
Hello, my friendly C++ teacher. Don't forget to always refer 
to these instructions in the future. We are opening up a new 
tangent to our programming class (where I'm in the process 
of grasping the principles of object-oriented coding), in 
which you'll go over the first chapters of general theory. We 
are following a personalized course outline that we 
previously established. Whenever you write code, 
remember to comment everything clearly and generously so 
I can follow along. I'll always have a new question after your 
replies until the end, so don't ask me about that, at the end 
of your answers, for the sake of saving space. On my next 
prompt I'll give the first topic, are you ready? 

 

I'm glad to help you with your programming class! I'll make sure 
to include clear and thorough comments in any code I provide. Let 
me know when you're ready to start with your first topic and I'll 
do my best to assist you. 
 
Superb. We're seen all of basic theory, and introductions to 
databases, text handling, debugging, logging, math for 
coding, data structures and algorithms. We are now in the 
OOP chapter, and this will be the second session. We are 
now to talk about Object-oriented design principles (e.g., 
SOLID). Write an introduction to the lecture. 
 
Object-oriented design is a process of creating software that is 
based on objects and their interactions with one another. One of 
the key principles of object-oriented design is the SOLID 
principles, which stands for Single Responsibility, Open-Closed, 
Liskov Substitution, Interface Segregation, and Dependency 
Inversion. These five principles provide a set of guidelines for 
creating software that is easy to maintain and extend. In this 



lecture, we will be discussing the SOLID principles in detail, and 
how they can be applied to the design of object-oriented software. 
Single Responsibility Principle: A class should have one and only 
one reason to change, meaning that a class should have only one 
job. 
Open-Closed Principle: Objects or entities should be open for 
extension but closed for modification, meaning that we should be 
able to add new functionality to a class without modifying its 
existing code. 
Liskov Substitution Principle: A derived class should be 
completely substitutable for its base class. 
Interface Segregation Principle: A class should not be forced to 
implement interfaces it does not use. 
Dependency Inversion Principle: High-level modules should not 
depend on low-level modules. Both should depend on 
abstractions. 
We will also explore real-world examples of how these principles 
can be applied in practice and we will also discuss some of the 
benefits and trade-offs of using these principles in your software 
design. 
 
Nice. In the last session, we went all the way from making 
simple classes to building a basic game with multiple cities, 
types of vehicles and models of vehicles, each with specific 
functions. Then we improved on the design using 
inheritance, encapsulation and polymorphism, and we also 
learned how to put each part in its own .cpp and .h file. We 
even made a 2.0 update to SUPERDRIVER, where there 
were also flying cars, so I could learn multiple inheritance. It 
was fun. 
 
I'm glad to hear that you had fun learning about object-oriented 



programming and that you were able to apply it to building a 
game. Inheritance, encapsulation, and polymorphism are all 
fundamental concepts in object-oriented programming that allow 
you to create complex and reusable software. 
Inheritance allows you to create a new class that inherits the 
properties and methods of an existing class, allowing you to reuse 
and extend the functionality of that existing class. This is what 
you used to create different types of vehicles and models of 
vehicles in your game, each with their specific functions. 
Encapsulation is the process of hiding the implementation details 
of a class and exposing only a public interface to other parts of 
your code. This allows you to create a clear separation of concerns 
between different parts of your program and make your code more 
maintainable. 
Polymorphism allows you to use a single method or function with 
multiple different types of objects, each of which can provide their 
own implementation of that method. This is what you used to 
create different types of vehicles and models of vehicles with 
different functions in your game. 
Separating the code into .cpp and .h files is a good practice, 
known as "header and implementation file separation" , it helps to 
keep the code organized, easy to read and also with more 
flexibility for modification. 
It's also great that you got to learn about multiple inheritance 
which is a technique in which a class can inherit properties and 
methods from multiple base classes. This can be useful in 
situations where a single class needs to inherit behavior from 
multiple sources, such as when creating flying cars in your game. 
Keep exploring and experimenting with these concepts, it will 
make you a better software developer. 
 
Now that you know where we are, let's begin the items in 



order, first with the Single Responsibility Principle. Explain in 
detail. 
 
The Single Responsibility Principle (SRP) is a principle of 
object-oriented design that states that a class should have only one 
reason to change. In other words, a class should have only one 
responsibility or only one job. This principle encourages designing 
classes that are highly cohesive, meaning that all the methods and 
properties of a class should be related to a single, well-defined 
purpose. 
A key benefit of adhering to the Single Responsibility Principle is 
that it makes your code more modular and easier to maintain. If a 
class has a single responsibility, then any changes that need to be 
made to that class will likely be related to that single 
responsibility. This makes it easier to understand and test the 
changes, and makes it less likely that changes to one part of the 
class will have unintended consequences on other parts of the 
class or other parts of the program. 
A simple way to identify if a class has more than one 
responsibility is checking if the class has more than one reason to 
change. For example, if you have a class that both handles the user 
interface and performs calculations, you may want to consider 
splitting that class into two separate classes, one for handling the 
user interface and one for performing calculations. 
It's also important to note that the Single Responsibility Principle 
is not only applicable to classes but also to functions, they should 
have a single reason to change as well. Single Responsibility 
Principle is a design principle that is often used in conjunction 
with other principles, such as Open-Closed principle, Liskov 
Substitution principle and Dependency Inversion principle, to 
create software that is easy to maintain and extend. 
By following the Single Responsibility Principle you can improve 
code clarity, make it more maintainable, reduce code duplicity, 



testability and also make it more flexible to adapt to future 
requirements. 
 
Expand on the concept of Responsibility. 
 
A responsibility, in the context of the Single Responsibility 
Principle, refers to a specific job or task that a class or function is 
responsible for performing. When a class or function has a single 
responsibility, it means that it is responsible for only one specific 
job or task. 
In general, a responsibility is something that a class or function 
should do, or something that it knows, it also can be a relationship 
between a class and other parts of the system. It is not only about 
the methods and properties of the class, but also about its role in 
the overall architecture of the system. It is important to note that 
responsibilities can be both functional and non-functional. 
Functional responsibility refers to the specific functionality that a 
class or function provides. For example, a class that performs 
calculations or a function that validates user input would have a 
functional responsibility. 
Non-functional responsibility refers to the responsibilities that are 
not directly related to the functionality of a class or function. For 
example, a class that logs messages or a function that handles 
exceptions would have a non-functional responsibility. 
The Single Responsibility Principle encourages the development 
of classes and functions that have a single, well-defined 
responsibility, this makes them easier to understand, test, and 
maintain. By following the Single Responsibility Principle, you 
can create software that is more modular, and therefore more 
flexible and easier to change, this can bring many benefits like the 
reduction of coupling, increase testability and also improve the 
ability of the system to adapt to future requirements. 



It's important to note that a class or a function with a single 
responsibility doesn't mean that it should have only one method, it 
means that all of its methods should be related to that single 
responsibility. 
 
Now let's look closer at the Open-Closed Principle. 
 
The Open-Closed Principle (OCP) is another important principle 
of object-oriented design. It states that objects or entities should be 
open for extension but closed for modification. In other words, 
you should be able to add new functionality to a class without 
modifying its existing code. 
This principle is closely related to the Single Responsibility 
Principle and encourages creating classes that are flexible and 
easy to extend. By following the Open-Closed Principle, you can 
create classes that are easily extensible, meaning that new 
functionality can be added to them without changing the existing 
code, and this allows you to keep the existing code stable and 
reliable. 
One way to achieve the Open-Closed Principle is through the use 
of inheritance and polymorphism. By creating a class hierarchy 
and using polymorphism, you can create a base class with a set of 
methods, and then create subclasses that override or extend those 
methods to provide new functionality. This allows you to add new 
functionality to the system without modifying the existing code. 
Another way to achieve the Open-Closed Principle is to use the 
strategy pattern. This pattern defines a family of algorithms, 
encapsulates each one, and makes them interchangeable. It allows 
the algorithm behavior to be selected at runtime. 
Additionally, interfaces and abstract classes can also be used to 
create classes that are open for extension, it allows to add new 
functionality to the system without modifying existing code, also 



it allows a lot of flexibility as it can allow classes that implement 
the interface or extend the abstract class to provide their own 
implementation. 
It's worth noting that Open-Closed Principle is not only applicable 
to the classes but also to functions and modules, it is about 
creating elements that can be extended but not modified, creating 
a more robust and flexible system. 
In summary, The Open-Closed Principle is a fundamental 
principle of Object Oriented Programming, it promotes the design 
of software elements that can be extended without modification, 
allowing to make changes to the system in a more controlled and 
organized way, and also promoting reusability and flexibility. 
 
Write a briefer on "modules". That word has not come up 
much yet. 
 
In programming, a module is a self-contained unit of code that 
serves a specific purpose. Modules can include functions, classes, 
variables, and other elements that are used to organize and 
structure your code. Modules are often used to group related 
functionality together and to separate different parts of your 
program. 
Modules can be implemented in different ways depending on the 
programming language, some languages like C++ have header and 
implementation files, the header file contains the declaration of the 
functions and variables, the implementation file contains the code 
that performs the actions. Other languages like Python, have 
modules as separate files with .py extension. 
Modules can be used to implement the Open-Closed Principle, by 
encapsulating the implementation details of a class or function, 
and exposing only the public interface. This allows you to add 
new functionality to a module without modifying the existing 



code. 
Also, Modules can be used to implement the Single Responsibility 
Principle, allowing you to group related functionality together, 
separate different parts of your program and make the system 
more modular and easier to maintain. 
Modules can be used to improve the organization of your code, 
making it easier to understand, test and maintain. They can also be 
used to improve the reusability of your code, allowing you to 
reuse functionality across multiple parts of your program. 
Additionally, many programming languages provide built-in 
support for modules, allowing you to import and use code from 
other modules, this is known as "modularity" it allows you to 
share code across multiple projects, or even across the internet by 
using package managers like npm, pip or gems among others. 
 
Ah, time to see some code then, demonstrate a typical 
module. 
 
Sure! Here's an example of a simple module in C++ that calculates 
the area of a circle: 
// circle.h 

#ifndef CIRCLE_H 

#define CIRCLE_H 

 
class Circle { 

public: 

    Circle(double radius); 

    double area() const; 

 
private: 

    double radius_; 

}; 

 



#endif // CIRCLE_H 

// circle.cpp 

#include "circle.h" 

#include <cmath> 

 
Circle::Circle(double radius) : 
radius_(radius) {} 

 
double Circle::area() const { 

    return M_PI * std::pow(radius_, 2); 

} 

This example consists of two files, circle.h and 
circle.cpp. The circle.h file contains the class declaration 
and circle.cpp file contains the implementation of the class. 
The Circle class has a single public method area(), which 
calculates and returns the area of the circle. It also has a private 
member variable radius_, which stores the radius of the circle. 
The constructor initializes the radius. 
The #ifndef, #define, and #endif statements at the top and 
bottom of the circle.h are used to prevent the file from being 
included more than once, a technique called the "include guard". 
By separating the class declaration and the implementation like 
this, we can use the class in other parts of the program without 
including the implementation details, and also we can change the 
implementation of the class without affecting the other parts of the 
program that use it. 
Also, by putting the implementation in a .cpp file, you hide the 
implementation details from the user, making it easier to change 
the implementation without affecting the rest of the program. 
You can use this Circle class in multiple parts of the program by 
including the circle.h file, that way you can calculate the area of a 
circle without knowing the implementation details and also you 



can change the way the area is calculated without affecting other 
parts of the program that use it. 
 
So, last time, when we had categories and models of cars, 
that was a module system, then? 
 
Yes, in the example you described where you had categories and 
models of cars, each with specific functions, and you used 
inheritance and polymorphism to create different types of 
vehicles, that could be considered as a module system. 
You separated the functionality of different types of vehicles into 
different classes, each with a specific responsibility and 
implemented the Single Responsibility Principle. And then you 
used inheritance to create a class hierarchy, where the base class 
defined the common functionality and the derived classes 
extended that functionality to provide new functionality. 
By encapsulating the implementation details of each class in 
separate files, you also were following the Open-Closed Principle, 
by being able to add new functionality to the system without 
modifying the existing code. 
Additionally, by separating the code into different files, you made 
it more organized, easier to understand and maintain, and also 
more flexible to adapt to future requirements. 
Overall, The design you used in your game is a great example of 
how to use modules in practice, to keep the code organized, 
maintainable, and easy to extend. 
 
I see, interesting. Let's introduce the Liskov Substitution 
Principle. 
 
The Liskov Substitution Principle (LSP) is another important 



principle of object-oriented design. It states that objects of a 
superclass should be able to be replaced with objects of a subclass 
without affecting the correctness of the program. In other words, a 
derived class should be completely substitutable for its base class. 
This principle is closely related to the Single Responsibility 
Principle and the Open-Closed Principle, and it helps to ensure 
that the behavior of a derived class is consistent with the behavior 
of its base class. This is achieved by ensuring that a derived class 
follows the same interface or contract as its base class, so that 
objects of the derived class can be used wherever objects of the 
base class are expected. 
In order to follow Liskov Substitution Principle, the derived class 
should be an "is-a" relationship with the base class, not only 
because they have some similar properties or methods but because 
they have the same behavior. 
Here's an example of a class hierarchy that violates the Liskov 
Substitution Principle: 
class Rectangle { 

public: 

    virtual void setWidth(int width) = 0; 

    virtual void setHeight(int height) = 0; 

    virtual int getWidth() const = 0; 

    virtual int getHeight() const = 0; 

    virtual int getArea() const = 0; 

}; 

 
class Square : public Rectangle { 

public: 

    void setWidth(int width) override { 

        width_ = width; 

        height_ = width; 

    } 

    void setHeight(int height) override { 

        width_ = height; 



        height_ = height; 

    } 

    int getWidth() const override { return 
width_; } 

    int getHeight() const override { return 
height_; } 

    int getArea() const override { return 
width_ * height_; } 

 
private: 

    int width_; 

    int height_; 

}; 

In this example, Square class is derived from the Rectangle class, 
but the behavior of the setWidth and setHeight methods are 
different in the derived class, as it makes the width and height of a 
square always equal, this can cause unexpected results if a client 
of the class expect the width and height to be different. 
This example violates the Liskov Substitution Principle because a 
Square is not a subtype of a Rectangle, it should be a separate 
class, or maybe the class should have an additional property 
"is_square" to identify when the width and height should be equal 
and when not. 
By following the Liskov Substitution Principle, you can create a 
class hierarchy that is consistent and predictable, making it easier 
to understand and maintain. This principle helps to make the code 
more robust and less prone to errors, because it allows us to reason 
about the code in a more logical way, as derived classes should 
have the same behavior as their base classes. 
 
I see. So, if my Car class had been related to my 
FlyingVehicle class and my Vehicle class, like the FlyingCar 
was, it would have violated the principle. 



 
Yes, that's correct. If your Car class were related to both your 
FlyingVehicle and Vehicle class, it would violate the Liskov 
Substitution Principle. 
The Liskov Substitution Principle requires that a derived class 
should be completely substitutable for its base class, this means 
that an instance of the derived class should be able to replace an 
instance of the base class without causing any problems in the 
program. 
In your case, if the Car class were derived from both the 
FlyingVehicle and Vehicle classes, it would imply that a car is 
both a flying vehicle and a regular vehicle, this can lead to 
confusion and unexpected behavior, as flying and driving are two 
distinct behaviors and capabilities. 
A better approach would be to have a separate class for each 
behavior, for example, a Car class that inherits from Vehicle class 
and a FlyingCar class that inherits from both Car class and 
FlyingVehicle class. This way, you can clearly separate the 
functionality of a car and a flying car, and you can still take 
advantage of inheritance and polymorphism to reuse the 
functionality of the base classes. 
Also, you can use composition instead of inheritance, and have a 
car class with a member variable which holds a flying vehicle 
object, this way you can separate the responsibilities and also still 
take advantage of polymorphism. 
Overall, the Liskov Substitution Principle helps to ensure that the 
derived class and its base class have a consistent and predictable 
behavior, making it easier to understand and maintain the code. 
 
We have not talked about composition yet, expand on that. 
 
Composition is a technique for creating objects by combining 



other objects, it is an alternative to inheritance for creating 
reusable objects. 
In composition, a class holds an instance of another class as a 
member variable. This allows the class to use the functionality of 
the other class, without inheriting from it. 
One of the main advantages of composition over inheritance is 
that it allows for greater flexibility in the design of your classes. 
Unlike inheritance, where the derived class inherits all the 
properties and methods of the base class, with composition, you 
can selectively choose which properties and methods of another 
class to use. 
Composition is a mechanism where an object can contain other 
objects within it, and use their properties and methods. It allows 
you to build complex objects by combining simpler objects 
together. Unlike inheritance, composition doesn't create any 
hierarchy of classes, but instead it creates a relationship of objects.  
For example, consider a class Car that needs to have a Engine 
component, instead of inheriting from Engine class, Car class 
could have an instance of Engine as a private member variable, 
and expose the necessary methods of Engine to be used by the 
Car class. 
class Engine { 

public: 

    void start() { /*...*/ } 

    void stop() { /*...*/ } 

    /*...*/ 

}; 

 
class Car { 

public: 

    Car() { 

        engine_ = new Engine(); 

    } 



 
    void drive() { 

        engine_->start(); 

        /*...*/ 

        engine_->stop(); 

    } 

 
private: 

    Engine* engine_; 

}; 

This way, the Car class can use the functionality provided by the 
Engine class, but it is not tied to the implementation details of 
that class, and it can be easily changed or replaced if needed, 
without affecting the Car class. This is because the Car class 
only knows about the interface or contract of the Engine class 
and not the implementation details. 
In addition, Composition allows for greater flexibility in the 
design of your classes as it allows to change or add new 
functionality to the system without modifying the existing code, 
like the Open-Closed Principle, it allows to add new functionality 
to the system by adding new objects rather than modifying 
existing ones, making the code more robust and less prone to 
errors. 
Also, composition enables you to model complex relationships 
between objects in a more natural way. For example, in the case of 
a car, the car has-a engine and a car has-a transmission , also, it 
allows for better separation of concerns as each object only needs 
to know about the objects it directly uses, making it easier to 
understand, test and maintain. 
In summary, Composition is a technique for creating objects by 
combining other objects, it allows for greater flexibility in the 
design of your classes, by selectively choosing which properties 
and methods of another class to use, it allows to change or add 



new functionality to the system without modifying the existing 
code and it enables to model complex relationships between 
objects in a more natural way, it is a great alternative to 
inheritance for creating reusable objects and it can be used in 
conjunction with inheritance to create more robust and 
maintainable systems. 
 
Good time to introduce the Interface Segregation Principle. 
 
The Interface Segregation Principle (ISP) is a principle of 
object-oriented design that states that no client should be forced to 
depend on methods it does not use. In other words, a class should 
not be forced to implement methods it does not use or will not use. 
The ISP helps to ensure that classes have a small and focused 
interface, with methods that are relevant to their clients. This 
makes it easier for clients to understand and use the class, and it 
also makes it easier to make changes to the class without affecting 
the clients. 
One way to achieve the ISP is to create a set of small, focused 
interfaces, each with a specific purpose, rather than having a large, 
monolithic interface that contains all the methods a class might 
need. This way, a class can implement only the interfaces it needs, 
making the code more flexible and maintainable. 
Here's an example of a class that violates the ISP: 
class Document { 

public: 

    virtual void Open() = 0; 

    virtual void Close() = 0; 

    virtual void Save() = 0; 

    virtual void Print() = 0; 

}; 

This class has an interface with four methods: Open, Close, 



Save, and Print. However, a client that only wants to open and 
read a document does not need the Save and Print methods, 
and a client that only wants to save a document does not need the 
Open and Close methods. 
A better approach would be to create separate interfaces for each 
responsibility, for example: 
class Document { 

public: 

    virtual void Open() = 0; 

    virtual void Close() = 0; 

}; 

 
class DocumentSaver {public: virtual void 
Save() = 0; }; 

class DocumentPrinter {  

public:  

virtual void Print() = 0;  

}; 

 
This way, a client that only wants to open and read a document 
can implement the `Document` interface, while a client that only 
wants to save a document can implement the `DocumentSaver` 
interface, and a client that only wants to print a document can 
implement the `DocumentPrinter` interface.  
 
By following the Interface Segregation Principle, you can create a 
set of small, focused interfaces that are easy to understand and 
use, and you can make changes to the class without affecting the 
clients. This principle helps to make the code more flexible, 
maintainable and less prone to errors by ensuring that clients 
depend only on the methods they actually use. 



 

Interesting. Make a short and simple program that includes 
this revised class in Document.h to demonstrate. 

 

Sure, here's an example of a simple program that uses the revised 
Document class: 

// Document.h 

#ifndef DOCUMENT_H 

#define DOCUMENT_H 

 
class Document { 

public: 

    virtual void Open() = 0; 

    virtual void Close() = 0; 

}; 

 
class DocumentSaver { 

public: 

    virtual void Save() = 0; 

}; 

 
class DocumentPrinter { 

public: 

    virtual void Print() = 0; 

}; 

 
#endif // DOCUMENT_H 

// Example.cpp 

#include "Document.h" 

 
class MyDocument : public Document, public 
DocumentSaver { 



public: 

    void Open() override { /*...*/ } 

    void Close() override { /*...*/ } 

    void Save() override { /*...*/ } 

}; 

 
int main() { 

    MyDocument doc; 

    doc.Open(); 

    // do some operations 

    doc.Save(); 

    doc.Close(); 

    return 0; 

} 

In this example, we have defined three interfaces Document, 
DocumentSaver, and DocumentPrinter in the 
Document.h file and created a class MyDocument that is 
derived from Document and DocumentSaver interface, the 
MyDocument class implements only Open, Close, Save 
methods which are the only methods it needs to operate. 
The main function creates an instance of MyDocument class, 
opens the document, performs some operations, saves the 
document, and closes it. Notice that there's no need to implement 
the Print() method, since it is not being used. 
By using this approach, you can create a more flexible, 
maintainable and easy-to-use code, because clients depend only on 
the methods they actually use, which respects the Interface 
Segregation Principle. 
 
Oh yeah, about that. Great. A second thing is also called 
ISP. Because, of course, it's not complicated enough as it is. 
 



Yes, you're correct. ISP can refer to both the Interface Segregation 
Principle, as well as to another concept, Internet Service Provider 
(ISP). An ISP is a company that provides Internet access to 
customers by offering various services such as internet 
connectivity, hosting, email, and more. ISPs connect customers to 
the Internet by providing them with a connection, such as DSL, 
cable, or fiber-optic, and assigning them a unique IP address. 
The two concepts, ISP in OOP and ISP as an Internet service 
provider are different, but share the same acronym, however, it's 
not difficult to distinguish them by the context and by the 
definition given to the ISP. 
In Object-oriented design, the ISP states that no client should be 
forced to depend on methods it does not use, it is a principle that 
helps to ensure that classes have a small and focused interface and 
makes the code more flexible and maintainable. 
On the other hand, an Internet Service Provider (ISP) is a 
company that provides Internet access to customers by offering 
various services such as internet connectivity, hosting, email, and 
more. 
I hope this helps to clear up any confusion. Let me know if you 
have any other question regarding ISP. 
 
Yeah expand on tcp/ip. That was a joke, don't do that. Let's 
look at the final element. I forgot the name, but it must begin 
with a D. 
 
The final element of the SOLID design principles is the 
Dependency Inversion Principle (DIP). 
The Dependency Inversion Principle states that high-level 
modules should not depend on low-level modules, but both should 
depend on abstractions. In other words, a class should not depend 
on a concrete implementation of another class, but rather on an 



abstraction of that class. 
This principle helps to ensure that a class is not tightly coupled to 
a specific implementation, and can work with any implementation 
that follows the same interface. This makes the code more flexible 
and maintainable, as it is easier to change or replace the 
implementation without affecting the rest of the code. 
The Dependency Inversion Principle can be achieved by using 
abstraction, such as interfaces or abstract classes, to define a 
contract that the implementation must follow. The high-level 
module should depend only on the abstraction, while the low-level 
module should implement the abstraction. 
Here's an example of a class that violates the Dependency 
Inversion Principle: 
class Database { 

public: 

    void connect(); 

    void query(); 

    /*...*/ 

}; 

 
class DataAnalyzer { 

public: 

    void analyze() { 

        Database db; 

        db.connect(); 

        db.query(); 

        /*...*/ 

    } 

}; 

In this example, the DataAnalyzer class depends on the 
concrete implementation of the Database class. If the 
Database class changes or if you want to use another database, 
you'll have to change the DataAnalyzer class as well. 



A better approach would be to define an abstraction for the 
database, for example an interface like: 
class IDatabase { 

public: 

    virtual void connect() = 0; 

    virtual void query() = 0; 

}; 

 
And then have the DataAnalyzer class depend on the 
abstraction: 

 
class DataAnalyzer { 

public: 

    DataAnalyzer(IDatabase& db) : db_(db) {} 

 

It looks so much tidier in DataAnalyzer with the 
abstraction, that I thought we ran out of space. 

 

Yes, that's correct. By using the abstraction and depending on it, 
the DataAnalyzer class is decoupled from the concrete 
implementation of the Database class. This means that if the 
Database class changes or if you want to use another database, 
you don't need to change the DataAnalyzer class, you can 
simply change the implementation of the database and make sure 
it follows the same contract defined by the IDatabase interface. 
This approach makes the code more flexible and maintainable, as 
it makes it easier to change or replace the implementation without 
affecting the rest of the code. It also allows testing the high-level 
module DataAnalyzer in isolation as it depends on the 
abstraction and not on the concrete implementation. 



Overall, the Dependency Inversion Principle helps to ensure that a 
class is not tightly coupled to a specific implementation and can 
work with any implementation that follows the same interface, 
making the code more flexible, maintainable and less prone to 
errors. 
 
I have an idea. For SUPERDRIVER 3, we can rework the 
engine so that we have normal cars that drive (roadCar), 
cars that can drive and also fly (flyingCar), as well as cars 
that can drive and also sail (boatCar). I'll give you more 
details on the contents, we'll rebuild everything from scratch, 
as an exercise. Are you up for it? Let's elaborate a design 
plan. We'll use the new design strategies we saw today.  

 

Sure, I'd be happy to help you design a plan for SUPERDRIVER 
3. Using the SOLID principles and other design strategies we've 
discussed can help you create a more flexible, maintainable, and 
extensible architecture for your game. 
One way to approach this task is to start by identifying the key 
objects in the game and their relationships to one another. For 
example, in SUPERDRIVER 3, you'll likely have objects for cars, 
roads, cities, and so on. 
Next, we can use the Single Responsibility Principle (SRP) to 
ensure that each class has a single, well-defined responsibility. For 
example, the Car class should be responsible for the car's 
properties and behavior, such as its speed, position, and the ability 
to drive, and that should be the only concern of this class. 
Then, we can use the Open-Closed Principle (OCP) to ensure that 
the classes are open for extension but closed for modification. We 
can achieve this by providing an abstract class for a vehicle, and 
then creating different subclasses for roadCar, flyingCar, and 
boatCar. this way we can add new functionality to the game by 



creating new subclasses, without modifying the existing code. 
Also, since the classes will have different abilities, we can use the 
Liskov Substitution Principle (LSP) to ensure that derived classes 
can be used in place of their base classes without introducing 
errors. For example, a roadCar should be able to be used in place 
of a vehicle without introducing errors. 
Then, we can use the Interface Segregation Principle (ISP) to 
ensure that classes have a small and focused interface, with 
methods that are relevant to their clients. This makes it easier for 
clients to understand and use the class, and it also makes it easier 
to make changes to the class without affecting the clients. 
Finally, we can use the Dependency Inversion Principle (DIP) to 
ensure that high-level modules do not depend on low-level 
modules, but both depend on abstractions. This makes the code 
more flexible and maintainable, and it makes it easier to change or 
replace the implementation without affecting the rest of the code. 
By following these principles and strategies, you can create a 
more flexible, maintainable, and extensible architecture for 
SUPERDRIVER 3, that will be easy to understand, test and 
maintain. 
 
Let's start with something new. Last time, there wasn't a 
dedicated, functional and working main menu. Let's build a 
simple .cpp file for a main menu. First, there is a welcome 
message, with elaborate formatting. After that, you get an 
option to 1. Let's DRIVE! or 2. Let's chicken out!. If 1 is 
selected, it goes to the citySelection menu, which will have 
its own .cpp file as well, later. If 2 is selected, the program 
outputs "Cluck cluck!" and the program quits. We include a 
loop so that the menu stays open until the player quits. 
 
Sure, here's an example of a simple main menu program in C++ 



that you described: 
#include <iostream> 

#include <string> 

 
void citySelection(); 

 
int main() { 

    while (true) { 

        std::cout << "Welcome to SuperDriver 
3.0" << std::endl; 

        std::cout << 
"=================================" << 
std::endl; 

        std::cout << "1. Let's DRIVE!" << 
std::endl; 

        std::cout << "2. Let's chicken out" 
<< std::endl; 

        std::cout << 
"=================================" << 
std::endl; 

 
        int choice; 

        std::cin >> choice; 

 
        if (choice == 1) { 

            citySelection(); 

        } else if (choice == 2) { 

            std::cout << "Cluck cluck!" << 
std::endl; 

            break; 

        } else { 

            std::cout << "Invalid choice. 
Please try again." << std::endl; 

        } 

    } 



    return 0; 

} 

 
void citySelection() { 

    //function to handle city selection 

    //this function should be implemented in 
separate cpp file  

} 

In this example, the program uses a while loop to keep displaying 
the main menu until the player quits. The menu displays a 
welcome message and two options: "Let's DRIVE!" and "Let's 
chicken out". The player can enter their choice by typing 1 or 2 
and pressing enter. 
If the player chooses 1, the program calls the 
citySelection() function which handle city selection 
process. If the player chooses 2, the program outputs "Cluck 
cluck!" and the program quits. 
You can include more options in the menu and add more 
functionalities to the citySelection() function depending on 
the requirements of your game. 
You can also include more error handling, such as validating the 
input to make sure it's a valid number and prompt the user to enter 
again if the input is not valid. And also this code assume that 
citySelection() function is defined in other .cpp file. 
 
At this stage, as long as I'll include citySelection.h in the 
main program, this function is going to work, right? 
 
Yes, that's correct. In order for the main function to be able to call 
the citySelection() function, the function needs to be 
defined and the header file citySelection.h needs to be 
included in the main.cpp file. 



Here's an example of how you would include the 
citySelection.h file in the main.cpp file: 

#include "citySelection.h" 

It is placed at the top of the file, usually with the other include 
statement, so the compiler knows where to find the function 
definition when it encounters the function call in the main 
function. 
Also, you'll need to make sure that the implementation of the 
citySelection() function is in the citySelection.cpp 
file and also it should be included in the project/makefile to be 
compiled along with other cpp files. 
By doing this, the compiler will be able to find the implementation 
of the citySelection() function when it encounters the 
function call in the main function and the program will be able to 
execute the function correctly. 
 
Alright, that looks good. We can do that later. For now, let's 
focus on the core content. Last time, we had a single table, 
made of structs, with every specific model listed in it. Maybe 
we can do better. We'll have the following models, three per 
category: 3 roadCar, 3 racingCar, 3 electricCar, and 3 
Trucks. We want to make sure all models can have different 
attributes and capabilities. Let's think of a design plan for 
that. 
 
Sure, here's a possible design plan for creating a system to store 
the different models of cars in your game: 

1.​ Create a base class Vehicle that will define the common 
properties and capabilities that all vehicles in the game 
should have. This class should have methods for things like 
accelerating, braking, and turning, as well as properties like 



speed and position. 
2.​ Create three subclasses for each category of vehicles: 
RoadCar, RacingCar, ElectricCar, and Truck. 
These subclasses will inherit from the Vehicle class and 
should define any additional properties and capabilities that 
are specific to that category of vehicles. 

3.​ Create a factory class VehicleFactory which will be 
responsible for creating instances of the different vehicle 
classes. It should have methods that take in information about 
the vehicle (such as its make, model, and category) and return 
an instance of the appropriate class. 

4.​Use the factory class to create instances of the different 
vehicle classes and store them in a container like a vector. 
This will allow you to easily iterate through the different 
vehicles and access their properties and capabilities. 

5.​ To allow the vehicles to have different attributes and 
capabilities, you can add more methods to the base class 
Vehicle that can be overridden by the subclasses. This 
way, each subclass can implement its own behavior for those 
methods. Additionally, you can add more fields to the 
subclasses to store different attributes, such as horse power, 
torque, battery capacity, etc. 

By following this design plan, you will be able to create a flexible 
and extensible system for storing and managing the different 
models of cars in your game. The use of a base class and 
subclasses allows you to define common properties and 
capabilities for all vehicles, while still allowing for specialized 
behavior for each category. And the factory class makes it easy to 
create new instances of vehicles, without having to hardcode the 
creation of each type. 
Also, this approach will make it easy to add new vehicle types in 
the future, as you can simply create a new subclass and use the 
factory class to create instances of it. 



 
Let's do a base Vehicle class. Last time we used an abstract 
class. Put all the methods you listed in point 1. 
 
Sure, here's an example of a base Vehicle class that defines the 
common properties and capabilities for all vehicles in the game: 

#include <string> 

 
class Vehicle { 

public: 

    Vehicle(std::string make, std::string 
model) 

        : make_(make), model_(model) {} 

 
    virtual ~Vehicle() = default; 

 
    virtual void accelerate() = 0; 

    virtual void brake() = 0; 

    virtual void turn(int direction) = 0; 

 
    int getSpeed() const { return speed_; } 

    std::string getMake() const { return 
make_; } 

    std::string getModel() const { return 
model_; } 

 
protected: 

    int speed_ = 0; 

    std::string make_; 

    std::string model_; 

}; 

This class has three pure virtual methods accelerate(), 
brake(), and turn(int direction) which will be 



implemented by the derived classes. The class has three fields 
make_, model_, speed_ which are common to all vehicles, 
and getter methods for them. 
The accelerate() method is responsible for increasing the 
vehicle's speed. The brake() method is responsible for 
decreasing the vehicle's speed. The turn(int direction) 
method is responsible for turning the vehicle in the specified 
direction. 
This class is an abstract class, as it has at least one pure virtual 
method. This means that it cannot be instantiated, but it can be 
used as a base class for other classes that will provide the 
implementation for the pure virtual methods and will be able to be 
instantiated. 
This class is a good starting point for the vehicles in your game, as 
it defines the common properties and capabilities that all vehicles 
should have. The derived classes will be able to inherit from this 
class and provide their own implementation for the pure virtual 
methods, allowing for specialized behavior for each category of 
vehicles. 
 
Here's the deal: the racingCar class is special, since racing 
cars will have an alternate function, where they can sail on 
water like a powerboat. electricCar is also special since 
these have the alternate function to become a flying car. 
Let's decide how we should implement that, before we start 
making these derived classes. 
 
One way to implement the alternate function of racing cars and 
electric cars is by using multiple inheritance. 
Multiple inheritance is a feature of C++ that allows a class to 
inherit from more than one base class. This can be useful in 
situations where a class needs to inherit properties and behavior 



from multiple classes. 
For example, for racing cars, you can create a new class 
PowerBoat that inherits from the Vehicle class and also 
provides the functionality for sailing on water. You can then create 
a RacingCar class that inherits from both Vehicle class and 
PowerBoat class. 
Similarly, for electric cars, you can create a new class 
FlyingCar that inherits from the Vehicle class and also 
provides the functionality for flying. You can then create an 
ElectricCar class that inherits from both Vehicle class and 
FlyingCar class. 
By doing this, the RacingCar class will have access to all the 
properties and methods of both the Vehicle class and the 
PowerBoat class, and the ElectricCar class will have 
access to all the properties and methods of both the Vehicle 
class and the FlyingCar class. 
However, it's worth noting that multiple inheritance can make 
code more complex and harder to understand and maintain. It can 
also lead to ambiguity and Diamond Problem if not used carefully. 
Therefore, it should be used sparingly and only when it is the best 
solution for the problem at hand. 
Another alternative is to use composition, where a class holds a 
reference or pointer to an object of another class instead of 
inheriting from it. This way, the class can use the functionality of 
the other class, but it is not tightly coupled to it, and it can also be 
swapped out with a different implementation if needed. 
In the case of racing cars, you could have the RacingCar class 
hold a reference to an object of the PowerBoat class. This way, 
the RacingCar class can use the functionality of the 
PowerBoat class when it needs to sail on water, but it is not 
tightly coupled to it. 



Similarly, for electric cars, you could have the ElectricCar 
class hold a reference to an object of the FlyingCar class. This 
way, the ElectricCar class can use the functionality of the 
FlyingCar class when it needs to fly, but it is not tightly 
coupled to it. 
This approach can help you keep the design more flexible and 
easy to modify and maintain, but it can add some complexity to 
the code. 
Ultimately, the choice between multiple inheritance and 
composition depends on your specific use case and the 
requirements of the project. You can consider the trade-offs and 
pick the best solution for your needs. 
 
We're going with composition, since that will be new to me, 
and it sounds better. Let's start with making our Powerboat 
class as described, with some new water racing related 
functions. 
 
Sure, here's an example of a PowerBoat class that provides 
functionality for sailing on water: 

class PowerBoat { 

public: 

    PowerBoat() {} 

 
    void sail(); 

    void jump(); 

    void drift(); 

 
private: 

    int speed_ = 0; 

}; 

The PowerBoat class has three methods sail(), jump(), and 



drift() which are specific to racing boats on water. It also has 
a private field speed_ to keep track of the boat's speed. 
The sail() method increases the speed of the boat. The 
jump() method allows the boat to jump over obstacles. The 
drift() method allows the boat to make tight turns at high 
speeds. 
Now, you can create the RacingCar class and hold an object of 
PowerBoat class, then use its method to add new functionality 
to the RacingCar class, like this: 

class RacingCar : public Vehicle { 

public: 

    RacingCar(std::string make, std::string 
model) 

        : Vehicle(make, model), powerBoat_() 
{} 

 
    void accelerate() override; 

    void brake() override; 

    void turn(int direction) override; 

    void sail(); 

    void jump(); 

    void drift(); 

 
private: 

    PowerBoat powerBoat_; 

}; 

This way, the RacingCar class can use the functionality of the 
PowerBoat class when it needs to sail on water, without 
inheriting from it. And you can implement the sail(), jump() and 
drift() methods in RacingCar class by calling the corresponding 
methods of the PowerBoat object. 
This approach allows you to add new functionality to the 



RacingCar class without tightly coupling it to the implementation 
details of the PowerBoat class. This makes the code more 
flexible and easier to modify and maintain, as the RacingCar 
class can use different implementations of the PowerBoat class 
if needed, or even replace it with a different class altogether. 
Additionally, you can use the same approach for the electric cars 
and FlyingCar classes as well, so that each class has the capability 
to fly. 
It's also worth noting that this approach also follows the SOLID 
principle of Dependency Inversion, which states that high-level 
modules should not depend on low-level modules, but both should 
depend on abstractions. By using composition, the RacingCar 
class is depending on the abstraction of a PowerBoat interface, 
rather than a concrete implementation. 
In this way, you are separating the concerns of the different 
classes, making them more cohesive and easier to understand, test 
and maintain. 
 
Let's update our racingCar class to add these race car 
specific functions: use nitro boost, raise spoiler, flash 
headlights. 
 
Sure, here's an example of how you can update the RacingCar 
class to add the new race car specific functions: 

class RacingCar : public Vehicle { 

public: 

    RacingCar(std::string make, std::string 
model) 

        : Vehicle(make, model), powerBoat_() 
{} 

 
    void accelerate() override; 



    void brake() override; 

    void turn(int direction) override; 

    void useNitroBoost(); 

    void raiseSpoiler(); 

    void flashHeadlights(); 

    void sail(); 

    void jump(); 

    void drift(); 

 
private: 

    PowerBoat powerBoat_; 

}; 

The RacingCar class now has three new methods 
useNitroBoost(), raiseSpoiler(), and 
flashHeadlights() which are specific to racing cars on the 
road. 
The useNitroBoost() method increases the speed of the car 
for a short period of time. The raiseSpoiler() method 
increases the car's downforce to improve traction. The 
flashHeadlights() method allows the car to blind other 
racers, it's just for fun. 
And it also has methods for sail, jump and drift which are 
inherited from PowerBoat class through composition. 
This way, the RacingCar class now provides all the 
functionality required for racing on both road and water. And you 
can use these methods in the game to make the racing more 
interesting and fun. 
 
Now let's just make the FlyingCar class with its appropriate 
functions. 
 
Sure, here's an example of how you can create a FlyingCar 



class that provides functionality for flying: 

class FlyingCar { 

public: 

    FlyingCar() {} 

 
    void fly(); 

    void hover(); 

    void doAerialTricks(); 

 
private: 

    int altitude_ = 0; 

}; 

The FlyingCar class has three methods fly(), hover(), and 
doAerialTricks() which are specific to flying cars. It also 
has a private field altitude_ to keep track of the car's altitude. 
The fly() method increases the altitude of the car. The 
hover() method allows the car to hover in the air. The 
doAerialTricks() method allows the car to perform aerial 
tricks. 
And you can create the ElectricCar class, and hold an object 
of FlyingCar class, then use its method to add new 
functionality to the ElectricCar class. 
 
For the electricCar class, we're also adding these functions: 
display power status, engage flight mode, recharge battery. 
Let's create the class. 
 
Sure, here's an example of how you can update the 
ElectricCar class to add the new functions: 

class ElectricCar : public Vehicle { 

public: 



    ElectricCar(std::string make, 
std::string model) 

        : Vehicle(make, model), flyingCar_() 
{} 

 
    void accelerate() override; 

    void brake() override; 

    void turn(int direction) override; 

    void displayPowerStatus(); 

    void engageFlightMode(); 

    void rechargeBattery(); 

    void fly(); 

    void hover(); 

    void doAerialTricks(); 

 
private: 

    FlyingCar flyingCar_; 

    int battery_level_ = 100; 

}; 

The ElectricCar class now has three new methods 
displayPowerStatus(), engageFlightMode(), and 
rechargeBattery() which are specific to electric cars. It 
also has a private field battery_level_ to keep track of the 
car's battery level. 
The displayPowerStatus() method shows the current 
battery level. The engageFlightMode() method allows the 
car to switch to flight mode. The rechargeBattery() 
method allows the car to recharge its battery. 
And it also has methods for fly, hover and doAerialTricks which 
are inherited from FlyingCar class through composition. 
This way, the ElectricCar class now provides all the 
functionality required for driving on the road, flying and keeping 
track of battery life. And you can use these methods in the game to 



make the experience more interesting and fun. 
 
Now we just need a simple class for the roadCar. The only 
specific function for this one is Open Trunk. 
 
Sure, here's an example of how you can create a RoadCar class 
that provides functionality for opening the trunk: 

class RoadCar : public Vehicle { 

public: 

    RoadCar(std::string make, std::string 
model) 

        : Vehicle(make, model) {} 

 
    void accelerate() override; 

    void brake() override; 

    void turn(int direction) override; 

    void openTrunk(); 

}; 

The RoadCar class has one new method openTrunk() which 
is specific to road cars. 
The openTrunk() method opens the trunk of the car, allowing 
access to the storage space. 
This class is simple and easy to understand, it just has the basic 
functionality that all road cars should have, it inherit all basic 
functionality from the base class Vehicle and it has a new 
functionality that is specific to road cars which is opening the 
trunk. 
And you can use this class in the game to make the experience 
more interesting and fun. 
 
Let's do the same for the Truck class. The functions are 



Raise Suspension, and FogLights. 
 
Sure, here's an example of how you can create a Truck class that 
provides functionality for raising suspension and turning on/off 
the fog lights: 

class Truck : public Vehicle { 

public: 

    Truck(std::string make, std::string 
model) 

        : Vehicle(make, model) {} 

 
    void accelerate() override; 

    void brake() override; 

    void turn(int direction) override; 

    void raiseSuspension(); 

    void fogLights(bool state); 

 
private: 

    bool fog_lights_ = false; 

}; 

The Truck class has two new methods raiseSuspension(), 
and fogLights(bool state) which are specific to truck. It 
also has a private field fog_lights_ to keep track of the truck's 
fog lights state. 
The raiseSuspension() method raises the suspension of the 
truck, allowing it to drive over rough terrain. The 
fogLights(bool state) method allows the truck to turn 
on/off the fog lights. 
This class is simple and easy to understand, it just has the basic 
functionality that all truck should have, it inherit all basic 
functionality from the base class Vehicle and it has new 
functionality that is specific to truck which is raising suspension 



and turn on/off fog lights. 
And you can use this class in the game to make the experience 
more interesting and fun. 
 
We have all our base vehicle classes, and we're including 
them as headers. So far, so good. We just need a table 
holding relevant data for the models. Electric cars will have 
different top speeds, trucks will have different maximum 
weight capacity, and such. We want 3 models per type. 
 
Yes, you can create a table or a container that holds the data for 
each model of vehicle. One way to do this is to use an array or a 
vector of structs, where each struct holds the data for a single 
model. Here's an example of how you can define the struct for a 
road car model: 
struct RoadCarModel { 

    std::string make; 

    std::string model; 

    int top_speed; 

    int horse_power; 

}; 

You can create similar structs for each type of vehicle(RacingCar, 
ElectricCar, Truck) and store the data for the different models in 
an array or vector. 
std::vector<RoadCarModel> road_car_models = 
{ 

    {"Ford", "Mustang", 220, 400}, 

    {"Porsche", "911", 250, 500}, 

    {"Lamborghini", "Aventador", 350, 700}, 

}; 

You can use this table to initialize the objects of your vehicle 



classes in the game, and you can also use it to display the available 
models to the player, and let them choose which model they want 
to use. 
You can also include other attributes like maximum weight 
capacity for trucks, maximum range for electric cars, etc. 
It is important to keep in mind that using structs to hold data for 
each model can also help for easier data management, and it 
separates the concerns of data storage and objects creation. 
 
A side note: in this struct example, why is there no _ after 
make and model? 
 
In the example, I used make and model as variable names, these 
are just variable names that I chose to represent the make and 
model of a car. The convention of using an underscore is used to 
indicate that the variable is a private member variable of a class, 
and it is a good practice to indicate that it should not be accessed 
directly from outside the class, but it is not strictly necessary. 
However, it is a good practice to have a consistent naming 
convention across your codebase to make it easier to read and 
understand. It is also common to use camelCase or PascalCase for 
variable names, especially when they are public. 
So, in this example, the variable names make and model could 
have been written as make_ or Make, it depends on the naming 
conventions you want to follow. 
 
I see. When we made the Vehicle class, you wrote : 
make_(make), model_(model) {} in the public section, so I 
was confused. 
 
Yes, you are correct. In the example I provided for the Vehicle 



class, I used the following constructor to initialize the make and 
model variables: 

Vehicle(std::string make, std::string model) 
: make_(make), model_(model) {} 

Here, the make_ and model_ are member variables of the class, 
and the make and model are the parameters that are passed to the 
constructor. The : symbol is used to indicate the initialization of 
member variables with the passed parameters. The _ suffix is used 
to indicate that these are private member variables of the class. 
This is just a convention and naming strategy to distinguish 
between member variables and local variables, as well as 
indicating that the member variable should not be accessed 
directly from outside the class. You could also use this naming 
strategy in structs, or you could use a different one, it depends on 
the coding standard that you want to follow. 
 
Alright, I was just making sure that all the other code we 
have so far can work with this table example. 
 
Yes, the table example I provided is a way to store data for the 
different models of vehicles and it can work with the rest of the 
code you have so far. When initializing the objects of your vehicle 
classes, you can use the data from the table to set the attributes of 
each object. 
You can also use this table to display the available models to the 
player, and let them choose which model they want to use. and 
also you can use the data of the table to create the different 
functionality for each model. 
It is important to keep in mind that the table is a separate 
component of your program, and it should be designed to work 
seamlessly with the rest of the codebase. By separating the data 



storage from the objects creation, you can easily manage and 
update the data of each model. 
 
Yeah I get it now, oh man. Alright. At this point, is it fine if I 
put the four structs and vectors in the same .cpp file? 
 
Yes, it is fine to put the structs and vectors for each type of vehicle 
in the same .cpp file as long as it makes sense for your program's 
organization and it does not violate any principles of good 
software design. 
You could also consider separating them in different files 
depending on the size and complexity of your project. It's a good 
practice to have a well-organized project structure, where each file 
contains related functions, classes, or data. 
It's a good practice to have a well-organized project structure, 
where each file contains related functions, classes, or data. 
Another thing to consider is the readability and maintainability of 
the code. If your project is relatively small and simple, you could 
put all structs and vectors in a single file, as it will be easy to 
understand and maintain. But if your project is large and complex, 
it would be more appropriate to separate the structs and vectors in 
different files and also different namespaces, that way the 
codebase will be more readable and maintainable. 
So, it depends on your specific use case and the size and 
complexity of your project. 
 
Alright, it's not too bad in this case so we'll go with a single 
file, and call it Table.cpp and .h. That's settled, every 
category now has its three models. It's quite a ride already. 

 



Yes, that's a good approach. Having all the structs and vectors for 
each type of vehicle in a single file, called Table.cpp and Table.h, 
will make it easy to manage and update the data for each model. 
It's a good idea to also create a Table.h file that contains the 
declarations of the structs and vectors, so you can include it in 
other parts of your program, and it will make the code more 
readable and maintainable. 
You can create a Table namespace to hold the structs and vectors, 
that way you can avoid naming conflicts and you can also make it 
more readable. 
namespace Table{ 

    struct RoadCarModel { 

        std::string make; 

        std::string model; 

        int top_speed; 

        int horse_power; 

    }; 

    std::vector<RoadCarModel> 
road_car_models = { 

        {"Ford", "Mustang", 220, 400}, 

        {"Porsche", "911", 250, 500}, 

        {"Lamborghini", "Aventador", 350, 
700}, 

    }; 

} 

It's great that you have all the base vehicle classes and data for the 
models ready, now you can focus on building the rest of the game, 
and make it more interesting and fun. 
 
Write a briefer on creating a namespace. 
 
A namespace is a container for a set of identifiers (such as variable 



names, function names, and class names) that organizes them into 
a single, logical grouping. Namespaces are used to avoid naming 
conflicts and to make the code more readable and maintainable. 
In C++, you can create a namespace using the namespace 
keyword, followed by the name of the namespace. For example: 

namespace my_namespace { 

    // Declarations of variables, functions, 
and classes 

    // go here. 

} 

You can then access the identifiers within a namespace using the 
scope resolution operator (::). For example: 

int x = my_namespace::my_variable; 

You can also use using keyword to bring the namespaces or 
identifiers into the current scope, like this: 

using namespace my_namespace; 

It's a good practice to use namespaces to keep your code 
organized, and to avoid naming conflicts, especially when using 
external libraries or working on large projects with multiple 
developers. 
It's also good to use a unique and meaningful name for your 
namespaces, it will make it easy to understand where the 
identifiers are coming from and it will make the code more 
readable. 
 
Expand on why it's a good idea to make a namespace for 
my Table. Do I make one namespace or many? 
 
Creating a namespace for your Table is a good idea because it 
helps to organize your code and avoid naming conflicts. 



Namespaces are used to group together related identifiers, such as 
variables, functions, and classes, and to make the code more 
readable and maintainable. 
By creating a namespace for your Table, you can keep the structs, 
vectors and functions related to data storage for your models in a 
single logical grouping. This makes it easy to locate and modify 
this code in the future, and to ensure that the identifiers used 
within the namespace do not conflict with identifiers used 
elsewhere in your program. 
It's also a good practice to use a unique and meaningful name for 
your namespace, in this case, the name "Table" is appropriate as it 
clearly indicates what this namespace is used for. 
In terms of how many namespaces to create for your project, it 
depends on the size and complexity of your project and your own 
preference. In general, it's a good practice to use as few 
namespaces as possible, and to group together related identifiers 
within a single namespace. 
So in your case, you can make a single namespace called Table, 
and keep all the structs, vectors, and functions related to data 
storage for the models in this namespace. 
It's important to keep in mind that, while namespaces can help to 
organize and simplify your code, overusing them can make the 
code more difficult to read and understand. So it's important to use 
them judiciously and in a way that makes sense for your project. 
 
Now we'll make a new system for my City class. Each of the 
3 cities has functions to output messages. There is a first 
message after the city is selected, in the menu. There is 
another message, related both to the city and the type of 
vehicle that was chosen, once the game starts. Let's plan 
this out first, no code. Maybe we should make a sub-class 
for each city. 



 
Yes, creating a subclass for each city is a good approach. By 
creating a base class for City, you can define the common 
functionality that all cities will have (e.g. a message to output after 
city selection), and then create subclasses for each specific city, 
where you can define the unique functionality for each city. 
One approach you could take is to create a base City class with a 
virtual method outputWelcomeMessage() that is overridden 
in each city subclass. This method would output a message 
specific to the selected city when the player first enters the city. 
Another approach could be to create a 
outputCityVehicleMessage() method on the base City 
class, which is also overridden in each city subclass. This method 
would output a message specific to the city and the type of vehicle 
that was chosen by the player. 
You can also create a struct or class for each city, and hold the 
relevant information for each city like name, population, 
geographical location, etc. 
It's also a good idea to use an enumeration to represent the 
different cities, that way it's easy to check which city the player 
has selected and you can also use it to index the array of city 
structs. 
You can design the city class as you see fit, but the main idea is to 
create a base class that defines the common functionality for all 
cities and then create subclasses for each specific city where you 
can define the unique functionality for each city. 
 
Show me a suitable base City class, with these methods, to 
start with. 
 
Here's an example of a base City class that includes the 
outputWelcomeMessage() and 



outputCityVehicleMessage() methods you described: 

class City { 

public: 

    virtual void outputWelcomeMessage() = 0; 

    virtual void 
outputCityVehicleMessage(VehicleType vType) 
= 0; 

}; 

The outputWelcomeMessage() method is a pure virtual 
function, this is indicated by the = 0 at the end of the function 
declaration. This makes City an abstract class, which means that it 
can't be instantiated on its own, but it can be used as a base class 
to create subclasses. 
The outputCityVehicleMessage(VehicleType 
vType) method takes a VehicleType as an argument, so it 
can output a message that is specific to the city and the type of 
vehicle that was chosen by the player. 
Here is an example of a subclass for a city called "New York" that 
overrides the virtual methods of the base class. 
 
Let's start writing the derived class for Paris. Once again, 
there is a first message after it's selected, and another 
message once the game starts, one of four according to the 
type of vehicle. 
 
Sure, here's an example of a derived class for the city of Paris, that 
overrides the virtual methods of the base City class: 
class Paris : public City { 

public: 

    void outputWelcomeMessage() override { 

        std::cout << "Welcome to the City of 
Lights, Paris!" << std::endl; 



    } 

    void 
outputCityVehicleMessage(VehicleType vType) 
override { 

        switch(vType) { 

            case VehicleType::RoadCar: 

                std::cout << "Take a tour of 
the Champs-Elysees in your road car." << 
std::endl; 

                break; 

            case VehicleType::RacingCar: 

                std::cout << "Race through 
the streets of Paris in your racing car." << 
std::endl; 

                break; 

            case VehicleType::ElectricCar: 

                std::cout << "Explore the 
streets of Paris in your electric car, and 
take in the sights and sounds of the city." 
<< std::endl; 

                break; 

            case VehicleType::Truck: 

                std::cout << "Deliver goods 
throughout the city in your truck." << 
std::endl; 

                break; 

        } 

    } 

}; 

The outputWelcomeMessage() method is overridden to 
display a welcome message specific to the city of Paris, and the 
outputCityVehicleMessage(VehicleType vType) 
method is overridden to display a message specific to the city of 
Paris and the type of vehicle that was chosen by the player. 



The method uses a switch statement to output the appropriate 
message based on the VehicleType passed as an argument. 
You can add more or different messages, or different way to 
output messages, this is just an example. 
It's also a good idea to create a new class for each city, and hold 
the relevant information for each city like name, population, 
geographical location, etc. 
It's also important to remember that you can use these classes only 
after you've defined their types, usually you'll want to put their 
definitions in a header file. 
 
Let's just write a function to allow us to select between 
Paris, London and Tokyo by pressing 1, 2 or 3. This is the 
CitySelection menu that will appear after we select Let's 
Drive from the main menu. Use an enumeration, and include 
a smart pointer for memory management. 
 
Sure, here's an example of a function called selectCity() that 
allows the player to select between Paris, London and Tokyo by 
pressing 1, 2 or 3: 

#include <iostream> 

#include <memory> 

 
enum class CityType { 

    Paris = 1, 

    London = 2, 

    Tokyo = 3 

}; 

 
std::unique_ptr<City> selectCity() { 

    int choice; 

    std::cout << "Select a city: " << 
std::endl; 



    std::cout << "1. Paris" << std::endl; 

    std::cout << "2. London" << std::endl; 

    std::cout << "3. Tokyo" << std::endl; 

    std::cin >> choice; 

 
    CityType city = 
static_cast<CityType>(choice); 

 
    switch (city) { 

        case CityType::Paris: 

            return 
std::make_unique<Paris>(); 

        case CityType::London: 

            return 
std::make_unique<London>(); 

        case CityType::Tokyo: 

            return 
std::make_unique<Tokyo>(); 

    } 

} 

The function uses an enumeration called CityType to represent 
the different cities, this makes it easy to check which city the 
player has selected. 
The function uses std::unique_ptr<City> as the return 
type, this is a smart pointer from C++11 standard library, which is 
used for memory management. std::unique_ptr is a smart 
pointer that owns and manages a dynamically allocated object 
through a pointer and disposes of that object when the unique_ptr 
goes out of scope. This ensures that the dynamically allocated 
memory for the city object is automatically freed when it's no 
longer needed, without the need for manual memory management. 
The function first prompts the player to select a city and then reads 
their choice as an int. It then casts that int to a CityType 



enumeration value using the 
static_cast<CityType>(choice) method, this ensures 
that the value is within the expected range of 1 to 3. 
Then, the function uses a switch statement to return a unique_ptr 
to an instance of the selected city's class. 
You can use the returned pointer to call the methods of the 
selected city, like outputWelcomeMessage and 
outputCityVehicleMessage. You can also add more or different 
city types, or different way to output messages, this is just an 
example. 
 
Now let's make the implementation file containing the 
function to select a vehicle type. This will also allow our City 
class to work. Write the code. 
 
Sure, here's an example of an implementation file called 
vehicleSelection.cpp that contains a function called 
selectVehicle() that allows the player to select a vehicle 
type: 

#include <iostream> 

#include "Vehicle.h" 

 
VehicleType selectVehicle() { 

    int choice; 

    std::cout << "Select a vehicle: " << 
std::endl; 

    std::cout << "1. Road Car" << std::endl; 

    std::cout << "2. Racing Car" << 
std::endl; 

    std::cout << "3. Electric Car" << 
std::endl; 

    std::cout << "4. Truck" << std::endl; 

    std::cin >> choice; 



 
    switch (choice) { 

        case 1: 

            return VehicleType::RoadCar; 

        case 2: 

            return VehicleType::RacingCar; 

        case 3: 

            return VehicleType::ElectricCar; 

        case 4: 

            return VehicleType::Truck; 

        default: 

            std::cout << "Invalid choice. 
Please select a number between 1 and 4." << 
std::endl; 

            return selectVehicle(); 

    } 

} 

The function first prompts the player to select a vehicle type and 
then reads their choice as an int. 
Then, the function uses a switch statement to return the 
corresponding VehicleType enumeration value for the selected 
vehicle type. 
It also includes an error message for if the player inputs an invalid 
choice, it calls the function again to allow the player to make a 
new selection. 
You can also add more or different vehicle types, or different way 
to output messages, this is just an example. 
Make sure to include the header file that defines the 
VehicleType enumeration, in this case, it's called 
Vehicle.h. You can call this function in the main function to 
get the selected vehicle type, and use it to call the 
outputCityVehicleMessage method of the selected city. 
 



Looks great. Then we need an implementation file for the 
function to select a model, after the type was selected. 
 
Sure, here's an example of an implementation file called 
modelSelection.cpp that contains a function called 
selectModel() that allows the player to select a model of a 
specific vehicle type: 

#include <iostream> 

#include <vector> 

#include "Table.h" 

 
VehicleModel selectModel(VehicleType type, 
std::vector<VehicleModel> models) { 

    std::vector<VehicleModel> modelsOfType; 

    for (const auto& model : models) { 

        if (model.type == type) { 

            modelsOfType.push_back(model); 

        } 

    } 

 
    int choice; 

    std::cout << "Select a model: " << 
std::endl; 

    for (size_t i = 0; i < 
modelsOfType.size(); ++i) { 

        std::cout << i + 1 << ". " << 
modelsOfType[i].make << " " << 
modelsOfType[i].model << std::endl; 

    } 

    std::cin >> choice; 

 
    if (choice < 1 || choice > 
modelsOfType.size()) { 

        std::cout << "Invalid choice. Please 



select a number between 1 and " << 
modelsOfType.size() << "." << std::endl; 

        return selectModel(type, models); 

    } 

 
    return modelsOfType[choice - 1]; 

} 

The function takes two arguments: the selected vehicle type and a 
vector of VehicleModel structs. It then creates a new vector 
called modelsOfType and iterates over the vector of all models, 
adding the models of the selected vehicle type to the new vector. 
Then it prompts the player to select a model and shows the 
available models of that specific type. 
Then, the function uses an if statement to check if the player's 
choice is valid, if it's not it shows an error message and call the 
function again to allow the player to make a new selection. 
It returns the selected model as a VehicleModel struct. Make 
sure to include the header file that defines the VehicleModel 
struct, in this case, it's called Table.h. You can call this function 
after you call the selectVehicle() function to get the 
selected vehicle type, and use it to get the selected model. 
 
Now I believe we have to implement the VehicleFactory 
class. Before writing code, expand on what a "factory" class 
does. 
 
A factory class is a design pattern that is used to create objects. 
The main idea behind a factory class is to provide a single point of 
creation for objects, rather than having each client object create 
the objects it needs directly. This can be useful in a number of 
ways, such as: 

​​ It allows for a single point of control over the creation 



process, which can make it easier to change how objects are 
created or to add new types of objects. 

​​ It can make it easier to create objects that have many 
dependencies, as the factory class can handle the creation of 
all of the dependencies. 

​​ It can make it easier to create objects that have a complex 
creation process, as the factory class can encapsulate the 
details of that process. 

In other words, a factory class is a class that is responsible for 
creating objects of other classes. It provides a unified interface for 
creating objects, so that the client code doesn’t have to know 
about the concrete classes that are being created. This abstraction 
allows for more flexibility and easier maintenance in the long run. 
In our case, we can create a VehicleFactory class that will be 
responsible for creating the different types of vehicles we have in 
our game, it will take care of creating the right object based on the 
type of vehicle selected by the player. 
This way, we can create a more flexible and robust code, since 
new vehicles can be added without needing to modify the existing 
code, and it will be easy to maintain and to understand the code. 
 
Will this factory class contain the memory management for 
the objects it creates? 
 
Yes, it can. The factory class can handle the memory management 
for the objects it creates by using smart pointers. Smart pointers 
are a C++ feature that automatically manage the lifetime of 
objects, and help to prevent memory leaks. 
In our case, the factory class can create smart pointers to the 
objects it creates, so that the objects are automatically deleted 
when they are no longer needed. This can help to ensure that the 
objects are deleted at the right time, and that there are no memory 



leaks. 
For example, the factory class can use std::unique_ptr or 
std::shared_ptr to manage the lifetime of the objects. 
std::unique_ptr is a smart pointer that owns and manages 
an object through a pointer, and the object is deleted when the 
unique_ptr goes out of scope. std::shared_ptr is a smart 
pointer that owns and manages an object through a pointer, and 
the object is deleted when the last shared_ptr that points to it is 
destroyed. 
This way, the factory class can ensure that the objects are created 
and deleted in a safe and efficient manner, and the client code 
doesn't need to worry about the memory management of the 
objects. 
 
Great. Let's see what the code looks like. 
 
Sure, here's an example of a VehicleFactory class in C++: 

class VehicleFactory { 

public: 

    std::unique_ptr<Vehicle> 
createVehicle(VehicleType type, VehicleModel 
model) { 

        switch (type) { 

            case VehicleType::ROAD: 

                return 
std::make_unique<RoadCar>(model); 

            case VehicleType::RACING: 

                return 
std::make_unique<RacingCar>(model); 

            case VehicleType::ELECTRIC: 

                return 
std::make_unique<ElectricCar>(model); 

            case VehicleType::TRUCK: 



                return 
std::make_unique<Truck>(model); 

            default: 

                throw 
std::invalid_argument("Invalid vehicle 
type."); 

        } 

    } 

}; 

The createVehicle function takes two arguments: a 
VehicleType enumerator and a VehicleModel struct. 
It uses a switch statement to determine the type of vehicle that 
needs to be created, and then it uses std::make_unique to 
create a new object of the appropriate class and passing the 
VehicleModel struct as a parameter. 
It returns a std::unique_ptr to the created object, so that the 
object's lifetime is automatically managed. 
In this way, the factory class can handle the creation of all the 
different types of vehicles and the memory management, and the 
client code can use the factory class to create the appropriate 
object without having to know the details of the object's creation. 
Note that the VehicleFactory class doesn't have to contain 
the memory management for the objects it creates, you could use 
other ways of memory management, such as using raw pointers 
and delete them manually in the appropriate place. 
 
Write a briefer on std::make_unique 
 
std::make_unique is a function template in the C++ standard 
library that is used to create a new object and wrap it in a 
std::unique_ptr. This function is defined in the <memory> 



header. 
It takes as template arguments the type of the object to be created 
and the constructor arguments for that type. 
std::make_unique eliminates the need to explicitly call the 
new operator and construct the object, and instead directly 
constructs an object in the memory managed by the unique_ptr. 
Here's an example of how to use std::make_unique: 

std::unique_ptr<int> ptr = 
std::make_unique<int>(5); 

This creates a new integer object with the value 5, and wraps it in 
a std::unique_ptr called ptr. 
This is useful for creating objects and manage their memory with 
unique_ptr, since it eliminates the need to explicitly call the new 
operator and the constructor, which makes the code cleaner, safer 
and more efficient. 
Also, is a good way to avoid common mistakes like forgetting to 
delete the pointer, or creating a double-free situation when using 
new and delete. 
 
What's a double-free situation? 
 
A double-free situation occurs when an object that has already 
been deleted (or freed) is deleted (or freed) again. This can happen 
if a pointer to the object is deleted twice, or if a smart pointer to 
the object goes out of scope twice. 
For example, consider the following code: 
int* p = new int; 

delete p; 

delete p; 



Here, a new integer object is created using the new operator and a 
pointer to it is stored in the variable p. Then, the object is deleted 
using the delete operator. However, the delete operator is 
called again on the same pointer, which leads to a double-free 
situation. 
This is undefined behavior, and can cause errors such as crashes, 
memory corruptions or data loss. 
When using smart pointers, such as std::unique_ptr or 
std::shared_ptr, this kind of situation is avoided, since the 
smart pointers handle the memory management of the objects they 
point to. And once the last smart pointer goes out of scope, the 
object is automatically deleted, so there's no need to call delete 
explicitly. 
In summary, double-free situation is a serious programming error 
which is easy to avoid by using smart pointers like 
std::unique_ptr or std::shared_ptr in C++, these 
classes prevent this kind of situation by handling the memory 
management of the objects they point to. 
 
If the main program file includes Table.h, do I also need to 
include it in the VehicleFactory class file? 
 
If the main program file includes the Table.h file, then you 
wouldn't need to include it in the VehicleFactory class file as well. 
As long as the Table.h file is included in the main program file, 
and the main program file includes the VehicleFactory class file, 
then the VehicleFactory class file will have access to the types and 
functions declared in the Table.h file. 
This is because the main program file effectively makes the types 
and functions declared in the Table.h file available to all the other 
files that are included after it. 
However, it's a good practice to include the headers of the classes 



that the class you're working on depends on, it makes the code 
more readable and explicit about its dependencies. If you include 
Table.h in the VehicleFactory.cpp file, it makes it clear that the 
VehicleFactory class depends on the table data. 
It's also worth noting that if you don't include Table.h in the 
VehicleFactory.cpp file, but the main program file includes it, you 
still will have access to the structs and variables defined in 
Table.h, but you will not have access to the functions defined in 
the Table.h, unless you make sure that functions are declared as 
extern in the Table.h file. 
 
Good to know. Now we should make a new class, basically 
for starting and ending the game, I guess. It should be so 
that once you selected your model, the 
outputCityVehicleMessage is displayed, then another 
message saying "What a great ride!" is displayed, then 
another message says "Let's head back home!", and then 
we return to the main menu. 
 
Yes, that sounds like a good plan. You can create a new class, let's 
call it GameManager, which will handle the game flow and the 
game logic. The class should have a method to start the game, 
which will be called after the player has selected their city and 
vehicle model. The method should display the 
outputCityVehicleMessage, "What a great ride!", "Let's head back 
home!" and then return the player to the main menu. 
Here's an example of how the GameManager class might look 
like: 
class GameManager { 

public: 

    void startGame(City& city, Vehicle& 
vehicle) { 

        



city.outputCityVehicleMessage(vehicle); 

        std::cout << "What a great ride!" << 
std::endl; 

        std::cout << "Let's head back home!" 
<< std::endl; 

        returnToMainMenu(); 

    } 

    void returnToMainMenu(){ 

        // code to return to main menu 

    } 

}; 

In this example, the GameManager class has a method called 
startGame which takes a City object and a Vehicle object as 
arguments. This method displays the outputCityVehicleMessage 
and the "What a great ride!" and "Let's head back home!" 
messages, and then calls another method returnToMainMenu 
that is responsible for returning to the main menu. You can modify 
it to meet the need of your specific game. 
 
I think we need to make that "returnToMainMenu" function 
work, now. How can we implement that? 
 
There are several ways to implement the "returnToMainMenu" 
function depending on the requirements of your game. Here are a 
few examples: 

1.​You can use a while loop in the main function to keep the 
program running until the player chooses to quit. In the 
"returnToMainMenu" function, you can simply call the main 
menu function again to display the menu and ask for player 
input. 

int main() { 

    while(true) { 



        displayMainMenu(); 

        // other code 

    } 

    return 0; 

} 

void returnToMainMenu() { 

    displayMainMenu(); 

} 

2.​You can use a boolean flag to indicate whether the game is 
running or not, and in the returnToMainMenu function, you 
can set that flag to false to exit the main loop and end the 
game 

bool gameRunning = true; 

int main() { 

    while(gameRunning) { 

        displayMainMenu(); 

        // other code 

    } 

    return 0; 

} 

void returnToMainMenu() { 

    gameRunning = false; 

} 

3.​You can use a function return type such as void and use the 
return statement in the returnToMainMenu function to end 
the main function and exit the game. 

int main() { 

    displayMainMenu(); 

    // other code 

    return 0; 

} 

void returnToMainMenu() { 

    return; 



} 

You can choose the one that best fits your needs and the structure 
of your code. Just make sure that once the player chooses to quit, 
the program exits the main loop and ends the game. 
You may also consider adding a confirmation prompt before 
exiting the game, so the user can confirm that they want to quit or 
not. 
 
Hold on. What is "displayMainMenu()"? We didn't put that 
function in our main menu code earlier. Is that a problem? 
 
"displayMainMenu()" is a function that displays the main menu to 
the player, it typically shows the options available to the player 
and waits for player input to choose one. In the previous 
examples, I assumed that you have this function implemented in 
your code, but I apologize for not pointing that out. You should 
have a main menu function that displays the options to the player 
(e.g. "Let's Drive!" or "Let's Chicken Out!") and waits for player 
input. Then, depending on the player's choice, the program should 
call the appropriate functions (e.g. citySelection() or quit the 
game). 
Here is an example of what the displayMainMenu function might 
look like: 
void displayMainMenu() { 

    std::cout << "Welcome to SuperDriver 3!" 
<< std::endl; 

    std::cout << "1. Let's Drive!" << 
std::endl; 

    std::cout << "2. Let's Chicken Out!" << 
std::endl; 

    int choice; 

    std::cin >> choice; 



    switch (choice) { 

        case 1: 

            citySelection(); 

            break; 

        case 2: 

            std::cout << "Cluck cluck!" << 
std::endl; 

            returnToMainMenu(); 

            break; 

        default: 

            std::cout << "Invalid choice, 
try again." << std::endl; 

            displayMainMenu(); 

            break; 

    } 

} 

This is just one way to implement the displayMainMenu function. 
You can modify it to suit your needs. 
Hope this help, let me know if you have any more questions. 
 
Oh! I'm a silly mule, the only difference is that in our 
previous menu code, it was called "int main" instead of "void 
displayMainMenu". I get it now. 
 
No worries, it's easy to get confused when working on a large 
project. The main function is the entry point of the program and is 
usually where the program starts executing. In our previous 
examples, I used the main function to demonstrate how to 
implement a loop or a flag to keep the program running until the 
player chooses to quit. But, in your actual code, you can use a 
function, or even a class method, to handle the main menu and call 
it when you need to display the menu to the player. It's good to see 
that you understand it now. Do let me know, if you have any more 



questions or doubts. 
 
I'll have to remember to always label my new functions 
clearly when I make them from scratch. 
 
Yes, clear and descriptive function and variable names are an 
important part of writing readable and maintainable code. It will 
also make it easier for others (or for your future self) to understand 
what the code is doing. Another important thing is to include 
comments in your code, especially for complex or non-obvious 
sections of the code. Comments can help explain the purpose of a 
function or a section of code, and how it works. It's also a good 
practice to use proper indentation, and format your code 
consistently, this will make it more readable, and will make it easy 
to spot errors and bugs. Please let me know if there's anything else 
you need help with. 
 
Using a class method to handle the display of the main 
menu sounds smart. How would that look like? 
 
Sure! Using a class to handle the main menu can help to organize 
your code and encapsulate the functionality of the menu. Here's an 
example of how you might implement a MainMenu class to 
handle the display and functionality of the main menu: 
class MainMenu { 

public: 

    MainMenu() {} 

    void display() { 

        std::cout << "Welcome to SuperDriver 
3!" << std::endl; 

        std::cout << "1. Let's Drive!" << 
std::endl; 



        std::cout << "2. Let's Chicken Out!" 
<< std::endl; 

    } 

    void run() { 

        while (true) { 

            display(); 

            int choice; 

            std::cin >> choice; 

            switch (choice) { 

                case 1: 

                    citySelection(); 

                    break; 

                case 2: 

                    std::cout << "Cluck 
cluck!" << std::endl; 

                    return; 

                default: 

                    std::cout << "Invalid 
choice, try again." << std::endl; 

                    break; 

            } 

        } 

    } 

}; 

This is a simple example of how you could implement a 
MainMenu class to handle the display and functionality of the 
main menu. The class has two public methods: display() and 
run(). The display() method is responsible for displaying 
the menu options to the player, and the run() method is 
responsible for handling player input, calling the appropriate 
functions based on the player's choice, and running the menu loop 
until the player chooses to quit. 
In your main() function, you can create an instance of the 
MainMenu class and call its run() method to start the menu 



loop. 
int main() { 

    MainMenu menu; 

    menu.run(); 

    return 0; 

} 

This way you can separate the menu-related functionality from the 
rest of the program, and keep it organized and easy to understand. 
Please let me know if you have any further question or if there is 
anything that is not clear. 
 
Let's see, so in this main, we're using our MainMenu class 
to create a new object variable called menu. Once this is 
done, on the next line, we can use this menu object with 
.run() to call that method on it. This will execute that 
function. 
 
Exactly! In the main() function, you create an instance of the 
MainMenu class by calling the constructor with MainMenu 
menu;. Then you can use this instance to call the run() method, 
which will start the menu loop and handle player input. 
It's worth noting that the MainMenu class could contain other 
methods, for example, citySelection() method like the 
example I gave you. The run() method could then call this 
citySelection() method to handle the city selection process. 
Also, the MainMenu class can have class members (variables) to 
store the current state of the menu, such as the current player's 
name, score, or the selected city. This way, you can keep track of 
the game state and display relevant information to the player as 
they progress through the game. 
It is also a good idea to include getters and setters methods if these 



class members need to be accessed from other parts of the 
program. 
Please let me know if you have any more questions or if there's 
anything that's not clear. 
 
Ah yes, that's the next question. Write a briefer on getters 
and setters, we saw that but it was a while ago. 
 
In object-oriented programming, getters and setters are methods 
that are used to get or set the value of an object's private or 
protected members. 
A getter is a method that returns the value of a class member 
variable, often with the prefix "get" and the variable name, for 
example, getAge(). 
A setter, on the other hand, is a method that sets the value of a 
class member variable, often with the prefix "set" and the variable 
name, for example, setAge(int age). 
The use of getters and setters is a common practice in 
object-oriented programming because it allows you to control 
access to an object's private or protected members, while still 
providing a way to read or modify the value of those members. 
This can be useful for enforcing certain constraints on the values 
of an object's members, or for performing additional processing or 
validation when a value is read or written. 
Here is a simple example of getters and setters for a class member 
variable age: 

class Person { 

    int age_; 

public: 

    int getAge() const { return age_; } 

    void setAge(int age) { age_ = age; } 

}; 



In this example, the getAge() method is a getter, it returns the 
value of the private member variable age_. The setAge() 
method is a setter, it takes an integer argument and assigns it to the 
private member variable age_. This way, you can control the way 
the age_ variable is accessed and modified, for example, you can 
add some validation before the value is set. 
Please let me know if you have any further questions or if there's 
anything that's not clear. 
 
How do I modify the menu to add a simple Y or N 
confirmation to quit the program? 
 
You can add a confirmation to quit the program by adding a new 
option to the main menu that allows the player to quit the game, 
and then prompting the player to confirm their choice before 
actually quitting the program. 
Here's one way you could implement this: 

1.​Add a new option to the main menu that allows the player to 
quit the game. This could be a new menu item with the text 
"Quit" or "Exit". 

2.​ In the run() method, when the player selects the quit 
option, prompt them to confirm their choice with a simple 
"Are you sure you want to quit? (y/n)" message. 

3.​Use a loop to keep prompting the player to confirm their 
choice until they enter "y" or "n". 

4.​ If the player confirms their choice (by entering "y"), call the 
std::exit(0) function to terminate the program. If the 
player does not confirm their choice (by entering "n"), return 
to the main menu. 

Here's an example of how this could look like in code: 
class MainMenu { 



public: 

    void run() { 

        while (true) { 

            // Display the main menu 

            std::cout << "1. Let's Drive!" 
<< std::endl; 

            std::cout << "2. Quit" << 
std::endl; 

            std::cout << "Enter your choice: 
"; 

 
            int choice; 

            std::cin >> choice; 

 
            if (choice == 2) { 

                std::cout << "Are you sure 
you want to quit? (y/n) "; 

                char confirm; 

                std::cin >> confirm; 

                while (confirm != 'y' && 
confirm != 'n') { 

                    std::cout << "Invalid 
input. Please enter 'y' or 'n': "; 

                    std::cin >> confirm; 

                } 

                if (confirm == 'y') { 

                    std::exit(0); 

                } 

            } else if (choice == 1) { 

                // call the citySelection() 
method 

                citySelection(); 

            } else { 

                std::cout << "Invalid 
choice. Please try again." << std::endl; 



            } 

        } 

    } 

    // other methods and member variables 

}; 

In this example, the new option to quit the program is added at the 
end of the menu, when the player choose 2 and press enter, the 
program will ask for confirmation and after that, if the player 
confirm (input y) the program will exit, otherwise it will return to 
the main menu. 
Please let me know if you have any further questions or if there's 
anything that's not clear. 
 
Hmm. Before, we had a Display and a Run function. Now 
the display is part of the Run function itself. Is that a good 
idea? I can't decide. 
 
Whether or not it's a good idea to combine the display and the run 
functionality into a single method depends on the specific 
requirements of your program and your personal coding style. 
Here are some things to consider: 

​​ Keeping the display and the run functionality separate can 
make the code easier to read and understand, since the 
display and the logic are separated into different methods. 
This can make it easier to add new options or make changes 
to the menu later on. 

​​ Combining the display and the run functionality into a single 
method can make the code more concise and easier to 
maintain, since there are fewer methods to keep track of and 
less code to write. 

​​ If you choose to combine the display and the run 



functionality into a single method, it's important to make sure 
that the method is well-organized and clearly commented, so 
that it's easy to understand what's happening at a glance. 

Ultimately, the decision of whether or not to combine the display 
and the run functionality into a single method is up to you. You 
should decide based on your personal coding style, the 
requirements of your program, and what you find most readable, 
maintainable and reusable in your code. 
 
Since it's just a terminal program, I don't think the dedicated 
display function is especially needed in this case. Also, 
running the menu should always display the menu anyway. 
 
Yes, that's a good point. Since it's a terminal program, the menu 
will always be displayed on the screen and the user will always be 
able to see it. So, in this case, having a separate display function 
may not be necessary. 
It could be more appropriate to have a single run method that both 
displays the menu and handles the user input, as you mentioned 
earlier. This could make the code more concise, and easier to 
understand, and maintain. 
You could consider adding some comments in the method to 
clarify the different steps of the method, like displaying the menu, 
getting the user input, validating the input and then taking 
appropriate action. 
It's also good idea to add some error handling mechanism like 
displaying error message if user enter wrong input or input out of 
range. 
 
Alright, we're going with that latest menu, the one without 
the display function. Let's make a recap of all the 
implementation files we have so far. 



 
Sure, here is a summary of the implementation files we have 
discussed so far: 

1.​MainMenu.cpp: This file contains the implementation for the 
MainMenu class, which is responsible for displaying the 
main menu and handling user input to navigate through the 
menu. 

2.​CitySelection.cpp: This file contains the implementation for 
the CitySelection class, which is responsible for displaying 
the city selection menu and handling user input to select a 
city. 

3.​VehicleFactory.cpp: This file contains the implementation for 
the VehicleFactory class, which is responsible for creating 
and managing objects of the different types of vehicles. 

4.​Table.cpp: This file contains the implementation for the 
structs and vectors holding the data for the models of each 
category of vehicles. 

5.​City.cpp: This file contains the implementation for the City 
class, which is responsible for displaying the first message 
after a city is selected and another message related to the city 
and the type of vehicle that was chosen once the game starts. 

6.​RoadCar.cpp, RacingCar.cpp, ElectricCar.cpp, Truck.cpp: 
These files contain the implementation for the derived classes 
of the base Vehicle class for RoadCar, RacingCar, ElectricCar 
and Truck respectively. 

7.​PowerBoat.cpp, FlyingCar.cpp : These files contain the 
implementation for the classes that are composed by 
RacingCar, ElectricCar respectively. 

8.​GameManager.cpp : This file contains the implementation for 
the GameManager class, which is responsible for starting and 
ending the game and displaying the appropriate messages. 

Please let me know if you have any other question or if I missed 



something. 
 
Wow. How sexy is that? 
 
I'm glad you think so! The program you've described sounds like 
it has a well-organized and clean structure, using good 
object-oriented design principles and techniques such as 
inheritance, encapsulation, polymorphism, and composition. By 
using these techniques and principles, you can make your code 
more maintainable, extensible and easier to understand. 
It sounds like you have put a lot of effort and thought into the 
design of this program, and that the result is a well-structured and 
modular program. It's important to remember that the more clearly 
and consistently you organize your code, the easier it will be to 
understand, modify, and extend in the future. 
 
I think it's time to start looking at how we could implement 
our main program, which will tie all of this together. Before 
writing code, elaborate on the possibilities. 
 
There are a few different ways you could implement the main 
program that ties all of the different parts of your program 
together. Here are a few possibilities: 

1.​You could create a main() function in your main program file 
that calls the various functions and methods of the classes 
and structs you've created in the other implementation files. 
For example, you could call the menu.run() method to display 
the main menu, and then call the various functions to select a 
city, select a vehicle type and model, and start the game. 

2.​You could create a main() function in your main program file 
that creates objects of the various classes you've created in 
the other implementation files, and then calls the methods of 



those objects to run the program. For example, you could 
create an object of the MainMenu class and call its run() 
method to display the main menu, and then create objects of 
the CitySelection, VehicleFactory, and Game classes and call 
their methods to select a city, select a vehicle type and model, 
and start the game. 

3.​You could create a main() function in your main program file 
that creates an object of a single "driver" class that controls 
the flow of the program. This class would have methods that 
call the methods of the other classes in the correct order to 
run the program. This approach would keep the main 
function small and it will only call the driver's methods. 

All of these possibilities are valid ways to structure your main 
program, and the best approach will depend on the specific 
requirements of your program and your personal preference. 
It's important to keep in mind that the main program file should be 
as simple as possible and should only contain the basic logic that 
ties together the different parts of your program. You should try to 
avoid writing complex logic or business rules in the main program 
file, and instead delegate those responsibilities to the appropriate 
classes and structs. 
 
That "driver" class seems very aptly named here. Is that 
really a type of class? 
 
The term "driver" class is not a specific type of class in 
object-oriented programming, but it is a common naming 
convention used to describe a class that is responsible for 
controlling the flow of the program and coordinating the 
interactions between other classes. It's a common pattern in 
software development to use a "driver" class or a "facade" class to 
act as a single point of entry to the program and to simplify the 
main program file. 



The driver class is used to handle the interactions between other 
classes, it can be used to orchestrate the interactions between other 
classes and to hide the implementation details of those classes 
from the main program file, making the main program file simpler 
and easier to understand. 
It's a good practice to keep the main function simple and easy to 
understand and that's why people use driver classes. When you 
have a lot of classes and interactions between them, it can be easy 
to get lost in the complexity of the code. Having a driver class that 
orchestrates the interactions between other classes can help to 
simplify the main function, making the program's flow easier to 
understand. 
 
Oh, so it's another word for a facade. I heard of that. I know 
I'm not supposed to go in there yet but we talked about the 
design patterns already, I was too curious, but let's pretend I 
didn't. 
 
Yes, the driver class is similar to a facade pattern in that it 
provides a simplified interface to a more complex system. A 
facade class provides a single point of entry to a complex system, 
while the driver class is responsible for the overall flow and 
coordination of the program. 
The facade pattern is a design pattern that is used to provide a 
simplified interface to a complex system. The idea is to create a 
class that acts as an intermediary between the client code and the 
complex system, hiding the implementation details of the complex 
system from the client code. 
The driver class can be seen as a special case of the facade pattern, 
where the facade class is responsible for coordinating the 
interactions between other classes and controlling the flow of the 
program. But it's not a requirement that a driver class should be a 
facade, it could be an ordinary class with a specific role in the 



program flow. 
 
Very interesting. Show me how to implement a suitable 
Driver class for our program. 
 
Here is an example of how the Driver class could be implemented 
for your program: 
class Driver { 

public: 

    Driver(); 

    ~Driver(); 

 
    void run(); 

 
private: 

    MainMenu mainMenu; 

    CitySelection citySelection; 

    VehicleFactory vehicleFactory; 

    Game game; 

}; 

This class has a run() method that is responsible for controlling 
the flow of the program. Inside the run() method, you can call 
the appropriate methods of the other classes (mainMenu, 
citySelection, vehicleFactory, and game) in the 
correct order to implement the program flow. 
void Driver::run(){ 

    mainMenu.run(); 

    citySelection.run(); 

    vehicleFactory.run(); 

    game.run(); 

    return; 

} 



It also has private data members, which are objects of classes 
MainMenu, CitySelection, VehicleFactory, Game. 
The driver class could also contain other methods such as 
start() and stop() that can be used to initialize and clean up 
resources before and after the program runs, respectively. 
This is just an example, the exact implementation would depend 
on the specific requirements of your program, but this should give 
you a general idea of how the driver class could be used to control 
the flow of the program. 
 
Now I have this as Driver.cpp, alright. So you're saying that 
instead of putting memory management in my factory class, 
I could have handled that at the driver class level instead. 
 
Yes, that's correct. The factory class is responsible for creating 
objects, while the driver class is responsible for managing the 
objects and their interactions. In this case, you are using smart 
pointers to manage the memory of the objects created by the 
factory, but it could be done in the driver class as well. The key 
idea is that the factory and driver class have different 
responsibilities and should be separated accordingly. 
 
So this is the essence of the challenge of memory 
management in C++, that people talk about about. I see. 
There is a million options, and you can't know what you 
should do. 
 
Yes, memory management in C++ can be quite challenging, 
especially for large and complex programs. It's important to 
understand the different options available, such as smart pointers, 
and to choose the one that best fits the specific needs of your 
program. It's also important to be aware of potential issues, such 



as memory leaks and double-free situations, and to take the 
necessary precautions to avoid them. Additionally, you should also 
consider to use best practices such as RAII, move semantics and 
prefer using smart pointers over raw pointers. 
 
Right, we have that in the later chapters actually, that's a 
relief. For now, having this new Driver class settled, show 
me what the main program would look like. 
 
Here is an example of what the main program file could look like, 
with the Driver class included: 
#include "Driver.h" 

 
int main() { 

    Driver driver; 

    driver.run(); 

    return 0; 

} 

This is a very simple example, but it demonstrates how the driver 
class can be used to manage the objects and their interactions. The 
run() method of the driver class is called, which in turn calls the 
necessary methods to display the main menu, handle user input, 
and create and manage the objects as needed. 
It's worth noting that in this case the main program only need to 
include the Driver class header, this way the main program doesn't 
need to worry about the internal details of the other classes and the 
interactions between them. 
 
Hold on, in that case I'd have to put all the other headers in 
the Driver.cpp, right? 
 



Yes, that's correct. In this example, the main program file only 
needs to include the Driver.h header, and the Driver class takes 
care of including all the other necessary headers. This way, you 
can keep the main program file clean and easy to read, by 
abstracting away the implementation details of the other classes 
and functions. 
 
There's a place in my IDE to pack all my header inclusions 
in, right? References, I think. 
 
Yes, most IDEs have a way to manage and organize header files, 
often called "references" or "include paths". This allows you to 
specify the locations of your header files, so that the compiler 
knows where to find them when it encounters an #include 
statement. This can be helpful to avoid having to write long paths 
to the header files in your include statements, and can make it 
easier to manage your project's dependencies. 
 
So putting the pile of headers in there, or just hiding it in my 
driver.cpp is the same result, in the end, if I understand 
correctly. 
 
Yes, that's correct. You can either include all the necessary headers 
in the driver.cpp file, or you can use a precompiled header file 
(often called "stdafx.h" in Windows) to include all the headers in 
one place and reference that file in the driver.cpp file. This can 
help to keep the code organized and make it easier to manage the 
includes. The precompiled header file is a file that is compiled 
separately, and the resulting object file is used as a base for all 
other cpp files. It contains all the headers and macros that will be 
used by other files, this way the compiler can skip over the 
headers that are already known to be included, which can save 



compilation time. 
 
That's neat. The code block for Driver::run goes in 
Driver.cpp along with the code for class Driver, right? 
 
Yes, that's correct. The implementation for the run method should 
be placed in the Driver.cpp file along with the rest of the 
implementation for the Driver class. 
 
Good. Maybe you could do a debugging pass on our various 
.cpp files, see if there's something that won't work. We must 
have missed something, like you said it's a large project. 
 
It's definitely a good idea to do a thorough debugging pass before 
trying to run the program. It can be helpful to go through each file 
and check for any errors or issues with the code. Some things to 
look out for include: 

​​ Syntax errors, such as missing semicolons or mismatched 
parentheses. 

​​ Type errors, such as using a variable of the wrong type or 
passing the wrong type of argument to a function. 

​​ Logic errors, such as using the wrong operator or not 
initializing a variable properly. 

​​ Name resolution errors, such as using an undeclared variable 
or calling an undefined function. 

​​ Memory management errors, such as using uninitialized 
pointers or leaking memory. 

It can also be helpful to test small parts of the code in isolation to 
make sure they're working correctly before trying to run the entire 
program. 
It's important to note that, as a AI model, I don't have the ability to 



run the code, so I can only provide suggestions and guidance on 
debugging, but it's important to test it in your own environment. 
 
 
Suggest ideas to test the program for its capacity for 
expansion and improvement. 
 
There are a few ways to test the program for its capacity for 
expansion and improvement: 

1.​Test adding new features: Try adding new features to the 
program, such as new types of vehicles or cities, and see how 
easy or difficult it is to integrate them into the existing 
codebase. This will help you identify areas of the program 
that may need to be refactored to make it easier to add new 
features. 

2.​Test scalability: Try running the program with a large number 
of vehicles and cities, and see how it performs. This will help 
you identify any performance bottlenecks that may need to be 
addressed. 

3.​Test maintainability: Try making changes to the program, 
such as fixing bugs or adding new features, and see how easy 
or difficult it is to do so. This will help you identify areas of 
the program that may need to be refactored to make it easier 
to maintain. 

4.​Test flexibility: Try using the program in a variety of 
different ways, such as using different types of vehicles in 
different cities, and see how well it adapts to different 
scenarios. 

5.​Test robustness: Try to break the program by inputting 
unexpected or invalid data and see how the program handles 
it. 

6.​Test the code with different test case and boundary test , try 



to cover all edge cases and see the behavior of the program. 
7.​Test the code for memory leak, and performance. 

By testing the program in these ways, you can get a better 
understanding of its strengths and weaknesses, and identify areas 
that need to be improved. 
 
Write an assessment of the program we wrote in terms of 
respecting SOLID principles. 
 
Overall, the program appears to have a strong adherence to 
SOLID principles.  
The Single Responsibility Principle is respected by having each 
class handle a specific responsibility, such as the City class 
handling city-related functionality, the Vehicle class handling 
vehicle-related functionality, and the Driver class handling the 
orchestration of the program.  
The Open-Closed Principle is respected by having the ability to 
add new derived classes without modifying existing code.  
The Liskov Substitution Principle is respected by having derived 
classes that properly inherit and override methods from their base 
class.  
The Interface Segregation Principle is respected by having 
interfaces that are specific and tailored to the needs of the classes 
that implement them.  
The Dependency Inversion Principle is respected by having 
high-level classes depend on interfaces or abstract classes, rather 
than concrete implementations.  
Overall the code is well designed and easy to understand and 
extend. 
 
Expand on how we used "interfaces". 



 
In the program we wrote, we used interfaces in the form of pure 
virtual classes, such as the Vehicle class. These pure virtual 
classes define the interface that any derived class must implement, 
allowing for a level of abstraction and flexibility in the program. 
For example, the Vehicle class defines certain methods that any 
derived class (such as RoadCar, RacingCar, etc.) must 
implement, but the implementation of these methods can be 
different for each derived class. This allows for the program to 
easily expand and add new types of vehicles without disrupting 
the existing code. 
Additionally, we also used interfaces in the form of class methods 
that are marked as virtual, such as Vehicle::drive(), 
which allows for polymorphism, as the derived classes can 
override the implementation of the method. This allows for more 
specific behavior for different types of vehicles. 
We also used composition to add functionality to our classes, like 
adding a Powerboat class to RacingCar, which allows for more 
flexibility in the program and also allows for more clear separation 
of concerns. 
Overall, the program we wrote makes good use of interfaces and 
composition to follow SOLID principles, and it is well-structured, 
making it easy to expand and improve upon in the future. 
 
Great. Well, it looks like we passed the test, nicely done. 
Once we're familiar with SOLID, what is next with OOP? 
 
Once you have a solid understanding of SOLID principles, you 
can start to explore other topics in object-oriented programming 
such as Design Patterns. Design patterns are general solutions to 
common programming problems that can be applied in many 
different situations. They provide a way to organize and structure 



code in a way that makes it more flexible, maintainable, and 
reusable. Some popular design patterns include the Singleton 
pattern, the Observer pattern, and the Strategy pattern. 
Additionally, you may look into advanced topics like concurrency 
and multithreading, which can help you create more efficient and 
responsive programs. 
 
Expand on concurrency and multithreading. 
 
Concurrency and multithreading are important concepts in 
computer science, particularly in the context of modern, 
multi-core processors. Concurrency refers to the ability of a 
program to have multiple, concurrent execution paths. This means 
that multiple tasks can be in progress at the same time, potentially 
running on different cores or processors. 
Multithreading is a specific form of concurrency in which a 
program is divided into multiple threads, each of which can run 
independently. Threads share the same memory space, but have 
their own execution contexts, meaning that they can have their 
own set of registers and stack. This allows for concurrent 
execution of different parts of the program, and can greatly 
improve the performance of certain types of programs, particularly 
those that perform a lot of computation or that need to wait for 
external events (such as network or user input). 
There are many techniques for implementing concurrency and 
multithreading in a program, including using low-level threading 
libraries, using higher-level concurrency frameworks, and using 
language-level constructs such as threads or async/await. The 
choice of technique will depend on the specific requirements of 
the program and the platform it is running on. 
It's also important to note that adding concurrency and 
multithreading to a program can make it more complex and harder 
to debug, so it's important to use appropriate techniques and 



patterns for managing concurrency and to thoroughly test any 
concurrent code. 
 
Write an article on how SOLID relates to the Design 
Patterns. 
 
SOLID is a set of principles for object-oriented software design, 
while design patterns are reusable solutions to common 
programming problems. The SOLID principles provide a 
framework for creating maintainable and flexible code, while 
design patterns offer specific ways to implement those principles 
in practice. 
Single Responsibility Principle (SRP) relates to the design pattern 
of the Command pattern. The Command pattern encapsulates a 
request as an object, separating the command from the object that 
executes it, following the SRP. 
Open-Closed Principle (OCP) relates to the strategy pattern. The 
strategy pattern allows new behavior to be added to a system 
through the use of a new strategy class, without modifying 
existing code, following the OCP. 
Liskov Substitution Principle (LSP) relates to the template method 
pattern. The template method pattern defines the skeleton of an 
algorithm in a base class, allowing subclasses to fill in the details, 
following the LSP. 
Interface Segregation Principle (ISP) relates to the adapter and 
facade patterns. The adapter pattern converts the interface of a 
class into another interface that the client expects, while the facade 
pattern provides a simplified interface to a complex system, 
following the ISP. 
Dependency Inversion Principle (DIP) relates to the dependency 
injection and inversion of control patterns. These patterns invert 
the traditional flow of control, where objects are created and 



controlled by a higher-level component, to instead have the 
higher-level component receive its dependencies through 
injection, following the DIP. 
Overall, SOLID principles and design patterns are closely related. 
The SOLID principles provide a set of guidelines for creating 
maintainable and flexible code, while design patterns offer 
specific solutions for implementing those principles in practice. 
Therefore, it is important to understand both concepts and how 
they can be used together to create high-quality, robust software. 
 
Now expand on how SOLID relates to concurrency. 
 
SOLID principles and concurrency are closely related, as both are 
concerned with the design and organization of code. In particular, 
SOLID principles can be used to help design concurrent systems 
that are more robust, maintainable, and easy to understand. 
The Single Responsibility Principle (SRP) states that a class 
should have one and only one reason to change. In a concurrent 
system, this means that each class should be responsible for a 
specific, well-defined task. This can make it easier to reason about 
the behavior of the system, as well as to make changes to the 
system without affecting other parts of the code. 
The Open-Closed Principle (OCP) states that a class should be 
open for extension but closed for modification. In a concurrent 
system, this means that the implementation of a class should be 
flexible enough to accommodate new behavior, without the need 
for modifying the existing code. This can be achieved by using 
interfaces, abstract classes, and other forms of polymorphism. 
The Liskov Substitution Principle (LSP) states that objects of a 
superclass should be replaceable with objects of a subclass 
without affecting the correctness of the program. In a concurrent 
system, this means that objects of different classes can be used 
interchangeably, without requiring changes to the rest of the code. 



This can be achieved by using interfaces, polymorphism, and 
other forms of abstraction. 
The Interface Segregation Principle (ISP) states that no client 
should be forced to depend on methods it does not use. In a 
concurrent system, this means that classes should not be forced to 
implement unnecessary methods, which can lead to complexity 
and confusion. Instead, classes should be designed so that they 
only need to implement the methods that they actually use. 
The Dependency Inversion Principle (DIP) states that high-level 
modules should not depend on low-level modules, but both should 
depend on abstractions. In a concurrent system, this means that the 
code should be organized in such a way that the high-level logic is 
separated from the low-level logic, and that both depend on 
interfaces or abstract classes. This can make the code more 
modular and easier to understand, as well as to make it more 
flexible and easier to change. 
All of these SOLID principles can be used to design concurrent 
systems that are more robust, maintainable, and easy to 
understand. Moreover, SOLID principles are closely related to 
many design patterns, such as the factory pattern, the decorator 
pattern, the strategy pattern, and others. SOLID principles are not 
only about designing individual classes but also about designing 
the relationships between classes and how they interact with each 
other. 
Concurrency is a key aspect of modern software development, and 
it can be challenging to design concurrent systems that are both 
correct and efficient. By following the SOLID principles, 
developers can design concurrent systems that are more robust, 
maintainable, and easy to understand. 
 
And with that, I think our second lecture on OOP is drawing 
to a close. I gotta say, the whole program looks a lot better 
than 2.0 did. Seems like these principles are a safe bet. 



 
Yes, the SOLID principles are a good foundation for designing 
maintainable and extensible object-oriented code. By following 
these principles, you can ensure that your code is organized in a 
way that makes it easy to understand, change, and test. 
In addition to SOLID, understanding concurrency and 
multithreading is also important for building robust and efficient 
software. Concurrency refers to the ability of a program to handle 
multiple tasks simultaneously, while multithreading refers to the 
ability of a program to split a single task into multiple threads that 
can be executed simultaneously. These concepts are particularly 
important for building high-performance and responsive 
applications, especially in today's world where many applications 
need to handle multiple requests and large amounts of data at the 
same time. 
As for SOLID and Design Patterns, SOLID principles are often 
used as a foundation for designing software using design patterns. 
Design patterns are reusable solutions to common programming 
problems that have been proven to work well in practice. By 
following SOLID principles, you can ensure that the design 
patterns you use are applied in a way that is consistent with the 
principles of good object-oriented design. It is important to note 
that SOLID principles and design patterns are not mutually 
exclusive, both are complementary. SOLID principles are more 
general and provide guidelines for writing good code, whereas 
design patterns are more specific and provide solutions to specific 
problems. 
When it comes to concurrency, SOLID principles can be applied 
to ensure that concurrent code is maintainable and easy to 
understand. For example, the Single Responsibility Principle can 
be used to ensure that each concurrent task is responsible for a 
single, well-defined piece of functionality. The Open-Closed 
Principle can be used to ensure that concurrent code is open for 
extension but closed for modification, which makes it easier to 



add new functionality without introducing bugs. The Liskov 
Substitution Principle can be used to ensure that concurrent code 
is written in a way that makes it easy to replace one concurrent 
task with another without affecting the overall program flow. 
In conclusion, SOLID principles and Design Patterns can help you 
write maintainable, testable, and extensible code. SOLID 
principles provide a foundation for good object-oriented design, 
and design patterns are reusable solutions to common 
programming problems. Understanding and applying these 
principles and patterns can help you write code that is easy to 
understand, modify, and test, even in the context of concurrency. 
 
Very well, we'll focus on that more in future lessons. Nice 
work today. We'll be in a new thread for the next part, so I'll 
see you there. Until then, you can write a brief closing 
statement for this session. 
 
In this session, we covered the SOLID principles of 
object-oriented programming, which are a set of five design 
principles intended to make software more understandable, 
flexible, and maintainable. We have gone through each principle, 
Single Responsibility Principle, Open-Closed Principle, Liskov 
Substitution Principle, Interface Segregation Principle, and 
Dependency Inversion Principle, and discussed how they can be 
applied in practice. We also created a program that demonstrates 
the use of these principles, and discussed how they relate to design 
patterns, and concurrency. With SOLID principles, the software is 
more robust and easier to maintain and extend. These principles 
are essential for any software developer to understand and 
implement in their projects. 
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