUD\ RI 5HFWDQJOH SRLQWHUV

6KDSH FRPPRQ6KDSH� �� FRPPRQ VL]H IRU PDQDJHG UHFWDQJOHV

LQW QXP5HFWV� �� QXPEHU RI PDQDJHG UHFWDQJOHV

SXEOLF�

5HFWDQJOH0DQDJHU�6KDSH VKDSH)RU$OO 6KDSH�����������

YRLG &UHDWH5HFWDQJOH$W�/RFDWLRQ ORF�� �� FUHDWH 5HFWDQJOH

5HFWDQJOH� 
 *HW5HFWDQJOH$W�LQW [� LQW \�� �� UHWXUQV 5HFWDQJOH

�� WKDW FRQWDLQV WKHVH FRRUGLQDWHV� RU QXOO

YRLG 'UDZ�&DQYDV	 FDQYDV�� �� GUDZ PDQDJHG UHFWV

a5HFWDQJOH0DQDJHU���

`�

5HFWDQJOH0DQDJHU�FSS

5HFWDQJOH0DQDJHU��5HFWDQJOH0DQDJHU�6KDSH VKDSH)RU$OO��

�� VXEREMHFW FRQVWUXFWLRQ OLVW

QXP5HFWV��� �� FRQVWUXFW DQ LQW ZLWK YDULDEOH1DPH�LQW9DOXH�

^

FRPPRQ6KDSH  VKDSH)RU$OO�

UHFWV  QHZ 5HFWDQJOH�
>0D[5HFWV@�

`

YRLG 5HFWDQJOH0DQDJHU��&UHDWH5HFWDQJOH$W�/RFDWLRQ ORF�^

LI �QXP5HFWV � 0D[5HFWV� ^

UHFWV>QXP5HFWV��@  QHZ 5HFWDQJOH��ORF� FRPPRQ6KDSH��

`

`

5HFWDQJOH0DQDJHU��a5HFWDQJOH0DQDJHU��^

IRU �LQW L  �� L�QXP5HFWV� L���

GHOHWH UHFWV>L@�

GHOHWH UHFWV�

`

Safety: Because the constructor 

is private, only RectangleManager 

can create Rectangles, ensuring 

they all have common size.



5HFWDQJOH0DQDJHU�FSS�

�FRQW·G�

5HFWDQJOH� 
 5HFWDQJOH0DQDJHU��*HW5HFWDQJOH$W�LQW [� LQW \� ^

IRU �LQW L  �� L�QXP5HFWV� L��� ^

LI ��[ ! UHFWV>L@�!XSSHU/HIW�;FRRUG��� 		

�[ � UHFWV>L@�!XSSHU5LJKW�;FRRUG��� 		

�\ ! UHFWV>L@�!XSSHU/HIW�<FRRUG��� 		

�\ � UHFWV>L@�!ORZHU/HIW�<FRRUG��� � ^

UHWXUQ UHFWV>L@�

`

`

UHWXUQ �5HFWDQJOH�
��� �� QXOO

`

YRLG 5HFWDQJOH0DQDJHU��'UDZ�&DQYDV	 FDQYDV�^

FDQYDV�&OHDU���

IRU �LQW L  �� L�QXP5HFWV� L���

UHFWV>L@�!'UDZ�FDQYDV��

`

Accessing private data directly 
can be more efficient than 
via method invocation

8VLQJ 5HFWDQJOH0DQDJHU

)UDPH ZLQGRZ��5HFWDQJOH 7HVW�� /RFDWLRQ���������� 6KDSH�����������

&DQYDV FDQYDV�ZLQGRZ� �5HFWDQJOH $UHD�� /RFDWLRQ�������� 6KDSH�����������

5HFWDQJOH0DQDJHU VTXDUH0DQDJHU�6KDSH���������

YRLG 2Q6WDUW�� ^

VTXDUH0DQDJHU�&UHDWH5HFWDQJOH$W�/RFDWLRQ��������� �� FUHDWH UHFWDQJOHV

VTXDUH0DQDJHU�&UHDWH5HFWDQJOH$W�/RFDWLRQ���������

VTXDUH0DQDJHU�&UHDWH5HFWDQJOH$W�/RFDWLRQ����������

VTXDUH0DQDJHU�&UHDWH5HFWDQJOH$W�/RFDWLRQ����������

2Q3DLQW���

`

YRLG 2Q3XVK�FKDU
 EXWWRQ1DPH� ^

`

YRLG 2Q7LPHU(YHQW�FKDU
 WLPHU1DPH�^

`



8VLQJ�5HFWDQJOH0DQDJHU�

�FRQW·G�

LQW GUDZ0HVVDJH  )$/6(�

YRLG 2Q3DLQW�� ^

VTXDUH0DQDJHU�'UDZ�FDQYDV��

LI �GUDZ0HVVDJH� ^

FDQYDV�'UDZ7H[W��+LW��� /RFDWLRQ�����������

`

`

YRLG 2Q0RXVH(YHQW�FKDU
 FDQYDV1DPH� LQW [� LQW \� LQW EXWWRQ6WDWH� ^

LI ��EXWWRQ6WDWH 	 OHIW%XWWRQ'RZQ�� ^

LI �VTXDUH0DQDJHU�*HW5HFWDQJOH$W�[�\� � �5HFWDQJOH�
���

GUDZ0HVVDJH  758(�

HOVH

GUDZ0HVVDJH  )$/6(�

2Q3DLQW���

`

`

5HFWDQJOH0DQDJHU



&RORU�&ODVV

�LQFOXGH �&RORU�K�

&RORU��&RORU�LQW UHG� LQW JUHHQ� LQW EOXH�^

UHG9DOXH  UHG�

JUHHQ9DOXH  JUHHQ�

EOXH9DOXH  EOXH�

`

LQW &RORU��5HG��^ UHWXUQ UHG9DOXH� `

LQW &RORU��*UHHQ�� ^ UHWXUQ JUHHQ9DOXH� `

LQW &RORU��%OXH�� ^ UHWXUQ EOXH9DOXH� `

&RORU��a&RORU�� ^`

�LIQGHI B&2/25B+

�GHILQH B&2/25B+

FODVV &RORU

^

SULYDWH�

LQW UHG9DOXH�

LQW JUHHQ9DOXH�

LQW EOXH9DOXH�

SXEOLF�

&RORU�LQW UHG� LQW JUHHQ� LQW

EOXH��

LQW 5HG���

LQW *UHHQ���

LQW %OXH���

a&RORU���

`�

�HQGLI

3UREOHP���'HVLJQ�D�

6KDSH0DQDJHU��&ODVV"�

2QH�VROXWLRQ�FRQVLVWV�RI�WKH�IROORZLQJ�FODVVHV�

❚ &LUFOH��$EVWUDFWV�D�FLUFOH�REMHFW��

❚ 0RYLQJ&LUFOH��$EVWUDFWV�D�FLUFOH�REMHFW�WKDW�
FDQ�EH�PRYHG�

❚ &LUFOH/LVW��$EVWUDFWV�D�OLQNHG�OLVW�RI�FLUFOHV�

❚ &LUFOH1RGH��$EVWUDFWV�HDFK�QRGH�RI�WKH�OLVW�
RI�FLUFOHV�



«��0RUH�&ODVVHV����

❚ 5HFWDQJOH��$EVWUDFWV�D�UHFWDQJOH�REMHFW�

❚ 0RYLQJ5HFWDQJOH��$EVWUDFWV�D�UHFWDQJOH�
REMHFW�WKDW�FDQ�EH�PRYHG�

❚ 5HFWDQJOH/LVW��$EVWUDFWV�D�OLQNHG�OLVW�RI�
UHFWDQJOHV��

❚ 5HFWDQJOH1RGH��$EVWUDFWV�HDFK�QRGH�RI�
WKH�OLVW�RI�UHFWDQJOHV�

❚ 6KDSH0DQDJHU��0DQDJHV�DOO�WKH�
UHFWDQJOHV�DQG�FLUFOHV�

8VHIXO�'LDJUDPV

❚ ³&ODVV�'LDJUDP´��6KRZV�ZKLFK�FODVV�
³FRQWDLQV´�DQRWKHU�FODVV�

❚ ³,PSOHPHQWDWLRQ�2EMHFW�'LDJUDP´��6KRZV�
ZKLFK�FODVV�REMHFWV�FDQ�DFFHVV��RU�DUH�
DZDUH�RI��ZKLFK�RWKHU�FODVV�REMHFWV��



´&ODVV�'LDJUDPµ

Shape Manager

RectangleListCircleList
RectangleNodeCircleNode

MovingCircle

Circle

MovingRectangle

Rectangle

´,PSOHPHQWDWLRQ�2EMHFW�

'LDJUDPµ

ShapeManager

CircleList RectangleList

CircleNode RectangleNode

MovingRectangleMovingCircle

Circle Rectangle



,QWHUIDFH

FODVV &LUFOH ^

SULYDWH�

IORDW UDGLXV�

/RFDWLRQ FHQWHU�

�

SXEOLF�

&LUFOH���

&LUFOH�IORDW UDGLXV7R%H6HW� ORFDWLRQ FHQWHU7R%H6HW��

YRLG 5HVL]H�IORDW IDFWRU��

YRLG 'UDZ���

YRLG &KDQJH&HQWHU�/RFDWLRQ QHZ&HQWHU��

a&LUFOH���

�

`�

No dynamic allocation

Copy constructor and assignment 
operator not needed

Destructor might not do anything

FODVV�0RYLQJ&LUFOH

{ private:

Circle circle;

float direction;

float speed; 

: // and others

public:

MovingCircle();

MovingCircle(float center, float radius);

void MoveCircle();

:

~MovingCircle();

};

No dynamic allocation

Copy constructor and assignment 
operator not needed

Destructor might not do anything



FODVV�&LUFOH1RGH

{ private:

MovingCircle  *mCircle;

CircleNode  *next;

:

public:

CircleNode();

CircleNode(MovingCircle movCircle);

CircleNode (const CircleNode& other);

void operator= (const CircleNode& source);

CircleNode* GetNext();

:

~CircleNode();

};

Dynamic allocation

Destructor must free dynamic memory
by deleting mCircle

Copy constructor and assignment 
operator needed to copy node 

FODVV�&LUFOH/LVW

{ private:

CircleNode *head;

:

public:

CircleList();

CircleList(CircleList* initialHead);

CircleList(const CircleList& other);

void operator= (const CircleList& source);

void insert(CircleList* node);

Boolean remove(CircleList* node);

: 

~CircleList();

};

Copy constructor and =  operator 
are needed to copy whole list

Dynamic allocation

Destructor must free dynamic memory
by deleting each node in the list



&ODVV�6KDSH0DQDJHU

{

private:

CircleList circleList;

RectangleList rectangleList;

:

public:

ShapeManager ();

void MoveAllCircles ();

:

~ShapeManager ();

};

No dynamic allocation

Copy constructor and assignment 
operator not needed

Destructor might not do anything


