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In the last lecture... 
Objects: Characteristics & responsibilities 

Declaring and defining classes in C++ 

Fields, methods, constructors, destructors 

Creating & deleting objects on stack/heap 

Representation invariant 



Today’s topics

Inheritance 

Polymorphism 

Abstract base classes 



Inheritance




Types 
A class defines a set of objects, or a type


people at MIT




Types within a type 
Some objects are distinct from others in some ways


MIT 
professors MIT students 

people at MIT




Subtype 
MIT professor and student are subtypes of MIT people


MIT 
professors MIT students 

people at MIT




Type hierarchy 

MIT Person 

Student Professor 

extends extends 

What characteristics/behaviors do people at MIT have 
in common? 



Type hierarchy


MIT Person 

extends extends 

Student Professor 

What characteristics/behaviors do people at MIT have 
in common? 

�name, ID, address 
�change address, display profile 



Type hierarchy 

MIT Person 

Student Professor 

extends extends 

What things are special about students? 


�course number, classes taken, year 
�add a class taken, change course 



Type hierarchy 

MIT Person 

Student Professor 

extends extends


What things are special about professors? 

�course number, classes taught, rank (assistant, etc.)

�add a class taught, promote 



Inheritance 
A subtype inherits characteristics and behaviors of its 
base type. 

e.g. Each MIT student has 

Characteristics: Behaviors: 
name display profile 
ID change address 
address add a class taken 
course number change course 
classes taken 
year 



Base type: MITPerson

#include <string> 

class MITPerson {

 protected: 
int id; 
std::string name; 
std::string address;

 public:

 MITPerson(int id, std::string name, std::string address);

 void displayProfile(); 
void changeAddress(std::string newAddress); 

}; 



Base type: MITPerson


class MITPerson {

 protected: 
int id; 
std::string name; 
std::string address;

#include <string> 

namespace prefix 

public:

 MITPerson(int id, std::string name, std::string address);

 void displayProfile(); 
void changeAddress(std::string newAddress); 

}; 



Base type: MITPerson 
#include <string> 

 public:

 MITPerson(int id, std::string name, std::string address);

 void displayProfile(); 
void changeAddress(std::string newAddress); 

}; 

access control class MITPerson { 

protected:
 int id; 
std::string name; 
std::string address;



Access control 
Public 
accessible by anyone 

Protected 
accessible inside the class and by all of its subclasses 


Private 
accessible only inside the class, NOT including its 
subclasses 



Subtype: Student 

#include <iostream> 
#include <vector> 
#include "MITPerson.h" 
#include "Class.h" 

class Student : public MITPerson {

 int course;

int year; // 1 = freshman, 2 = sophomore, etc.

std::vector<Class*> classesTaken;


 public: 
Student(int id, std::string name, std::string address, 

int course, int year);

void displayProfile();

void addClassTaken(Class* newClass);

void changeCourse(int newCourse); 


}; 



Subtype: Student 

#include <iostream> 
#include <vector> dynamic array, #include "MITPerson.h" 

#include "Class.h" part of C++ standard library

class Student : public MITPerson {

 int course; 
int year; // 1 = freshman, 2 = sophomore, etc. 
std::vector<Class*> classesTaken;

 public: 
Student(int id, std::string name, std::string address, 

int course, int year);

void displayProfile();

void addClassTaken(Class* newClass);

void changeCourse(int newCourse); 


}; 



Subtype: Student 

#include <iostream> 
#include <vector> 
#include "MITPerson.h" 
#include "Class.h" 

class Student : public MITPerson {

 int course;

int year; // 1 = freshman, 2 = sophomore, etc.

std::vector<Class*> classesTaken;


 public: 
Student(int id, std::string name, std::string address, 

int course, int year);

void displayProfile();

void addClassTaken(Class* newClass);

void changeCourse(int newCourse); 


}; 



Constructing an object of subclass 

#include <iostream> 
#include <vector> 
#include "MITPerson.h" 
#include "Class.h" 

class Student : public MITPerson {

 int course;

int year; // 1 = freshman, 2 = sophomore, etc.

std::vector<Class*> classesTaken;


 public: 
Student(int id, std::string name, std::string address, 

int course, int year); 
void displayProfile();

void addClassTaken(Class* newClass);

void changeCourse(int newCourse); 


}; 



Constructing an object of subclass 

// in Student.cc 
Student::Student(int id, std::string name, std::string address, 

int course, int year) : MITPerson(id, name, address) 
{
 this->course = course;
 this->year = year; 

} 

// in MITPerson.cc 
MITPerson::MITPerson(int id, std::string name, std::string address){ 

this->id = id;
 this->name = name;
 this->address = address; 

} 



Calling constructor of base class 
call to the base constructor 

// in Student.cc 

{
 this->course = course;
 this->year = year; 

} 

int course, int year) : MITPerson(id, name, address) 
Student::Student(int id, std::string name, std::string address, 

// in MITPerson.cc 
MITPerson::MITPerson(int id, std::string name, std::string address){ 

this->id = id;
 this->name = name;
 this->address = address; 

} 



Constructing an object of subclass

Student* james =

new Student(971232, “James Lee”, “32 Vassar St.”, 6, 2); 


name = “James Lee” 
ID = 971232 

person	 address = “32Vassar St.” 
course number = 6 
classes taken = none yet 
year = 2 

student 



Overriding a method in base class 

class MITPerson { 

protected:


 int id;


 std::string name;


std::string address;


public:

 MITPerson(int id, std::string name, std::string address); 

void displayProfile(); 

void changeAddress(std::string newAddress); 

}; 

class Student : public MITPerson { 

int course; 


int year; // 1 = freshman, 2 = sophomore, etc.


 std::vector<Class*> classesTaken;


 public:


Student(int id, std::string name, std::string address, 


int course, int year);


void displayProfile(); // override the method to display course & classes 

void addClassTaken(Class* newClass);


void changeCourse(int newCourse);


}; 



Overriding a method in base class

void MITPerson::displayProfile() {  // definition in MITPerson 

std::cout << "-----------------------------\n";

 std::cout << "Name: " << name << " ID: " << id 

<< " Address: " << address << "\n";

 std::cout << "-----------------------------\n"; 

} 

void Student::displayProfile(){  // definition in Student 

std::cout << "-----------------------------\n";

 std::cout << "Name: " << name << " ID: " << id 

<< " Address: " << address << "\n";

 std::cout << "Course: " << course << "\n";

 std::vector<Class*>::iterator it;

 std::cout << "Classes taken:\n";

 for (it = classesTaken.begin(); it != classesTaken.end(); it++){ 

Class* c = *it;

 std::cout << c->getName() << "\n";


 }


 std::cout << "-----------------------------\n";


} 



-----------------------------

-----------------------------

-----------------------------

-----------------------------

Overriding a method in base class

MITPerson* john = 

new MITPerson(901289, “John Doe”, “500 Massachusetts Ave.”); 
Student* james = 
new Student(971232, “James Lee”, “32 Vassar St.”, 6, 2); 

Class* c1 = new Class(“6.088”); 
james->addClassTaken(c1); 
john->displayProfile(); 
james->displayProfile(); 

Name: John Doe ID: 901289 Address: 500 Massachusetts Ave. 

Name: James Lee ID: 971232 Address: 32 Vassar St.


Course: 6


Classes taken:


6.088 



Polymorphism




Polymorphism 
Ability of type A to appear as and be used like another 
type B 

e.g.A Student object can be used in place of an 
MITPerson object 



Actual type vs. declared type 
Every variable has a declared type at compile-time 

But during runtime, the variable may refer to an object 
with an actual type 
(either the same or a subclass of the declared type) 

MITPerson* john = 
new MITPerson(901289, “John Doe”, “500 Massachusetts Ave.”); 

MITPerson* steve = 
new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 

What are the declare types of john and steve? 
What about actual types? 



Calling an overridden function

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 

steve->displayProfile(); 



-----------------------------

-----------------------------

Calling an overridden function 

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 

steve->displayProfile(); 

Name: Steve ID: 911923 Address: 99 Cambridge St.


Why doesn’t it display the course number and classes 
taken? 



Virtual functions 
Declare overridden methods as virtual in the base 

class MITPerson {

 protected:

int id;


 std::string name;

std::string address;


‘virtual’ keyword 

}; 

public:

 MITPerson(int id, std::string name, std::string address); 
virtual void displayProfile(); 
virtual void changeAddress(std::string newAddress); 

What happens in other languages (Java, Python, etc.)?




-----------------------------

-----------------------------

Calling a virtual function 

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 

steve->displayProfile(); 

Name: Steve ID: 911923 Address: 99 Cambridge St. 


Course: 18 


Classes taken: 




vptr

What goes on under the hood?

Virtual table 
�stores pointers to all virtual functions 
�created per each class 
�lookup during the function call 

Student object 

MITPerson* 

&Student::displayProfile 

&MITPerson::changeAddress 

steve VTABLE


Note “changeAddress” is declared virtual in but not 
overridden 



Virtual destructor 
Should destructors in a base class be declared as 
virtual? Why or why not? 



Virtual destructor 
Should destructors in a base class be declared as 
virtual? Why or why not? 

Yes! We must always clean up the mess created in the 
subclass (otherwise, risks for memory leaks!) 



Virtual destructor example

class Base1 { 

public:

 ~Base1() { std::cout << "~Base1()\n"; } 

}; 

class Derived1 : public Base1 { 

public:

 ~Derived1() { std::cout << "~Derived1()\n"; } 

}; 

class Base2 { 

public: 

virtual ~Base2() { std::cout << "~Base2()\n"; } 

}; 

class Derived2 : public Base2 { 

public:

 ~Derived2() { std::cout << "~Derived2()\n"; } 

}; 

int main() { 

Base1* bp = new Derived1; // Upcast 

delete bp; 

Base2* b2p = new Derived2; // Upcast 

delete b2p; 

} 

Courtesy of Bruce Eckel, from Thinking in C++. Used with permission. 

http://mindview.net/Books/TICPP/ThinkingInCPP2e.html


Virtual destructor in MITPerson

class MITPerson {

 protected:

int id;


 std::string name;

std::string address;


 public:

 MITPerson(int id, std::string name, std::string address); 
~MITPerson(); 
virtual void displayProfile();

virtual void changeAddress(std::string newAddress);


}; 

MITPerson::~MITPerson() { } 



Virtual constructor 
Can we declare a constructor as virtual? Why or why 
not? 



Virtual constructor 
Can we declare a constructor as virtual? Why or why

not?


No, not in C++.To create an object, you must know its 
exact type.TheVPTR has not even been initialized at 
this point. 



Type casting 

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 
Class* c1 = new Class("6.088"); 

steve->addClassTaken(c1); 

What will happen?




Type casting 

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 
Class* c1 = new Class("6.088"); 

steve->addClassTaken(c1);X 

Can only invoke methods of the declared type!


“addClassTaken” is not a member of MITPerson




Type casting 

MITPerson* steve = 

new Student(911923, "Steve", "99 Cambridge St.", 18, 3); 
Class* c1 = new Class("6.088"); 

Student* steve2 = 
dynamic_cast<Student>*(steve); 

steve2->addClassTaken(c1); // OK 

Use “dynamic_cast<...>” to downcast the pointer




Static vs. dynamic casting 

Can also use “static_cast<...>” 

Student* steve2 = 
static_cast<Student>*(steve); 

Cheaper but dangerous! No runtime check! 


MITPerson* p = MITPerson(...); 
Student* s1 = static_cast<Student>*(p); // s1 is not checked! Bad! 
Student* s2 = dynamic_cast<Student>*(p); // s2 is set to NULL 

Use “static_cast<...>” only if you know what you are 
doing! 



Abstract base class




Abstract methods 
Sometimes you want to inherit only declarations, not 
definitions 

A method without an implementation is called an 
abstract method 

Abstract methods are often used to create an 
interface 



Example: Binary search tree 
Can provide multiple implementations to BST


implements


Array BST 

insert 
print 
find 

BST 

insert 
print 
find 

Node BST 

insert 
print 
find 

implements 

Decouples the client from the implementations 




Defining abstract methods in C++

Use pure virtual functions 

class BST {

 public:

virtual ~BST() = 0;


virtual void insert(int val) = 0; 
virtual bool find(int val) = 0; 
virtual void print_inorder() = 0; 

}; 

(How would you do this in Java?)




Defining abstract methods in C++ 

Use pure virtual functions 

class BST { this says that “find” is pure 
(i.e. no implementation)

public: 
virtual ~BST() = 0; 


virtual void insert(int val) = 0;


 virtual void print_inorder() = 0;

virtual bool find(int val) = 0;

}; 

this says that “find” is virtual




Defining abstract methods in C++

Can we have non-virtual pure functions? 

class BST {

 public:

virtual ~BST() = 0;


virtual void insert(int val) = 0; 
virtual bool find(int val) = 0;
 virtual void print_inorder() = 0; 

}; 



Abstract classes in C++ 
Abstract base class 
�a class with one or more pure virtual functions 

�cannot be instantiated 
BST bst = new BST(); // can’t do this!


�its subclass must implement the all of the pure virtual 
functions (or itself become an abstract class) 



Extending an abstract base class 

class NodeBST : public BST {

 Node* root;

 public:

NodeBST();

~NodeBST();

void insert(int val);

bool find(int val);

void print_inorder();


}; 
// implementation of the insert method using nodes 
void NodeBST::insert(int val) { 

if (root == NULL) { 
root = new Node(val); 

} else {
 ...

 } 
} 



Constructors in abstract classes

Does it make sense to define a constructor? 

The class will never be instantiated! 




Constructors in abstract classes 
Does it make sense to define a constructor? 

The class will never be instantiated! 


Yes! You should still create a constructor to initialize 
its members, since they will be inherited by its 
subclass. 



Destructors in abstract classes 
Does it make sense to define a destructor? 

The class will never be created in the first place.




Destructors in abstract classes 
Does it make sense to define a destructor? 

The class will never be created in the first place.


Yes! Always define a virtual destructor in the base 

class, to make sure that the destructor of its subclass 

is called!




Pure virtual destructor 
Can also define a destructor as pure.


class BST {

 public: 
virtual ~BST() = 0; 

virtual void insert(int val) = 0; 
virtual bool find(int val) = 0; 
virtual void print_inorder() = 0; 

}; 

But must also provide a function body.Why?

BST::~BST() {} 




Until next time... 
Homework #5 (due 11:59 PM Tuesday) 
�Designing & implementing type hierarchy for simple 
arithmetic expressions 

Next lecture 
�templates 
�common C++ pitfalls 
�C/C++ interview questions & tricks 

58




References 
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Essential C++ (S. Lippman)
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Object-Oriented Analysis and Design with 

Applications (G. Booch, et. al)
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Extra slides




Subtype: Student 

#include <iostream> 
#include <vector> 
#include "MITPerson.h" what if this is private? 
#include "Class.h" 

class Student : public MITPerson {

 int course;

int year; // 1 = freshman, 2 = sophomore, etc.

std::vector<Class*> classesTaken;


 public: 
Student(int id, std::string name, std::string address, 

int course, int year);

void displayProfile();

void addClassTaken(Class* newClass);

void changeCourse(int newCourse); 


}; 



MIT OpenCourseWare
http://ocw.mit.edu 

6.088 Introduction to C Memory Management and C++ Object-Oriented Programming 
January IAP 2010 

For information about citing these materials or our Terms of Use, visit: http://ocw.mit.edu/terms. 

http://ocw.mit.edu
http://ocw.mit.edu/terms


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


