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Object Oriented Programming



Agenda

• Overview of Object Oriented Programming
• Object Oriented Concepts

– Abstraction
– Encapsulation
– Inheritance
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– Polymorphism
– Modularity
– Separation of Concerns
– Information Hiding

• Object Oriented features of .Net
• Criticism of OOP
• Final Words



Overview of OO Programming

• What is OO Programming?
• How does it compare to Procedural 

Programming?
• What are the basic tenets of OO Programming?
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• What are the basic tenets of OO Programming?



Overview of OO Programming

• What is OO Programming?
– (OOP) is a programming paradigm that uses "objects" to design 

applications and computer programs
– Modeling real-world concepts
– Concepts Originated in 1960s (Simula)
– First fully OO language in 1970s (Smalltalk)
– Not mainstream until 1990s (C++)
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– Not mainstream until 1990s (C++)
– 4 basic tenets 

• Abstraction, Encapsulation, Inheritance and Polymorphism
• These are not new or unique to OOP. Other paradigms use them too.

– Many languages support OOP
• ActionScript, Ada 95/2005, C#, C++, Delphi, Java, JavaScript, Lisp, 

Objective-C, Perl, PHP, Python, RealBasic, Ruby, Squeak, VB.Net, Visual 
FoxPro, Visual Prolog, etc.

• Is VB6 OO?
– No: VB6 is a procedural language that supports some OO concepts (Abstraction 

and Encapsulation – no Inheritance or Polymorphism)



Overview of OO Programming

• What is OO Programming?
– In OOP, each object is capable of receiving messages, 

processing data, and sending messages to other objects. 
– Each object can be viewed as an independent little machine with 

a distinct role or responsibility.
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– Promotes greater flexibility and maintainability in programming.
– By virtue of its strong emphasis on modularity, object oriented 

code is intended to be simpler to develop and easier to 
understand later on.

– Lends itself to more direct analysis, coding, and understanding 
of complex situations than less modular programming methods.



Overview of OO Programming

• How does it compare to Procedural Programming?
– PP is a programming paradigm based upon the concept of the 

procedure call. 
– Procedures, also known as routines, subroutines, methods, or functions 

simply contain a series of computational steps to be carried out. 
– Any given procedure might be called at any point during a program's 

execution, including by other procedures or itself.
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execution, including by other procedures or itself.
– Benefits:

• The ability to re-use the same code at different places in the program 
without copying it. 

• An easier way to keep track of program flow than a collection of "GOTO" or 
"JUMP" statements (which can turn a large, complicated program into so-
called "spaghetti code"). 

• The ability to be strongly modular or structured. 

– The most popular programming languages usually have both OOP and 
procedural aspects.



• How does it compare to Procedural Programming?

Overview of OO Programming

• PP
– Functions
– Modules
– Call

• OOP
– Methods
– Objects
– Message
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– Call
– Variable
– break down a programming 

task into a collection of 
data structures and 
routines

– Message
– Member
– break down a programming 

task into objects
– If you need database 

access must map relational 
data to class structure 
(ORM)



Overview of OO Programming

• What are the basic tenets of OO Programming?
– Abstraction
– Encapsulation
– Inheritance
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– Polymorphism



Object Oriented Concepts

• Abstraction
– Process for managing complexity
– Involves identifying the crucial behavior of an object 

and eliminating irrelevant and tedious details
– “Black-boxing”
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– “Black-boxing”
• Providing an external interface and hiding the complexity 

within

– A well thought-out abstraction is usually simple, 
slanted toward the perspective of the user (the 
developer using your objects)



Object Oriented Concepts

• Abstraction
– What makes a car move through space is a complex set of 

machinery, rules of physics, mechanics and electronics.
– There’s the engine, the pistons, the carburetor, the spark plugs, 

…all of which interact with precision to make the car move.
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Object Oriented Concepts

• Abstraction
– If you had to be an expert on all of it and make all those pieces 

work manually in order to get from A to B it would be enough to 
drive you mad!
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Object Oriented Concepts

• Abstraction
– It might be enough to drive you to drink!
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Object Oriented Concepts

• Abstraction
– Instead, car manufacturers decided to develop an interface to 

allow the average user to make it go from A to B

You have a wheel, an accelerator, a brake and some keys…

Feed it some gas, some oil from time to time…
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Feed it some gas, some oil from time to time…

And you’re on your way!



Object Oriented Concepts

• Abstraction
– Happy, happy, happy!
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Object Oriented Concepts

• Abstraction
– You don’t really care for all the details of how the car works.
– You just want to know enough about it to make it work.
– In OO, programs behave similarly:
– You don’t need to know how the object works – just that it does 
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– You don’t need to know how the object works – just that it does 
and that the developer who created it provided you with an 
interface to interact with.

– You just need to know how to work with the interface.
– Added plus is that you can change the internals of how the 

object works without having to change how the users consume 
your object.



Object Oriented Concepts

• Encapsulation
– Is the procedure of covering up data and functions 

into a single unit
– Conceals the exact details of how a particular class 

works from objects that use its code or send 
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works from objects that use its code or send 
messages to it.

– Is achieved by specifying which classes may use the 
members of an object. The result is that each object 
exposes to any class a certain interface — those 
members accessible to that class.



Object Oriented Concepts

• Encapsulation
– In procedural languages there are object-like constructs, such as 

structs (C) or records (Pascal).
• More than one function can operate on a single data-type.
• The data is fully exposed and vulnerable to the whims of anyone 

who has an instance because the data and functions are not tied 
together.
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who has an instance because the data and functions are not tied 
together.

– In contrast, object-oriented programming is based on 
encapsulation. 

– When an object’s state and behavior are kept together, they are 
encapsulated. 

– That is, the data that represents the state of the object and the 
methods (Functions and Subs) that manipulate that data are 
stored together as a cohesive unit.



Object Oriented Concepts

• Encapsulation
– Encapsulation is often referred to as information hiding. 
– But although the two terms are often used interchangeably, 

information hiding is really the result of encapsulation, not a 
synonym for it. 
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– They are distinct concepts. 
– Encapsulation makes it possible to separate an object’s 

implementation from its behavior—to restrict access to its 
internal data. 

– This restriction allows certain details of an object’s behavior to 
be hidden. 

– It allows us to create a “black box” and protects an object’s 
internal state from corruption by its clients.



Object Oriented Concepts

• Encapsulation
– Hang on!
– Isn’t that Abstraction?
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Object Oriented Concepts

• Encapsulation
– NO!
– Encapsulation is frequently confused with Abstraction. 
– Though the two concepts are closely related, they represent 

different ideas.
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– Abstraction is a process . It is the act of identifying the relevant 
qualities and behaviors an object should possess.

– Encapsulation is the mechanism by which the abstraction is 
implemented. It is the result . 

– The car, for instance, is an object that encapsulates many 
technologies that might not be understood clearly by most 
people who benefit from it.



Object Oriented Concepts

• Encapsulation
– Ahhhhhhhhhhhh!!!!!!!!!!!!!!!
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Object Oriented Concepts

• Inheritance
– Inheritance is the ability to define a new class that inherits the 

behaviors (and code) of an existing class. 
– The new class is called a child or derived class, while the original 

class is often referred to as the parent or base class.
– Inheritance is used to express “is-a” or “kind-of” relationships. A 
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– Inheritance is used to express “is-a” or “kind-of” relationships. A 
car is a vehicle. A boat is a vehicle. A submarine is a vehicle.

– In OOP, the  Vehicle base class would provide the common 
behaviors of all types of vehicles and perhaps delineate 
behaviors all vehicles must support. 

– The particular subclasses (i.e., derived classes) of vehicles 
would implement behaviors specific to that type of vehicle. 

– The main concepts behind inheritance are extensibility and code 
reuse.



Object Oriented Concepts

• Inheritance
– E.g. A Dog class can have sub-classes Chihuahua and Bull Terrier.
– Each could implement the Bark() method slightly differently, using 

different variations of Pitch and Volume.
– Maybe the Chihuahua emits three repetitions for each Bark() call, while 

the Bull Terrier only emits one…
– But they could all inherit the Rollover() and PlayDead() behaviors 

common to all Dogs.
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common to all Dogs.



Object Oriented Concepts

• Inheritance
– Inheritance is also referred to as Generalization.
– E.g. a "fruit" is a generalization of "apple", "orange", 

"mango" and many others.
– One can consider fruit to be an abstraction of apple, 
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– One can consider fruit to be an abstraction of apple, 
orange, etc. 

– Conversely, since apples are fruit (i.e. an apple is-a 
fruit), apples may naturally inherit all the properties 
common to all fruit.

– An advantage of inheritance is that modules with 
sufficiently similar interfaces can share a lot of code, 
reducing the complexity of the program.



Object Oriented Concepts

• Inheritance
– However, not all problems in OOP should be resolved with Inheritance.
– In fact this should be the last resort.
– In most cases, using a “has-a” relationship is a much better design 

pattern. This is called Composition/Aggregation/Containment
– E.g. A Car has an Engine; it is not an Engine…

• It can also contain a Battery, several Doors, etc.
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• It can also contain a Battery, several Doors, etc.
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Object Oriented Concepts

• Inheritance
– When it comes to proper object-oriented design, a deep 

understanding of inheritance and its effects is crucial. Deriving 
new classes from existing classes is not always as 
straightforward as it might initially appear.

– Is a circle a kind of ellipse? Is a square a kind of rectangle? 
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– Is a circle a kind of ellipse? Is a square a kind of rectangle? 
Mistakes in an inheritance hierarchy can cripple an object model.

– There is also the problem with the depth of the inheritance tree –
too many levels can slow the application down. In general, if you 
are using more than 4 levels of inheritance you’re probably doing 
something wrong.



Object Oriented Concepts

• Inheritance
– Too much Inheritance can also break Encapsulation. The 

method implementations are so deep that it takes a maintenance 
developer ages to find it.

• E.g. You’re looking for a bug in Eat() in the Employee class. It’s not 
there. So you look in the Person class. It’s not there. So you look in 
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there. So you look in the Person class. It’s not there. So you look in 
the Human class. It’s not there. So you look in Ape. No. So you look 
in Mammal. Still not there. So you eventually you go far back 
enough and look in Animal! What a trip! This is an example of a 
hierarchy gone crazy…

– Another example of problematic inheritance can be expressed in 
our Dog class. If you had to model a Basenji, you’d have a hard 
time with the Bark() method. This is also know as the Platypus 
Effect.



Object Oriented Concepts

• Inheritance
– The Platypus Effect

• You have your 'is-a' hierarchy all thought out - let's say you 
have a "mammals" class and a "reptiles" class and so on -
and you start to implement it, and along comes a platypus, a 
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and you start to implement it, and along comes a platypus, a 
fur-bearing, egg-laying, duck-billed creature, which doesn't 
appear to fit in any of the classifications you've created. So 
what you often end up having to do is rethink your entire 
hierarchy, refactoring into a different set of basic categories, 
or maintaining several categorizations along different axes. A 
lot of your thinking ends up getting thrown out, as well as any 
implementation you've done up to that point.



Object Oriented Concepts

• Inheritance
– The Platypus Effect

• Part of the problem with brittle design is due to overgeneralization. 
• Good programmers tend to like to factor out the common aspects of 

their code, incorporating widely-used functionality into a single 
subroutine or class.

• The inheritance mechanism encourages a high level of factoring, 
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• The inheritance mechanism encourages a high level of factoring, 
allowing common functionality to be placed into a superclass.

• But it also encourages a tendency to overfactor, to create a single 
mechanism which solves a number of apparently similar problems. 

• These kinds of mechanisms tend to break when a platypus is 
encountered. 

• The solution is to keep inheritance to a minimum and not go 
overboard.

• Most often Composition is a better option.
• Composition also promotes reuse, but is not laden with the traps of 

Inheritance.



Object Oriented Concepts

• Multiple Inheritance
– Some languages allow a subclass to inherit from multiple parents.
– But Multiple Inheritance can be tricky.
– If you want to make a Pig fly, you could inherit from both Pig and Bird
– And make a generic mutation that could be rift with unknown problems.
– What does the pig eat? How does it breed? Womb or Eggs? Is it 

susceptible to Avian Flu?
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susceptible to Avian Flu?



Object Oriented Concepts

• To solve the problem the Composition way, you could 
simply give your Pig a Glider…
– Instant Flying Pig…
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Object Oriented Concepts

• Interface Inheritance
– A different kind of inheritance, which is very helpful and less problematic 

than class inheritance.
– You don’t inherit behavior.
– Instead you establish a contract to implement an interface (the buttons, 

the wheels, the pedals…)
– Your class will then be responsible for implementing that interface. 
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– That has less chance for adverse side-effects. But you do more work.



Object Oriented Concepts

• Polymorphism
– Refers to the ability to assume different forms
– In OOP indicates ability to handle objects differently based on 

runtime type.
– When objects communicate we say they send and receive
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messages.
– With Polymorphism the sender of the message doesn’t need to 

know which class the receiver is a member of. It just needs to 
know it can perform a certain behavior.

– 2 Types of Polymorphism
• Class (Parametric)
• Method (Overloading)



Object Oriented Concepts

• Polymorphism
– Class (or Parametric) Polymorphism refers to the 

ability of multiple classes to implement the same 
Method.

• E.g. Circles, Squares, Triangles can all Draw()
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• E.g. Circles, Squares, Triangles can all Draw()

– Method Polymorphism (Overloading) refers to the 
ability of a method (behavior) of the same name to 
exhibit different signatures (the parameters of the 
method)

• E.g. Write(string name) and Write(string firstName, string 
lastName)



Object Oriented Concepts

• Polymorphism
– Parametric Polymorphism

• One useful way to implement it is to generate an interface class 
(Shape) with a set of common Methods and Properties (Draw())
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Object Oriented Concepts

• Polymorphism
– Parametric Polymorphism

• Then create classes that implement that interface (Circle, Square, 
Triangle)
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Object Oriented Concepts

• Polymorphism
– Parametric Polymorphism

• Your program doesn’t need to know how draw any of them.
• It just needs to know that you have a Shape object that implements 

a Draw() method.
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Object Oriented Concepts

• Polymorphism
– Parametric Polymorphism

• Each object will take care of Draw()ing itself…
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Object Oriented Concepts

• Polymorphism
– Parametric Polymorphism

• This way, to you add support to a new Ellipse object in your 
program, you don’t have to change a single line of code…
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Object Oriented Concepts

• Polymorphism
– Overloading

• Overloading allows you to have a function with the same 
name that accepts different parameters and exhibits similar 
behavior across all implementations.
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behavior across all implementations.
• E.g. Add(int a, int b); Add(int a, int b, int c); Add(int[] n); 

Add(double a, double b); Add(double[] n);             
Add(decimal a, decimal b); Add(decimal[] n);

• Besides functions, you can also have polymorphic operators.
• E.g The + operator applies to int, double, decimal and other 

types, including strings...



Object Oriented Concepts

• Information Hiding
– The principle of information hiding is the hiding of design 

decisions in a computer program that are most likely to change, 
thus protecting other parts of the program from change if the 
design decision is changed.

– Protecting a design decision involves providing a stable interface 
which shields the remainder of the program from the 
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which shields the remainder of the program from the 
implementation (the details that are most likely to change). 

– In modern programming languages, the principle of information 
hiding manifests itself in a number of ways, including 
encapsulation (given the separation of concerns) and 
polymorphism.

– Example – today a car has a gas engine. Tomorrow it may have 
a fuel cell instead. Or be fully electric. But since you are familiar 
with an interface for a car already, which engine it runs on 
wouldn’t impact your ability to drive one in the future.



Object Oriented Concepts

• Modularity
– Is the property of computer programs that measures the extent 

to which they have been composed out of separate parts called 
modules. 

– A modular approach to programming is where a large-scale 
general system is composed of modules that each serve a 
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general system is composed of modules that each serve a 
specific purpose and communicate with each other to produce 
the system's overall behavior.

– Programs that have many direct interrelationships between any 
two random parts of the program code are less modular than 
programs where those relationships occur mainly at well-defined 
interfaces between modules.



Object Oriented Concepts

• Separation of Concerns
– Is the process of breaking a program into distinct 

features that overlap in functionality as little as 
possible. 

– A concern is any piece of interest or focus in a 
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– A concern is any piece of interest or focus in a 
program. 

– Typically, concerns are synonymous with features or 
behaviors.

– A large problem is easier to manage if it can be 
broken down into pieces; particularly so if the 
solutions to the sub-problems can be combined to 
form a solution to the large problem



Object Oriented Concepts

• Separation of Concerns
– All programming paradigms aid developers in the process of 

SoC. 
– Object-oriented programming languages such as the Java 

programming language can separate concerns into classes and 
methods, and, in a more ample point of view, a design pattern, 
like Model-View-Controller, can separate content from 
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like Model-View-Controller, can separate content from 
presentation, and data-processing (model) from content.

– Service-oriented design can separate concerns into services and 
operations. 

– Procedural programming languages such as C and Pascal can 
separate concerns into procedures.

– Progress towards SoC is traditionally achieved through 
modularity and encapsulation (with the help of information 
hiding).



Object Oriented Concepts

• Separation of Concerns
– Is an important design principle in many other areas as well, 

such as urban planning, architecture and information design.
– The goal is to design systems so that functions can be optimized 

independently of other functions, so that failure of one function 
does not cause other functions to fail…
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does not cause other functions to fail…
– And in general to make it easier to understand, design and 

manage complex interdependent systems. 
– Common examples include using corridors to connect rooms 

rather than having rooms open directly into each other…
– And keeping the stove on one circuit and the lights on another.



OO features of .Net

• Class
– Defines the abstract characteristics of a thing (Properties) as well as its 

behaviors (Methods) – collectively referred to as Members.
• Object

– Defines a specific instance of a Class. E.g. A Dog has Fur. But Lassie is 
a Dog with brown and white Fur.

• Members
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• Members
– Property

• Defines a characteristic of a Class.

– Method
• Defines a behavior implemented in a Class.

• Message Passing
– The process by which an object sends data to another object or asks 

the other object to invoke a method.



OO features of .Net

• Interface
– Defines the communication boundary between two entities. It 

generally refers to an abstraction that an entity provides of itself 
to the outside. This separates the methods of external 
communication from internal operation, and allows it to be 
internally modified without affecting the way outside entities 
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internally modified without affecting the way outside entities 
interact with it. It may also provide a means of translation 
between entities that do not know each other.

• Member Visibility
– A feature of Encapsulation is the ability to define in a Class 

which Members are visible to other objects (public) which are 
only visible internally (private) and which are visible to 
subclasses (protected)



OO features of .Net

• .Net implements all principles of OOP, including 
Abstraction, Encapsulation, Inheritance and 
Polymorphism.

• .Net only implements single-class Inheritance.
• Unlike C++, it does NOT implement multiple-
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• Unlike C++, it does NOT implement multiple-
class Inheritance.

• It does implement multiple Interface Inheritance
– A safer way to implement your Flying Pig would be to 

create a Pig that implements the Bird interface.
– That way you can control which features of Bird you 

want Flying Pig to have and which not to.



OO features of .Net

• .Net can also be coded in the Procedural 
Paradigm.

• Inexperienced OO programmers often revert to 
Procedural ways of doing things.
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Procedural ways of doing things.
• This tends to cause trouble sooner or later.
• You often end up with Spaghetti…



Criticism of OOP

• Not everyone thinks OOP is the next best thing since sliced bread…

– One study by Potok et al. has showed no significant difference in 
productivity between OOP and procedural approaches. 

– Christopher J. Date has stated that critical comparison of OOP to other 
technologies, relational in particular, is difficult because of lack of an 
agreed-upon and rigorous definition of OOP.

– Alexander Stepanov has suggested that OOP provides a 
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– Alexander Stepanov has suggested that OOP provides a 
mathematically-limited viewpoint and called it, "almost as much of a 
hoax as Artificial Intelligence" (possibly referring to the Artificial 
Intelligence projects and marketing of the 1980s that are sometimes 
viewed as overzealous in retrospect).

• None of these criticisms address improved quality of code (less 
bugs), reliability, or ease of maintenance (less changes) that OOP 
projects seem to exhibit over their procedural counterparts…



Final Words

• When done right OOP has the potential to produce good 
quality code that can be reusable, maintainable, modular 
and relatively bug free.
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• When done wrong OOP has the potential to produce the most 
nightmarish, ghoulish, cursed piece of spaghetti that has ever 
crawled out of the fiery pits of Hell.



Final Words

• The difference is in the Developer and his/her 
understanding of the concepts and spirit of OOP.
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