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C++ is an interesting programming language that has been around for almost three decades now. It is used to develop complex desktop applications, web applications, networking applications, device drivers, kernel modules, embedded applications, and GUI applications using third-party widget frameworks; literally speaking, C++ can be used in any domain.

Ever since I started programming in 1993, I have cherished the good old technical discussions that I had with many of my colleagues and industry experts that I met from time to time. Of all the technical discussions, one topic gets repeated time and again, which is, "Do you think C++ is a relevant programming language today? Should I continue working on C++ or should I move on to other modern programming languages, such as Java, C#, Scala, or Angular/Node.js?"

I have always felt that one should be open to learning other technologies, but that doesn’t mean having to give up on C++. However, the good news is that with the new C++17 features in place, C++ has been reborn and it is going to stay and rock for many more decades, which is my motivation to write this book.

People have always felt that Java will take over C++, but it has continued to stay. The same discussion started again when C# came into the industry and today again when Angular/Node.js and Scala seem to be more attractive for rapid programming. However, C++ has its own, place and no programming language has been able to take over the place of C++ so far.

There are already many C++ books that help you understand the language, but there are very few books that address developing GUI applications in C++, TDD with C++, and BDD with C++.

C++ has come a long way and has now been adopted in several contexts. Its key strengths are its software infrastructure and resource-constrained applications. The C++ 17 release will change the way developers write code, and this book will help you master your developing skills with C++.

With real-world, practical examples explaining each concept, the book will begin by introducing you to the latest features of C++ 17. It will encourage clean code practices in C++, and demonstrate GUI app development options in C++. You will gain insights into how to avoid memory leaks using smart pointers. Next, you will learn how multithreaded programming can help you achieve concurrency in your applications.

Moving on, you’ll also get an in-depth understanding of the C++ Standard Template Library. We'll explain the concepts of implementing TDD and BDD in your C++ programs, along with template-based generic programming, to equip you with the expertise to build powerful applications. Finally, we’ll round the book off with debugging techniques and best practices. By the time you reach the end of the book, you will have an in-depth understanding of the language and its various facets.



            

            
        
    
        

                            
                    What this book covers

                
            
            
                
Chapter 1, C++17 Features, explains the new features of C++17 and features that have been removed. It also demonstrates key C++17 features with easy-to-understand examples.

Chapter 2, Standard Template Library, gives an overview of STL, demonstrates various containers and iterators, and explains how to apply useful algorithms on the containers. The chapter also touches on the internal data structures used and their runtime efficiencies.

Chapter 3, Template Programming, gives an overview of generic programming and its benefits. It demonstrates writing function templates and class templates, and overloading function templates. It also touches upon writing generic classes, explicit class specializations, and partial specializations.

Chapter 4, Smart Pointers, explains the issues of using raw pointers and motivates the use of smart pointers. Gradually, this chapter introduces you to the usage of auto_ptr, unique_ptr, shared_ptr, and weak_ptr, and explains ways to resolve cyclic dependency issues.

Chapter 5, Developing GUI Applications in C++, gives an overview of Qt and provides you with step-by-step instructions to install Qt on Linux and Windows. The chapter gradually helps you develop impressive GUI applications with interesting widgets and various layouts. 

Chapter 6, Multithreaded Programming and Inter-Process Communication, introduces to the POSIX pthreads library and discusses the native C++ thread library. It also discusses the benefits of using the C++ thread library. Later, it helps you write multithreaded applications, explores ways to manage the threads, and explains the use of synchronization mechanisms. The chapter discusses deadlocks and possible solutions. Toward the end of the chapter, it introduces you to the concurrency library.

Chapter 7, Test-Driven Development, gives a brief overview of TDD and clarifies FAQs on TDD. This chapter provides you with step-by-step instructions to install Google test framework and integrate it with the Linux and Windows platforms. It helps you develop applications using TDD with an easy-to-understand tutorial style.

Chapter 8, Behavior-Driven Development, gives an overview of BDD and guides you through the installation, integration, and configuration of the Cucumber framework on Linux platforms. It also explains Gherkin and helps you write BDD test cases.

Chapter 9, Debugging Techniques, discusses the various strategies and techniques followed in the industry for debugging your application problems. Later, it helps you understand the use of the GDB and Valgrind tools for step by step debugging, watching variables, fixing various memory-related issues, including memory leaks.

Chapter 10, Code Smells and Clean Code Practices, discusses various code smells and refactoring techniques.
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You will need to be equipped with the following tools before you get started with the book:


	g++ compiler of version 5.4.0 20160609 or above

	GDB 7.11.1

	Valgrind 3.11.0

	Cucumber-cpp Git 2.7.4

	Google test framework (gtest 1.6 or later)

	CMake 3.5.1

	Ruby 2.5.1

	Qt 5.7.0

	Bundler v 1.14.6



The OS required is Ubuntu 16.04 64-bit or later. The hardware configuration should at least be of 1 GB RAM and 20 GB ROM. A virtual machine with this configuration should also suffice.
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This ​book ​is ​for ​experienced ​C++ ​developers. ​If ​you ​are ​a ​novice ​C++ developer, ​then ​it’s ​ ​highly ​recommended ​that ​you ​get ​a ​solid understanding ​of ​the ​C++ ​language ​before reading ​this ​book.
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In this book, you will find a number of text styles that distinguish between different kinds of information. Here are some examples of these styles and an explanation of their meaning. Code words in text, database table names, folder names, filenames, file extensions, pathnames, dummy URLs, user input, and Twitter handles are shown as follows: "The initialize() method initializes the deque iterator pos to the first data element stored within deque."

A block of code is set as follows:

#include <iostream>

int main ( ) {

        const int x = 5, y = 5;

        static_assert ( 1 == 0, "Assertion failed" );
        static_assert ( 1 == 0 );
        static_assert ( x == y );

        return 0;
}

When we wish to draw your attention to a particular part of a code block, the relevant lines or items are set in bold:

#include <iostream>
#include <thread>
#include <mutex>
#include "Account.h"
using namespace std;

enum ThreadType {
  DEPOSITOR,
  WITHDRAWER
};

mutex locker;

Any command-line input or output is written as follows:

g++ main.cpp -std=c++17
./a.out

New terms and important words are shown in bold. Words that you see on the screen, for example, in menus or dialog boxes, appear in the text like this: " You need to create a new project named MathApp by navigating to New Project | Visual Studio | Windows | Win32 | Win32 Console Application."

Warnings or important notes appear like this.

Tips and tricks appear like this.
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Feedback from our readers is always welcome. Let us know what you think about this book-what you liked or disliked. Reader feedback is important for us as it helps us develop titles that you will really get the most out of. To send us general feedback, simply email feedback@packtpub.com, and mention the book's title in the subject of your message. If there is a topic that you have expertise in and you are interested in either writing or contributing to a book, see our author guide at www.packtpub.com/authors.
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Now that you are the proud owner of a Packt book, we have a number of things to help you to get the most from your purchase.
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You can download the example code files for this book from your account at http://www.packtpub.com. If you purchased this book elsewhere, you can visit http://www.packtpub.com/support and register to have the files emailed directly to you. You can download the code files by following these steps:


	Log in or register to our website using your email address and password.

	Hover the mouse pointer on the SUPPORT tab at the top.

	Click on Code Downloads & Errata.

	Enter the name of the book in the Search box.

	Select the book for which you're looking to download the code files.

	Choose from the drop-down menu where you purchased this book from.

	Click on Code Download.



Once the file is downloaded, please make sure that you unzip or extract the folder using the latest version of:


	WinRAR / 7-Zip for Windows

	Zipeg / iZip / UnRarX for Mac

	7-Zip / PeaZip for Linux



The code bundle for the book is also hosted on GitHub at https://github.com/PacktPublishing/Mastering-Cpp-Programming. We also have other code bundles from our rich catalog of books and videos available at https://github.com/PacktPublishing/. Check them out!
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Although we have taken every care to ensure the accuracy of our content, mistakes do happen. If you find a mistake in one of our books-maybe a mistake in the text or the code-we would be grateful if you could report this to us. By doing so, you can save other readers from frustration and help us improve subsequent versions of this book. If you find any errata, please report them by visiting http://www.packtpub.com/submit-errata, selecting your book, clicking on the Errata Submission Form link, and entering the details of your errata. Once your errata are verified, your submission will be accepted and the errata will be uploaded to our website or added to any list of existing errata under the Errata section of that title. To view the previously submitted errata, go to https://www.packtpub.com/books/content/support and enter the name of the book in the search field. The required information will appear under the Errata section.
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Piracy of copyrighted material on the internet is an ongoing problem across all media. At Packt, we take the protection of our copyright and licenses very seriously. If you come across any illegal copies of our works in any form on the internet, please provide us with the location address or website name immediately so that we can pursue a remedy. Please contact us at copyright@packtpub.com with a link to the suspected pirated material. We appreciate your help in protecting our authors and our ability to bring you valuable content.
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If you have a problem with any aspect of this book, you can contact us at questions@packtpub.com, and we will do our best to address the problem.
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In this chapter, you will be learning the following concepts:


	C++17 background

	What is new in C++17?

	What features are deprecated or removed in C++17?

	Key features in C++17 
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As you know, the C++ language is the brain child of Bjarne Stroustrup, who developed C++ in 1979. The C++ programming language is standardized by International Organization for Standardization (ISO).

The initial standardization was published in 1998, commonly referred to as C++98, and the next standardization C++03 was published in 2003, which was primarily a bug fix release with just one language feature for value initialization. In August 2011, the C++11 standard was published with several additions to the core language, including several significant interesting changes to the Standard Template Library (STL); C++11 basically replaced the C++03 standard. C++14 was published in December, 2014 with some new features, and later, the C++17 standard was published on July 31, 2017.  

At the time of writing this book, C++17 is the latest revision of the ISO/IEC standard for the C++ programming language.

This chapter requires a compiler that supports C++17 features: gcc version 7 or later. As gcc version 7 is the latest version at the time of writing this book, I'll be using gcc version 7.1.0 in this chapter.

In case you haven't installed g++ 7 that supports C++17 features, you can install it with the following commands:

sudo add-apt-repository ppa:jonathonf/gcc-7.1
  sudo apt-get update
  sudo apt-get install gcc-7 g++-7
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The complete list of C++17 features can be found at http://en.cppreference.com/w/cpp/compiler_support#C.2B.2B17_features.

To give a high-level idea, the following are some of the new C++17 features:


	New auto rules for direct-list-initialization

	static_assert with no messages

	Nested namespace definition

	Inline variables

	Attributes for namespaces and enumerators

	C++ exceptions specifications are part of the type system

	Improved lambda capabilities that give performance benefits on servers

	NUMA architecture

	Using attribute namespaces

	Dynamic memory allocation for over-aligned data

	Template argument deduction for class templates

	Non-type template parameters with auto type

	Guaranteed copy elision

	New specifications for inheriting constructors

	Direct-list-initialization of enumerations

	Stricter expression evaluation order

	shared_mutex 

	String conversions



Otherwise, there are many new interesting features that were added to the core C++ language: STL, lambadas, and so on. The new features give a facelift to C++, and starting from C++17, as a C++ developer, you will feel that you are working in a modern programming language, such as Java or C#.
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The following features are now removed in C++17:


	The register keyword was deprecated in C++11 and got removed in C++17

	The ++ operator for bool was deprecated in C++98 and got removed in C++17

	The dynamic exception specifications were deprecated in C++11 and and got removed in C++17
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Let's explore the following C++17 key features one by one in the following sections:


	Easier nested namespace

	New rules for type detection from the braced initializer list

	Simplified static_assert

	std::invoke

	Structured binding

	The if and switch local-scoped variables

	Template type auto-detection for class templates

	Inline variables
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Until the C++14 standard, the syntax supported for a nested namespace in C++ was as follows:

#include <iostream>
using namespace std;

namespace org {
    namespace tektutor {
        namespace application {
             namespace internals {
                  int x;
             }
        }
    }
}

int main ( ) {
    org::tektutor::application::internals::x = 100;
    cout << "\nValue of x is " << org::tektutor::application::internals::x << endl;

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

Value of x is 100

Every namespace level starts and ends with curly brackets, which makes it difficult to use nested namespaces in large applications. C++17 nested namespace syntax is really cool; just take a look at the following code and you will readily agree with me:

#include <iostream>
using namespace std;

namespace org::tektutor::application::internals {
    int x;
}

int main ( ) {
    org::tektutor::application::internals::x = 100;
    cout << "\nValue of x is " << org::tektutor::application::internals::x << endl;

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output remains the same as the previous program:

Value of x is 100



            

            
        
    
        

                            
                    New rules for type auto-detection from braced initializer list 

                
            
            
                
C++17 introduced new rules for auto-detection of the initializer list, which complements C++14 rules. The C++17 rule insists that the program is ill-formed if an explicit or partial specialization of std::initializer_list is declared:

#include <iostream>
using namespace std;

template <typename T1, typename T2>
class MyClass {
     private:
          T1 t1;
          T2 t2;
     public:
          MyClass( T1 t1 = T1(), T2 t2 = T2() ) { }

          void printSizeOfDataTypes() {
               cout << "\nSize of t1 is " << sizeof ( t1 ) << " bytes." << endl;
               cout << "\nSize of t2 is " << sizeof ( t2 ) << " bytes." << endl;
     }
};

int main ( ) {

    //Until C++14
    MyClass<int, double> obj1;
    obj1.printSizeOfDataTypes( );

    //New syntax in C++17
    MyClass obj2( 1, 10.56 );

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

Values in integer vectors are ...
1 2 3 4 5 

Values in double vectors are ...
1.5 2.5 3.5 



            

            
        
    
        

                            
                    Simplified static_assert 

                
            
            
                
The static_assert macro helps identify assert failures during compile time. This feature has been supported since C++11; however, the static_assert macro used to take a mandatory assertion failure message till, which is now made optional in C++17.

The following example demonstrates the use of static_assert with and without the message:

#include <iostream>
#include <type_traits>
using namespace std;

int main ( ) {

        const int x = 5, y = 5;

        static_assert ( 1 == 0, "Assertion failed" );
        static_assert ( 1 == 0 );
        static_assert ( x == y );

        return 0;
}

The output of the preceding program is as follows:

g++-7 staticassert.cpp -std=c++17
staticassert.cpp: In function ‘int main()’:
staticassert.cpp:7:2: error: static assertion failed: Assertion failed
  static_assert ( 1 == 0, "Assertion failed" );
  
staticassert.cpp:8:2: error: static assertion failed
  static_assert ( 1 == 0 );

From the preceding output, you can see that the message, Assertion failed, appears as part of the compilation error, while in the second compilation the default compiler error message appears, as we didn't supply an assertion failure message. When there is no assertion failure, the assertion error message will not appear as demonstrated in static_assert ( x == y ).  This feature is inspired by the C++ community from the BOOST C++ library.



            

            
        
    
        

                            
                    The std::invoke( ) method

                
            
            
                
The std::invoke() method can be used to call functions, function pointers, and member pointers with the same syntax:

#include <iostream>
#include <functional>
using namespace std;

void globalFunction( ) {
     cout << "globalFunction ..." << endl;
}

class MyClass {
    public:
        void memberFunction ( int data ) {
             std::cout << "\nMyClass memberFunction ..." << std::endl;
        }

        static void staticFunction ( int data ) {
             std::cout << "MyClass staticFunction ..." << std::endl;
        }
};

int main ( ) {

    MyClass obj;

    std::invoke ( &MyClass::memberFunction, obj, 100 );
    std::invoke ( &MyClass::staticFunction, 200 );
    std::invoke ( globalFunction );

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

MyClass memberFunction ...
MyClass staticFunction ...
globalFunction ...

The std::invoke( ) method is a template function that helps you seamlessly invoke callable objects, both built-in and user-defined.



            

            
        
    
        

                            
                    Structured binding

                
            
            
                
You can now initialize multiple variables with a return value with a really cool syntax, as shown in the following code sample:

#include <iostream>
#include <tuple>
using namespace std;

int main ( ) {

    tuple<string,int> student("Sriram", 10);
    auto [name, age] = student;

    cout << "\nName of the student is " << name << endl;
    cout << "Age of the student is " << age << endl;

    return 0;
}

In the preceding program, the code highlighted in bold is the structured binding feature introduced in C++17. Interestingly, we have not declared the string name and int age variables. These are deduced automatically by the C++ compiler as string and int, which makes the C++ syntax just like any modern programming language, without losing its performance and system programming benefits. 

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

Name of the student is Sriram
Age of the student is 10



            

            
        
    
        

                            
                    If and Switch local scoped variables

                
            
            
                
There is an interesting new feature that allows you to declare a local variable bound to the if and switch statements' block of code. The scope of the variable used in the if and switch statements will go out of scope outside the respective blocks. It can be better understood with an easy to understand example, as follows:

#include <iostream>
using namespace std;

bool isGoodToProceed( ) {
    return true;
}

bool isGood( ) {
     return true;
}

void functionWithSwitchStatement( ) {

     switch ( auto status = isGood( ) ) {
          case true:
                 cout << "\nAll good!" << endl;
          break;

          case false:
                 cout << "\nSomething gone bad" << endl;
          break;
     } 

}

int main ( ) {

    if ( auto flag = isGoodToProceed( ) ) {
         cout << "flag is a local variable and it loses its scope outside the if block" << endl;
    }
    
     functionWithSwitchStatement();

     return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

flag is a local variable and it loses its scope outside the if block
All good!



            

            
        
    
        

                            
                    Template type auto-deduction for class templates

                
            
            
                
I'm sure you will love what you are about to see in the sample code.  Though templates are quite useful, a lot of people don't like it due to its tough and weird syntax. But you don't have to worry anymore; take a look at the following code snippet:

#include <iostream>
using namespace std;

template <typename T1, typename T2>
class MyClass {
     private:
          T1 t1;
          T2 t2;
     public:
          MyClass( T1 t1 = T1(), T2 t2 = T2() ) { }

          void printSizeOfDataTypes() {
               cout << "\nSize of t1 is " << sizeof ( t1 ) << " bytes." << endl;
               cout << "\nSize of t2 is " << sizeof ( t2 ) << " bytes." << endl;
     }
};

int main ( ) {

    //Until C++14
    MyClass<int, double> obj1;
    obj1.printSizeOfDataTypes( );

    //New syntax in C++17
    MyClass obj2( 1, 10.56 );

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the program is as follows:

Size of t1 is 4 bytes.
Size of t2 is 8 bytes.
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Just like the inline function in C++, you could now use inline variable definitions. This comes in handy to initialize static variables, as shown in the following sample code:

#include <iostream>
using namespace std;

class MyClass {
    private:
        static inline int count = 0;
    public:
        MyClass() { 
              ++count;
        }

    public:
         void printCount( ) {
              cout << "\nCount value is " << count << endl;
         } 
};

int main ( ) {

    MyClass obj;

    obj.printCount( ) ;

    return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++-7 main.cpp -std=c++17
./a.out

The output of the preceding code is as follows:

Count value is 1
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In this chapter, you got to know interesting new features introduced in C++17. You learned the super simple C++17 nested namespace syntax. You also learned datatype detection with a braced initializer list and the new rule imposed in the C++17 standard.

You also noticed that static_assert can be done without assert failure messages. Also, using std::invoke(), you can now invoke global functions, function pointers, member functions, and static class member functions. And, using structured binding, you could now initialize multiple variables with a return value.

You also learned that the if and switch statements can have a local-scoped variable right before the if condition and switch statements. You learned about auto type detection of class templates. Lastly, you used inline variables.

There are many more C++17 features, but this chapter attempts to cover the most useful features that might be required for most of the developers.  In the next chapter, you will be learning about the Standard Template Library.
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This chapter will cover the following topics:


	STL overview

	STL architecture

	Containers

	Iterators

	Algorithms

	Functors





	STL containers

	Sequence

	Associative

	Unordered

	Adaptors







Let's look into the STL topics one by one in the following sections.
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The C++ Standard Template Library (STL) offers ready-made generic containers, algorithms that can be applied to the containers, and iterators to navigate the containers. The STL is implemented with C++ templates, and templates allow generic programming in C++.

The STL encourages a C++ developer to focus on the task at hand by freeing up the developer from writing low-level data structures and algorithms. The STL is a time-tested library that allows rapid application development.  

The STL is an interesting piece of work and architecture. Its secret formula is compile-time polymorphism. To get better performance, the STL avoids dynamic polymorphism, saying goodbye to virtual functions. Broadly, the STL has the following four components:


	Algorithms

	Functors

	Iterators

	Containers



The STL architecture stitches all the aforementioned four components together. It has many commonly used algorithms with performance guarantees. The interesting part about STL algorithms is that they work seamlessly without any knowledge about the containers that hold the data. This is made possible due to the iterators that offer high-level traversal APIs, which completely abstracts the underlying data structure used within a container. The STL makes use of operator overloading quite extensively. Let's understand the major components of STL one by one to get a good grasp of the STL conceptually.



            

            
        
    
        

                            
                    Algorithms

                
            
            
                
The STL algorithms are powered by C++ templates; hence, the same algorithm works irrespective of what data type it deals with or independently of how the data is organized by a container. Interestingly, the STL algorithms are generic enough to support built-in and user-defined data types using templates. As a matter of fact, the algorithms interact with the containers via iterators. Hence, what matters to the algorithms is the iterator supported by the container. Having said that, the performance of an algorithm depends on the underlying data structure used within a container. Hence, certain algorithms work only on selective containers, as each algorithm supported by the STL expects a certain type of iterator.
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An iterator is a design pattern, but interestingly, the STL work started much before

Gang of Four published their design patterns-related work to the software community. Iterators themselves are objects that allow traversing the containers to access, modify, and manipulate the data stored in the containers. Iterators do this so magically that we don't realize or need to know where and how the data is stored and retrieved.

The following image visually represents an iterator:



From the preceding image, you can understand that every iterator supports the begin() API, which returns the first element position, and the end() API returns one position past the last element in the container.

The STL broadly supports the following five types of iterators:


	Input iterators

	Output iterators

	Forward iterators

	Bidirectional iterators 

	Random-access iterators



The container implements the iterator to let us easily retrieve and manipulate the data, without delving much into the technical details of a container. 

The following table explains each of the five iterators:




	
The type of iterator


	
Description                                               





	
Input iterator


	

	It is used to read from the pointed element

	It is valid for single-time navigation, and once it reaches the end of the container, the iterator will be invalidated

	It supports pre- and post-increment operators

	It does not support decrement operators

	It supports dereferencing

	It supports the == and != operators to compare with the other iterators

	The istream_iterator iterator is an input iterator

	All the containers support this iterator







	
Output iterator


	

	It is used to modify the pointed element

	It is valid for single-time navigation, and once it reaches the end of the container, the iterator will be invalidated

	It supports pre- and post-increment operators

	It does not support decrement operators

	It supports dereferencing

	It doesn't support the == and != operators

	The ostream_iterator, back_inserter, front_inserter iterators are examples of output iterators

	All the containers support this iterator







	
Forward iterator


	

	It supports the input iterator and output iterator functionalities

	It allows multi-pass navigation

	It supports pre-increment and post-increment operators

	It supports dereferencing

	The forward_list container supports forward iterators







	
Bidirectional iterator


	

	It is a forward iterator that supports navigation in both directions

	It allows multi-pass navigation

	It supports pre-increment and post-increment operators

	It supports pre-decrement and post-decrement operators

	It supports dereferencing

	It supports the [] operator

	The list, set, map, multiset, and multimap containers support bidirectional iterators







	
Random-access iterator


	

	Elements can be accessed using an arbitrary offset position

	It supports pre-increment and post-increment operators

	It supports pre-decrement and post-decrement operators

	It supports dereferencing

	It is the most functionally complete iterator, as it supports all the functionalities of the other types of iterators listed previously

	The array, vector, and deque containers support random-access iterators

	A container that supports random access will naturally support bidirectional and other types of iterators
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STL containers are objects that typically grow and shrink dynamically. Containers use complex data structures to store the data under the hood and offer high-level functions to access the data without us delving into the complex internal implementation details of the data structure. STL containers are highly efficient and time-tested.  

Every container uses different types of data structures to store, organize, and manipulate data in an efficient way. Though many containers may seem similar, they behave differently under the hood. Hence, the wrong choice of containers leads to application performance issues and unnecessary complexities.

Containers come in the following flavors:


	Sequential

	Associative 

	Container adapters



The objects stored in the containers are copied or moved, and not referenced. We will explore every type of container in the upcoming sections with simple yet interesting examples.
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Functors are objects that behave like regular functions. The beauty is that functors can be substituted in the place of function pointers. Functors are handy objects that let you extend or complement the behavior of an STL function without compromising the object-oriented coding principles.

Functors are easy to implement; all you need to do is overload the function operator. Functors are also referred to as functionoids.

The following code will demonstrate the way a simple functor can be implemented:

#include <iostream>
#include <vector>
#include <iterator>
#include <algorithm>
using namespace std;

template <typename T>
class Printer {
public:
  void operator() ( const T& element ) {
    cout << element << "\t";
  }
};

int main () {
  vector<int> v = { 10, 20, 30, 40, 50 };

  cout << "\nPrint the vector entries using Functor" << endl;

  for_each ( v.begin(), v.end(), Printer<int>() );

  cout << endl;

  return 0;
}

Let's quickly compile the program using the following command:

g++ main.cpp -std=c++17
./a.out

Let's check the output of the program:

Print the vector entries using Functor
10  20  30  40  50

We hope you realize how easy and cool a functor is.
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The STL supports quite an interesting variety of sequence containers. Sequence containers store homogeneous data types in a linear fashion, which can be accessed sequentially. The STL supports the following sequence containers:


	Arrays

	Vectors

	Lists

	forward_list 

	deque



As the objects stored in an STL container are nothing but copies of the values, the STL expects certain basic requirements from the user-defined data types in order to hold those objects inside a container. Every object stored in an STL container must provide the following as a minimum requirement:


	A default constructor

	A copy constructor

	An assignment operator



Let's explore the sequence containers one by one in the following subsections.
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The STL array container is a fixed-size sequence container, just like a C/C++ built-in array, except that the STL array is size-aware and a bit smarter than the built-in C/C++ array. Let's understand an STL array with an example:

#include <iostream>
#include <array>
using namespace std;
int main () {
  array<int,5> a = { 1, 5, 2, 4, 3 };

  cout << "\nSize of array is " << a.size() << endl;

  auto pos = a.begin();

  cout << endl;
  while ( pos != a.end() ) 
    cout << *pos++ << "\t";
  cout << endl;

  return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++ main.cpp -std=c++17
./a.out


The output of the program is as follows:

Size of array is 5
1     5     2     4     3
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The following line declares an array of a fixed size (5) and initializes the array with five elements:

array<int,5> a = { 1, 5, 2, 4, 3 };

The size mentioned can't be changed once declared, just like a C/C++ built-in array. The array::size() method returns the size of the array, irrespective of how many integers are initialized in the initializer list. The auto pos = a.begin() method declares an iterator of array<int,5> and assigns the starting position of the array. The array::end() method points to one position after the last element in the array. The iterator behaves like or mimics a C++ pointer, and dereferencing the iterator returns the value pointed by the iterator. The iterator position can be moved forward and backwards with ++pos and --pos, respectively.
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The following table shows some commonly used array APIs:




	
API


	
Description





	
at( int index )


	
This returns the value stored at the position referred to by the index. The index is a zero-based index. This API will throw an std::out_of_range exception if the index is outside the index range of the array.





	
operator [ int index ]


	
This is an unsafe method, as it won't throw any exception if the index falls outside the valid range of the array. This tends to be slightly faster than at, as this API doesn't perform bounds checking.





	
front()


	
This returns the first element in the array.





	
back()


	
This returns the last element in the array.





	
begin()


	
This returns the position of the first element in the array





	
end() 


	
This returns one position past the last element in the array





	
rbegin()


	
This returns the reverse beginning position, that is, it returns the position of the last element in the array





	
rend()


	
This returns the reverse end position, that is, it returns one position before the first element in the array





	
size() 


	
This returns the size of the array







 

The array container supports random access; hence, given an index, the array container can fetch a value with a runtime complexity of O(1) or constant time.

The array container elements can be accessed in a reverse fashion using the reverse iterator:

#include <iostream>
#include <array>
using namespace std;

int main () {

    array<int, 6> a;
    int size = a.size();
    for (int index=0; index < size; ++index)
         a[index] = (index+1) * 100;   

    cout << "\nPrint values in original order ..." << endl;
    
    auto pos = a.begin();
    while ( pos != a.end() )
        cout << *pos++ << "\t";
    cout << endl;

    cout << "\nPrint values in reverse order ..." << endl;
 
    auto rpos = a.rbegin();
    while ( rpos != a.rend() )
    cout << *rpos++ << "\t";
    cout << endl;

    return 0;
}

We will use the following command to get the output:

./a.out

The output is as follows:

Print values in original order ...
100   200   300   400   500   600

Print values in reverse order ...
600   500   400   300   200   100
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Vector is a quite useful sequence container, and it works exactly as an array, except that the vector can grow and shrink at runtime while an array is of a fixed size. However, the data structure used under the hood in an array and vector is a plain simple built-in C/C++ style array.  

Let's look at the following example to understand vectors better:

#include <iostream>
#include <vector>
#include <algorithm>
using namespace std;

int main () {
  vector<int> v = { 1, 5, 2, 4, 3 };

  cout << "\nSize of vector is " << v.size() << endl;

  auto pos = v.begin();

  cout << "\nPrint vector elements before sorting" << endl;
  while ( pos != v.end() )
    cout << *pos++ << "\t";
  cout << endl;

  sort( v.begin(), v.end() );

  pos = v.begin();

  cout << "\nPrint vector elements after sorting" << endl;

  while ( pos != v.end() )
    cout << *pos++ << "\t";
  cout << endl;

  return 0;
}

The preceding code can be compiled and the output can be viewed with the following commands:

g++ main.cpp -std=c++17
./a.out

The output of the program is as follows:

Size of vector is 5

Print vector elements before sorting
1     5     2     4     3

Print vector elements after sorting
1     2     3     4     5
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The following line declares a vector and initializes the vector with five elements:

vector<int> v = { 1, 5, 2, 4, 3 };

However, a vector also allows appending values to the end of the vector by using the vector::push_back<data_type>( value ) API. The sort() algorithm takes two random access iterators that represent a range of data that must be sorted. As the vector internally uses a built-in C/C++ array, just like the STL array container, a vector also supports random access iterators; hence the sort() function is a highly efficient algorithm whose runtime complexity is logarithmic, that is, O(N log2 (N)).
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The following table shows some commonly used vector APIs:




	
API


	
Description





	
at ( int index )


	
This returns the value stored at the indexed position. It throws the std::out_of_range exception if the index is invalid.





	
operator [ int index ]


	
This returns the value stored at the indexed position. It is faster than at( int index ), since no bounds checking is performed by this function.





	
front()


	
This returns the first value stored in the vector.





	
back() 


	
This returns the last value stored in the vector.





	
empty()


	
This returns true if the vector is empty, and false otherwise.





	
size() 


	
This returns the number of values stored in the vector.





	
reserve( int size ) 


	
This reserves the initial size of the vector. When the vector size has reached its capacity, an attempt to insert new values requires vector resizing. This makes the insertion consume O(N) runtime complexity. The reserve() method is a workaround for the issue described.





	
capacity()


	
This returns the total capacity of the vector, while the size is the actual value stored in the vector.





	
clear() 


	
This clears all the values.





	
push_back<data_type>( value )


	
This adds a new value at the end of the vector.







 

It would be really fun and convenient to read and print to/from the vector using istream_iterator and ostream_iterator. The following code demonstrates the use of a vector:

#include <iostream>
#include <vector>
#include <algorithm>
#include <iterator>
using namespace std;

int main () {
    vector<int> v;

    cout << "\nType empty string to end the input once you are done feeding the vector" << endl;
    cout << "\nEnter some numbers to feed the vector ..." << endl;
   

    istream_iterator<int> start_input(cin);
    istream_iterator<int> end_input;

    copy ( start_input, end_input, back_inserter( v ) );


    cout << "\nPrint the vector ..." << endl;
    copy ( v.begin(), v.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl;

 
    return 0;
}



Note that the output of the program is skipped, as the output depends on the input entered by you. Feel free to try the instructions on the command line.
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Basically, the copy algorithm accepts a range of iterators, where the first two arguments represent the source and the third argument represents the destination, which happens to be the vector:

istream_iterator<int> start_input(cin);
istream_iterator<int> end_input;

copy ( start_input, end_input, back_inserter( v ) );

The start_input iterator instance defines an istream_iterator iterator that receives input from istream and cin, and the end_input iterator instance defines an end-of-file delimiter, which is an empty string by default ("").  Hence, the input can be terminated by typing "" in the command-line input terminal.

Similarly, let's understand the following code snippet:

cout << "\nPrint the vector ..." << endl;
copy ( v.begin(), v.end(), ostream_iterator<int>(cout, "\t") );
cout << endl;

The copy algorithm is used to copy the values from a vector, one element at a time, to ostream, separating the output with a tab character (\t). 
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Every STL container has its own advantages and disadvantages. There is no single STL container that works better in all the scenarios. A vector internally uses an array data structure, and arrays are fixed in size in C/C++. Hence, when you attempt to add new values to the vector at the time the vector size has already reached its maximum capacity, then the vector will allocate new consecutive locations that can accommodate the old values and the new value in a contiguous location. It then starts copying the old values into the new locations. Once all the data elements are copied, the vector will invalidate the old location.

Whenever this happens, the vector insertion will take O(N) runtime complexity. As the size of the vector grows over time, on demand, the O(N) runtime complexity will show up a pretty bad performance. If you know the maximum size required, you could reserve so much initial size upfront in order to overcome this issue. However, not in all scenarios do you need to use a vector. Of course, a vector supports dynamic size and random access, which has performance benefits in some scenarios, but it is possible that the feature you are working on may not really need random access, in which case a list, deque, or some other container may work better for you.



            

            
        
    
        

                            
                    List 

                
            
            
                
The list STL container makes use of a doubly linked list data structure internally. Hence, a list supports only sequential access, and searching a random value in a list in the worst case may take O(N) runtime complexity. However, if you know for sure that you only need sequential access, the list does offer its own benefits. The list STL container lets you insert data elements at the end, in the front, or in the middle with a constant time complexity, that is, O(1) runtime complexity in the best, average, and worst case scenarios.

 The following image demonstrates the internal data structure used by the list STL:



Let's write a simple program to get first-hand experience of using the list STL:

#include <iostream>
#include <list>
#include <iterator>
#include <algorithm>
using namespace std;

int main () {

  list<int> l;

  for (int count=0; count<5; ++count)
    l.push_back( (count+1) * 100 );

  auto pos = l.begin();

  cout << "\nPrint the list ..." << endl;
  while ( pos != l.end() )
    cout << *pos++ << "-->";
  cout << " X" << endl;

  return 0;
}

I'm sure that by now you have got a taste of the C++ STL, its elegance, and its power. Isn't it cool to observe that the syntax remains the same for all the STL containers? You may have observed that the syntax remains the same no matter whether you are using an array, a vector, or a list. Trust me, you will get the same impression when you explore the other STL containers as well.

Having said that, the previous code is self-explanatory, as we did pretty much the same with the other containers.

Let's try to sort the list, as shown in the following code:

#include <iostream>
#include <list>
#include <iterator>
#include <algorithm>
using namespace std;

int main () {

    list<int> l = { 100, 20, 80, 50, 60, 5 };

    auto pos = l.begin();
 
    cout << "\nPrint the list before sorting ..." << endl;
    copy ( l.begin(), l.end(), ostream_iterator<int>( cout, "-->" ));
    cout << "X" << endl;

    l.sort();

    cout << "\nPrint the list after sorting ..." << endl;
    copy ( l.begin(), l.end(), ostream_iterator<int>( cout, "-->" ));
    cout << "X" << endl; 

    return 0;
}

Did you notice the sort() method? Yes, the list container has its own sorting algorithms. The reason for a list container to support its own version of a sorting algorithm is that the generic sort() algorithm expects a random access iterator, whereas a list container doesn't support random access. In such cases, the respective container will offer its own efficient algorithms to overcome the shortcoming.

Interestingly, the runtime complexity of the sort algorithm supported by a list is O (N log2 N).
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The following table shows the most commonly used APIs of an STL list:




	
API


	
Description





	
front()


	
This returns the first value stored in the list





	
back() 


	
This returns the last value stored in the list





	
size()


	
This returns the count of values stored in the list





	
empty()


	
This returns true when the list is empty, and false otherwise





	
clear()


	
This clears all the values stored in the list





	
push_back<data_type>( value )


	
This adds a value at the end of the list





	
push_front<data_type>( value )


	
This adds a value at the front of the list





	
merge( list )


	
This merges two sorted lists with values of the same type





	
reverse()


	
This reverses the list





	
unique()


	
This removes duplicate values from the list





	
sort()


	
This sorts the values stored in a list
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The STL's forward_list container is built on top of a singly linked list data structure; hence, it only supports navigation in the forward direction. As forward_list consumes one less pointer for every node in terms of memory and runtime, it is considered more efficient compared with the list container. However, as price for the extra edge of performance advantage, forward_list had to give up some functionalities.  

The following diagram shows the internal data-structure used in forward_list:



Let's explore the following sample code:

#include <iostream>
#include <forward_list>
#include <iterator>
#include <algorithm>
using namespace std;

int main ( ) {

  forward_list<int> l = { 10, 10, 20, 30, 45, 45, 50 };

  cout << "\nlist with all values ..." << endl;
  copy ( l.begin(), l.end(), ostream_iterator<int>(cout, "\t") );

  cout << "\nSize of list with duplicates is " << distance( l.begin(), l.end() ) << endl;

  l.unique();

  cout << "\nSize of list without duplicates is " << distance( l.begin(), l.end() ) << endl;

  l.resize( distance( l.begin(), l.end() ) );

  cout << "\nlist after removing duplicates ..." << endl;
  copy ( l.begin(), l.end(), ostream_iterator<int>(cout, "\t") );
  cout << endl;

  return 0;

}

The output can be viewed with the following command:

./a.out

The output will be as follows:

list with all values ...
10    10    20    30    45    45    50
Size of list with duplicates is 7

Size of list without duplicates is 5

list after removing duplicates ...
10    20   30   45   50
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The following code declares and initializes the forward_list container with some unique values and some duplicate values:

forward_list<int> l = { 10, 10, 20, 30, 45, 45, 50 };

As the forward_list container doesn't support the size() function, we used the distance() function to find the size of the list:

cout << "\nSize of list with duplicates is " << distance( l.begin(), l.end() ) << endl;

The following forward_list<int>::unique() function removes the duplicate integers and retains only the unique values:

l.unique();
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The following table shows the commonly used forward_list APIs:




	
API


	
Description





	
front()


	
This returns the first value stored in the forward_list container





	
empty()


	
This returns true when the forward_list container is empty and false, otherwise





	
clear()


	
This clears all the values stored in forward_list





	
push_front<data_type>( value )


	
This adds a value to the front of forward_list





	
merge( list )


	
This merges two sorted forward_list containers with values of the same type





	
reverse()


	
This reverses the forward_list container





	
unique()


	
This removes duplicate values from the forward_list container





	
sort()


	
This sorts the values stored in forward_list







 

Let's explore one more example to get a firm understanding of the forward_list container:

#include <iostream>
#include <forward_list>
#include <iterator>
#include <algorithm>
using namespace std;
 
int main () {
 
    forward_list<int> list1 = { 10, 20, 10, 45, 45, 50, 25 };
    forward_list<int> list2 = { 20, 35, 27, 15, 100, 85, 12, 15 };

    cout << "\nFirst list before sorting ..." << endl;
    copy ( list1.begin(), list1.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl; 

    cout << "\nSecond list before sorting ..." << endl;
    copy ( list2.begin(), list2.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl;
 
    list1.sort();
    list2.sort();

    cout << "\nFirst list after sorting ..." << endl;
    copy ( list1.begin(), list1.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl; 

    cout << "\nSecond list after sorting ..." << endl;
    copy ( list2.begin(), list2.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl;    
    

    list1.merge ( list2 );
   
    cout << "\nMerged list ..." << endl;
    copy ( list1.begin(), list1.end(), ostream_iterator<int>(cout, "\t") );

    cout << "\nMerged list after removing duplicates ..." << endl;
    list1.unique(); 
    copy ( list1.begin(), list1.end(), ostream_iterator<int>(cout, "\t") );

    return 0;
}

The preceding code snippet is an interesting example that demonstrates the practical use of the sort(), merge(), and unique() STL algorithms.

The output can be viewed with the following command:

./a.out

The output of the program is as follows:

First list before sorting ...
10   20   10   45   45   50   25
Second list before sorting ...
20   35   27   15   100  85   12   15

First list after sorting ...
10   10   20   25   45   45   50
Second list after sorting ...
12   15   15   20   27   35   85   100

Merged list ...
10   10   12   15   15   20   20   25   27   35   45   45  50   85  100
Merged list after removing duplicates ...
10   12   15   20   25   27   35   45   50   85  100

The output and the program are pretty self-explanatory.
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The deque container is a double-ended queue and the data structure used could be a dynamic array or a vector. In a deque, it is possible to insert an element both at the front and back, with a constant time complexity of O(1), unlike vectors, in which the time complexity of inserting an element at the back is O(1) while that for inserting an element at the front is O(N). The deque doesn't suffer from the problem of reallocation, which is suffered by a vector. However, all the benefits of a vector are there with deque, except that deque is slightly better in terms of performance as compared to a vector as there are several rows of dynamic arrays or vectors in each row.

The following diagram shows the internal data structure used in a deque container:



Let's write a simple program to try out the deque container:

#include <iostream>
#include <deque>
#include <algorithm>
#include <iterator>
using namespace std;

int main () {
  deque<int> d = { 10, 20, 30, 40, 50 };

  cout << "\nInitial size of deque is " << d.size() << endl;

  d.push_back( 60 );
  d.push_front( 5 );

  cout << "\nSize of deque after push back and front is " << d.size() << endl;

  copy ( d.begin(), d.end(), ostream_iterator<int>( cout, "\t" ) );
  d.clear();

  cout << "\nSize of deque after clearing all values is " << d.size() <<
endl;

  cout << "\nIs the deque empty after clearing values ? " << ( d.empty()
? "true" : "false" ) << endl;
  
return 0;
}

The output can be viewed with the following command:

./a.out

The output of the program is as follows:

Intitial size of deque is 5

Size of deque after push back and front is 7

Print the deque ...
5  10  20  30  40  50  60
Size of deque after clearing all values is 0

Is the deque empty after clearing values ? true
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The following table shows the commonly used deque APIs:




	
API


	
Description





	
at ( int index )


	
This returns the value stored at the indexed position. It throws the std::out_of_range exception if the index is invalid.





	
operator [ int index ]


	
This returns the value stored at the indexed position. It is faster than at( int index ) since no bounds checking is performed by this function.





	
front()


	
This returns the first value stored in the deque.





	
back() 


	
This returns the last value stored in the deque.





	
empty()


	
This returns true if the deque is empty and false, otherwise.





	
size() 


	
This returns the number of values stored in the deque.





	
capacity()


	
This returns the total capacity of the deque, while size() returns the actual number of values stored in the deque.





	
clear() 


	
This clears all the values.





	
push_back<data_type>( value )


	
This adds a new value at the end of the deque.
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Associative containers store data in a sorted fashion, unlike the sequence containers. Hence, the order in which the data is inserted will not be retained by the associative containers. Associative containers are highly efficient in searching a value with O( log n ) runtime complexity. Every time a new value gets added to the container, the container will reorder the values stored internally if required.

The STL supports the following types of associative containers:


	Set

	Map

	Multiset 

	Multimap

	Unordered set

	Unordered multiset

	Unordered map

	Unordered multimap



Associative containers organize the data as key-value pairs. The data will be sorted based on the key for random and faster access. Associative containers come in two flavors:


	Ordered 

	Unordered



The following associative containers come under ordered containers, as they are ordered/sorted in a particular fashion. Ordered associative containers generally use some form of Binary Search Tree (BST); usually, a red-black tree is used to store the data:


	Set

	Map

	Multiset

	Multimap



The following associative containers come under unordered containers, as they are not ordered in any particular fashion and they use hash tables:


	Unordered Set

	Unordered Map

	Unordered Multiset

	Unordered Multimap



Let's understand the previously mentioned containers with examples in the following subsections.
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A set container stores only unique values in a sorted fashion. A set organizes the values using the value as a key. The set container is immutable, that is, the values stored in a set can't be modified; however, the values can be deleted. A set generally uses a red-black tree data structure, which is a form of balanced BST. The time complexity of set operations are guaranteed to be O ( log N ). 

Let's write a simple program using a set:

#include <iostream>
#include <set>
#include <vector>
#include <iterator>
#include <algorithm>
using namespace std;

int main( ) {
    set<int> s1 = { 1, 3, 5, 7, 9 };
    set<int> s2 = { 2, 3, 7, 8, 10 };

    vector<int> v( s1.size() + s2.size() );
        
    cout << "\nFirst set values are ..." << endl;
    copy ( s1.begin(), s1.end(), ostream_iterator<int> ( cout, "\t" ) );
    cout << endl;

    cout << "\nSecond set values are ..." << endl;
    copy ( s2.begin(), s2.end(), ostream_iterator<int> ( cout, "\t" ) );
    cout << endl;

    auto pos = set_difference ( s1.begin(), s1.end(), s2.begin(), s2.end(), v.begin() ); 
    v.resize ( pos - v.begin() );

    cout << "\nValues present in set one but not in set two are ..." << endl;
    copy ( v.begin(), v.end(), ostream_iterator<int> ( cout, "\t" ) );
    cout << endl; 

    v.clear();

    v.resize ( s1.size() + s2.size() );

    pos = set_union ( s1.begin(), s1.end(), s2.begin(), s2.end(), v.begin() );

    v.resize ( pos - v.begin() );

    cout << "\nMerged set values in vector are ..." << endl;
    copy ( v.begin(), v.end(), ostream_iterator<int> ( cout, "\t" ) );
    cout << endl; 

    return 0;
}

The output can be viewed with the following command:

./a.out

The output of the program is as follows:

First set values are ...
1   3   5   7   9

Second set values are ...
2   3   7   8   10

Values present in set one but not in set two are ...
1   5   9

Merged values of first and second set are ...
1   2   3   5   7   8   9  10
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The following code declares and initializes two sets, s1 and s2:

set<int> s1 = { 1, 3, 5, 7, 9 };
set<int> s2 = { 2, 3, 7, 8, 10 };

The following line will ensure that the vector has enough room to store the values in the resultant vector:

vector<int> v( s1.size() + s2.size() );

The following code will print the values in s1 and s2:

cout << "\nFirst set values are ..." << endl;
copy ( s1.begin(), s1.end(), ostream_iterator<int> ( cout, "\t" ) );
cout << endl;

cout << "\nSecond set values are ..." << endl;
copy ( s2.begin(), s2.end(), ostream_iterator<int> ( cout, "\t" ) );
cout << endl;

The set_difference() algorithm will populate the vector v with values only present in set s1 but not in s2. The iterator, pos, will point to the last element in the vector; hence, the vector resize will ensure that the extra spaces in the vector are removed:

auto pos = set_difference ( s1.begin(), s1.end(), s2.begin(), s2.end(), v.begin() ); 
v.resize ( pos - v.begin() );

The following code will print the values populated in the vector v:

cout << "\nValues present in set one but not in set two are ..." << endl;
copy ( v.begin(), v.end(), ostream_iterator<int> ( cout, "\t" ) );
cout << endl;

The set_union() algorithm will merge the contents of sets s1 and s2 into the vector, and the vector is then resized to fit only the merged values:

pos = set_union ( s1.begin(), s1.end(), s2.begin(), s2.end(), v.begin() );
v.resize ( pos - v.begin() );

The following code will print the merged values populated in the vector v:

cout << "\nMerged values of first and second set are ..." << endl;
copy ( v.begin(), v.end(), ostream_iterator<int> ( cout, "\t" ) );
cout << endl;
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The following table describes the commonly used set APIs:




	
API


	
Description





	
insert( value )


	
This inserts a value into the set





	
clear()


	
This clears all the values in the set





	
size()


	
This returns the total number of entries present in the set





	
empty()


	
This will print true if the set is empty, and returns false otherwise





	
find()


	
This finds the element with the specified key and returns the iterator position





	
equal_range()


	
This returns the range of elements matching a specific key





	
lower_bound()


	
This returns an iterator to the first element not less than the given key





	
upper_bound()


	
This returns an iterator to the first element greater than the given key
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A map stores the values organized by keys. Unlike a set, a map has a dedicated key per value.  Maps generally use a red-black tree as an internal data structure, which is a balanced BST that guarantees O( log N ) runtime efficiency for searching or locating a value in the map. The values stored in a map are sorted based on the key, using a red-black tree. The keys used in a map must be unique. A map will not retain the sequences of the input as it reorganizes the values based on the key, that is, the red-black tree will be rotated to balance the red-black tree height.

Let's write a simple program to understand map usage:

#include <iostream>
#include <map>
#include <iterator>
#include <algorithm>
using namespace std;

int main ( ) {

  map<string, long> contacts;

  contacts["Jegan"] = 123456789;
  contacts["Meena"] = 523456289;
  contacts["Nitesh"] = 623856729;
  contacts["Sriram"] = 993456789;

  auto pos = contacts.find( "Sriram" );

  if ( pos != contacts.end() )
    cout << pos->second << endl;

  return 0;
}

Let's compile and check the output of the program:

g++ main.cpp -std=c++17
./a.out

The output is as follows:

Mobile number of Sriram is 8901122334
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The following line declares a map with a string name as the key and a long mobile number as the value stored in the map:

map< string, long > contacts;

The following code snippet adds four contacts organized by name as the key:

 contacts[ "Jegan" ] = 1234567890;
 contacts[ "Meena" ] = 5784433221;
 contacts[ "Nitesh" ] = 4567891234;
 contacts[ "Sriram" ] = 8901122334;

The following line will try to locate the contact with the name, Sriram, in the contacts map; if Sriram is found, then the find() function will return the iterator pointing to the location of the key-value pair; otherwise it returns the contacts.end() position:

 auto pos = contacts.find( "Sriram" );

The following code verifies whether the iterator, pos, has reached contacts.end() and prints the contact number. Since the map is an associative container, it stores a key=>value pair; hence, pos->first indicates the key and pos->second indicates the value:

 if ( pos != contacts.end() )
      cout << "\nMobile number of " << pos->first << " is " << pos->second << endl;
 else
      cout << "\nContact not found." << endl;
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The following table shows the commonly used map APIs:




	
API


	
Description





	
at ( key )


	
This returns the value for the corresponding key if the key is found; otherwise it throws the std::out_of_range exception





	
operator[ key ]


	
This updates an existing value for the corresponding key if the key is found; otherwise it will add a new entry with the respective key=>value supplied





	
empty()


	
This returns true if the map is empty, and false otherwise





	
size()


	
This returns the count of the key=>value pairs stored in the map





	
clear()


	
This clears the entries stored in the map





	
count()


	
This returns the number of elements matching the given key





	
find()


	
This finds the element with the specified key
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A multiset container works in a manner similar to a set container, except for the fact that a set allows only unique values to be stored whereas a multiset lets you store duplicate values. As you know, in the case of set and multiset containers, the values themselves are used as keys to organize the data. A multiset container is just like a set; it doesn't allow modifying the values stored in the multiset.

Let's write a simple program using a multiset:

#include <iostream>
#include <set>
#include <iterator>
#include <algorithm>
using namespace std;

int main() {
  multiset<int> s = { 10, 30, 10, 50, 70, 90 };

  cout << "\nMultiset values are ..." << endl;

  copy ( s.begin(), s.end(), ostream_iterator<int> ( cout, "\t" ) );
  cout << endl;

  return 0;
}

The output can be viewed with the following command:

./a.out

The output of the program is as follows:

Multiset values are ...
10 30 10 50 70 90

Interestingly, in the preceding output, you can see that the multiset holds duplicate values.
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A multimap works exactly as a map, except that a multimap container will allow multiple values to be stored with the same key.

Let's explore the multimap container with a simple example:

#include <iostream>
#include <map>
#include <vector>
#include <iterator>
#include <algorithm>
using namespace std;

int main() {
  multimap< string, long > contacts = {
    { "Jegan", 2232342343 },
    { "Meena", 3243435343 },
    { "Nitesh", 6234324343 },
    { "Sriram", 8932443241 },
    { "Nitesh", 5534327346 }
  };

  auto pos = contacts.find ( "Nitesh" );
  int count = contacts.count( "Nitesh" );
  int index = 0;

  while ( pos != contacts.end() ) {
    cout << "\nMobile number of " << pos->first << " is " <<
    pos->second << endl;
    ++index;
    if ( index == count )
      break;
  }

  return 0;
}

The program can be compiled and the output can be viewed with the following commands:

g++ main.cpp -std=c++17

./a.out

The output of the program is as follows:

Mobile number of Nitesh is 6234324343
Mobile number of Nitesh is 5534327346
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An unordered set works in a manner similar to a set, except that the internal behavior of these containers differs. A set makes use of red-black trees while an unordered set makes use of hash tables. The time complexity of set operations is O( log N) while the time complexity of unordered set operations is O(1); hence, the unordered set tends to be faster than the set.

The values stored in an unordered set are not organized in any particular fashion, unlike in a set, which stores values in a sorted fashion. If performance is the criteria, then an unordered set is a good bet; however, if iterating the values in a sorted fashion is a requirement, then set is a good choice.
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An unordered map works in a manner similar to a map, except that the internal behavior of these containers differs. A map makes use of red-black trees while unordered map makes use of hash tables. The time complexity of map operations is O( log N) while that of unordered map operations is O(1); hence, an unordered map tends to be faster than a map.

The values stored in an unordered map are not organized in any particular fashion, unlike in a map where values are sorted by keys.
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An unordered multiset works in a manner similar to a multiset, except that the internal behavior of these containers differs. A multiset makes use of red-black trees while an unordered multiset makes use of hash tables. The time complexity of multiset operations is O( log N) while that of unordered multiset operations is O(1). Hence, an unordered multiset tends to be faster than a multiset.

The values stored in an unordered multiset are not organized in any particular fashion, unlike in a multiset where values are stored in a sorted fashion. If performance is the criteria, unordered multisets are a good bet; however, if iterating the values in a sorted fashion is a requirement, then multiset is a good choice.



            

            
        
    
        

                            
                    Unordered multimaps

                
            
            
                
An unordered multimap works in a manner similar to a multimap, except that the internal behavior of these containers differs. A multimap makes use of red-black trees while an unordered multimap makes use of hash tables. The time complexity of multimap operations is O( log N) while that of unordered multimap operations is O(1); hence, an unordered multimap tends to be faster than a multimap.

The values stored in an unordered multimap are not organized in any particular fashion, unlike in multimaps where values are sorted by keys. If performance is the criteria, then an unordered multimap is a good bet; however, if iterating the values in a sorted fashion is a requirement, then multimap is a good choice.
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Container adapters adapt existing containers to provide new containers. In simple terms, STL extension is done with composition instead of inheritance.

STL containers can't be extended by inheritance, as their constructors aren't virtual. Throughout the STL, you can observe that while static polymorphism is used both in terms of operator overloading and templates, dynamic polymorphism is consciously avoided for performance reasons. Hence, extending the STL by subclassing the existing containers isn't a good idea, as it would lead to memory leaks because container classes aren't designed to behave like base classes.

The STL supports the following container adapters:


	Stack

	Queue

	Priority Queue



Let's explore the container adapters in the following subsections.
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Stack is not a new container; it is a template adapter class. The adapter containers wrap an existing container and provide high-level functionalities. The stack adapter container offers stack operations while hiding the unnecessary functionalities that are irrelevant for a stack. The STL stack makes use of a deque container by default; however, we can instruct the stack to use any existing container that meets the requirement of the stack during the stack instantiation.

Deques, lists, and vectors meet the requirements of a stack adapter.

A stack operates on the Last In First Out (LIFO) philosophy. 
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The following table shows commonly used stack APIs:




	
API


	
Description





	
top()


	
This returns the top-most value in the stack, that is, the value that was added last





	
push<data_type>( value )


	
This will push the value provided to the top of the stack





	
pop()


	
This will remove the top-most value from the stack 





	
size()


	
This returns the number of values present in the stack





	
empty()


	
This returns true if the stack is empty; otherwise it returns false







 

It's time to get our hands dirty; let's write a simple program to use a stack:

#include <iostream>
#include <stack>
#include <iterator>
#include <algorithm>
using namespace std;

int main ( ) {

  stack<string> spoken_languages;

  spoken_languages.push ( "French" );
  spoken_languages.push ( "German" );
  spoken_languages.push ( "English" );
  spoken_languages.push ( "Hindi" );
  spoken_languages.push ( "Sanskrit" );
  spoken_languages.push ( "Tamil" );

  cout << "\nValues in Stack are ..." << endl;
  while ( ! spoken_languages.empty() ) {
              cout << spoken_languages.top() << endl;
        spoken_languages.pop();
  }
  cout << endl;


  return 0;
}

The program can be compiled and the output can be viewed with the following command:

g++ main.cpp -std=c++17

./a.out

The output of the program is as follows:

Values in Stack are ...
Tamil
Kannada
Telugu
Sanskrit
Hindi
English
German
French

From the preceding output, we can see the LIFO behavior of stack.
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A queue works based on the First In First Out (FIFO) principle. A queue is not a new container; it is a templatized adapter class that wraps an existing container and provides the high-level functionalities that are required for queue operations, while hiding the unnecessary functionalities that are irrelevant for a queue. The STL queue makes use of a deque container by default; however, we can instruct the queue to use any existing container that meets the requirement of the queue during the queue instantiation.

In a queue, new values can be added at the back and removed from the front. Deques, lists, and vectors meet the requirements of a queue adapter.
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The following table shows the commonly used queue APIs:




	
API


	
Description





	
push()


	
This appends a new value at the back of the queue





	
pop()


	
This removes the value at the front of the queue





	
front()


	
This returns the value in the front of the queue





	
back()


	
This returns the value at the back of the queue





	
empty()


	
This returns true when the queue is empty; otherwise it returns false





	
size()


	
This returns the number of values stored in the queue







 

Let's use a queue in the following program:

#include <iostream>
#include <queue>
#include <iterator>
#include <algorithm>
using namespace std;

int main () {
  queue<int> q;

  q.push ( 100 );
  q.push ( 200 );
  q.push ( 300 );

  cout << "\nValues in Queue are ..." << endl;
  while ( ! q.empty() ) {
    cout << q.front() << endl;
    q.pop();
  }

  return 0;
}

The program can be compiled and the output can be viewed with the following commands:

g++ main.cpp -std=c++17

./a.out

The output of the program is as follows:

Values in Queue are ...
100
200
300

From the preceding output, you can observe that the values were popped out in the same sequence that they were pushed in, that is, FIFO.
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A priority queue is not a new container; it is a templatized adapter class that wraps an existing container and provides high-level functionalities that are required for priority queue operations, while hiding the unnecessary functionalities that are irrelevant for a priority queue. A priority queue makes use of a vector container by default; however, a deque container also meets the requirement of the priority queue. Hence, during the priority queue instantiation, you could instruct the priority queue to make use of a deque as well. 

A priority queue organizes the data in such a way that the highest priority value appears first; in other words, the values are sorted in a descending order.

The deque and vector meet the requirements of a priority queue adaptor.
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The following table shows commonly used priority queue APIs:




	
API


	
Description





	
push()


	
This appends a new value at the back of the priority queue





	
pop()


	
This removes the value at the front of the priority queue





	
empty()


	
This returns true when the priority queue is empty; otherwise it returns false





	
size()


	
This returns the number of values stored in the priority queue





	
top()


	
This returns the value in the front of the priority queue







 

Let's write a simple program to understand priority_queue:

#include <iostream>
#include <queue>
#include <iterator>
#include <algorithm>
using namespace std;

int main () {
  priority_queue<int> q;

  q.push( 100 );
  q.push( 50 );
  q.push( 1000 );
  q.push( 800 );
  q.push( 300 );

  cout << "\nSequence in which value are inserted are ..." << endl;
  cout << "100\t50\t1000\t800\t300" << endl;
  cout << "Priority queue values are ..." << endl;

  while ( ! q.empty() ) {
    cout << q.top() << "\t";
    q.pop();
  }
  cout << endl;

  return 0;
}

The program can be compiled and the output can be viewed with the following command:

g++ main.cpp -std=c++17

./a.out

The output of the program is as follows:

Sequence in which value are inserted are ...
100   50   1000  800   300

Priority queue values are ...
1000  800   300   100   50

From the preceding output, you can observe that priority_queue is a special type of queue that reorders the inputs in such a way that the highest value appears first.
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In this chapter you learned about ready-made generic containers, functors, iterators, and algorithms. You also learned set, map, multiset, and multimap associative containers, their internal data structures, and common algorithms that can be applied on them. Further you learned how to use the various containers with practical hands-on code samples.


In the next chapter, you will learn template programming, which helps you master the essentials of templates.
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In this chapter, we will cover the following topics:


	Generic programming

	Function templates

	Class templates

	Overloading function templates

	Generic classes

	Explicit class specializations

	Partial specializations



Let's now start learning generic programming.
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Generic programming is a style of programming that helps you develop reusable code or generic algorithms that can be applied to a wide variety of data types. Whenever a generic algorithm is invoked, the data types will be supplied as parameters with a special syntax.  

Let's say we would like to write a sort() function, which takes an array of inputs that needs to be sorted in an ascending order. Secondly, we need the sort() function to sort int, double, char, and string data types. There are a couple of ways this can be solved:


	We could write four different sort() functions for each data type

	We could also write a single macro function 



Well, both approaches have their own merits and demerits. The advantage of the first approach is that, since there are dedicated functions for the int, double, char, and string data types, the compiler will be able to perform type checking if an incorrect data type is supplied. The disadvantage of the first approach is that we have to write four different functions even though the logic remains the same across all the functions. If a bug is identified in the algorithm, it must be fixed separately in all four functions; hence, heavy maintenance efforts are required. If we need to support another data type, we will end up writing one more function, and this will keep growing as we need to support more data types.

The advantage of the second approach is that we could just write one macro for all the data types. However, one very discouraging disadvantage is that the compiler will not be able to perform type checking, and this approach is more prone to errors and may invite many unexpected troubles. This approach is dead against object-oriented coding principles.

C++ supports generic programming with templates, which has the following benefits:


	We just need to write one function using templates

	Templates support static polymorphism

	Templates offer all the advantages of the two aforementioned approaches, without any disadvantages

	Generic programming enables code reuse

	The resultant code is object-oriented

	The C++ compiler can perform type checking during compile time

	Easy to maintain

	Supports a wide variety of built-in and user-defined data types



However, the disadvantages are as follows:


	Not all C++ programmers feel comfortable writing template-based coding, but this is only an initial hiccup

	In certain scenarios, templates could bloat your code and increase the binary footprint, leading to performance issues
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A function template lets you parameterize a data type. The reason this is referred to as generic programming is that a single template function will support many built-in and user-defined data types. A templatized function works like a C-style macro, except for the fact that the C++ compiler will type check the function when we supply an incompatible data type at the time of invoking the template function.

It will be easier to understand the template concept with a simple example, as follows:

#include <iostream>
#include <algorithm>
#include <iterator>
using namespace std;

template <typename T, int size>
void sort ( T input[] ) {

     for ( int i=0; i<size; ++i) { 
         for (int j=0; j<size; ++j) {
              if ( input[i] < input[j] )
                  swap (input[i], input[j] );
         }
     }

}

int main () {
        int a[10] = { 100, 10, 40, 20, 60, 80, 5, 50, 30, 25 };

        cout << "\nValues in the int array before sorting ..." << endl;
        copy ( a, a+10, ostream_iterator<int>( cout, "\t" ) );
        cout << endl;

        ::sort<int, 10>( a );

        cout << "\nValues in the int array after sorting ..." << endl;
        copy ( a, a+10, ostream_iterator<int>( cout, "\t" ) );
        cout << endl;

        double b[5] = { 85.6d, 76.13d, 0.012d, 1.57d, 2.56d };

        cout << "\nValues in the double array before sorting ..." << endl;
        copy ( b, b+5, ostream_iterator<double>( cout, "\t" ) );
        cout << endl;
      

        ::sort<double, 5>( b );

        cout << "\nValues in the double array after sorting ..." << endl;
        copy ( b, b+5, ostream_iterator<double>( cout, "\t" ) );
        cout << endl;

        string names[6] = {
               "Rishi Kumar Sahay",
               "Arun KR",
               "Arun CR",
               "Ninad",
               "Pankaj",
               "Nikita"
        };

        cout << "\nNames before sorting ..." << endl;
        copy ( names, names+6, ostream_iterator<string>( cout, "\n" ) );
        cout << endl;

        ::sort<string, 6>( names );

        cout << "\nNames after sorting ..." << endl;
        copy ( names, names+6, ostream_iterator<string>( cout, "\n" ) );
        cout << endl;

        return 0;
}



Run the following commands:

g++ main.cpp -std=c++17
./a.out

The output of the preceding program is as follows:

Values in the int array before sorting ...
100  10   40   20   60   80   5   50   30   25

Values in the int array after sorting ...
5    10   20   25   30   40   50   60   80   100

Values in the double array before sorting ...
85.6d 76.13d 0.012d 1.57d 2.56d

Values in the double array after sorting ...
0.012   1.57   2.56   76.13   85.6

Names before sorting ...
Rishi Kumar Sahay
Arun KR
Arun CR
Ninad
Pankaj
Nikita

Names after sorting ...
Arun CR
Arun KR
Nikita
Ninad
Pankaj
Rich Kumar Sahay

Isn't it really interesting to see just one template function doing all the magic? Yes, that's how cool C++ templates are!

Are you curious to see the assembly output of a template instantiation? Use the command, g++ -S main.cpp.
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The following code defines a function template. The keyword, template <typename T, int size>, tells the compiler that what follows is a function template:

template <typename T, int size>
void sort ( T input[] ) {

 for ( int i=0; i<size; ++i) { 
     for (int j=0; j<size; ++j) {
         if ( input[i] < input[j] )
             swap (input[i], input[j] );
     }
 }

}

The line, void sort ( T input[] ), defines a function named sort, which returns void and receives an input array of type T. The T type doesn't indicate any specific data type. T will be deduced at the time of instantiating the function template during compile time.  

The following code populates an integer array with some unsorted values and prints the same to the terminal:

 int a[10] = { 100, 10, 40, 20, 60, 80, 5, 50, 30, 25 };
 cout << "\nValues in the int array before sorting ..." << endl;
 copy ( a, a+10, ostream_iterator<int>( cout, "\t" ) );
 cout << endl;

The following line will instantiate an instance of a function template for the int data type. At this point, typename T is substituted and a specialized function is created for the int data type. The scope-resolution operator in front of sort, that is, ::sort(), ensures that it invokes our custom function, sort(), defined in the global namespace; otherwise, the C++ compiler will attempt to invoke the sort() algorithm defined in the std namespace, or from any other namespace if such a function exists. The <int, 10> variable tells the compiler to create an instance of a function, substituting typename T with int, and 10 indicates the size of the array used in the template function:

::sort<int, 10>( a );

The following lines will instantiate two additional instances that support a double array of 5 elements and a string array of 6 elements respectively:

::sort<double, 5>( b );
::sort<string, 6>( names );

If you are curious to know some more details about how the C++ compiler instantiates the function templates to support int, double, and string, you could try the Unix utilities, nm and c++filt. The nm Unix utility will list the symbols in the symbol table, as follows:

nm ./a.out | grep sort

00000000000017f1 W _Z4sortIdLi5EEvPT_
0000000000001651 W _Z4sortIiLi10EEvPT_
000000000000199b W _Z4sortINSt7__cxx1112basic_stringIcSt11char_traitsIcESaIcEEELi6EEvPT_

As you can see, there are three different overloaded sort functions in the binary; however, we have defined only one template function. As the C++ compiler has mangled names to deal with function overloading, it is difficult for us to interpret which function among the three functions is meant for the int, double, and string data types.

However, there is a clue: the first function is meant for double, the second is meant for int, and the third is meant for string. The name-mangled function has _Z4sortIdLi5EEvPT_ for double, _Z4sortIiLi10EEvPT_ for int, and _Z4sortINSt7__cxx1112basic_stringIcSt11char_traitsIcESaIcEEELi6EEvPT_ for string. There is another cool Unix utility to help you interpret the function signatures without much struggle. Check the following output of the c++filt utility:

c++filt _Z4sortIdLi5EEvPT_
void sort<double, 5>(double*)

c++filt _Z4sortIiLi10EEvPT_
void sort<int, 10>(int*)

c++filt _Z4sortINSt7__cxx1112basic_stringIcSt11char_traitsIcESaIcEEELi6EEvPT_
void sort<std::__cxx11::basic_string<char, std::char_traits<char>, std::allocator<char> >, 6>(std::__cxx11::basic_string<char, std::char_traits<char>, std::allocator<char> >*)

Hopefully, you will find these utilities useful while working with C++ templates. I'm sure these tools and techniques will help you to debug any C++ application.
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Overloading function templates works exactly like regular function overloading in C++. However, I'll help you recollect the C++ function overloading basics.

The function overloading rules and expectations from the C++ compiler are as follows:


	The overloaded function names will be the same.

	The C++ compiler will not be able to differentiate between overloaded functions that differ only by a return value.

	The number of overloaded function arguments, the data types of those arguments, or their sequence should be different. Apart from the other rules, at least one of these rules described in the current bullet point should be satisfied, but more compliance wouldn't hurt, though.

	The overloaded functions must be in the same namespace or within the same class scope.



If any of these aforementioned rules aren't met, the C++ compiler will not treat them as overloaded functions. If there is any ambiguity in differentiating between the overloaded functions, the C++ compiler will report it promptly as a compilation error.

It is time to explore this with an example, as shown in the following program:

#include <iostream>
#include <array>
using namespace std;

void sort ( array<int,6> data ) {
     

     cout << "Non-template sort function invoked ..." << endl;
    
     int size = data.size();

     for ( int i=0; i<size; ++i ) { 
          for ( int j=0; j<size; ++j ) {
                if ( data[i] < data[j] )
                    swap ( data[i], data[j] );
          }
     }

}

template <typename T, int size>
void sort ( array<T, size> data ) {

     cout << "Template sort function invoked with one argument..." << endl;

     for ( int i=0; i<size; ++i ) {
         for ( int j=0; j<size; ++j ) {
             if ( data[i] < data[j] )
                swap ( data[i], data[j] );
         }
     }

}

template <typename T>
void sort ( T data[], int size ) {
     cout << "Template sort function invoked with two arguments..." << endl;

     for ( int i=0; i<size; ++i ) {
         for ( int j=0; j<size; ++j ) {
             if ( data[i] < data[j] )
                swap ( data[i], data[j] );
         }
     }

}

int main() {

    //Will invoke the non-template sort function
    array<int, 6> a = { 10, 50, 40, 30, 60, 20 };
    ::sort ( a );

    //Will invoke the template function that takes a single argument
    array<float,6> b = { 10.6f, 57.9f, 80.7f, 35.1f, 69.3f, 20.0f };
    ::sort<float,6>( b );

    //Will invoke the template function that takes a single argument
    array<double,6> c = { 10.6d, 57.9d, 80.7d, 35.1d, 69.3d, 20.0d };
    ::sort<double,6> ( c );

    //Will invoke the template function that takes two arguments
    double d[] = { 10.5d, 12.1d, 5.56d, 1.31d, 81.5d, 12.86d };
    ::sort<double> ( d, 6 );

    return 0;

}

Run the following commands:

g++ main.cpp -std=c++17

./a.out

The output of the preceding program is as follows:

Non-template sort function invoked ...

Template sort function invoked with one argument...

Template sort function invoked with one argument...

Template sort function invoked with two arguments...
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The following code is a non-template version of our custom sort()  function:

void sort ( array<int,6> data ) { 

     cout << "Non-template sort function invoked ..." << endl;
 
     int size = data.size();

     for ( int i=0; i<size; ++i ) { 
         for ( int j=0; j<size; ++j ) {
             if ( data[i] < data[j] )
                 swap ( data[i], data[j] );
         }
     }

}

Non-template functions and template functions can coexist and participate in function overloading. One weird behavior of the preceding function is that the size of the array is hardcoded.

The second version of our sort() function is a template function, as shown in the following code snippet. Interestingly, the weird issue that we noticed in the first non-template sort() version is addressed here:

template <typename T, int size>
void sort ( array<T, size> data ) {

     cout << "Template sort function invoked with one argument..." << endl;

     for ( int i=0; i<size; ++i ) {
         for ( int j=0; j<size; ++j ) {
             if ( data[i] < data[j] )
                swap ( data[i], data[j] );
         }
     }

}

In the preceding code, both the data type and the size of the array are passed as template arguments, which are then passed to the function call arguments. This approach makes the function generic, as this function can be instantiated for any data type.

The third version of our custom sort() function is also a template function, as shown in the following code snippet:

template <typename T>
void sort ( T data[], int size ) {
     
     cout << "Template sort function invoked with two argument..." << endl;

     for ( int i=0; i<size; ++i ) {
         for ( int j=0; j<size; ++j ) {
             if ( data[i] < data[j] )
                swap ( data[i], data[j] );
         }
     }

}

The preceding template function takes a C-style array; hence, it also expects the user to indicate its size. However, the size of the array could be computed within the function, but for demonstration purposes, I need a function that takes two arguments. The previous function isn't recommended, as it uses a C-style array; ideally, we would use one of the STL containers.

Now, let's understand the main function code. The following code declares and initializes the STL array container with six values, which is then passed to our sort() function defined in the default namespace:

 //Will invoke the non-template sort function
 array<int, 6> a = { 10, 50, 40, 30, 60, 20 };
 ::sort ( a );

The preceding code will invoke the non-template sort() function. An important point to note is that, whenever C++ encounters a function call, it first looks for a non-template version; if C++ finds a matching non-template function version, its search for the correct function definition ends there. If the C++ compiler isn't able to identify a non-template function definition that matches the function call signature, then it starts looking for any template function that could support the function call and instantiates a specialized function for the data type required. 

Let's understand the following code:

//Will invoke the template function that takes a single argument
array<float,6> b = { 10.6f, 57.9f, 80.7f, 35.1f, 69.3f, 20.0f };
::sort<float,6>( b );

This will invoke the template function that receives a single argument. As there is no non-template sort() function that receives an array<float,6> data type, the C++ compiler will instantiate such a function out of our user-defined sort() template function with a single argument that takes array<float, 6>.

In the same way, the following code triggers the compiler to instantiate a double version of the template sort() function that receives array<double, 6>:

  //Will invoke the template function that takes a single argument
 array<double,6> c = { 10.6d, 57.9d, 80.7d, 35.1d, 69.3d, 20.0d };
 ::sort<double,6> ( c );

Finally, the following code will instantiate an instance of the template sort() that receives two arguments and invokes the function:

 //Will invoke the template function that takes two arguments
 double d[] = { 10.5d, 12.1d, 5.56d, 1.31d, 81.5d, 12.86d };
 ::sort<double> ( d, 6 );

If you have come this far, I'm sure you like the C++ template topics discussed so far.



            

            
        
    
        

                            
                    Class template

                
            
            
                
C++ templates extend the function template concepts to classes too, and enable us to write object-oriented generic code. In the previous sections, you learned the use of function templates and overloading. In this section, you will learn writing template classes that open up more interesting generic programming concepts.

A class template lets you parameterize the data type on the class level via a template type expression.

Let's understand a class template with the following example:

//myalgorithm.h
#include <iostream>
#include <algorithm>
#include <array>
#include <iterator>
using namespace std;

template <typename T, int size>
class MyAlgorithm {

public:
        MyAlgorithm() { } 
        ~MyAlgorithm() { }

        
        void sort( array<T, size> &data ) {
             for ( int i=0; i<size; ++i ) {
                 for ( int j=0; j<size; ++j ) {
                     if ( data[i] < data[j] )
                         swap ( data[i], data[j] );
                 }
             }
        }

        void sort ( T data[size] );

};

template <typename T, int size>
inline void MyAlgorithm<T, size>::sort ( T data[size] ) {
       for ( int i=0; i<size; ++i ) {
           for ( int j=0; j<size; ++j ) {
               if ( data[i] < data[j] )
                  swap ( data[i], data[j] );
           }
       }
}

C++ template function overloading is a form of static or compile-time polymorphism.                                                    

Let's use myalgorithm.h in the following main.cpp program as follows:

#include "myalgorithm.h"

int main() {

    MyAlgorithm<int, 10> algorithm1;
 
    array<int, 10> a = { 10, 5, 15, 20, 25, 18, 1, 100, 90, 18 };
 
    cout << "\nArray values before sorting ..." << endl;
    copy ( a.begin(), a.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl;

    algorithm1.sort ( a );

    cout << "\nArray values after sorting ..." << endl;
    copy ( a.begin(), a.end(), ostream_iterator<int>(cout, "\t") );
    cout << endl;

    MyAlgorithm<int, 10> algorithm2;
    double d[] = { 100.0, 20.5, 200.5, 300.8, 186.78, 1.1 };

    cout << "\nArray values before sorting ..." << endl;
    copy ( d.begin(), d.end(), ostream_iterator<double>(cout, "\t") );
    cout << endl;

    algorithm2.sort ( d );

    cout << "\nArray values after sorting ..." << endl;
    copy ( d.begin(), d.end(), ostream_iterator<double>(cout, "\t") );
    cout << endl;

    return 0;  

}

Let's quickly compile the program using the following command:

g++ main.cpp -std=c++17

./a.out

The output is as follows:


Array values before sorting ...
10  5   15   20   25   18   1   100   90   18

Array values after sorting ...
1   5   10   15   18   18   20   25   90   100

Array values before sorting ...
100   20.5   200.5   300.8   186.78   1.1

Array values after sorting ...
1.1     20.5   100   186.78  200.5  300.8
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The following code declares a class template. The keyword, template <typename T, int size>, can be replaced with <class T, int size>. Both keywords can be interchanged in function and class templates; however, as an industry best practice, template<class T> can be used only with class templates to avoid confusion:

template <typename T, int size>
class MyAlgorithm 

One of the overloaded sort() methods is defined inline as follows:

 void sort( array<T, size> &data ) {
      for ( int i=0; i<size; ++i ) {
          for ( int j=0; j<size; ++j ) {
              if ( data[i] < data[j] )
                 swap ( data[i], data[j] );
          }
      }
 } 

The second overloaded sort() function is just declared within the class scope, without any definition, as follows:

template <typename T, int size>
class MyAlgorithm {
      public:
           void sort ( T data[size] );
};

The preceding sort() function is defined outside the class scope, as shown in the following code snippet. The weird part is that we need to repeat the template parameters for every member function that is defined outside the class template:

template <typename T, int size>
inline void MyAlgorithm<T, size>::sort ( T data[size] ) {
       for ( int i=0; i<size; ++i ) {
           for ( int j=0; j<size; ++j ) {
               if ( data[i] < data[j] )
                  swap ( data[i], data[j] );
           }
       }
}

Otherwise, the class template concepts remain the same as that of function templates.

Would you like to see the compiler-instantiated code for templates?  Use the g++ -fdump-tree-original main.cpp -std=c++17 command.
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So far in this chapter, you have learned how to do generic programming with function templates and class templates. As you understand the class template, a single template class can support any built-in and user-defined data types. However, there are times when we need to treat certain data types with some special treatment with respect to the other data types. In such cases, C++ offers us explicit class specialization support to handle selective data types with differential treatment.  

Consider the STL deque container; though deque looks fine for storing, let's say, string, int, double, and long, if we decide to use deque to store a bunch of boolean types, the bool data type takes at least one byte, while it may vary as per compiler vendor implementation. While a single bit can efficiently represent true or false, a boolean at least takes one byte, that is, 8 bits, and the remaining 7 bits are not used. This may appear as though it's okay; however, if you have to store a very large deque of booleans, it definitely doesn't appear to be an efficient idea, right? You may think, what's the big deal? We could write another specialized class or template class for bool. But this approach requires end users to use different classes for different data types explicitly, and this doesn't sound like a good design either, right? This is exactly where C++'s explicit class specialization comes in handy.  



The explicit template specialization is also referred to as full-template specialization.

Never mind if you aren't convinced yet; the following example will help you understand the need for explicit class specialization and how explicit class specialization works.

Let us develop a DynamicArray class to support a dynamic array of any data type. Let's start with a class template, as shown in the following program:

#include <iostream>
#include <deque>
#include <algorithm>
#include <iterator>
using namespace std;

template < class T >
class DynamicArray {
      private:
           deque< T > dynamicArray;
           typename deque< T >::iterator pos;

      public:
           DynamicArray() { initialize(); }
           ~DynamicArray() { }

           void initialize() {
                 pos = dynamicArray.begin();
           }

           void appendValue( T element ) {
                 dynamicArray.push_back ( element );
           }

           bool hasNextValue() { 
                 return ( pos != dynamicArray.end() );
           }

           T getValue() {
                 return *pos++;
           }
 
};

The preceding DynamicArray template class internally makes use of the STL deque class. Hence, you could consider the DynamicArray template class a custom adapter container. Let's explore how the DynamicArray template class can be used in main.cpp with the following code snippet:

#include "dynamicarray.h"
#include "dynamicarrayforbool.h"

int main () {
    
    DynamicArray<int> intArray;

    intArray.appendValue( 100 );
    intArray.appendValue( 200 );
    intArray.appendValue( 300 );
    intArray.appendValue( 400 );

    intArray.initialize();

    cout << "\nInt DynamicArray values are ..." << endl;
    while ( intArray.hasNextValue() )
          cout << intArray.getValue() << "\t";
    cout << endl;

    DynamicArray<char> charArray;
    charArray.appendValue( 'H' );
    charArray.appendValue( 'e' );
    charArray.appendValue( 'l' );
    charArray.appendValue( 'l' );
    charArray.appendValue( 'o' );

    charArray.initialize();

    cout << "\nChar DynamicArray values are ..." << endl;
    while ( charArray.hasNextValue() )
          cout << charArray.getValue() << "\t";
    cout << endl;

    DynamicArray<bool> boolArray;
    
    boolArray.appendValue ( true );
    boolArray.appendValue ( false );
    boolArray.appendValue ( true );
    boolArray.appendValue ( false );

    boolArray.initialize();

    cout << "\nBool DynamicArray values are ..." << endl;
    while ( boolArray.hasNextValue() )
         cout << boolArray.getValue() << "\t";
    cout << endl;

    return 0;

}

Let's quickly compile the program using the following command:

g++ main.cpp -std=c++17

./a.out

The output is as follows:

Int DynamicArray values are ...
100   200   300   400

Char DynamicArray values are ...
H   e   l   l   o

Bool DynamicArray values are ...
1   0   1   0

Great! Our custom adapter container seems to work fine.  
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Let's zoom in and try to understand how the previous program works. The following code tells the C++ compiler that what follows is a class template:

template < class T >
class DynamicArray {
      private:
           deque< T > dynamicArray;
           typename deque< T >::iterator pos;

As you can see, the DynamicArray class makes use of STL deque internally, and an iterator for deque is declared with the name, pos.  This iterator, pos, is utilized by the Dynamic template class to provide high-level methods such as the initialize(), appendValue(), hasNextValue(), and getValue() methods.

The initialize() method initializes the deque iterator pos to the first data element stored within deque. The appendValue( T element ) method lets you add a data element at the end of deque.  The hasNextValue() method tells whether the DynamicArray class has further data values stored--true indicates it has further values and false indicates that the DynamicArray navigation has reached the end of deque. The initialize() method can be used to reset the pos iterator to the starting point when required. The getValue() method returns the data element pointed by the pos iterator at that moment. The getValue() method doesn't perform any validation; hence, it must be combined with hasNextValue() before invoking getValue()  to safely access the values stored in DynamicArray.

Now, let's understand the main() function. The following code declares a DynamicArray class that stores the int data type; DynamicArray<int> intArray will trigger the C++ compiler to instantiate a DynamicArray class that is specialized for the int data type:

DynamicArray<int> intArray;

intArray.appendValue( 100 );
intArray.appendValue( 200 );
intArray.appendValue( 300 );
intArray.appendValue( 400 );

The values 100, 200, 300, and 400 are stored back to back within the DynamicArray class. The following code ensures that the intArray iterator points to the first element. Once the iterator is initialized, the values stored in the DynamicArray class are printed with the getValue() method, while hasNextValue() ensures that the navigation hasn't reached the end of the DynamicArray class:

intArray.initialize();
cout << "\nInt DynamicArray values are ..." << endl;
while ( intArray.hasNextValue() )
      cout << intArray.getValue() << "\t";
cout << endl;

Along the same lines, in the main function, a char DynamicArray class is created, populated with some data, and printed. Let's skip char DynamicArray and directly move on to the DynamicArray class that stores bool.

DynamicArray<bool> boolArray;

boolArray.appendValue ( "1010" );

boolArray.initialize();

cout << "\nBool DynamicArray values are ..." << endl;

while ( boolArray.hasNextValue() )
      cout << boolArray.getValue() << "\t";
cout << endl;

From the preceding code snippet, we can see everything looks okay, right? Yes, the preceding code works perfectly fine; however, there is a performance issue with the DynamicArray design approach. While true can be represented by 1 and false can be represented by 0, which requires just 1 bit, the preceding DynamicArray class makes use of 8 bits to represent 1 and 8 bits to represent 0, which we must fix without forcing end users to choose a different DynamicArray class that works efficiently for bool.

Let's fix the issue by using explicit class template specialization with the following code:

#include <iostream>
#include <bitset>
#include <algorithm>
#include <iterator>
using namespace std;

template <>
class DynamicArray<bool> {
      private:
          deque< bitset<8> *> dynamicArray;
          bitset<8> oneByte;
          typename deque<bitset<8> * >::iterator pos;
          int bitSetIndex;

          int getDequeIndex () {
              return (bitSetIndex) ? (bitSetIndex/8) : 0;
          }
      public:
          DynamicArray() {
              bitSetIndex = 0;
              initialize();
          }

         ~DynamicArray() { }

         void initialize() {
              pos = dynamicArray.begin();
              bitSetIndex = 0;
         }

         void appendValue( bool value) {
              int dequeIndex = getDequeIndex();
              bitset<8> *pBit = NULL;

              if ( ( dynamicArray.size() == 0 ) || ( dequeIndex >= ( dynamicArray.size()) ) ) {
                   pBit = new bitset<8>();
                   pBit->reset();
                   dynamicArray.push_back ( pBit );
              }

              if ( !dynamicArray.empty() )
                   pBit = dynamicArray.at( dequeIndex );
         
              pBit->set( bitSetIndex % 8, value );
              ++bitSetIndex;
         }

         bool hasNextValue() {
              return (bitSetIndex < (( dynamicArray.size() * 8 ) ));
         }

         bool getValue() {
              int dequeIndex = getDequeIndex();
 
              bitset<8> *pBit = dynamicArray.at(dequeIndex);
              int index = bitSetIndex % 8;
              ++bitSetIndex;

              return (*pBit)[index] ? true : false;
         }
};

Did you notice the template class declaration? The syntax for template class specialization is template <> class DynamicArray<bool> { };.  The class template expression is empty <> and the name of the class template that works for all data types and the name of the class that works the for the bool data type are kept the same with the template expression, <bool>.

If you observe closely, the specialized DynamicArray class for bool internally makes use of deque< bitset<8> >, that is, deque of bitsets of 8 bits, and, when required, deque will automatically allocate more bitset<8> bits. The bitset variable is a memory-efficient STL container that consumes just 1 bit to represent true or false.

Let's take a look at the main function:

#include "dynamicarray.h"
#include "dynamicarrayforbool.h"

int main () {

    DynamicArray<int> intArray;
    
    intArray.appendValue( 100 );
    intArray.appendValue( 200 );
    intArray.appendValue( 300 );
    intArray.appendValue( 400 );

    intArray.initialize();

    cout << "\nInt DynamicArray values are ..." << endl;
    
    while ( intArray.hasNextValue() )
          cout << intArray.getValue() << "\t";
    cout << endl;

    DynamicArray<char> charArray;
    
    charArray.appendValue( 'H' );
    charArray.appendValue( 'e' );
    charArray.appendValue( 'l' );
    charArray.appendValue( 'l' );
    charArray.appendValue( 'o' );

    charArray.initialize();

    cout << "\nChar DynamicArray values are ..." << endl;
    while ( charArray.hasNextValue() )
          cout << charArray.getValue() << "\t";
    cout << endl;

    DynamicArray<bool> boolArray;
    
    boolArray.appendValue ( true );
    boolArray.appendValue ( false );
    boolArray.appendValue ( true );
    boolArray.appendValue ( false );

    boolArray.appendValue ( true );
    boolArray.appendValue ( false );
    boolArray.appendValue ( true );
    boolArray.appendValue ( false );

    boolArray.appendValue ( true );
    boolArray.appendValue ( true);
    boolArray.appendValue ( false);
    boolArray.appendValue ( false );

    boolArray.appendValue ( true );
    boolArray.appendValue ( true);
    boolArray.appendValue ( false);
    boolArray.appendValue ( false );

    boolArray.initialize();

    
    cout << "\nBool DynamicArray values are ..." << endl;
    while ( boolArray.hasNextValue() )
          cout << boolArray.getValue() ;
    cout << endl;
 
    return 0;

}

With the class template specialization in place, we can observe from the following that the main code seems the same for bool, char, and double, although the primary template class, DynamicArray, and the specialized DynamicArray<bool> class are different:

DynamicArray<char> charArray;
charArray.appendValue( 'H' );
charArray.appendValue( 'e' );

charArray.initialize();

cout << "\nChar DynamicArray values are ..." << endl;
while ( charArray.hasNextValue() )
cout << charArray.getValue() << "\t";
cout << endl;

DynamicArray<bool> boolArray;
boolArray.appendValue ( true );
boolArray.appendValue ( false );

boolArray.initialize();

cout << "\nBool DynamicArray values are ..." << endl;
while ( boolArray.hasNextValue() )
      cout << boolArray.getValue() ;
cout << endl;

I'm sure you will find this C++ template specialization feature quite useful.
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Unlike explicit template specialization, which replaces the primary template class with its own complete definitions for a specific data type, partial template specialization allows us to specialize a certain subset of template parameters supported by the primary template class, while the other generic types can be the same as the primary template class.

When partial template specialization is combined with inheritance, it can do more wonders, as shown in the following example:

#include <iostream>
using namespace std;

template <typename T1, typename T2, typename T3>
class MyTemplateClass {
public:
     void F1( T1 t1, T2 t2, T3 t3 ) {
          cout << "\nPrimary Template Class - Function F1 invoked ..." << endl;
          cout << "Value of t1 is " << t1 << endl;
          cout << "Value of t2 is " << t2 << endl;
          cout << "Value of t3 is " << t3 << endl;
     }

     void F2(T1 t1, T2 t2) {
          cout << "\nPrimary Tempalte Class - Function F2 invoked ..." << endl;
          cout << "Value of t1 is " << t1 << endl;
          cout << "Value of t2 is " << 2 * t2 << endl;
     }
};

template <typename T1, typename T2, typename T3>
class MyTemplateClass< T1, T2*, T3*> : public MyTemplateClass<T1, T2, T3> {
      public:
          void F1( T1 t1, T2* t2, T3* t3 ) {
               cout << "\nPartially Specialized Template Class - Function F1 invoked ..." << endl;
               cout << "Value of t1 is " << t1 << endl;
               cout << "Value of t2 is " << *t2 << endl;
               cout << "Value of t3 is " << *t3 << endl;
          }
};

The main.cpp file will have the following content:

#include "partiallyspecialized.h"

int main () {
    int x = 10;
    int *y = &x;
    int *z = &x;

    MyTemplateClass<int, int*, int*> obj;
    obj.F1(x, y, z);
    obj.F2(x, x);

    return 0;
}

From the preceding code, you may have noticed that the primary template class name and the partially specialized class name are the same as in the case of full or explicit template class specialization. However, there are some syntactic changes in the template parameter expression. In the case of a complete template class specialization, the template parameter expression will be empty, whereas, in the case of a partially specialized template class, listed appears, as shown in the following:

template <typename T1, typename T2, typename T3>
class MyTemplateClass< T1, T2*, T3*> : public MyTemplateClass<T1, T2, T3> { };

The expression, template<typename T1, typename T2, typename T3>, is the template parameter expression used in the primary class template class, and MyTemplateClass< T1, T2*, T3*> is the partial specialization done by the second class. As you can see, the second class has done some specialization on typename T2 and typename T3, as they are used as pointers in the second class; however, typename T1 is used as is in the second class.

Apart from the facts discussed so far, the second class also inherits the primary template class, which helps the second class reuse the public and protected methods of the primary template class. However, a partial template specialization doesn't stop the specialized class from supporting other functions. 

While the F1 function from the primary template class is replaced by the partially specialized template class, it reuses the F2 function from the primary template class via inheritance.

Let's quickly compile the program using the following command:

g++ main.cpp -std=c++17

./a.out

The output of the program is as follows:

Partially Specialized Template Classs - Function F1 invoked ...
Value of t1 is 10
Value of t2 is 10
Value of t3 is 10

Primary Tempalte Class - Function F2 invoked ...
Value of t1 is 10
Value of t2 is 20

I hope that you find the partially specialized template class useful.
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In this chapter, you learned the following:


	You are now aware of the motivation for using generic programming

	You are now familiar with function templates

	You know how to overload function templates

	You are aware of class templates

	You are aware of when to use explicit template specialization and when to use partially specialized template specialization



Congrats! Overall, you have a good understanding of C++'s template programming.

In the next chapter, you will learn smart pointers.
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In the previous chapter, you learned about template programming and the benefits of generic programming. In this chapter, you will learn about the following smart pointer topics:


	Memory management

	Issues with raw pointers

	Cyclic dependency

	Smart pointers:

	auto_ptr

	unique_ptr

	shared_ptr

	weak_ptr








Let's explore the memory management facilities offered by C++.
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In C++, memory management is generally a responsibility of the software developers. This is because C++ standard does not enforce garbage collection support in C++ compiler; hence, it is left to the compiler vendor's choice. Exceptionally, the Sun C++ compiler comes with a garbage collection library named libgc.

C++ language has many powerful features. Of these, needless to say, pointers is one of the most powerful and useful features. Having said pointers are very useful, they do come with their own weird issues, hence they must be used responsibly. When memory management is not taken seriously or not done quite right, it leads to many issues, including application crashes, core dumps, segmentation faults, intermittent difficulties to debug issues, performance issues, and so on. Dangling pointers or rogue pointers sometimes mess with other unrelated applications while the culprit application executes silently; in fact, the victim application might be blamed many times. The worst part about memory leaks is that at certain times it gets really tricky and even experienced developers end up debugging the victim code for countless hours while the culprit code is left untouched. Effective memory management helps avoid memory leaks and lets you develop high-performance applications that are memory efficient. 

As the memory model of every operating system varies, every OS may behave differently at a different point in time for the same memory leak issue. Memory management is a big topic, and C++ offers many ways to do it well. We'll discuss some of the useful techniques in the following sections.
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The majority of the C++ developers have something in common: all of us love to code complex stuff. You ask a developer, "Hey dude, would you like to reuse code that already exists and works or would you like to develop one yourself?" Though diplomatically, most developers will say to reuse what is already there when possible, their heart will say, "I wish I could design and develop it myself." Complex data structure and algorithms tend to call for pointers. Raw pointers are really cool to work with until you get into trouble.

Raw pointers must be allocated with memory before use and require deallocation once done; it is that simple. However, things get complicated in a product where pointer allocation may happen in one place and deallocation might happen in yet another place. If memory management decisions aren't made correctly, people may assume it is either the caller or callee's responsibility to free up memory, and at times, the memory may not be freed up from either place. In yet another possibility, chances are that the same pointer is deleted multiples times from different places, which could lead to application crashes. If this happens in a Windows device driver, it will most likely end up in a blue screen of death.

Just imagine, what if there were an application exception and the function that threw the exception had a bunch of pointers that were allocated with memory before the exception occurred? It is anybody's guess: there will be memory leaks.

Let's take a simple example that makes use of a raw pointer:

#include <iostream>
using namespace std;

class MyClass {
      public:
           void someMethod() {

                int *ptr = new int();
                *ptr = 100;
                int result = *ptr / 0;  //division by zero error expected
                delete ptr;

           }
};

int main ( ) {

    MyClass objMyClass;
    objMyClass.someMethod();

    return 0;

}

Now, run the following command:

g++ main.cpp -g -std=c++17

Check out the output of this program:

main.cpp: In member function ‘void MyClass::someMethod()’:
main.cpp:12:21: warning: division by zero [-Wdiv-by-zero]
 int result = *ptr / 0;

Now, run the following command:

./a.out
[1] 31674 floating point exception (core dumped) ./a.out

C++ compiler is really cool. Look at the warning message, it bangs on in regard to pointing out the issue. I love the Linux operating system. Linux is quite smart in finding rogue applications that misbehave, and it knocks them off right on time before they cause any damage to the rest of the applications or the OS. A core dump is actually good, while it is cursed instead of celebrating the Linux approach. Guess what, Microsoft's Windows operating systems are equally smarter. They do bug check when they find some applications doing fishy memory accesses and Windows OS as well supports mini-dumps and full dumps which are equivalent to core dumps in Linux OS. 

Let's take a look at the Valgrind tool output to check the memory leak issue:

valgrind --leak-check=full --show-leak-kinds=all ./a.out

==32857== Memcheck, a memory error detector
==32857== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==32857== Using Valgrind-3.12.0 and LibVEX; rerun with -h for copyright info
==32857== Command: ./a.out
==32857== 
==32857== 
==32857== Process terminating with default action of signal 8 (SIGFPE)
==32857== Integer divide by zero at address 0x802D82B86
==32857== at 0x10896A: MyClass::someMethod() (main.cpp:12)
==32857== by 0x1088C2: main (main.cpp:24)
==32857== 
==32857== HEAP SUMMARY:
==32857== in use at exit: 4 bytes in 1 blocks
==32857== total heap usage: 2 allocs, 1 frees, 72,708 bytes allocated
==32857== 
==32857== 4 bytes in 1 blocks are still reachable in loss record 1 of 1
==32857== at 0x4C2E19F: operator new(unsigned long) (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==32857== by 0x108951: MyClass::someMethod() (main.cpp:8)
==32857== by 0x1088C2: main (main.cpp:24)
==32857== 
==32857== LEAK SUMMARY:
==32857== definitely lost: 0 bytes in 0 blocks
==32857== indirectly lost: 0 bytes in 0 blocks
==32857== possibly lost: 0 bytes in 0 blocks
==32857== still reachable: 4 bytes in 1 blocks
==32857== suppressed: 0 bytes in 0 blocks
==32857== 
==32857== For counts of detected and suppressed errors, rerun with: -v
==32857== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0)
[1] 32857 floating point exception (core dumped) valgrind --leak-check=full --show-leak-kinds=all ./a.out

In this output, if you pay attention to the bold portion of the text, you will notice the Valgrind tool did point out the source code line number that caused this core dump. Line number 12 from the main.cpp file is as follows:   

 int result = *ptr / 0; //division by zero error expected


The moment the exception occurs at line number 12 in the main.cpp file, the code that appears below the exception will never get executed. At line number 13 in the main.cpp file, there appears a delete statement that will never get executed due to the exception:

 delete ptr;

The memory allocated to the preceding raw pointer isn't released as the memory pointed by pointers is not freed up during the stack unwinding process. Whenever an exception is thrown by a function and the exception isn't handled by the same function, stack unwinding is guaranteed. However, only the automatic local variables will be cleaned up during the stack unwinding process, not the memory pointed by the pointers. This results in memory leaks.

This is one of the weird issues invited by the use of raw pointers; there are many other similar scenarios. Hopefully you are convinced now that the thrill of using raw pointers does come at a cost. But the penalty paid isn't really worth it as there are good alternatives available in C++ to deal with this issue. You are right, using a smart pointer is the solution that offers the benefits of using pointers without paying the cost attached to raw pointers.

Hence, smart pointers are the way to use pointers safely in C++. 
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In C++, smart pointers let you focus on the problem at hand by freeing you from the worries of dealing with custom garbage collection techniques. Smart pointers let you use raw pointers safely. They take the responsibility of cleaning up the memory used by raw pointers.  

C++ supports many types of smart pointers that can be used in different scenarios:


	auto_ptr

	unique_ptr

	shared_ptr

	weak_ptr



The auto_ptr smart pointer was introduced in C++11. An auto_ptr smart pointer helps release the heap memory automatically when it goes out of scope. However, due to the way auto_ptr transfers ownership from one auto_ptr instance to another, it was deprecated and unique_ptr was introduced as its replacement. The shared_ptr smart pointer helps multiple shared smart pointers reference the same object and takes care of the memory management burden. The weak_ptr smart pointer helps resolve memory leak issues that arise due to the use of shared_ptr when there is a cyclic dependency issue in the application design.

There are other types of smart pointers and related stuff that are not so commonly used, and they are listed in the following bullet list. However, I would highly recommend that you explore them on your own as you never know when you will find them useful:


	owner_less

	enable_shared_from_this

	bad_weak_ptr

	default_delete




The owner_less smart pointer helps compare two or more smart pointers if they share the same raw pointed object. The enable_shared_from_this smart pointer helps get a smart pointer of the this pointer. The bad_weak_ptr smart pointer is an exception class that implies that shared_ptr was created using an invalid smart pointer. The default_delete smart pointer refers to the default destruction policy used by unique_ptr, which invokes the delete statement, while partial specialization for array types that use delete[] is also supported.

In this chapter, we will explore auto_ptr, shared_ptr, weak_ptr, and unique-ptr one by one.
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The auto_ptr smart pointer takes a raw pointer, wraps it, and ensures the memory pointed by the raw pointer is released back whenever the auto_ptr object goes out of scope. At any time, only one auto_ptr smart pointer can point to an object. Hence, whenever one auto_ptr pointer is assigned to another auto_ptr pointer, the ownership gets transferred to the auto_ptr instance that has received the assignment; the same happens when an auto_ptr smart pointer is copied.

It would be interesting to observe the stuff in action with a simple example, as follows:

#include <iostream>
#include <string>
#include <memory>
#include <sstream>
using namespace std;

class MyClass {
      private:
           static int count;
           string name;
      public:
           MyClass() {
                 ostringstream stringStream(ostringstream::ate);
                 stringStream << "Object";
                 stringStream << ++count;
                 name = stringStream.str();
                 cout << "\nMyClass Default constructor - " << name << endl;
           }
           ~MyClass() {
                 cout << "\nMyClass destructor - " << name << endl;
           }

           MyClass ( const MyClass &objectBeingCopied ) {
                 cout << "\nMyClass copy constructor" << endl;
           }

           MyClass& operator = ( const MyClass &objectBeingAssigned ) {
                 cout << "\nMyClass assignment operator" << endl;
           }

           void sayHello( ) {
                cout << "Hello from MyClass " << name << endl;
           }
};

int MyClass::count = 0;

int main ( ) {

   auto_ptr<MyClass> ptr1( new MyClass() );
   auto_ptr<MyClass> ptr2( new MyClass() );

   return 0;

}

The compilation output of the preceding program is as follows:

g++ main.cpp -std=c++17

main.cpp: In function ‘int main()’:
main.cpp:40:2: warning: ‘template<class> class std::auto_ptr’ is deprecated [-Wdeprecated-declarations]
 auto_ptr<MyClass> ptr1( new MyClass() );
 
In file included from /usr/include/c++/6/memory:81:0,
 from main.cpp:3:
/usr/include/c++/6/bits/unique_ptr.h:49:28: note: declared here
 template<typename> class auto_ptr;
 
main.cpp:41:2: warning: ‘template<class> class std::auto_ptr’ is deprecated [-Wdeprecated-declarations]
 auto_ptr<MyClass> ptr2( new MyClass() );
 
In file included from /usr/include/c++/6/memory:81:0,
 from main.cpp:3:
/usr/include/c++/6/bits/unique_ptr.h:49:28: note: declared here
 template<typename> class auto_ptr;

As you can see, the C++ compiler warns us as the use of auto_ptr is deprecated. Hence, I don't recommend the use of the auto_ptr smart pointer anymore; it is replaced by unique_ptr.  

For now, we can ignore the warnings and move on, as follows:

g++ main.cpp -Wno-deprecated

./a.out

MyClass Default constructor - Object1

MyClass Default constructor - Object2

MyClass destructor - Object2

MyClass destructor - Object1 

As you can see in the preceding program output, both Object1 and Object2, allocated in a heap, got deleted automatically. And the credit goes to the auto_ptr smart pointer.
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As you may have understood from the MyClass definition, it has defined the default constructor, copy constructor and destructor, an assignment operator, and sayHello() methods, as shown here:

//Definitions removed here to keep it simple 
class MyClass {
public:
      MyClass() { }  //Default constructor
      ~MyClass() { } //Destructor 
      MyClass ( const MyClass &objectBeingCopied ) {} //Copy Constructor 
      MyClass& operator = ( const MyClass &objectBeingAssigned ) { } //Assignment operator
      void sayHello();
}; 

The methods of MyClass have nothing more than a print statement that indicates the methods got invoked; they were purely meant for demonstration purposes. 

The main() function creates two auto_ptr smart pointers that point to two different MyClass objects, as shown here:

int main ( ) {

   auto_ptr<MyClass> ptr1( new MyClass() );
   auto_ptr<MyClass> ptr2( new MyClass() );

   return 0;

}

As you can understand, auto_ptr is a local object that wraps a raw pointer, not a pointer. When the control hits the return statement, the stack unwinding process gets initiated, and as part of this, the stack objects, that is, ptr1 and ptr2, get destroyed. This, in turn, invokes the destructor of auto_ptr that ends up deleting the MyClass objects pointed by the stack objects ptr1 and ptr2.

We are not quite done yet. Let's explore more useful functionalities of auto_ptr, as shown in the following main function: 

int main ( ) {

    auto_ptr<MyClass> ptr1( new MyClass() );
    auto_ptr<MyClass> ptr2( new MyClass() );

    ptr1->sayHello();
    ptr2->sayHello();

    //At this point the below stuffs happen
    //1. ptr2 smart pointer has given up ownership of MyClass Object 2
    //2. MyClass Object 2 will be destructed as ptr2 has given up its 
    //   ownership on Object 2
    //3. Ownership of Object 1 will be transferred to ptr2
    ptr2 = ptr1;

    //The line below if uncommented will result in core dump as ptr1 
    //has given up its ownership on Object 1 and the ownership of 
    //Object 1 is transferred to ptr2.
    // ptr1->sayHello();

    ptr2->sayHello();
   
    return 0;

}



            

            
        
    
        

                            
                    Code walkthrough - Part 2

                
            
            
                
The main() function code we just saw demonstrates many useful techniques and some controversial behaviors of the auto_ptr smart pointer. The following code creates two instances of auto_ptr, namely ptr1 and ptr2, that wrap two objects of MyClass created in a heap:

 auto_ptr<MyClass> ptr1( new MyClass() );
 auto_ptr<MyClass> ptr2( new MyClass() );

Next, the following code demonstrates how the methods supported by MyClass can be invoked using auto_ptr:

 ptr1->sayHello();
 ptr2->sayHello();

Hope you observed the ptr1->sayHello() statement. It will make you believe that the auto_ptr ptr1 object is a pointer, but in reality, ptr1 and ptr2 are just auto_ptr objects created in the stack as local variables. As the auto_ptr class has overloaded the -> pointer operator and the * dereferencing operator, it appears like a pointer. As a matter of fact, all the methods exposed by MyClass can only be accessed using the -> pointer operator, while all the auto_ptr methods can be accessed as you would regularly access a stack object.

The following code demonstrates the internal behavior of the auto_ptr smart pointer, so pay close attention; this is going to be really interesting:

ptr2 = ptr1;

It appears as though the preceding code is a simple assignment statement, but it triggers many activities within auto_ptr. The following activities happen due to the preceding assignment statement:


	The ptr2 smart pointer will give up the ownership of MyClass object 2.

	MyClass object 2 will be destructed as ptr2 has given up its ownership of object 2.

	The ownership of object 1 will be transferred to ptr2.

	At this point, ptr1 is neither pointing to object 1, nor it is responsible for managing the memory used by object 1.



The following commented line has got some facts to tell you:

// ptr1->sayHello();

As the ptr1 smart pointer has released its ownership of object 1, it is illegal to attempt accessing the sayHello() method. This is because ptr1, in reality, isn't pointing to object 1 anymore, and object 1 is owned by ptr2. It is the responsibility of the ptr2 smart pointer to release the memory utilized by object 1 when ptr2 goes out of scope. If the preceding code is uncommented, it would lead to a core dump.

Finally, the following code lets us invoke the sayHello() method on object 1 using the ptr2 smart pointer:

ptr2->sayHello();
return 0;

The return statement we just saw will initiate the stack unwinding process in the main() function. This will end up invoking the destructor of ptr2, which in turn will deallocate the memory utilized by object 1. The beauty is all this happens automatically. The auto_ptr smart pointer works hard for us behind the scenes while we are focusing on the problem at hand. 

However, due to the following reasons, auto_ptr is deprecated in C++11 onward:


	An auto_ptr object can't be stored in an STL container

	The auto_ptr copy constructor will remove the ownership from the original source, that is, auto_ptr

	The auto_ptr copy assignment operator will remove the ownership from the original source, which is, auto_ptr

	The original intention of copy constructor and assignment operators are violated by auto_ptr as the auto_ptr  copy constructor and assignment operators will remove the ownership of the source object from the right-hand side object and assign the ownership to the left-hand side object
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The unique_ptr smart pointer works in exactly the same way as auto_ptr, except that unique_ptr addresses the issues introduced by auto_ptr. Hence, unique_ptr is a replacement of auto_ptr, starting from C++11. The unique_ptr smart pointer allows only one smart pointer to exclusively own a heap-allocated object. The ownership transfer from one unique_ptr instance to another can be done only via the std::move() function.

Hence, let's refactor our previous example to make use of unique_ptr in place of auto_ptr.

The refactored code sample is as follows:

#include <iostream>
#include <string>
#include <memory>
#include <sstream>
using namespace std;

class MyClass {
      private:
          static int count;
          string name;
 
      public:
          MyClass() {
                ostringstream stringStream(ostringstream::ate);
                stringStream << "Object";
                stringStream << ++count;
                name = stringStream.str();
                cout << "\nMyClass Default constructor - " << name << endl;
          }
         
          ~MyClass() {
                cout << "\nMyClass destructor - " << name << endl;
          }

          MyClass ( const MyClass &objectBeingCopied ) {
                cout << "\nMyClass copy constructor" << endl;
          }

          MyClass& operator = ( const MyClass &objectBeingAssigned ) {
                cout << "\nMyClass assignment operator" << endl;
          }

          void sayHello( ) {
                cout << "\nHello from MyClass" << endl;
          }

};

int MyClass::count = 0;

int main ( ) {

 unique_ptr<MyClass> ptr1( new MyClass() );
 unique_ptr<MyClass> ptr2( new MyClass() );

 ptr1->sayHello();
 ptr2->sayHello();

 //At this point the below stuffs happen
 //1. ptr2 smart pointer has given up ownership of MyClass Object 2
 //2. MyClass Object 2 will be destructed as ptr2 has given up its 
 // ownership on Object 2
 //3. Ownership of Object 1 will be transferred to ptr2
 ptr2 = move( ptr1 );

 //The line below if uncommented will result in core dump as ptr1 
 //has given up its ownership on Object 1 and the ownership of 
 //Object 1 is transferred to ptr2.
 // ptr1->sayHello();

 ptr2->sayHello();
 
 return 0;
}

The output of the preceding program is as follows:

g++ main.cpp -std=c++17

./a.out

MyClass Default constructor - Object1

MyClass Default constructor - Object2

MyClass destructor - Object2

MyClass destructor - Object1 

In the preceding output, you can notice the compiler doesn't report any warning and the output of the program is the same as that of auto_ptr.  
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It is important to note the differences in the main() function, between auto_ptr and unique_ptr. Let's check out the main() function, as illustrated in the following code. This code creates two instances of unique_ptr, namely ptr1 and ptr2, that wrap two objects of MyClass created in the heap:

 unique_ptr<MyClass> ptr1( new MyClass() );
 unique_ptr<MyClass> ptr2( new MyClass() );

Next, the following code demonstrates how the methods supported by MyClass can be invoked using unique_ptr:

 ptr1->sayHello();
 ptr2->sayHello();

Just like auto_ptr, the unique_ptr smart pointers ptr1 object has overloaded the -> pointer operator and the * dereferencing operator; hence, it appears like a pointer. 

The following code demonstrates unique_ptr doesn't support the assignment of one unique_ptr instance to another, and ownership transfer can only be achieved with the std::move() function:

ptr2 = std::move(ptr1);

The move function triggers the following activities:


	The ptr2 smart pointer gives up the ownership of the MyClass object 2

	MyClass object 2 is destructed as ptr2 gives up its ownership of object 2

	The ownership of object 1 is transferred to ptr2

	At this point, ptr1 is neither pointing to object 1, nor it is responsible for managing the memory used by object 1



The following code, if uncommented, will lead to a core dump:

// ptr1->sayHello();

Finally, the following code lets us invoke the sayHello() method on object 1 using the ptr2 smart pointer:

ptr2->sayHello();
return 0;

The return statement we just saw will initiate the stack unwinding process in the main() function. This will end up invoking the destructor of ptr2, which in turn will deallocate the memory utilized by object 1. Note that unique_ptr objects could be stored in STL containers, unlike auto_ptr objects.
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The shared_ptr smart pointer is used when a group of shared_ptr objects shares the ownership of a heap-allocated object. The shared_ptr pointer releases the shared object when all the shared_ptr instances are done with the use of the shared object. The shared_ptr pointer uses the reference counting mechanism to check the total references to the shared object; whenever the reference count becomes zero, the last shared_ptr instance deletes the shared object. 

Let's check out the use of shared_ptr through an example, as follows:

#include <iostream>
#include <string>
#include <memory>
#include <sstream>
using namespace std;

class MyClass {
  private:
    static int count;
    string name;
  public:
    MyClass() {
      ostringstream stringStream(ostringstream::ate);
      stringStream << "Object";
      stringStream << ++count;

      name = stringStream.str();

      cout << "\nMyClass Default constructor - " << name << endl;
    }

    ~MyClass() {
      cout << "\nMyClass destructor - " << name << endl;
    }

    MyClass ( const MyClass &objectBeingCopied ) {
      cout << "\nMyClass copy constructor" << endl;
    }

    MyClass& operator = ( const MyClass &objectBeingAssigned ) {
      cout << "\nMyClass assignment operator" << endl;
    }

    void sayHello() {
      cout << "Hello from MyClass " << name << endl;
    }

};

int MyClass::count = 0;

int main ( ) {

  shared_ptr<MyClass> ptr1( new MyClass() );
  ptr1->sayHello();
  cout << "\nUse count is " << ptr1.use_count() << endl;

  {
      shared_ptr<MyClass> ptr2( ptr1 );
      ptr2->sayHello();
      cout << "\nUse count is " << ptr2.use_count() << endl;
  }

  shared_ptr<MyClass> ptr3 = ptr1;
  ptr3->sayHello();
  cout << "\nUse count is " << ptr3.use_count() << endl;

  return 0;
}

The output of the preceding program is as follows:

MyClass Default constructor - Object1
Hello from MyClass Object1
Use count is 1

Hello from MyClass Object1
Use count is 2

Number of smart pointers referring to MyClass object after ptr2 is destroyed is 1

Hello from MyClass Object1
Use count is 2

MyClass destructor - Object1
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The following code creates an instance of the shared_ptr object that points to the MyClass heap-allocated object. Just like other smart pointers, shared_ptr also has the overloaded -> and * operators. Hence, all the MyClass object methods can be invoked as though you are using a raw pointer. The use_count() method tells the number of smart pointers that refer to the shared object:

 shared_ptr<MyClass> ptr1( new MyClass() );
 ptr1->sayHello();
 cout << "\nNumber of smart pointers referring to MyClass object is "
      << ptr1->use_count() << endl;

In the following code, the scope of the smart pointer ptr2 is wrapped within the block enclosed by flower brackets. Hence, ptr2 will get destroyed at the end of the following code block. The expected use_count function within the code block is 2:

 { 
      shared_ptr<MyClass> ptr2( ptr1 );
      ptr2->sayHello();
      cout << "\nNumber of smart pointers referring to MyClass object is "
           << ptr2->use_count() << endl;
 }

In the following code, the expected use_count value is 1 as ptr2 would have been deleted, which would reduce the reference count by 1:

 cout << "\nNumber of smart pointers referring to MyClass object after ptr2 is destroyed is "
 << ptr1->use_count() << endl; 

The following code will print a Hello message, followed by use_count as 2. This is due to the fact that ptr1 and ptr3 are now referring to the MyClass shared object in the heap:

shared_ptr<MyClass> ptr3 = ptr2;
ptr3->sayHello();
cout << "\nNumber of smart pointers referring to MyClass object is "
     << ptr2->use_count() << endl;

The return 0; statement at the end of the main function will destroy ptr1 and ptr3, reducing the reference count to zero. Hence, we can observe the MyClass destructor print the statement at the end of the output.
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So far, we have discussed the positive side of shared_ptr with examples. However, shared_ptr fails to clean up the memory when there is a circular dependency in the application design. Either the application design must be refactored to avoid cyclic dependency, or we can make use of weak_ptr to resolve the cyclic dependency issue. 



You can check out my YouTube channel to understand the shared_ptr issue and how it can be resolved with weak_ptr: https://www.youtube.com/watch?v=SVTLTK5gbDc.

Consider there are three classes: A, B, and C. Class A and B have an instance of C, while C has an instance of A and B. There is a design issue here. A depends on C and C depends on A too. Similarly, B depends on C and C depends on B as well.

Consider the following code:

#include <iostream>
#include <string>
#include <memory>
#include <sstream>
using namespace std;

class C;

class A {
      private:
           shared_ptr<C> ptr;
      public:
           A() {
                 cout << "\nA constructor" << endl;
           }

           ~A() {
                 cout << "\nA destructor" << endl;
           }

           void setObject ( shared_ptr<C> ptr ) {
                this->ptr = ptr;
           }
};

class B {
      private:
           shared_ptr<C> ptr;
      public:
           B() {
                 cout << "\nB constructor" << endl;
           }

           ~B() {
                 cout << "\nB destructor" << endl;
           }
 
           void setObject ( shared_ptr<C> ptr ) {
                this->ptr = ptr;
           }
};

class C {
      private:
           shared_ptr<A> ptr1;
           shared_ptr<B> ptr2;
      public:
           C(shared_ptr<A> ptr1, shared_ptr<B> ptr2) {
                   cout << "\nC constructor" << endl;
                   this->ptr1 = ptr1;
                   this->ptr2 = ptr2;
           }

           ~C() {
                   cout << "\nC destructor" << endl;
           }
};

int main ( ) {
                shared_ptr<A> a( new A() );
                shared_ptr<B> b( new B() );
                shared_ptr<C> c( new C( a, b ) );

                a->setObject ( shared_ptr<C>( c ) );
                b->setObject ( shared_ptr<C>( c ) );

                return 0;
}

 The output of the preceding program is as follows:

g++ problem.cpp -std=c++17

./a.out

A constructor

B constructor

C constructor

In the preceding output, you can observe that even though we used shared_ptr, the memory utilized by objects A, B, and C were never deallocated. This is because we didn't see the destructor of the respective classes being invoked. The reason for this is that shared_ptr internally makes use of the reference counting algorithm to decide whether the shared object has to be destructed. However, it fails here because object A can't be deleted unless object C is deleted. Object C can't be deleted unless object A is deleted. Also, object C can't be deleted unless objects A and B are deleted. Similarly, object A can't be deleted unless object C is deleted and object B can't be deleted unless object C is deleted.

The bottom line is that this is a circular dependency design issue. In order to fix this issue, starting from C++11, C++ introduced weak_ptr. The weak_ptr smart pointer is not a strong reference. Hence, the object referred to could be deleted at any point of time, unlike shared_ptr.
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Circular dependency is an issue that occurs if object A depends on B, and object B depends on A. Now let's see how this issue could be fixed with a combination of shared_ptr and weak_ptr, eventually breaking the circular dependency, as follows:

#include <iostream>
#include <string>
#include <memory>
#include <sstream>
using namespace std;

class C;

class A {
      private:
           weak_ptr<C> ptr;
      public:
           A() {
                  cout << "\nA constructor" << endl;
           }

           ~A() {
                  cout << "\nA destructor" << endl;
           }

           void setObject ( weak_ptr<C> ptr ) {
                  this->ptr = ptr;
           }
};

class B {
      private:
           weak_ptr<C> ptr;
      public:
           B() {
               cout << "\nB constructor" << endl;
           }
           
           ~B() {
               cout << "\nB destructor" << endl;
           }

           void setObject ( weak_ptr<C> ptr ) {
                this->ptr = ptr;
           }
};

class C {
      private:
           shared_ptr<A> ptr1;
           shared_ptr<B> ptr2;
      public:
           C(shared_ptr<A> ptr1, shared_ptr<B> ptr2) {
                   cout << "\nC constructor" << endl;
                   this->ptr1 = ptr1;
                   this->ptr2 = ptr2;
           }

           ~C() {
                   cout << "\nC destructor" << endl;
           }
};

int main ( ) {
         shared_ptr<A> a( new A() );
         shared_ptr<B> b( new B() );
         shared_ptr<C> c( new C( a, b ) );

         a->setObject ( weak_ptr<C>( c ) );
         b->setObject ( weak_ptr<C>( c ) );

         return 0;
}

The output of the preceding refactored code is as follows:

g++ solution.cpp -std=c++17

./a.out

A constructor

B constructor

C constructor

C destructor

B destructor

A destructor
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In this chapter, you learned about


	Memory leak issues that arise due to raw pointers

	The issues of auto_ptr with respect to assignment and copy constructor

	unique_ptr and it's advantage

	Role of shared_ptr in memory management and its limitation related to cyclic dependency.

	You also resolving cyclic dependency issues with weak_ptr



In the next chapter, you will learn about developing GUI applications in C++.
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In this chapter, you will learn the following topics:


	A brief overview of Qt

	The Qt Framework

	Installing Qt on Ubuntu

	Developing Qt Core application

	Developing a Qt GUI application

	Using layouts in the Qt GUI application

	Understanding signals and slots for event handling

	Using multiple layouts in the Qt application



Qt is a cross-platform application framework developed in C++. It is supported on various platforms, including Windows, Linux, Mac OS, Android, iOS, Embedded Linux, QNX, VxWorks, Windows CE/RT, Integrity, Wayland, X11, Embedded Devices, and so on. It is primarily used as a human-machine-interface (HMI) or Graphical User Interface (GUI) framework; however, it is also used to develop a command-line interface (CLI) applications. The correct way of pronouncing Qt is cute. The Qt application framework comes in two flavors: open source and with a commercial license.

Qt is the brainchild of Haavard Nord and Eirik Chambe-Eng, the original developers, who developed it back in the year 1991.

As C++ language doesn't support GUI natively, you must have guessed that there is no event management support in C++ language out of the box. Hence, there was a need for Qt to support its own event handling mechanism, which led to the signals and slots technique. Under the hood, signals and slots use the observer design pattern that allows Qt objects to talk to each other. Does this sound too hard to understand? No worries! Signals are nothing but events, such as a button click or window close, and slots are event handlers that can supply a response to these events in the way you wish to respond to them.

To make our life easier in terms of Qt application development, Qt supports various macros and Qt-specific keywords. As these keywords will not be understood by C++, Qt has to translate them and the macros into pure C++ code so that the C++ compiler can do its job as usual. To make this happen in a smoother fashion, Qt supports something called Meta-Object Compiler, also known as moc.

Qt is a natural choice for C++ projects as it is out-and-out C++ code; hence, as a C++ developer, you will feel at home when you use Qt in your application. A typical application will have both complex logic and impressive UI. In small product teams, typically one developer does multiple stuff, which is good and bad.

Generally, professional developers have good problem-solving skills. Problem-solving skills are essential to solve a complex problem in an optimal fashion with a good choice of data structures and algorithms.

Developing an impressive UI requires creative design skills. While there are a countable number of developers who are either good at problem-solving or creative UI design, not all developers are good at both. This is where Qt stands out.

Say a start-up wants to develop an application for their internal purposes. For this, a simple GUI application would suffice, where a decent looking HMI/GUI might work for the team as the application is meant for internal purposes only. In such scenarios, the entire application can be developed in C++ and the Qt Widgets framework. The only prerequisite is that the development team must be proficient in C++.

However, in cases where a mobile app has to be developed, an impressive HMI becomes mandatory. Again, the mobile app can be developed with C++ and Qt Widgets. But now there are two parts to this choice. The good part is that the mobile app team has to be good at just C++. The bad part of this choice is that there is no guarantee that all good C++ developers will be good at designing a mobile app's HMI/GUI.

Let's assume the team has one or two dedicated Photoshop professionals who are good at creating catchy images that can be used in the GUI and one or two UI designers who can make an impressive HMI/GUI with the images created by the Photoshop experts. Typically, UI designers are good at frontend technologies, such as JavaScript, HTML, and CSS. Complex business logic can be developed in the powerful Qt Framework, while the HMI/GUI can be developed in QML.

QML is a declarative scripting language that comes along with the Qt application framework. It is close to JavaScript and has Qt-specific extensions. It is good for rapid application development and allows UI designers to focus on HMI/GUI and C++ developers to focus on the complex business logic that can be developed in Qt Framework.

Since both the C++ Qt Framework and QML are part of the same Qt application framework, they go hand in hand seamlessly.

Qt is a vast and powerful framework; hence this chapter will focus on the basic essentials of Qt to get you started with Qt. If you are curious to learn more, you may want to check out my other upcoming book that I'm working on, namely Mastering Qt and QML Programming.
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The Qt Framework is developed in C++, hence it is guaranteed that it would be a cake walk for any good C++ developer. It supports CLI and GUI-based application development. At the time of writing this chapter, the latest version of the Qt application framework is Qt 5.7.0. By the time you read this book, it is possible that a different version of Qt will be available for you to download. You can download the latest version from https://www.qt.io.
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Throughout this chapter, I'll be using Ubuntu 16.04 OS; however, the programs that are listed in this chapter should work on any platform that supports Qt.

For detailed installation instructions, refer to https://wiki.qt.io/install_Qt_5_on_Ubuntu.

At this point, you should have a C++ compiler installed on your system. If this is not the case, first ensure that you install a C++ compiler, as follows:

sudo apt-get install build-essential

From the Ubuntu Terminal, you should be able to download Qt 5.7.0, as shown in the following command:

wget http://download.qt.io/official_releases/qt/5.7/5.7.0/qt-
opensource-linux-x64-5.7.0.run 

Provide execute permission to the downloaded installer, as shown in the following command:

chmod +x qt-opensource-linux-x64-5.7.0.run 

I strongly recommend that you install Qt along with its source code. You can get help directly from the source code if you prefer to look up Qt Help the geeky way.

Launch the installer as shown in the following command:

./qt-opensource-linux-x64-5.7.0.run

As Qt makes use of OpenGL, make sure you install the following before you start writing your first program in Qt. To install libfontconfig1, run the following command:

 sudo apt-get install libfontconfig1

To install mesa-common-dev, run the following command:

sudo apt-get install mesa-common-dev  

At this point, you should have a working Qt setup. You can verify the installation by issuing the following command in the Linux Terminal:



Figure 5.1

In case the qmake command isn't recognized, make sure you export the bin path of the Qt installation folder, as shown in the preceding screenshot. Additionally, creating a soft link might be useful too. The command for this is as follows:

 sudo ln -s /home/jegan/Qt5.7.0/5.7/gcc_64/bin/qmake /usr/bin/qmake  

The path where Qt is installed on your system might vary from mine, so please substitute the Qt path accordingly.
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Qt Core is one of the modules supported by Qt. This module has loads of useful classes, such as QObject, QCoreApplication, QDebug, and so on. Almost every Qt application will require this module, hence they are linked implicitly by the Qt Framework. Every Qt class inherits from QObject, and the QObject class offers event handling support to Qt applications. QObject is the critical piece that supports the event handling mechanism; interestingly, even console-based applications can support event handling in Qt. 
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If you get a similar output to that shown in Figure 5.1, you are all set to get your hands dirty. Let's write our first Qt application, as shown in the following screenshot:



Figure 5.2

In the first line, we have included the QDebug header from the QtCore module. If you observe closely, the qDebug() function resembles the C++ cout ostream operator. The qDebug() function is going to be your good friend in the Qt world while you are debugging your code. The QDebug class has overloaded the C++ ostream operator in order to add support for Qt data types that aren't supported by the C++ compiler.

In old school fashion, I'm kind of obsessed with the Terminal to achieve pretty much anything while coding as opposed to using some fancy Integrated Development Environments (IDEs). You may either love or hate this approach, which is quite natural. The good part is there is nothing going to stand between you and Qt/C++ as you are going to use plain and simple yet powerful text editors, such as Vim, Emacs, Sublime Text, Atom, Brackets, or Neovim, so you will learn almost all the essentials of how Qt projects and qmake work; IDEs make your life easy, but they hide a lot of the essential stuff that every serious developer must know. So it's a trade-off. I leave it to you to decide whether to use your favorite plain text editor or Qt Creator IDE or any other fancy IDE. I'm going to stick with the refactored Vim editor called Neovim, which looks really cool. Figure 5.2 will give you an idea of the Neovim editor's look and feel.

Let's get back to business. Let's see how to compile this code in the command line the geeky way. Well, before that, you may want to know about the qmake tool. It is a proprietary make utility of Qt. The qmake utility is nothing more than a make tool, but it is aware of Qt-specific stuff so it knows about moc, signals, slots, and so on, which a typical make utility will be unaware of.

The following command should help you create a .pro file. The name of the .pro file will be decided by the qmake utility, based on the project folder name. The .pro file is the way the Qt Creator IDE combines related files as a single project. Since we aren't going to use Qt Creator, we will use the .pro file to create Makefile in order to compile our Qt project just like a plain C++ project.



Figure 5.3

When you issue the qmake -project command, qmake will scan through the current folder and all the subfolders under the current folder and include the headers and source files in Ex1.pro. By the way, the .pro file is a plain text file that can be opened using any text editor, as shown in Figure 5.4:



Figure 5.4

Now it's time to create Makefile taking Ex1.pro as an input file. As the Ex1.pro file is present in the current directory, we don't have to explicitly supply Ex1.pro as an input file to autogenerate Makefile. The idea is that once we have a .pro file, all we would need to do is generate Makefile from the .pro file issuing command: qmake. This will do all the magic of creating a full-blown Makefile for your project that you can use to build your project with the make utility, as shown in the following screenshot:



Figure 5.5

This is the point we have been waiting for, right? Yes, let's execute our first Qt Hello World program, as shown in the following screenshot:



Figure 5.6

Congratulations! You have completed your first Qt application. In this exercise, you learned how to set up and configure Qt in Ubuntu and how to write a simple Qt console application and then build and run it. The best part is you learned all of this from the command line.
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Qt Widgets is an interesting module that supports quite a lot of widgets, such as buttons, labels, edit, combo, list, dialog, and so on. QWidget is the base class of all of the widgets, while QObject is the base class of pretty much every Qt class. While many programming languages refer to as UI controls, Qt refers to them as widgets. Though Qt works on many platforms, its home remains Linux; widgets are common in the Linux world. 
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Our first console application is really cool, isn't it? Let's continue exploring further. This time, let's write a simple GUI-based Hello World program. The procedure will remain almost the same, except for some minor changes in main.cpp. Refer to the following for the complete code:



Figure 5.7

Wait a minute. Let me explain the need for QApplication in line number 23 and line number 29. Every Qt GUI application must have exactly one instance of the QApplication instance. QApplication provides support for command-line switches for our application, hence the need to supply the argument count (argc) and the argument value (argv). GUI-based applications are event-driven, so they must respond to events or, to be precise, signals in the Qt world. In line number 29, the exec function starts the event loop, which ensures the application waits for user interactions until the user closes the window. The idea is that all the user events will be received by the QApplication instance in an event queue, which will then be notified to its Child widgets. The event queue ensures all the events deposited in the queue are handled in the same sequence that they occur, that is, first in, first out (FIFO).

In case you are curious to check what would happen if you comment line 29, the application will still compile and run but you may not see any window. The reason being the main thread or the main function creates an instance of QWidget in line number 25, which is the window that we see when we launch the application.

In line number 27, the window instance is displayed, but in the absence of line number 29, the main function will terminate the application immediately without giving a chance for you to check your first Qt GUI application. It's worth trying, so go ahead and see what happens with and without line number 29.

Let's generate Makefile, as shown in the following screenshot:



Figure 5.8

Now let's try to compile our project with the make utility, as shown in the following screenshot:



Figure 5.9

Interesting, right? Our brand new Qt GUI program fails to compile. Did you notice the fatal error? No big deal; let's understand why this happened. The reason is that we have not yet linked the Qt Widgets module, as the QApplication class is part of the Qt Widgets module. In that case, you may wonder how your first Hello World program compiled without any issue. In our first program, the QDebug class was part of the QtCore module that got linked implicitly, whereas other modules had to be linked explicitly. Let's see how to get this done:



Figure 5.10

We need to add QT += widgets to the Ex2.pro file so that the qmake utility understands that it needs to link Qt Widgets's shared object (the .so file) in Linux, also known as the Dynamic Link Library (the .dll file) in Windows, while creating the final executable. Once this is taken care of, we must qmake so that Makefile could reflect the new change in our Ex2.pro file, as demonstrated in the following screenshot:



Figure 5.11

Cool. Let's check our first GUI-based Qt app now. In my system, the application output looks as shown in Figure 5.12; you should get a similar output as well if all goes well at your end:



Figure 5.12

It would be nice if we set the title of our window as Hello Qt, right? Let's do this right away:



Figure 5.13

Add the code presented at line number 26 to ensure you build your project with the make utility before you test your new change:



Figure 5.14



            

            
        
    
        

                            
                    Layouts

                
            
            
                
Qt is cross-platform application framework, hence it supports concepts such as layouts for developing applications that look consistent in all platforms, irrespective of the different screen resolutions. When we develop GUI/HMI-based Qt applications, an application developed in one system shouldn't appear different on another system with a different screen size and resolution. This is achieved in the Qt Framework via layouts. Layouts come in different flavors. This helps a developer design a professional-looking HMI/GUI by organizing various widgets within a window or dialog. Layouts differ in the way they arrange their child widgets. While one arranges its child widgets in a horizontal fashion, another will arrange them in a vertical or grid fashion. When a window or dialog gets resized, the layouts resize their child widgets so they don't get truncated or go out of focus.



            

            
        
    
        

                            
                    Writing a GUI application with a horizontal layout

                
            
            
                
Let's write a Qt application that has a couple of buttons in the dialog. Qt supports a variety of useful layout managers that act as an invisible canvas where many QWidgets can be arranged before they are attached to a window or dialog. Each dialog or window can have only one layout. Every widget can be added to only one layout; however, many layouts can be combined to design a professional UI.

Let's start writing the code now. In this project, we are going to write code in a modular fashion, hence we are going to create three files with the names MyDlg.h, MyDlg.cpp, and main.cpp.

The game plan is as follows:


	Create a single instance of QApplication.

	Create a custom dialog by inheriting QDialog.

	Create three buttons.

	Create a horizontal box layout.

	Add the three buttons to the invisible horizontal box layout.

	Set the horizontal box layout's instance as our dialog's layout.

	Show the dialog.

	Start the event loop on QApplication.



It is important that we follow clean code practices so that our code is easy to understand and can be maintained by anyone. As we are going to follow industry best practices, let's declare the dialog in a header file called MyDlg.h, define the dialog in the source file called MyDlg.cpp, and use MyDlg.cpp in main.cpp that has the main function. Every time MyDlg.cpp requires a header file, let's make it a practice to include all the headers only in MyDlg.h; with this, the only header we will see in MyDlg.cpp is MyDlg.h.

By the way, did I tell you Qt follows the camel casing coding convention? Yes, I did mention it right now. By now, you will have observed that all Qt classes start with the letter Q because Qt inventors loved the letter "Q" in Emacs and they were so obsessed with that font type that they decided to use the letter Q everywhere in Qt.

One last suggestion. Wouldn't it be easy for others to locate the dialog class if the name of the file and the name of the class were similar? I can hear you say yes. All set! Let's start coding our Qt application. First, refer to the following screenshot:



Figure 5.15

In the preceding screenshot, we declared a class with the name MyDlg. It has one layout, three buttons, and a constructor. Now refer to this screenshot:



Figure 5.16

As you can see in the preceding screenshot, we defined the MyDlg constructor and instantiated the layout and the three buttons. In lines 27 through 29, we added three buttons to the layout. In line number 31, we associated the layout to our dialog. That's all it takes. In the following screenshot, we defined our main function, which creates an instance of QApplication:



Figure 5.17

We followed this up by creating our custom dialog instance and displaying the dialog. Finally, at line 27, we started the event loop so that MyDlg could respond to user interactions. Refer to the following screenshot:



Figure 5.18

The preceding screenshot demonstrates the build and execution procedures, and there is our cute application. Actually, you can try playing with the dialog to understand the horizontal layout better. First, stretch the dialog horizontally and notice all the buttons' width increase; then, see whether you can reduce the dialog's width to notice all the buttons' width decrease. That's the job of any layout manager. A layout manager arranges widgets and retrieves the size of the window and divides the height and width equally among all its child widgets. Layout managers keep notifying all their child widgets about any resize events. However, it is up to the respective child widget to decide whether they want to resize themselves or ignore the layout resize signals.

To check this behavior, try stretching out the dialog vertically. As you increase the height of the dialog, the dialog's height should increase, but the buttons will not increase their height. This is because every Qt Widget has its own preferred size policy; as per their size policy, they may respond or ignore certain layout resize signals.

If you want the buttons to stretch vertically as well, QPushButton offers a way to get this done. In fact, QPushButton extends from QWidget just like any other widget. The setSizePolicy() method comes to QPushButton from its base class, that is, QWidget:



Figure 5.19

Did you notice line number 37? Yes, I have set the window title within the constructor of MyDlg to keep our main function compact and clean.

Make sure you have built your project using the make utility before launching your application:



Figure 5.20

In the highlighted section, we have overridden the default size policy of all the buttons. In line number 27, the first parameter QSizePolicy::Expanding refers to the horizontal policy and the second parameter refers to the vertical policy. To find other possible values of QSizePolicy, refer to the assistant that comes in handy with the Qt API reference, as shown in the following screenshot:



Figure 5.21



            

            
        
    
        

                            
                    Writing a GUI application with a vertical layout

                
            
            
                
In the previous section, you learned how to use a horizontal box layout. In this section, you will see how to use a vertical box layout in your application.

As a matter of fact, the horizontal and vertical box layouts vary only in terms of how they arrange the widgets. For instance, the horizontal box layout will arrange its child widgets in a horizontal fashion from left to right, whereas the vertical box layout will arrange its child widgets in a vertical fashion from top to bottom.

You can copy the source code from the previous section, as the changes are minor in nature. Once you have copied the code, your project directory should look as follows:



Figure 5.22

Let me demonstrate the changes starting from the MyDlg.h header file, as follows:



Figure 5.23

I have replaced QHBoxLayout with QVBoxLayout; that is all. Yes, let's proceed with file changes related to MyDlg.cpp:



Figure 5.24

There are no changes to be done in main.cpp; however, I have shown main.cpp for your reference, as follows:



Figure 5.25

Now all we need to do is autogenerate Makefile and then make and run the program as follows:



Figure 5.26

Let's execute our brand new program and check the output. The following output demonstrates that QVBoxLayout arranges the widgets in a vertical top to bottom fashion. When the window is stretched, all the buttons' width will increase/decrease depending on whether the window is stretched out or stretched in:



Figure 5.27



            

            
        
    
        

                            
                    Writing a GUI application with a box layout

                
            
            
                
In the previous sections, you learned how to make use of QHBoxLayout and QVBoxLayout. Actually, these two classes are the convenience classes for QBoxLayout. In the case of QHBoxLayout, the QHBoxLayout class has subclassed QBoxLayout and configured QBoxLayout::Direction to QBoxLayout::LeftToRight, whereas the QVBoxLayout class has subclassed QBoxLayout and configured QBoxLayout::Direction to QBoxLayout::TopToBottom.

Apart from these values, QBoxLayout::Direction supports various other values, as follows:


	QBoxLayout::LeftToRight: This arranges the widgets from left to right 

	QBoxLayout::RightToLeft: This arranges the widgets from right to left 

	QBoxLayout::TopToBottom: This arranges the widgets from top to bottom

	QBoxLayout::BottomToTop: This arranges the widgets from bottom to top



Let's write a simple program using QBoxLayout with five buttons.

Let's start with the MyDlg.h header file. I have declared five button pointers in the MyDlg class and a QBoxLayout pointer:



Figure 5.28

Let's take a look at our MyDlg.cpp source file. If you notice line number 21 in the following screenshot, the QBoxLayout constructor takes two arguments. The first argument is the direction in which you wish to arrange the widgets and the second argument is an optional argument that expects the parent address of the layout instance.

As you may have guessed, the this pointer refers to the MyDlg instance pointer, which happens to be the parent of the layout.



Figure 5.29

Again, as you may have guessed, the main.cpp file isn't going to change from our past exercises, as shown in the following screenshot:



Figure 5.30

Let's compile and run our program, as follows:



Figure 5.31

If you notice the output, it looks like a horizontal box layout output, right? Exactly, because we have set the direction to QBoxLayout::LeftToRight. If you modify the direction to, say, QBoxLayout::RightToLeft, then Button 1 would appear on the right-hand side, Button 2 would appear on the left-hand side of Button 1, and so on. Hence, the output would look as shown in the following screenshot:


	
If the direction is set to QBoxLayout::RightToLeft, you'll see the following output:







Figure 5.32


	If the direction is set to QBoxLayout::TopToBottom, you'll see the following output:





Figure 5.33


	If the direction is set to QBoxLayout::BottomToTop, you'll see the following output:





Figure 5.34

In all the preceding scenarios, the buttons are added to the layout exactly in the same sequence, starting from Button 1 through Button 5, respectively. However, depending on the direction chosen in the QBoxLayout constructor, the box layout will arrange the buttons, hence the difference in the output.



            

            
        
    
        

                            
                    Writing a GUI application with a grid layout

                
            
            
                
A grid layout allows us to arrange widgets in a tabular fashion. It is quite easy, just like a box layout. All we need to do is indicate the row and column where each widget must be added to the layout. As the row and column index starts from a zero-based index, the value of row 0 indicates the first row and the value of column 0 indicates the first column. Enough of theory; let's start writing some code.

Let's declare 10 buttons and add them in two rows and five columns. Other than the specific QGridLayout differences, the rest of the stuff will remain the same as the previous exercises, so go ahead and create MyDlg.h, MyDl.cpp, and main.cpp if you have understood the concepts discussed so far.

Let me present the MyDlg.h source code in the following screenshot:



Figure 5.35

The following is the code snippet of MyDlg.cpp:



Figure 5.36

The main.cpp source file content will remain the same as our previous exercises; hence, I have skipped the main.cpp code snippet. As you are familiar with the build process, I have skipped it too. If you have forgotten about this, just check the previous sections to understand the build procedure.

If you have typed the code correctly, you should get the following output:



Figure 5.37

Actually, the grid layout has more stuff to offer. Let's explore how we can make a button span across multiple cells. I guarantee what you are about to see is going to be more interesting.

I'm going to modify MyDlg.h and MyDlg.cpp and keep main.cpp the same as the previous exercises:



Figure 5.38

Here goes our MyDlg.cpp:



 Figure 5.39

Notice the lines 35 through 38. Let's discuss the addWidget() function in detail now.

In line number 35, the pLayout->addWidget ( pBttn1, 0, 0, 1, 1 ) code does the following things:


	The first three arguments add Button 1 to the grid layout at the first row and first column

	The fourth argument 1 instructs that Button 1 will occupy just one row

	The fifth argument 1 instructs that Button 1 will occupy just one column

	Hence, it's clear that pBttn1 should be rendered at cell (0, 0) and it should occupy just one grid cell



In line number 36, the pLayout->addWidget ( pBttn2, 0, 1, 1, 2 ) code does the following:


	The first three arguments add Button 2 to the grid layout at the first row and second column

	The fourth argument instructs that Button 2 will occupy one row

	The fifth argument instructs that Button 2 will occupy two columns (that is, the second column and the third column in the first row)

	At the bottom line, Button 2 will be rendered at cell (0,1) and it should occupy one row and two columns



In line number 37, the pLayout->addWidget ( pBttn3, 0, 3, 2, 1 ) code does the following:


	The first three arguments add Button 3 to the grid layout at the first row and fourth column

	The fourth argument instructs that Button 3 will occupy two rows (that is, the first row and the fourth column and the second row and the fourth column)

	The fifth argument instructs that Button 3 will occupy one column



In line number 38, the pLayout->addWidget ( pBttn4, 1, 0, 1, 3 ) code does the following:


	The first three arguments add Button 4 to the grid layout at the second row and first column

	The fourth argument instructs that Button 4 will occupy one row

	The fifth argument instructs that Button 4 will occupy three columns (that is, the second row first, then the second and third column)



Check out the output of the program:



Figure 5.40
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Signals and slots are an integral part of the Qt Framework. So far, we have written some simple but interesting Qt applications, but we haven't handled events. Now it's time to understand how to support events in our application.

Let's write a simple application with just one button. When the button is clicked, check whether we can print something on the console.

The MyDlg.h header demonstrates how the MyDlg class shall be declared:



Figure 5.41

The following screenshot demonstrates how the MyDlg constructor shall be defined to add a single button to our dialog window:



 Figure 5.42

The main.cpp looks as follows:



Figure 5.43

Let's build and run our program and later add support for signals and slots. If you have followed the instructions correctly, your output should resemble the following screenshot:



Figure 5.44

If you click on the button, you will notice that nothing happens, as we are yet to add support for signals and slots in our application. Okay, it's time to reveal the secret instruction that will help you make the button respond to a button-click signal. Hold on, it's time for some more information. Don't worry, it's related to Qt.

Qt signals are nothing but events, and slot functions are event handler functions. Interestingly, both signals and slots are normal C++ functions; only when they are marked as signals or slots, will the Qt Framework understand their purpose and provide the necessary boilerplate code.

Every widget in Qt supports one or more signal and may also optionally support one or more slot. So let's explore which signals QPushButton supports before we write any further code.

Let's make use of the Qt assistant for API reference:



Figure 5.45

If you observe the preceding screenshot, it has a Contents section that seems to cover Public Slots, but we don't see any signals listed there. That's a lot of information. If the Contents section doesn't list out signals, QPushButton wouldn't support signals directly. However, maybe its base class, that is, QAbstractButton, would support some signals. The QPushButton class section gives loads of useful information, such as the header filename, which Qt module must be linked to the application--that is, qmake entries that must be added to .pro--and so on. It also mentions the base class of QPushButton. If you scroll down further, your Qt assistant window should look like this: 



Figure 5.46

If you observe the highlighted section under Additional Inherited Members, apparently the Qt assistant implies that QPushButton has inherited four signals from QAbstractButton. So we need to explore the signals supported by QAbstractButton in order to support the signals in QPushButton.



Figure 5.47

With the help of the Qt assistant, as shown in the preceding screenshot, it is evident that the QAbstractButton class supports four signals that are also available for QPushButton, as QPushButton is a child class of QAbstractButton. So let's use the clicked() signal in this exercise.

We need to make some minor changes in MyDlg.h and MyDlg.cpp in order to use the clicked() signal. Hence, I have presented these two files with changes highlighted in the following screenshot:



Figure 5.48

As you are aware, the QDebug class is used for debugging purposes. It offers functionalities to Qt applications that are similar to cout, but they aren't really required for signals and slots. We are using them here just for debugging purposes. In Figure 5.48, line number 34, void MyDlg::onButtonClicked() is our slot function that we are intending to use as an event handler function that must be invoked in response to the button click.

The following screenshot should give you an idea of what changes you will have to perform in MyDlg.cpp for signal and slot support:



Figure 5.49

If you observe line 40 through 42 in the preceding screenshot, the MyDlg::onButtonClicked() method is a slot function that must be invoked whenever the button is clicked. But unless the button's clicked() signal is mapped to the MyDlg::onButtonClicked() slot, the Qt Framework wouldn't know that it must invoke MyDlg::onButtonClicked() when the button is clicked. Hence, in line numbers 32 through 37, we have connected the button signal clicked() with the MyDlg instance's onButtonClicked() slot function. The connect function is inherited by MyDlg from QDialog. This, in turn, has inherited the function from its ultimate base class, called QObject.

The mantra is that every class that would like to participate in signal and slot communication must be either QObject or its subclass. QObject offers quite a good amount of signal and slot support, and QObject is part of the QtCore module. What's amazing is that the Qt Framework has made signal and slot available to even command-line applications. This is the reason signals and slots support is built into the ultimate base class QObject, which is part of the QtCore module.

Okay, let's build and run our program and see whether the signals work in our application:



Figure 5.50

Interestingly, we don't get a compilation error, but when we click on the button, the highlighted warning message appears automatically. This is a hint from the Qt Framework that we have missed out on an important procedure that is mandatory to make signals and slots work.

Let's recollect the procedure we followed to autogenerate Makefile in our headers and source files: 


	The qmake -project command ensures that all the header files and source files that are present in the current folder are included in the .pro file.

	The qmake command picks up the .pro file present in the current folder and generates Makefile for our project.

	The make command will invoke the make utility. It then executes Makefile in the current directory and builds our project based on the make rules defined in Makefile.



In step 1, the qmake utility scans through all our custom header files and checks whether they need signal and slot support. Any header file that has the Q_OBJECT macro hints the qmake utility that it needs signal and slot support. Hence we must use the Q_OBJECT macro in our MyDlg.h header file:



Figure 5.51

Once the recommended changes are done in the header file, we need to ensure that the qmake command is issued. Now the qmake utility will open the Ex8.pro file to get our project headers and source files. When qmake parses MyDlg.h and finds the Q_OBJECT macro, it will learn that our MyDlg.h requires signals and slots, then it will ensure that the moc compiler is invoked on MyDlg.h so that the boilerplate code can be autogenerated in a file called moc_MyDlg.cpp. This will then go ahead and add the necessary rules to Makefile so that the autogenerated moc_MyDlg.cpp file gets built along with the other source files.

Now that you know the secrets of Qt signals and slots, go ahead and try out this procedure and check whether your button click prints the Button clicked ... message. I have gone ahead and built our project with the changes recommended. In the following screenshot, I have highlighted the interesting stuff that goes on behind the scenes; these are some of the advantages one would get when working in the command line versus using fancy IDEs:



Figure 5.52

Now it's time that we test the output of our cool and simple application that supports signals and slots. The output is presented in the following screenshot:



Figure 5.53

Congratulations! You can pat your back. You have learned enough to do cool stuff in Qt.
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As you have learned about signals and slots, in this section, let's explore how to use a stacked layout in an application that has multiple windows; each window could be either a QWidget or QDialog. Each page may have its own child widgets. The application we are about to develop will demonstrate the use of a stacked layout and how to navigate from one window to the other within the stacked layout.



Figure 5.54

This application is going to require a decent amount of code, hence it is important that we ensure our code is structured carefully so that it meets both the structural and functional quality, avoiding code smells as much as possible.

Let's create four widgets/windows that could be stacked up in a stacked layout, where each page could be developed as a separate class split across two files: HBoxDlg.h and HBoxDlg.cpp and so on.

Let's start with HBoxDlg.h. As you are familiar with layouts, in this exercise, we are going to create each dialog with one layout so that while navigating between the subwindows, you can differentiate between the pages. Otherwise, there will be no connection between the stacked layout and other layouts as such.



Figure 5.55

The following code snippet is from the HBoxDlg.cpp file:



Figure 5.56

Similarly, let's write VBoxDlg.h as follows:



Figure 5.57

Let's create the third dialog BoxDlg.h with a box layout, as follows:



Figure 5.58

The respective BoxDlg.cpp source file will look as follows:



Figure 5.59

The fourth dialog that we would like to stack up is GridDlg, so let's see how GridDlg.h can be written, which is illustrated in the following screenshot:



Figure 5.60

The respective GridDlg.cpp will look like this:



Figure 5.61

Cool, we are done with creating four widgets that can be stacked up in MainDlg. MainDlg is the one that's going to use QStackedLayout, so the crux of this exercise is understanding how a stacked layout works.

Let's see how MainDlg.h shall be written:



Figure 5.62

In MainDlg, we have declared three slot functions, one for each button, in order to support the navigation logic among the four windows. A stacked layout is similar to a tabbed widget, except that a tabbed widget will provide its own visual way to switch between the tabs, whereas in the case of a stacked layout, it is up to us to provide the switching logic.

The MainDlg.cpp will look like this:



 Figure 5.63

You can choose a box layout to hold the three buttons, as we prefer buttons aligned to the right. However, in order to ensure that extra spaces are consumed by some invisible glue, we have added a stretch item at line number 44.

Between lines 30 through 33, we have added all the four subwindows in a stacked layout so that windows can be made visible one at a time. The HBox dialog is added at index 0, the VBox dialog is added at index 1, and so on.

Lines 53 through 58 demonstrate how the previous button's clicked signal is wired with its corresponding MainDlg::onPrevPage() slot function. Similar connections must be configured for next and exit buttons:



Figure 5.64

The if condition in line 78 ensures that the switching logic happens only if we are in the second or later subwindows. As the horizontal dialog is at index 0, we can't navigate to the previous window in cases where the current window happens to be a horizontal dialog. A similar validation is in place for switching to the next subwindow in line 85.

The stacked layout supports the setCurrentIndex() method to switch to a particular index position; alternatively, you could try the setCurrentWidget() method as well if it works better in your scenario.

The main.cpp looks short and simple, as follows:



Figure 5.65

The best part of our main function is that irrespective of the complexity of the application logic, the main function doesn't have any business logic. This makes our code clean and easily maintainable.
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In this section, let's explore how to write a simple math application. As part of this exercise, we will use QLineEdit and QLabel widgets and QFormLayout. We need to design a UI, as shown in the following screenshot:



Figure 5.66

QLabel is a widget typically used for static text, and QLineEdit will allow a user to supply a single line input. As shown in the preceding screenshot, we will use QVBoxLayout as the main layout in order to arrange QFormLayout and QBoxLayout in a vertical fashion. QFormLayout comes in handy when you need to create a form where there will be a caption on the left-hand side followed by some widget on its right. QGridLayout might also do the job, but QFormLayout is easy to use in such scenarios.

In this exercise, we will create three files, namely MyDlg.h, MyDlg.cpp, and main.cpp. Let's start with the MyDlg.h source code and then move on to other files:



Figure 5.67

In the preceding figure, three layouts are declared. The vertical box layout is used as the main layout, while the box layout is used to arrange the buttons in the right-aligned fashion. The form layout is used to add the labels, that is, line edit widgets. This exercise will also help you understand how one can combine multiple layouts to design a professional HMI.

Qt doesn't have any documented restriction in the number of layouts that can be combined in a single window. However, when possible, it is a good idea to consider designing an HMI with a minimal number of layouts if you are striving to develop a small memory footprint application. Otherwise, there is certainly no harm in using multiple layouts in your application.

In the following screenshot, you will get an idea of how the MyDlg.cpp source file shall be implemented. In the MyDlg constructor, all the buttons are instantiated and laid out in the box layout for right alignment. The form layout is used to hold the QLineEdit widgets and their corresponding QLabel widgets in a grid-like fashion. QLineEdit widgets typically help supply a single line input; in this particular exercise, they help us supply a number input that must be added, subtracted, and so on, depending on the user's choice.



Figure 5.68

The best part of our main.cpp source file is that it remains pretty much the same, irrespective of the complexity of our application. In this exercise, I would like to tell you a secret about MyDlg. Did you notice that the MyDlg constructor is instantiated in the stack as opposed to the heap? The idea is that when the main() function exits, the stack used by the main function gets unwinded, eventually freeing up all the stack variables present in the stack. When MyDlg gets freed up, it results in calling the MyDlg destructor. In the Qt Framework, every widget constructor takes an optional parent widget pointer, which is used by the topmost window destructor to free up its child widgets. Interestingly, Qt maintains a tree-like data structure to manage the memory of all its child widgets. So, if all goes well, the Qt Framework will take care of freeing up all its child widgets' memory locations "automagically".

This helps Qt developers focus on the application aspect, while the Qt Framework will take care of memory management.



Figure 5.69

Aren't you excited to check the output of our new application? If you build and execute the application, then you are supposed to get an output similar to the following screenshot. Of course, we are yet to add signal and slot support, but it's a good idea to design the GUI to our satisfaction and then shift our focus to event handling:



Figure 5.70

If you observe closely, though the buttons are laid out on QBoxLayout in the right to left direction, the buttons aren't aligned to the right. The reason for this behavior is when the window is stretched out, the box layout seems to have divided and allocated the extra horizontal space available among all the buttons. So let's go ahead and throw in a stretch item to the leftmost position on the box layout such that the stretch will eat up all the extra spaces, leaving the buttons no room to expand. This will get us the right-aligned effect. After adding the stretch, the code will look as shown in the following screenshot:



Figure 5.71

Go ahead and check whether your output looks as shown in the following screenshot. Sometimes, as developers, we get excited to see the output in a rush and forget to compile our changes, so ensure the project is built again. If you don't see any change in output, no worries; just try to stretch out the window horizontally and you should see the right-aligned effect, as shown in the following screenshot:



Figure 5.72

Now since we have a decent-looking application, let's add signal and slot support to add the response to button clicks. Let's not rush and include the add and subtract functionalities for now. We will use some qDebug() print statements to check whether the signals and slots are connected properly and then gradually replace them with the actual functionalities.

If you remember the earlier signal and slot exercise, any Qt window that is interested in supporting signals and slots must be QObject and should include the Q_OBJECT macro in the MyDlg.h header file, as shown in the following screenshot:



Figure 5.73

In lines starting from 41 through 45, four slot methods are declared in the private section. Slot functions are regular C++ functions that could be invoked directly just like other C++ functions. However, in this scenario, the slot functions are intended to be invoked only with MyDlg. Hence they are declared as private functions, but they could be made public if you believe that others might find it useful to connect to your public slot.

Cool, if you have come this far, it says that you have understood the things discussed so far. Alright, let's go ahead and implement the definitions for the slot functions in MyDlg.cpp and then connect the clicked() button's signals with the respective slot functions:



Figure 5.74

Now it's time to wire up the signals to their respective slots. As you may have guessed, we need to use the connect function in the MyDlg constructor, as shown in the following screenshot, to get the button clicks to the corresponding slots:



Figure 5.75

We are all set. Yes, it's showtime now. As we have taken care of most of the stuff, let's compile and check the output of our little Qt application:



Figure 5.76

Oops! We got some linker error. The root cause of this issue is that we forgot to invoke qmake after enabling signal and slot support in our application. No worries, let's invoke qmake and make and run our application:



Figure 5.77

Great, we have fixed the issue. The make utility doesn't seem to make any noise this time and we are able to launch the application. Let's check whether the signals and slots are working as expected. For this, click on the Add button and see what happens:



Figure 5.78

Wow! When we click on the Add button, the qDebug() console message confirms that the MyDlg::onAddButtonClicked() slot is invoked. If you are curious to check the slots of other buttons, go ahead and try clicking on the rest of the buttons.

Our application will be incomplete without business logic. So let's add business logic to the MyDlg::onAddButtonClicked() slot function to perform the addition and display the result. Once you learn how to integrate the added business logic, you can follow the same approach and implement the rest of the slot functions:



Figure 5.79

In the MyDlg::onAddButtonClicked() function, the business logic is integrated. In lines 82 and 83, we are trying to extract the values typed by the user in the QLineEdit widgets. The text() function in QLineEdit returns QString. The QString object provides toInt() that comes in handy to extract the integer value represented by QString. Once the values are added and stored in the result variable, we need to convert the result integer value back to QString, as shown in line number 86, so that the result can be fed into QLineEdit, as shown in line number 88.

Similarly, you can go ahead and integrate the business logic for other math operations. Once you have thoroughly tested the application, you can remove the qDebug() console's output. We added the qDebug() messages for debugging purposes, hence they can be cleaned up now.



            

            
        
    
        

                            
                    Summary

                
            
            
                
In this chapter, you learned developing C++ GUI applications using Qt application framework. The key takeaway points are listed below.


	You learned installing Qt and required tools in Linux.

	You learned writing simple console based application with Qt Framework.

	You learned writing simple GUI based applications with Qt Framework.

	You learned event handling with Qt Signal and Slots mechanism and how Meta Object Compiler helps us generate the crucial boiler plate code required for Signal and Slots.

	You learned using various Qt Layouts in application development to develop an appealing HMI that looks great in many Qt supported platforms.

	You learned combining multiple layouts in a single HMI to develop professional HMI.

	You learned quite a lot of Qt Widgets and how they could help you develop impressive HMIs.

	Overall you learned developing cross-platform GUI applications using Qt application framework.



In the next chapter, you will be learning multithread programming and IPC in C++.



            

            
        
    
        

                            
                    Multithreaded Programming and Inter-Process Communication

                
            
            
                
This chapter will cover the following topics:


	Introduction to POSIX pthreads

	Creating threads with the pthreads library

	Thread creation and self-identification

	Starting a thread

	Stopping a thread

	Using the C++ thread support library

	Data racing and thread synchronization

	Joining and detaching threads

	Sending signals from threads

	Passing parameters to threads

	Deadlocks and solutions

	Concurrency

	Future, promise, packaged_task, and so on

	Concurrency with the thread support library

	Exception handling in concurrent applications



Let's learn these topics with a few interesting, easy-to-understand examples discussed throughout this chapter.



            

            
        
    
        

                            
                    Introduction to POSIX pthreads

                
            
            
                
Unix, Linux, and macOS are largely compliant with the POSIX standard. Portable Operating System Interface for Unix (POSIX) is an IEEE standard that helps all Unix and Unix-like operating systems, that is Linux and macOS, communicate with a single interface.

Interestingly, POSIX is also supported by POSIX-compliant tools--Cygwin, MinGW, and Windows subsystem for Linux--that provide a pseudo-Unix-like runtime and development environment on Windows platforms.

Note that pthread is a POSIX-compliant C library used in Unix, Linux, and macOS. Starting from C++11, C++ natively supports threads via the C++ thread support library and concurrent library. In this chapter, we will understand how to use pthreads, thread support, and concurrency library in an object-oriented fashion. Also, we will discuss the merits of using native C++ thread support and concurrency library as opposed to using POSIX pthreads or other third-party threading frameworks.



            

            
        
    
        

                            
                    Creating threads with the pthreads library

                
            
            
                
Let's get straight to business. You need to understand the pthread APIs we'll discuss to get your hands dirty. To start with, this function is used to create a new thread:

 #include <pthread.h>
 int pthread_create(
              pthread_t *thread,
              const pthread_attr_t *attr,
              void *(*start_routine)(void*),
              void *arg
 )

The following table briefly explains the arguments used in the preceding function:




	
API arguments


	
Comments





	
pthread_t *thread


	
Thread handle pointer





	
pthread_attr_t *attr


	
Thread attribute





	
void *(*start_routine)(void*)


	
Thread function pointer





	
void * arg


	
Thread argument







This function blocks the caller thread until the thread passed in the first argument exits, as shown in the code:

int pthread_join ( pthread_t *thread, void **retval )

The following table briefly describes the arguments in the preceding function: 




	
API arguments


	
Comments





	
pthread_t thread


	
Thread handle





	
void **retval


	
Output parameter that indicates the exit code of the thread procedure







 

The ensuing function should be used within the thread context. Here, retval is the exit code of the thread that indicates the exit code of the thread that invoked this function:

int pthread_exit ( void *retval )

Here's the argument used in this function:




	
API argument


	
Comment





	
void *retval


	
The exit code of the thread procedure







 

The following function returns the thread ID:

pthread_t pthread_self(void)

Let's write our first multithreaded application:

#include <pthread.h>
#include <iostream>

using namespace std;

void* threadProc ( void *param ) {
  for (int count=0; count<3; ++count)
    cout << "Message " << count << " from " << pthread_self()
         << endl;
  pthread_exit(0);
}

int main() {
  pthread_t thread1, thread2, thread3;

  pthread_create ( &thread1, NULL, threadProc, NULL );
  pthread_create ( &thread2, NULL, threadProc, NULL );
  pthread_create ( &thread3, NULL, threadProc, NULL );

  pthread_join( thread1, NULL );
  pthread_join( thread2, NULL );

  pthread_join( thread3, NULL );
  
  return 0;

}



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
The program can be compiled with the following command:

g++ main.cpp -lpthread

As you can see, we need to link the POSIX pthread library dynamically.

Check out the following screenshot and visualize the output of the multithreaded program:



The code that is written in ThreadProc runs within the thread context. The preceding program has a total of four threads, including the main thread. I had blocked the main thread with pthread_join to force it to wait for the other three threads to complete their tasks first, failing which the main thread would have exited before them. When the main thread exits, the application exits too, which ends up prematurely destroying newly created threads.

Though we created thread1, thread2, and thread3 in the respective sequence, there is no guarantee that they will be started in the exact same sequence they were created in.

The operating system scheduler decides the sequence in which the threads must be started, based on the algorithm used by the operating system scheduler. Interestingly, the sequence in which the threads get started might vary at different runs in the same system.



            

            
        
    
        

                            
                    Does C++ support threads natively?

                
            
            
                
Starting from C++11, C++ does support threads natively, and it is generally referred to as the C++ thread support library. The C++ thread support library provides an abstraction over the POSIX pthreads C library. Over time, C++ native thread support has improved to a greater extent.

I highly recommend you make use of the C++ native thread over pthreads. The C++ thread support library is supported on all platforms as it is officially part of standard C++ as opposed to the POSIX pthread library, which is only supported on Unix, Linux, and macOS but not directly on Windows.

The best part is thread support has matured to a new level in C++17, and it is poised to reach the next level in C++20. Hence, it is a good idea to consider using the C++ thread support library in your projects.



            

            
        
    
        

                            
                    How to write a multithreaded application using the native C++ thread feature

                
            
            
                
Interestingly, it is pretty simple to write a multithreaded application using the C++ thread support library:  

#include <thread>
using namespace std;
thread instance ( thread_procedure )

The thread class was introduced in C++11. This function can be used to create a thread. The equivalent of this function is pthread_create in the POSIX pthread library. 




	
Argument


	
Comment





	
thread_procedure


	
Thread function pointer







Now a bit about the argument that returns the thread ID in the following code:

this_thread::get_id ()

This function is equivalent to the pthread_self() function in the POSIX pthread library. Refer to the following code:

thread::join()

The join() function is used to block the caller thread or the main thread so it will wait until the thread that has joined completes its task. This is a non-static function, so it has to be invoked on a thread object.

Let's see how to use the preceding functions to write a simple multithreaded program based on C++. Refer to the following program:

#include <thread>
#include <iostream>
using namespace std;

void threadProc() {
  for( int count=0; count<3; ++count ) {
    cout << "Message => "
         << count
         << " from "
         << this_thread::get_id()
         << endl;
  }
}

int main() {
  thread thread1 ( threadProc );
  thread thread2 ( threadProc );
  thread thread3 ( threadProc );

  thread1.join();
  thread2.join();
  thread3.join();

  return 0;
}

The C++ version of the multithreaded program looks a lot simpler and cleaner than the C version.



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
The following command helps you compile the program:

g++ main.cpp -std=c++17 -lpthread



In the previous command, -std=c++17 instructs the C++ compiler to enable the C++17 features; however, the program will compile on any C++ compiler that supports C++11, and you just need to replace c++17 with c++11.  

The output of the program will look like this:



All the numbers starting with 140 in the preceding screenshot are thread IDs. Since we created three threads, three unique thread IDs are assigned respectively by the pthread library. If you are really keen on finding the thread IDs assigned by the operating system, you will have to issue the following command in Linux while the application is running:

 ps -T -p <process-id>

Probably to your surprise, the thread ID assigned by the pthread library will be different from the one assigned by the operating systems. Hence, technically the thread ID assigned by the pthread library is just a thread handle ID that is different from the thread ID assigned by the OS. The other interesting tool that you may want to consider is the top command to explore the threads that are part of the process:

 top -H -p <process-id>

Both the commands require the process ID of your multithreaded application. The following command will help you find this ID:

ps -ef | grep -i <your-application-name>

You may also explore the htop utility in Linux.

If you want to get the thread ID assigned by the OS programmatically, you can use the following function in Linux:

#include <sys/types.h>
pid_t gettid(void)

However, this isn't recommended if you want to write a portable application, as this is supported only in Unix and Linux. 



            

            
        
    
        

                            
                    Using std::thread in an object-oriented fashion

                
            
            
                
If you have been looking for the C++ thread class that looks similar to the Thread classes in Java or Qt threads, I'm sure you will find this interesting:

#include <iostream>
#include <thread>
using namespace std;

class Thread {
private:
      thread *pThread;
      bool stopped;
      void run();
public:
      Thread();
      ~Thread();

      void start();
      void stop();
      void join();
      void detach();
};

This is a wrapper class that works as a convenience class for the C++ thread support library in this book. The Thread::run() method is our user-defined thread procedure. As I don't want the client code to invoke the Thread::run() method directly, I have declared the run method private. In order to start the thread, the client code has to invoke the start method on the thread object.

The corresponding Thread.cpp source file looks like this:

#include "Thread.h"
 
Thread::Thread() {
     pThread = NULL;
     stopped = false;
}
 
Thread::~Thread() {
     delete pThread;
     pThread = NULL;
}
 
void Thread::run() {

     while ( ! stopped ) {
         cout << this_thread::get_id() << endl;
         this_thread::sleep_for ( 1s );
     }
     cout << "\nThread " << this_thread::get_id()
          << " stopped as requested." << endl;
     return;
}
 
void Thread::stop() {
    stopped = true;
}
 
void Thread::start() {
    pThread = new thread( &Thread::run, this );
}
 
void Thread::join() {
     pThread->join();
}
 
void Thread::detach() {
     pThread->detach();
}

From the previous Thread.cpp source file, you will have understood that the thread can be stopped when required by invoking the stop method. It is a simple yet decent implementation; however, there are many other corner cases that need to be handled before it can be used in production. Nevertheless, this implementation is good enough to understand the thread concepts in this book.

Cool, let's see how our Thread class can be used in main.cpp:

#include "Thread.h"
 
int main() {
      
      Thread thread1, thread2, thread3;
 
      thread1.start();
      thread2.start();
      thread3.start();
 
      thread1.detach();
      thread2.detach();
      thread3.detach();
 
      this_thread::sleep_for ( 3s );
 
      thread1.stop();
      thread2.stop();
      thread3.stop();
 
      this_thread::sleep_for ( 3s );
 
      return 0;
}

I have created three threads, and the way the Thread class is designed, the thread will only start when the start function is invoked. The detached threads run in the background; usually, you need to detach a thread if you would like to make the threads daemons. However, these threads are stopped safely before the application quits.



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
The following command helps compile the program:

g++ Thread.cpp main.cpp -std=c++17 -o threads.exe -lpthread

The output of the program will be as shown in the following screenshot:



Wow! We could start and stop the thread as designed and that too in an object-oriented fashion.



            

            
        
    
        

                            
                    What did you learn?

                
            
            
                
Let's try to recollect what we have discussed so far:


	You learned how to write a multithreaded application using the POSIX pthread C library

	C++ compilers support threads natively, starting from C++11

	You learned the basic C++ thread support library APIs that are commonly used

	You learned how to write a multithreaded application using the C++ thread support library

	You now know why you should consider using the C++ thread support library over the pthread C library 

	The C++ thread support library is cross-platform, unlike the POSIX pthread library

	You know how to use the C++ thread support library in an object-oriented fashion

	You know how to write simple multithreaded applications that don't require synchronization





            

            
        
    
        

                            
                    Synchronizing threads

                
            
            
                
In an ideal world, threads would provide better application performance. But, at times, it isn't uncommon to notice that application performance degrades due to multiple threads. This performance issue may not be really tied to multiple threads; the real culprit could be the design. Too much use of synchronization leads to many thread-related issues that also lead to application performance degradation.

Lock-free thread designs not only avoid thread-related issues, but also improve the overall application performance. However, in a practical world, more than one thread may have to share one or more common resources. Hence, there arises a need to synchronize the critical section of code that accesses or modifies the shared resources. There are a variety of synchronization mechanisms that can be used in specific scenarios. In the following sections, we will explore them one by one with some interesting and practical use cases.



            

            
        
    
        

                            
                    What would happen if threads weren't synchronized?

                
            
            
                
When there are multiple threads that share a common resource within the process boundary, the critical section of the code can be synchronized with a mutex lock. A mutex is a mutually exclusive lock that allows only one thread to access the critical block of code that is secured by a mutex. Let's take a simple example to understand the need for the mutex lock application practically.

Let's take a Bank Savings Account class that allows three simple operations, that is, getBalance, withdraw, and deposit. The Account class can be implemented as shown in the following code. For demonstration purposes, the Account class is designed in a simple fashion neglecting corner cases and validations that are required in the real world. It is simplified to the extent that the Account class doesn't even bother to capture the account number. I'm sure there are many such requirements that are quietly ignored for simplicity. No worries! Our focus is to learn mutex here with the shown example:

#include <iostream>
using namespace std;

class Account {
private:
  double balance;
public:
  Account( double );
  double getBalance( );
  void deposit ( double amount );
  void withdraw ( double amount ) ;
};

The Account.cpp source file looks like this:

#include "Account.h"

Account::Account(double balance) {
  this->balance = balance;
}

double Account::getBalance() {
  return balance;
}

void Account::withdraw(double amount) {
  if ( balance < amount ) {
    cout << "Insufficient balance, withdraw denied." << endl;
    return;
  }

  balance = balance - amount;
}

void Account::deposit(double amount) {
  balance = balance + amount;
}

Now, let's create two threads, namely DEPOSITOR and WITHDRAWER. The DEPOSITOR thread is going to deposit INR 2000.00 while the WITHDRAWER thread is going to withdraw INR 1000.00 every alternate second. As per our design, the main.cpp source file can be implemented as follows:

#include <thread>
#include "Account.h"
using namespace std;

enum ThreadType {
  DEPOSITOR,
  WITHDRAWER
};

Account account(5000.00);

void threadProc ( ThreadType typeOfThread ) {

  while ( 1 ) {
  switch ( typeOfThread ) {
    case DEPOSITOR: {
      cout << "Account balance before the deposit is "
           << account.getBalance() << endl;

      account.deposit( 2000.00 );

      cout << "Account balance after deposit is "
           << account.getBalance() << endl;
      this_thread::sleep_for( 1s );
}
break;

    case WITHDRAWER: {
      cout << "Account balance before withdrawing is "
           << account.getBalance() << endl;

      account.deposit( 1000.00 );
      cout << "Account balance after withdrawing is "
           << account.getBalance() << endl;
      this_thread::sleep_for( 1s );
    }
    break;
  }
  }
}

int main( ) {
  thread depositor ( threadProc, ThreadType::DEPOSITOR );
  thread withdrawer ( threadProc, ThreadType::WITHDRAWER );

  depositor.join();
  withdrawer.join();

  return 0;
}

If you observe the main function, the thread constructor takes two arguments. The first argument is the thread procedure that you would be familiar with by now. The second argument is an optional argument that can be supplied if you would like to pass some arguments to the thread function.



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
The program can be compiled with the following command:

g++ Account.cpp main.cpp -o account.exe -std=c++17 -lpthread

If you have followed all the steps as instructed, your code should compile successfully. 

It's time to execute and observe how our program works!

Don't forget that the WITHDRAWER thread always withdraws INR 1000.00, while the DEPOSITOR thread always deposits INR 2000.00. The following output conveys this at first. The WITHDRAWER thread started withdrawing, followed by the DEPOSITOR thread that seems to have deposited the money.  

Though we started the DEPOSITOR thread first and the WITHDRAWER thread next, it looks like the OS scheduler seems to have scheduled the WITHDRAWER thread first. There is no guarantee that this will always happen this way.

Going by the output, by chance, the WITHDRAWER thread and the DEPOSITOR thread seem to do their work alternately. They would continue like this for some time. At some point, both the threads would seem to work simultaneously, and that's when things would fall apart, as shown in the output ahead: 



It is very interesting to observe the last four lines of the output. It looks like both the WITHDRAWER and DEPOSITOR threads were checking the balance, and it was INR 9000.00. You may notice that there is an inconsistency in the DEPOSITOR thread's print statements; as per the DEPOSITOR thread, the current balance is INR 9000.00. Therefore, when it deposits INR 2000.00, the balance should total up to INR 11000.00. But in reality, the balance after the deposit is INR 10000.00. The reason for this inconsistency is that the WITHDRAWER thread withdrew INR 1000.00 before the DEPOSITOR thread could deposit money. Though technically the balance seems to total out correctly, things can go wrong shortly; this is when the need for thread synchronization arises.



            

            
        
    
        

                            
                    Let's use mutex

                
            
            
                
Now, let's refactor the threadProc function and synchronize the critical section that modifies and accesses the balance. We need a locking mechanism that will only allow one thread to either read or write the balance. The C++ thread support library offers an apt lock called mutex. The mutex lock is an exclusive lock that will only allow one thread to operate the critical section code within the same process boundary. Until the thread that has acquired the lock releases the mutex lock, all other threads will have to wait for their turn. Once a thread acquires the mutex lock, the thread can safely access the shared resource.   

The main.cpp file can be refactored as follows; the changes are highlighted in bold:

#include <iostream>
#include <thread>
#include <mutex>
#include "Account.h"
using namespace std;

enum ThreadType {
  DEPOSITOR,
  WITHDRAWER
};

mutex locker;

Account account(5000.00);

void threadProc ( ThreadType typeOfThread ) {

  while ( 1 ) {
  switch ( typeOfThread ) {
    case DEPOSITOR: {

      locker.lock();

      cout << "Account balance before the deposit is "
           << account.getBalance() << endl;

      account.deposit( 2000.00 );

      cout << "Account balance after deposit is "
           << account.getBalance() << endl;

      locker.unlock();
      this_thread::sleep_for( 1s );
}
break;

    case WITHDRAWER: {

      locker.lock();

      cout << "Account balance before withdrawing is "
           << account.getBalance() << endl;

      account.deposit( 1000.00 );
      cout << "Account balance after withdrawing is "
           << account.getBalance() << endl;

      locker.unlock();
      this_thread::sleep_for( 1s );
    }
    break;
  }
  }
}

int main( ) {
  thread depositor ( threadProc, ThreadType::DEPOSITOR );
  thread withdrawer ( threadProc, ThreadType::WITHDRAWER );

  depositor.join();
  withdrawer.join();

  return 0;
}

You may have noticed that the mutex is declared in the global scope. Ideally, we could have declared the mutex inside a class as a static member as opposed to a global variable. As all the threads are supposed to be synchronized by the same mutex, ensure that you use either a global mutex lock or a static mutex lock as a class member.  

The refactored threadProc in main.cpp source file looks as follows; the changes are highlighted in bold:

void threadProc ( ThreadType typeOfThread ) {

  while ( 1 ) {
  switch ( typeOfThread ) {
    case DEPOSITOR: {

      locker.lock();

      cout << "Account balance before the deposit is "
           << account.getBalance() << endl;

      account.deposit( 2000.00 );

      cout << "Account balance after deposit is "
           << account.getBalance() << endl;

      locker.unlock();
      this_thread::sleep_for( 1s );
}
break;

    case WITHDRAWER: {

      locker.lock();

      cout << "Account balance before withdrawing is "
           << account.getBalance() << endl;

      account.deposit( 1000.00 );
      cout << "Account balance after withdrawing is "
           << account.getBalance() << endl;

      locker.unlock();
      this_thread::sleep_for( 1s );
    }
    break;
  }
  }
}

The code that is wrapped between lock() and unlock() is the critical section that is synchronized by the mutex lock. 

As you can see, there are two critical section blocks in the threadProc function, so it is important to understand that only one thread can enter the critical section. For instance, if the depositor thread has entered its critical section, then the withdrawal thread has to wait until the depositor thread releases the lock and vice versa.



Technically speaking, we could replace all the raw lock() and unlock() mutex methods with lock_guard as this ensures the mutex is always unlocked even if the critical section block of the code throws an exception. This will avoid starving and deadlock scenarios.

It is time to check the output of our refactored program:



Great, did you check the balance reported by DEPOSITOR and WITHDRAWER threads? Yep, they are always consistent, aren't they? Yes, the output confirms that the code is synchronized and it is thread-safe now.  

Though our code is functionally correct, there is room for improvement. Let's refactor the code to make it object-oriented and efficient.  

Let's reuse the Thread class and abstract all the thread-related stuff inside the Thread class and get rid of the global variables and threadProc.

To start with, let's observe the refactored Account.h header, as follows: 

#ifndef __ACCOUNT_H
#define __ACCOUNT_H

#include <iostream>
using namespace std;

class Account {
private:
  double balance;
public:
  Account( double balance );
  double getBalance();
  void deposit(double amount);
  void withdraw(double amount);
};

#endif

As you can see, the Account.h header hasn't changed as it already looks clean.

The respective Account.cpp source file looks as follows:  

#include "Account.h"

Account::Account(double balance) {
  this->balance = balance;
}

double Account::getBalance() {
  return balance;
}

void Account::withdraw(double amount) {
  if ( balance < amount ) {
    cout << "Insufficient balance, withdraw denied." << endl;
    return;
  }

  balance = balance - amount;
}

void Account::deposit(double amount) {
  balance = balance + amount;
}

It is better if the Account class is separated from the thread-related functionalities to keep things neat. Also, let's understand how the Thread class that we wrote could be refactored to use the mutex synchronization mechanism as shown ahead:

#ifndef __THREAD_H
#define __THREAD_H

#include <iostream>
#include <thread>
#include <mutex>
using namespace std;
#include "Account.h"

enum ThreadType {
   DEPOSITOR,
   WITHDRAWER
};

class Thread {
private:
      thread *pThread;
      Account *pAccount;
      static mutex locker;
      ThreadType threadType;
      bool stopped;
      void run();
public:
      Thread(Account *pAccount, ThreadType typeOfThread);
      ~Thread();
      void start();
      void stop();
      void join();
      void detach();
};

#endif

In the Thread.h header file shown previously, a couple of changes are done as part of refactoring. As we would like to synchronize the threads using a mutex, the Thread class includes the mutex header of the C++ thread support library. As all the threads are supposed to use the same mutex lock, the mutex instance is declared static. Since all the threads are going to share the same Account object, the Thread class has a pointer to the Account object as opposed to a stack object.

 

The Thread::run() method is the Thread function that we are going to supply to the Thread class constructor of the C++ thread support library. As no one is expected to invoke the run method directly, the run method is declared private. As per our Thread class design, which is similar to Java and Qt, the client code would just invoke the start method; when the OS scheduler gives a green signal to run, the run thread procedure will be called automatically. Actually, there is no magic here since the run method address is registered as a Thread function at the time of creating the thread.

Generally, I prefer to include all the dependent headers in the user-defined header file, and the user-defined source file includes only its own header. This helps organize the headers in one place, and this discipline helps maintain the code cleaner and also improves the overall readability and code maintainability.

The Thread.cpp source can be refactored as follows:

#include "Thread.h"

mutex Thread::locker;

Thread::Thread(Account *pAccount, ThreadType typeOfThread) {
  this->pAccount = pAccount;
  pThread = NULL;
  stopped = false;
  threadType = typeOfThread;
}

Thread::~Thread() {
  delete pThread;
  pThread = NULL;
}

void Thread::run() {
    while(1) {
  switch ( threadType ) {
    case DEPOSITOR:
      locker.lock();

      cout << "Depositor: current balance is " << pAccount->getBalance() << endl;
      pAccount->deposit(2000.00);
      cout << "Depositor: post deposit balance is " << pAccount->getBalance() << endl;

      locker.unlock();

      this_thread::sleep_for(1s);
      break;

    case WITHDRAWER:
      locker.lock();

      cout << "Withdrawer: current balance is " << 
               pAccount->getBalance() << endl;
      pAccount->withdraw(1000.00);
      cout << "Withdrawer: post withraw balance is " << 
               pAccount->getBalance() << endl;

      locker.unlock();

      this_thread::sleep_for(1s);
      break;
  }
    }
}

void Thread::start() {
  pThread = new thread( &Thread::run, this );
}

void Thread::stop() {
  stopped = true;
}

void Thread::join() {
  pThread->join();
}

void Thread::detach() {
  pThread->detach();
}

The threadProc function that was there in main.cpp has moved inside the Thread class's run method. After all, the main function or the main.cpp source file isn't supposed to have any kind of business logic, hence they are refactored to improve the code quality.

Now let's see how clean is the main.cpp source file after refactoring:

#include "Account.h"
#include "Thread.h"

int main( ) {

  Account account(5000.00);

  Thread depositor ( &account, ThreadType::DEPOSITOR );
  Thread withdrawer ( &account, ThreadType::WITHDRAWER );

  depositor.start();
  withdrawer.start();

  depositor.join();
  withdrawer.join();

  return 0;
}

The previously shown main() function and the overall main.cpp source file looks short and simple without any nasty complex business logic hanging around.   

C++ supports five types of mutexes, namely mutex, timed_mutex, recursive_mutex, recursive_timed_mutex, and shared_timed_mutex.
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The following command helps you compile the refactored program:

g++ Thread.cpp Account.cpp main.cpp -o account.exe -std=c++17 -lpthread

Brilliant! If all goes well, the program should compile smoothly without making any noise.

Just take a quick look at the output shown here before we move on to the next topic:



Great! It works fine. The DEPOSITOR and WITHDRAWER threads seem to work cooperatively without messing up the balance and print statements. After all, we have refactored the code to make the code cleaner without modifying the functionality.
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In a multithreaded application, everything looks cool and interesting until we get struck with a deadlock. Assume there are two threads, namely READER and WRITER. Deadlocks might happen when the READER thread waits for a lock that is already acquired by WRITER and the WRITER thread waits for the reader to release a lock that is owned by READER and vice versa. Typically, in a deadlock scenario, both the threads will wait for each other endlessly.  

Generally, deadlocks are design issues. At times, deadlocks could be detected quickly, but sometimes it might get very tricky to find the root cause. Hence, the bottom line is synchronization mechanisms must be used in the right sense thoughtfully.

Let's understand the concept of a deadlock with a simple yet practical example. I'm going to reuse our Thread class with some slight modifications to create a deadlock scenario. 

The modified Thread.h header looks as follows:

#ifndef __THREAD_H
#define __THREAD_H

#include <iostream>
#include <string>
#include <thread>
#include <mutex>
#include <string>
using namespace std;

enum ThreadType {
  READER,
  WRITER
};

class Thread {
private:
  string name;
  thread *pThread;
  ThreadType threadType;
  static mutex commonLock;
  static int count;
  bool stopped;
  void run( );
public:
  Thread ( ThreadType typeOfThread );
  ~Thread( );
  void start( );
  void stop( );
  void join( );
  void detach ( );
  int getCount( );
  int updateCount( );
};
#endif

The ThreadType enumeration helps assign a particular task to a thread. The Thread class has two new methods: Thread::getCount() and Thread::updateCount(). Both the methods will be synchronized with a common mutex lock in such a way that it creates a deadlock scenario.

Okay, let's move on and review the Thread.cpp source file:

#include "Thread.h"

mutex Thread::commonLock;

int Thread::count = 0;

Thread::Thread( ThreadType typeOfThread ) {
  pThread = NULL;
  stopped = false;
  threadType = typeOfThread;
  (threadType == READER) ? name = "READER" : name = "WRITER";
}

Thread::~Thread() {
  delete pThread;
  pThread = NULL;
}

int Thread::getCount( ) {
  cout << name << " is waiting for lock in getCount() method ..." <<
endl;
  lock_guard<mutex> locker(commonLock);
  return count;
}

int Thread::updateCount( ) {
  cout << name << " is waiting for lock in updateCount() method ..." << endl;
  lock_guard<mutex> locker(commonLock);
  int value = getCount();
  count = ++value;
  return count;
}

void Thread::run( ) {
  while ( 1 ) {
    switch ( threadType ) {
      case READER:
        cout << name<< " => value of count from getCount() method is " << getCount() << endl;
        this_thread::sleep_for ( 500ms );
      break;

      case WRITER:
        cout << name << " => value of count from updateCount() method is" << updateCount() << endl;
        this_thread::sleep_for ( 500ms );
      break;
    }
  }
}

void Thread::start( ) {
  pThread = new thread ( &Thread::run, this );
}

void Thread::stop( ) {
  stopped = true;
}

void Thread::join( ) {
  pThread->join();
}

void Thread::detach( ) {
  pThread->detach( );
}

By now, you will be quite familiar with the Thread class. Hence, let's focus our discussion on the Thread::getCount() and Thread::updateCount() methods. The std::lock_guard<std::mutex> is a template class that frees us from calling mutex::unlock(). During the stack unwinding process, the lock_guard destructor will be invoked; this will invoke mutex::unlock().  

The bottom line is that from the point the std::lock_guard<std::mutex> instance is created, all the statements that appear until the end of the method are secured by the mutex.

Okay, let's plunge into the main.cpp file:

#include <iostream>
using namespace std;

#include "Thread.h"

int main ( ) {

      Thread reader( READER );
      Thread writer( WRITER );
      reader.start( );
      writer.start( );
      reader.join( );
      writer.join( );
      return 0;
}

The main() function is pretty self-explanatory. We have created two threads, namely reader and writer, and they are started after the respective threads are created. The main thread is forced to wait until the reader and writer threads exit.
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You can use the following command to compile this program:

g++ Thread.cpp main.cpp -o deadlock.exe -std=c++17 -lpthread

Observe the output of the program, as follows:



Refer to the code snippets of the Thread::getCount() and Thread::updateCount() methods:

int Thread::getCount() {
         cout << name << " is waiting for lock in getCount() method ..." << endl;
         lock_guard<mutex> locker(commonLock);
         cout << name << " has acquired lock in getCount() method ..." << endl;
         return count;
}
int Thread::updateCount() {
        count << name << " is waiting for lock in updateCount() method ..." << endl;
        lock_guard<mutex> locker(commonLock);
        cout << name << " has acquired lock in updateCount() method ..." << endl;
        int value = getCount();
        count = ++value;
        return count;
}

From the previous output screenshot image, we can understand the WRITER thread seems to have started first. As per our design, the WRITER thread will invoke the Thread::updateCount() method, which in turn will invoke the Thread::getCount() method.

From the output's screenshot, it is evident from the print statements that the Thread::updateCount() method has acquired the lock first and has then invoked the Thread::getCount() method. But since the Thread::updateCount() method hasn't released the mutex lock, there is no way for the Thread::getCount() method invoked by the WRITER thread to proceed. Meanwhile, the OS scheduler has started the READER thread, which seems to wait for the mutex lock acquired by the WRITER thread. Hence, for the READER thread to complete its task, it has to acquire the lock on the Thread::getCount() method; however, this isn't possible until the WRITER thread releases the lock. To make things even worse, the WRITER thread can't complete its task until its own Thread::getCount() method call completes its task. This is what is called a deadlock.

This is either a design or logical issue. In Unix or Linux, we can make use of the Helgrind tool to find deadlocks by racing similar synchronization issues. The Helgrind tool comes along with the Valgrind tool. The best part is that both Valgrind and Helgrind are open source tools.

In order to get the source line number that leads to a deadlock or race issue, we need to compile our code in debug mode, as shown now with -g flag:

g++ main.cpp Thread.cpp -o deadlock.exe -std=c++17 -lpthread -g

The Helgrind tool can be used to detect deadlock and similar issues, as shown here:

valgrind --tool=helgrind ./deadlock.exe

Here's a short extract of the Valgrind output:



One simple fix to resolve the issue is to refactor the Thread::updateCount() method, as shown here:

int Thread::updateCount() {
        int value = getCount();

        count << name << " is waiting for lock in updateCount() method ..." << endl;
        lock_guard<mutex> locker(commonLock);
        cout << name << " has acquired lock in updateCount() method ..." << endl;
        count = ++value;

        return count;
}

The output of the refactored program is as follows:



Interestingly, for most complex issues, the solution will be generally very simple. In other words, silly mistakes sometimes may lead to serious critical bugs.

Ideally, we should strive to prevent the deadlock issue during the design phase so that we wouldn't have to break our head doing complex debugging. The C++ thread support library mutex class offers mutex::try_lock() (since C++11 ), std::timed_mutex (since C++11), and std::scoped_lock ( since C++17 ) to avoid deadlocks and similar issues.
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Let's summarize the takeaway points:


	We should design lock-free threads when possible

	Lock-free threads tend to perform better compared to heavily synchronized/sequential threads

	Mutex is a mutually exclusive synchronization primitive

	Mutex helps synchronize the access of shared resources, one thread at a time

	Deadlocks occur due to bad use of mutex, or in general, due to bad use of any synchronization primitives

	Deadlocks are the outcome of logical or design issues

	Deadlocks can be detected with the Helgrind/Valgrind open source tools in Unix and Linux OS
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The shared mutex synchronization primitive supports two modes, namely shared and exclusive. In the shared mode, the shared mutex will allow many threads to share the resource at the same time, without any data race issues. And in the exclusive mode, it works just like regular mutex, that is, it will allow only one thread to access the resource. This is a suitable lock primitive if you have multiple readers that can access the resource safely and you allow only one thread to modify the shared resource. Refer to the chapter on C++17 for more details.
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The conditional variable synchronization primitive is used when two or more threads need to communicate with each other and proceed only when they receive a particular signal or event. The thread that waits for a particular signal or event has to acquire a mutex before it starts waiting for the signal or event.

Let's try to understand the use case of a conditional variable with a producer/consumer problem. I'm going to create two threads, namely PRODUCER and CONSUMER. The PRODUCER thread will add a value to the queue and notify the CONSUMER thread. The CONSUMER thread will wait for the notification from PRODUCER. On receipt of the notification from the PRODUCER thread, the CONSUMER thread will remove the entry from the queue and print it.

Let's understand how the Thread.h header shown here makes use of the conditional variable and mutex:

#include <iostream>
#include <thread>
#include <mutex>
#include <condition_variable>
#include <queue>
#include <string>

using namespace std;

enum ThreadType {
  PRODUCER,
  CONSUMER
};

class Thread {
private:
  static mutex locker;
  static condition_variable untilReady;
  static bool ready;
  static queue<int> appQueue;
  thread *pThread;
  ThreadType threadType;
  bool stopped;
  string name;

  void run();
public:
  Thread(ThreadType typeOfThread);
  ~Thread();
  void start();
  void stop();
  void join();
  void detach();
};

As PRODUCER and CONSUMER threads are supposed to use the same mutex and conditional_variable, they are declared static. The conditional variable synchronization primitive expects a predicate function that is going to make use of the ready boolean flag. Hence, I have declared the ready flag as well in the static scope. 

Let's move on to the Thread.cpp source file, as follows:

#include "Thread.h"

mutex Thread::locker;
condition_variable Thread::untilReady;
bool Thread::ready = false;
queue<int> Thread::appQueue;

Thread::Thread( ThreadType typeOfThread ) {
  pThread = NULL;
  stopped = false;
  threadType = typeOfThread;
  (CONSUMER == typeOfThread) ? name = "CONSUMER" : name = "PRODUCER";
}

Thread::~Thread( ) {
  delete pThread;
  pThread = NULL;
}

void Thread::run() {
  int count = 0;
  int data = 0;
  while ( 1 ) {
    switch ( threadType ) {
    case CONSUMER: 
    {

      cout << name << " waiting to acquire mutex ..." << endl;

      unique_lock<mutex> uniqueLocker( locker );

      cout << name << " acquired mutex ..." << endl;
      cout << name << " waiting for conditional variable signal..." << endl;

      untilReady.wait ( uniqueLocker, [] { return ready; } );

      cout << name << " received conditional variable signal ..." << endl;

      data = appQueue.front( ) ;

      cout << name << " received data " << data << endl;

      appQueue.pop( );
      ready = false;
    }
      cout << name << " released mutex ..." << endl;
    break;

    case PRODUCER:
    {
      cout << name << " waiting to acquire mutex ..." << endl;
      unique_lock<mutex> uniqueLocker( locker );
      cout << name << " acquired mutex ..." << endl;
      if ( 32000 == count ) count = 0;
      appQueue.push ( ++ count );
      ready = true;
      uniqueLocker.unlock();
      cout << name << " released mutex ..." << endl;
      untilReady.notify_one();
      cout << name << " notified conditional signal ..." << endl;
    }
    break;
  }
  }
}

void Thread::start( ) {
  pThread = new thread ( &Thread::run, this );
}

void Thread::stop( ) {
  stopped = true;
}

void Thread::join( ) {
  pThread->join( );
}

void Thread::detach( ) {
  pThread->detach( );
}

 

In the preceding Thread class, I used unique_lock<std::mutex>. The conditional_variable::wait() method expects unique_lock, hence I'm using unique_lock here. Now, unique_lock<std::mutex> supports ownership transfer, recursive locking, deferred locking, manual locking, and unlocking without deleting unique_lock, unlike lock_guard<std::mutex>. The lock_guard<std::mutex> instance immediately locks the mutex, and the mutex gets unlocked automatically when the lock_guard<std::mutex> instance goes out of the scope. However, lock_guard doesn't support manual unlocking.

Because we haven't created the unique_lock instance with the deferred locking option, unique_lock will lock the mutex immediately, just like lock_guard.

The Thread::run() method is our thread function. Depending on ThreadType supplied to the Thread constructor, the thread instance will behave either as the PRODUCER or CONSUMER thread.  

The PRODUCER thread first locks the mutex and appends an integer to the queue, which is shared among PRODUCER and CONSUMER threads. Once the queue is updated, PRODUCER will unlock the mutex before notifying CONSUMER; otherwise, CONSUMER will not be able to acquire the mutex and receive the conditional variable signal.

The CONSUMER thread first acquires the mutex and then waits for the conditional variable signal. On receipt of the conditional signal, the CONSUMER thread retrieves the value from the queue and prints the value and resets the ready flag so that the process can be repeated until the application is terminated.

 

It is recommended to make use of unique_lock<std::mutex>, lock_guard<std::mutex>, or scoped_lock<std::mutex> to avoid deadlocks. At times, it is possible we may not unlock the mutex that leads to deadlocks; hence, the use of mutex directly isn't recommended.

Now lets look at the code in the main.cpp file:

#include "Thread.h"

int main ( ) {

  Thread producer( ThreadType::PRODUCER );
  Thread consumer( ThreadType::CONSUMER );

  producer.start();
  consumer.start();

  producer.join();
  consumer.join();

  return 0;
} 
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Compile the program with the following command:

g++ Thread.cpp main.cpp -o conditional_variable.exe -std=c++17 -lpthread

The following snapshot demonstrates the output of the program:



Great! Our condition variable demo works as expected. The producer and consumer threads are working together cooperatively with the help of a conditional variable.
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Let me summarize the takeaway points that you learned in this section:


	Multiple threads can work together by signaling each other using a conditional variable

	A conditional variable requires the waiting thread to acquire a mutex before it can wait for a conditional signal

	Every conditional variable requires unique_lock that accepts a mutex

	The unique_lock<std::mutex> method works exactly as lock_guard<std::mutex> with some additional useful functionalities, such as deferred locking, manual lock/unlock, ownership transfer, and so on

	Unique_lock helps avoid deadlocks just like lock_guard, as the mutex wrapped by unique_lock gets unlocked automatically when the unique_lock instance goes out of scope

	You learned how to write a multithreaded application that involves threads that signal each other for synchronization
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Semaphore is yet another useful thread synchronization mechanism. But unlike mutex, semaphore allows more than one thread to access similar shared resources at the same time. Its synchronization primitive supports two types, that is, binary semaphore and counting semaphore.

Binary semaphore works just like a mutex, that is, only one thread can access the shared resource at any point of time. However, the difference is that a mutex lock can only be released by the same thread that owns it; however, a semaphore lock can be released by any thread. The other notable difference is that generally, a mutex works within the process boundary whereas semaphores are used across the process boundary. This is because it is a heavyweight lock, unlike the mutex. However, a mutex can also be used across the process if created in the shared memory region.

Counting semaphores let multiple threads share a limited number of shared resources. While mutex lets one thread access the shared resource at a time, counting semaphores allow multiple threads to share a limited number of resources, which is generally at least two or more. If a shared resource has to be accessed one thread at a time but the threads are across the process boundary, then a binary semaphore can be used. Though the use of a binary semaphore within the same process is a possibility as a binary semaphore is heavy, it isn't efficient, but it works within the same process as well.

Unfortunately, the C++ thread support library doesn't support semaphores and shared memory natively until C++17. C++17 supports lock-free programming using atomic operations, which must ensure atomic operations are thread-safe. Semaphores and shared memory let threads from other processes modify the shared resources, which is quite challenging for the concurrency module to assure thread safety of atomic operations across the process boundary. C++20 seems to bet big on concurrency, hence we need to wait and watch the move.

However, it doesn't stop you from implementing your own semaphore using the mutex and conditional variable offered by the thread support library. Developing a custom semaphore class that shares common resources within the process boundary is comparatively easy, but semaphores come in two flavors: named and unnamed. Named semaphore is used to synchronize common resources across the boundary, which is tricky. 

Alternatively, you could write a wrapper class around the POSIX pthreads semaphore primitive, which supports both named and unnamed semaphores. If you are developing a cross-platform application, writing portable code that works across all platforms is a requirement. If you go down this road, you may end up writing platform-specific code for each platform--yes, I heard it; sounds weird, right?

The Qt application framework supports semaphores natively. The use of the Qt Framework is a good choice as it is cross-platform. The downside is that the Qt Framework is a third-party framework.

The bottom line is you may have to choose between pthreads and the Qt Framework or refactor your design and try to solve things with native C++ features. Restricting your application development using only C++ native features is difficult but guarantees portability across all platforms. 
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Every modern programming language supports concurrency, offering high-level APIs that allow the execution of many tasks simultaneously. C++ supports concurrency starting from C++11 and more sophisticated APIs got added further in C++14 and C++17. Though the C++ thread support library allows multithreading, it requires writing lengthy code using complex synchronizations; however, concurrency lets us execute independent tasks--even loop iterations can run concurrently without writing complex code. The bottom line is parallelization is made more easy with concurrency.  

The concurrency support library complements the C++ thread support library. The combined use of these two powerful libraries makes concurrent programming more easy in C++.

Let's write a simple Hello World program using C++ concurrency in the following file named main.cpp:

#include <iostream>
#include <future>
using namespace std;

void sayHello( ) {
  cout << endl << "Hello Concurrency support library!" << endl;
}

int main ( ) {
  future<void> futureObj = async ( launch::async, sayHello );
  futureObj.wait( );

  return 0;
}

Let's try to understand the main() function. Future is an object of the concurrency module that helps the caller function retrieve the message passed by the thread in an asynchronous fashion. The void in future<void> represents the sayHello() thread function that is not expected to pass any message to the caller, that is, the main thread function. The async class lets us execute a function in two modes, namely launch::async or launch::deferred mode.

The launch::async mode lets the async object launch the sayHello() method in a separate thread, whereas the launch::deferred mode lets the async object invoke the sayHello() function without creating a separate thread. In launch::deferred mode, the sayHello() method invocation will be different until the caller thread invokes the future::get() method.

The futureObj.wait() voice is used to block the main thread to let the sayHello() function complete its task. The future::wait() function is similar to thread::join() in the thread support library.
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Let's go ahead and compile the program with the following command:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread

Let's launch concurrency.exe, as shown ahead, and understand how it works:





            

            
        
    
        

                            
                    Asynchronous message passing using the concurrency support library

                
            
            
                
Let's slightly modify main.cpp, the Hello World program we wrote in the previous section. Let's understand how we could pass a message from a Thread function to the caller function asynchronously:

#include <iostream>
#include <future>
using namespace std;

void sayHello( promise<string> promise_ ) {
  promise_.set_value ( "Hello Concurrency support library!" );
}

int main ( ) {
  promise<string> promiseObj;

  future<string> futureObj = promiseObj.get_future( );
  async ( launch::async, sayHello, move( promiseObj ) );
  cout << futureObj.get( ) << endl;

  return 0;
}

In the previous program, promiseObj is used by the sayHello() thread function to pass the message to the main thread asynchronously. Note that promise<string> implies that the sayHello() function is expected to pass a string message, hence the main thread retrieves future<string>. The future::get() function call will be blocked until the sayHello() thread function calls the promise::set_value() method.

However, it is important to understand that future::get() must only be called once as the corresponding promise object will be destructed after the call to the future::get() method invocation. 

Did you notice the use of the std::move() function? The std::move() function basically transfers the ownership of promiseObj to the sayHello() thread function, hence promiseObj must not be accessed from the main thread after std::move() is invoked.
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Let's go ahead and compile the program with the following command:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread

Observe how the concurrency.exe application works by launching concurrency.exe as shown ahead:



As you may have guessed, the output of this program is exactly the same as our previous version. But this version of our program makes use of promise and future objects, unlike the previous version that doesn't support message passing.
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The concurrency support module supports a concept called task. A task is work that happens concurrently across threads. A concurrent task can be created using the packaged_task class. The packaged_task class conveniently connects the thread function, the corresponding promise, and feature objects.

Let's understand the use of packaged_task with a simple example. The following program gives us an opportunity to taste a bit of functional programming with lambda expressions and functions:

#include <iostream>
#include <future>
#include <promise>
#include <thread>
#include <functional>
using namespace std;

int main ( ) {
     packaged_task<int (int, int)>
        addTask ( [] ( int firstInput, int secondInput ) {
              return firstInput + secondInput;
     } );
 
     future<int> output = addTask.get_future( );
     addTask ( 15, 10 );
 
     cout << "The sum of 15 + 10 is " << output.get() << endl;
     return 0;
}

In the previously shown program, I created a packaged_task instance called addTask. The packaged_task< int (int,int)> instance implies that the add task will return an integer and take two integer arguments:

addTask ( [] ( int firstInput, int secondInput ) {
              return firstInput + secondInput;
}); 

The preceding code snippet indicates it is a lambda function that is defined anonymously. 

The interesting part is that the addTask( ) call in main.cpp appears like a regular function call. The future<int> object is extracted from the packaged_task instance addTask, which is then used to retrieve the output of the addTask via the future object instance, that is, the get() method.
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Let's go ahead and compile the program with the following command:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread

Let's quickly launch concurrency.exe and observe the output shown next:



Cool! You learned how to use lambda functions with the concurrency support library.



            

            
        
    
        

                            
                    Using tasks with a thread support library

                
            
            
                
In the previous section, you learned how packaged_task can be used in an elegant way. I love lambda functions a lot. They look a lot like mathematics. But not everyone likes lambda functions as they degrade readability to some extent. Hence, it isn't mandatory to use lambda functions with a concurrent task if you don't prefer lambdas. In this section, you'll understand how to use a concurrent task with the thread support library, as shown in the following code:

#include <iostream>
#include <future>
#include <thread>
#include <functional>
using namespace std;

int add ( int firstInput, int secondInput ) {
  return firstInput + secondInput;
}

int main ( ) {
  packaged_task<int (int, int)> addTask( add);

  future<int> output = addTask.get_future( );

  thread addThread ( move(addTask), 15, 10 );

  addThread.join( );

  cout << "The sum of 15 + 10 is " << output.get() << endl;

  return 0;
}
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Let's go ahead and compile the program with the following command:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread

Let's launch concurrency.exe, as shown in the following screenshot, and understand the difference between the previous program and the current version:



Yes, the output is the same as the previous section because we just refactored the code.

Wonderful! You just learned how to integrate the C++ thread support library with concurrent components. 
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In this section, you will learn how you can bind the thread function and its respective arguments with packaged_task.

Let's take the code from the previous section and modify it to understand the bind feature, as follows:

#include <iostream>
#include <future>
#include <string>
using namespace std;

int add ( int firstInput, int secondInput ) {
  return firstInput + secondInput;
}

int main ( ) {

  packaged_task<int (int,int)> addTask( add );
  future<int> output = addTask.get_future();
  thread addThread ( move(addTask), 15, 10);
  addThread.join();
  cout << "The sum of 15 + 10 is " << output.get() << endl;
  return 0;
}

The std::bind( ) function binds the thread function and its arguments with the respective task. Since the arguments are bound upfront, there is no need to supply the input arguments 15 or 10 once again. These are some of the convenient ways in which packaged_task can be used in C++. 



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
Let's go ahead and compile the program with the following command:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread

Let's launch concurrency.exe, as shown in the following screenshot, and understand the difference between the previous program and the current version:



Congrats! You have learned a lot about concurrency in C++ so far. 



            

            
        
    
        

                            
                    Exception handling with the concurrency library

                
            
            
                
The concurrency support library also supports passing exceptions via a future object.  

Let's understand the exception concurrency handling mechanism with a simple example, as follows:

#include <iostream>
#include <future>
#include <promise>
using namespace std;
 
void add ( int firstInput, int secondInput, promise<int> output ) {
  try {
         if ( ( INT_MAX == firstInput ) || ( INT_MAX == secondInput ) )
             output.set_exception( current_exception() ) ;
        }
  catch(...) {}

       output.set_value( firstInput + secondInput ) ;

}

int main ( ) {


     try {
    promise<int> promise_;
          future<int> output = promise_.get_future();
    async ( launch::deferred, add, INT_MAX, INT_MAX, move(promise_) );
          cout << "The sum of INT_MAX + INT_MAX is " << output.get ( ) << endl;
     }
     catch( exception e ) {
  cerr << "Exception occured" << endl;
     }
}



Just like the way we passed the output messages to the caller function/thread, the concurrency support library also allows you to set the exception that occurred within the task or asynchronous function. When the caller thread invokes the future::get() method, the same exception will be thrown, hence communicating exceptions is made easy.



            

            
        
    
        

                            
                    How to compile and run

                
            
            
                
Let's go ahead and compile the program with the following command. Uncle fruits and yodas malte:

g++ main.cpp -o concurrency.exe -std=c++17 -lpthread





            

            
        
    
        

                            
                    What did you learn?

                
            
            
                
Let me summarize the takeaway points:


	The concurrency support library offers high-level components that enable the execution of several tasks concurrently

	Future objects let the caller thread retrieve the output of the asynchronous function 

	The promise object is used by the asynchronous function to set the output or exception

	The type of FUTURE and PROMISE object must be the same as the type of the value set by the asynchronous function

	Concurrent components can be used in combination with the C++ thread support library seamlessly

	The lambda function and expression can be used with the concurrency support library





            

            
        
    
        

                            
                    Summary

                
            
            
                
In this chapter, you learned about the differences between the C++ thread support library and the pthread C library, Mutex synchronization mechanism, deadlocks and strategies of preventing a deadlock. You further learned how to write synchronous functions using the concurrency library, and further studied lambda function and expression.

In the next chapter, you will learn about test-driven development as an extreme programming approach.



            

            
        
    
        

                            
                    Test-Driven Development

                
            
            
                
This chapter will cover the following topics:


	A brief overview of test-driven development 

	Common myths and questions around TDD

	Whether it takes more efforts for a developer to write unit tests

	Whether code coverage metrics is good or bad

	Whether TDD would work for complex legacy projects

	Whether TDD is even applicable for embedded products or products that involve hardware

	Unit test frameworks for C++

	Google test framework

	Installing Google test framework on Ubuntu

	The process to build a Google test and mock together as one single static library without installing them

	Writing our first test case using Google test framework

	Using Google test framework in Visual Studio IDE

	TDD in action

	Testing legacy code that has dependency



Let's deep dive into these TDD topics.



            

            
        
    
        

                            
                    TDD

                
            
            
                
Test-driven development (TDD) is an extreme programming practice. In TDD, we start with a test case and incrementally write the production code that is required to make the test case succeed. The idea is that one should focus on one test case or scenario at a time and once the test case passes, they can then move on to the next scenario. In this process, if the new test case passes, we shouldn't modify the production code. In other words, in the process of developing a new feature or while fixing a bug, we can modify the production code only for two reasons: either to ensure the test case passes or to refactor the code. The primary focus of TDD is unit testing; however, it can be extended to integration and interaction testing to some extent.

The following figure demonstrates the TDD process visually:



When TDD is followed religiously, one can achieve both functional and structural quality of the code. It is very crucial that you write the test case first before writing the production code as opposed to writing test cases at the end of the development phase. This makes quite a lot of difference. For instance, when a developer writes unit test cases at the end of development, it is very unlikely that the test cases will find any defect in the code. The reason is that the developers will unconsciously be inclined to prove their code is doing the right thing when the test case is written at the end of development. Whereas, when developers write test cases upfront, as no code is written yet, they start thinking from the end user's point of view, which would encourage them to come up with numerous scenarios from the requirement specification point of view.  

In other words, test cases written against code that is already written will generally not find any bug as it tends to prove the code written is correct, instead of testing it against the requirement. As developers think of various scenarios before writing code, it helps them write better code incrementally, ensuring that the code does take care of those scenarios. However, when the code has loopholes, it is the test case that helps them find issues, as test cases will fail if they don't meet the requirements.

TDD is not just about using some unit test framework. It requires cultural and mindset change while developing or fixing defects in the code. Developers' focus should be to make the code functionally correct. Once the code is developed in this fashion, it is highly recommended that the developers should also focus on removing any code smells by refactoring the code; this will ensure the structural quality of the code would be good as well. In the long run, it is the structural quality of the code that would make the team deliver features faster.   



            

            
        
    
        

                            
                    Common myths and questions around TDD

                
            
            
                
There are lots of myths and common doubts about TDD that crosses everyone's mind when they are about to start their TDD journey. Let me clarify most of them that I came across, for while I consulted many product giants around the globe.



            

            
        
    
        

                            
                    Does it take more efforts for a developer to write a unit test? 

                
            
            
                
One of the common doubts that arises in the minds of most developers is, "How am I supposed to estimate my effort when we adapt to TDD?" As developers are supposed to write unit and integration test cases as part of TDD, it is no wonder you are concerned about how to negotiate with the customer or management for the additional effort required to write test cases in addition to writing code. No worries, you aren't alone; as a freelance software consultant myself, many developers have asked me this question.  

As a developer, you test your code manually; instead, write automated test cases now. The good news is that it is a one-time effort that is guaranteed to help you in the long run. While a developer requires repeated manual effort to test their code, every time they change the code, the already existing automated test cases will help the developer by giving them immediate feedback when they integrate a new piece of code.   

The bottom line is that it requires some additional effort, but in the long run, it helps reduce the effort required. 



            

            
        
    
        

                            
                    Is code coverage metrics good or bad?

                
            
            
                
Code coverage tools help developers identify gaps in their automated test cases. No doubt, many times it will give a clue about missing test scenarios, which would eventually further strengthen the automated test cases. But when an organization starts enforcing code coverage as a measure to check the effectiveness of test coverage, it sometimes drives the developers in the wrong direction. From my practical consulting experience, what I have learned is that many developers start writing test cases for constructors and private and protected functions to show higher code coverage. In this process, developers start chasing numbers and lose the ultimate goal of TDD.

In a particular source with a class that has 20 methods, it is possible that only 10 methods qualify for unit testing while the other methods are complex functionality. In such a case, the code coverage tools will show only 50 percent code coverage, which is absolutely fine as per the TDD philosophy. However, if the organization policy enforces a minimum 75 percent code coverage, then the developers will have no choice other than testing the constructor, destructor, private, protected, and complex functions for the sake of showing good code coverage. 

The trouble with testing private and protected methods is that they tend to change more often as they are marked as implementation details. When private and protected methods change badly, that calls for modifying test cases, which makes the developer's life harder in terms of maintaining the test cases.

Hence, code coverage tools are very good developer tools to find test scenario gaps, but it should be left to a developer to make a wise choice of whether to write a test case or ignore writing test cases for certain methods, depending on the complexity of the methods. However, if code coverage is used as project metrics, it more often tends to drive developers to find wrong ways to show better coverage, leading to bad test case practices. 



            

            
        
    
        

                            
                    Does TDD work for complex legacy projects? 

                
            
            
                
Certainly! TDD works for any type of software project or products. TDD isn't meant just for new products or projects; it is also proven to be more effective with complex legacy projects or products. In a maintenance project, the vast majority of the time one has to fix defects and very rarely one has to support a new feature. Even in such legacy code, one can follow TDD while fixing defects. 

As a developer, you would readily agree with me that once you are able to reproduce the issue, almost half of the problem can be considered fixed from the developer's point of view. Hence, you can start with a test case that reproduces the issue and then debug and fix the issue. When you fix the issue, the test case will start passing; now it's time to think of another possible test case that may reproduce the same defect and repeat the process. 



            

            
        
    
        

                            
                    Is TDD even applicable for embedded or products that involve hardware?

                
            
            
                
Just like application software can benefit from TDD, embedded projects or projects that involve hardware interactions can also benefit from the TDD approach. Interestingly, embedded projects or products that involve hardware benefit more from TDD as they can test most part of their code without the hardware by isolating the hardware dependency. TDD helps reduce time to market as most part of the software can be tested by the team without waiting for the hardware. As most part of the code is already tested thoroughly without hardware, it helps avoid last-minute surprises or firefighting when the board bring-up happens. This is because most of the scenarios would have been tested thoroughly.

As per software engineering best practices, a good design is loosely coupled and strongly cohesive in nature. Though we all strive to write code that is loosely coupled, it isn't possible to write code that is absolutely independent all the time. Most times, the code has some type of dependency. In the case of application software, the dependency could be a database or a web server; in the case of embedded products, the dependency could be a piece of hardware. But using dependency inversion, code under test (CUT) can be isolated from its dependency, enabling us to test the code without its dependency, which is a powerful technique. So as long as we are open to refactoring the code to make it more modular and atomic, any type of code and project or product will benefit from the TDD approach.



            

            
        
    
        

                            
                    Unit testing frameworks for C++

                
            
            
                
As a C++ developer, you have quite a lot of options when choosing between unit testing frameworks. While there are many more frameworks, these are some of the popular ones: CppUnit, CppUnitLite, Boost, MSTest, Visual Studio unit test, and Google test framework.  

Though older articles, I recommend you to take a look at http://gamesfromwithin.com/exploring-the-c-unit-testing-framework-jungle and https://accu.org/index.php/journals/. They might give you some insight into this topic. 

Without any second thought, Google test framework is one of the most popular testing frameworks for C++ as it is supported on a wide variety of platforms, actively developed, and above all, backed by Google.

Throughout this chapter, we will use the Google test and Google mock frameworks. However, the concepts discussed in this chapter are applicable to all unit test frameworks. We'll deep dive into Google test framework and its installation procedure in the next sections.



            

            
        
    
        

                            
                    Google test framework

                
            
            
                
Google test framework is an open source testing framework that works on quite a lot of platforms. TDD only focuses on unit testing and to some extent integration testing, but the Google test framework can be used for a wide variety of testing. It classifies test cases as small, medium, large, fidelity, resilience, precision, and other types of test cases. Unit test cases fall in small, integration test cases fall in medium, and complex functionalities and acceptance test cases fall in the large category.

It also bundles the Google mock framework as part of it. As they are technically from the same team, they play with each other seamlessly. However, the Google mock framework can be used with other testing frameworks, such as CppUnit.



            

            
        
    
        

                            
                    Installing Google test framework on Ubuntu

                
            
            
                
You can download the Google test framework from https://github.com/google/googletest as source code. However, the best way to download it is via the Git clone from the terminal command line:

git clone https://github.com/google/googletest.git

Git is an open source distributed version control system (DVCS). If you haven't installed it on your system, you will find more information on why you should, at https://git-scm.com/. However, in Ubuntu, it can be easily installed with the sudo apt-get install git command.

Once the code is downloaded as shown in Figure 7.1, you'll be able to locate the Google test framework source code in the googletest folder:



Figure 7.1

The googletest folder has both the googletest and googlemock frameworks in separate folders. Now we can invoke the cmake utility to configure our build and autogenerate Makefile, as follows:   

cmake CMakeLists.txt



Figure 7.2

When the cmake utility is invoked, it detects the C/C++ header's files and its path that are necessary to build the Google test framework from the source code. Also, it will try to locate the tools required to build the source code. Once all the necessary headers and tools are located, it will autogenerate the Makefile. Once you have Makefile in place, you can use it to compile and install Google test and Google mock on your system:

sudo make install

The following screenshot demonstrates how you can install google test on your system:



Figure 7.3

In the preceding image, the make install command has compiled and installed libgmock.a and libgtest.a static library files in the /usr/local/lib folder. Since the /usr/local/lib folder path is generally in the system's PATH environment variable, it can be accessed from any project within the system.



            

            
        
    
        

                            
                    How to build google test and mock together as one single static library without installing?

                
            
            
                
In case you don't prefer installing the libgmock.a and libgtest.a static library files and the respective header files on common system folders, then there is yet another way to build the Google test framework.

The following command will create three object files, as shown in Figure 7.4:

g++ -c googletest/googletest/src/gtest-all.cc googletest/googlemock/src/gmock-all.cc googletest/googlemock/src/gmock_main.cc -I googletest/googletest/ -I googletest/googletest/include -I googletest/googlemock -I googletest/googlemock/include -lpthread -



Figure 7.4

The next step is to combine all the object files into a single static library with the following command:

ar crf libgtest.a gmock-all.o gmock_main.o gtest-all.o

If all goes well, your folder should have the brand new libgtest.a static library, as shown in Figure 7.5. Let's understand the following command instructions:

g++ -c googletest/googletest/src/gtest-all.cc    googletest/googlemock/src/gmock-all.cc googletest/googlemock/src/gmock_main.cc -I googletest/googletest/ -I googletest/googletest/include 
-I googletest/googlemock  -I googletest/googlemock/include -lpthread -std=c++14

The preceding command will help us create three object files: gtest-all.o, gmock-all.o, and gmock_main.o. The googletest framework makes use of some C++11 features, and I have purposefully used c++14 to be on the safer side. The gmock_main.cc source file has a main function that will initialize the Google mock framework, which in turn will internally initialize the Google test framework. The best part about this approach is that we don't have to supply the main function for our unit test application. Please note the compilation command includes the following include paths to help the g++ compiler locate the necessary header files in the Google test and Google mock frameworks:

-I googletest/googletest
-I googletest/googletest/include
-I googletest/googlemock
-I googletest/googlemock/include

Now the next step is to create our libgtest.a static library that will bundle both gtest and gmock frameworks into one single static library. As the Google test framework makes use of multiple threads, it is mandatory to link the pthread library as part of our static library:

ar crv libgtest.a gtest-all.o gmock_main.o gmock-all.o

The ar archive command helps combine all the object files into a single static library.

The following image demonstrates the discussed procedure practically in a terminal: 



Figure 7.5



            

            
        
    
        

                            
                    Writing our first test case using the Google test framework

                
            
            
                
Learning the Google test framework is pretty easy. Let's create two folders: one for production code and the other for test code. The idea is to separate the production code from the test code. Once you have created both the folders, start with the Math.h header, as shown in Figure 7.6:



Figure 7.6

The Math class has just one function to demonstrate the usage of the unit test framework. To begin with, our Math class has a simple add function that is good enough to understand the basic usage of the Google test framework.



In the place of the Google test framework, you could use CppUnit as well and integrate mocking frameworks such as the Google mock framework, mockpp, or opmock.

Let's implement our simple Math class in the following Math.cpp source file:



Figure 7.7

The preceding two files are supposed to be in the src folder, as shown in Figure 7.8. All of the production code gets into the src folder, and any number of files can be part of the src folder.



Figure 7.8

As we have written some production code, let's see how to write some basic test cases for the preceding production code. As a general best practice, it is recommended to name the test case file as either MobileTest or TestMobile so that it is easy for anyone to predict the purpose of the file. In C++ or in the Google test framework, it isn't mandatory to maintain the filename and class name as the same, but it is generally considered a best practice as it helps anyone locate a particular class just by looking at the filenames.



Both the Google test framework and Google mock framework go hand in hand as they are from the same team, hence this combination works pretty well in the majority of the platforms, including embedded platforms.

As we have already compiled our Google test framework as a static library, let's begin with the MathTest.cpp source file straight away:



Figure 7.9

In Figure 7.9, at line number 18, we included the gtest header file from the Google test framework. In the Google test framework, test cases are written using a TEST macro that takes two parameters. The first parameter, namely MathTest, represents the test module name and the second parameter is the name of the test case. Test modules help us group a bunch of related test cases under a module. Hence, it is very important to name the test module and test case aptly to improve the readability of the test report. 

As you are aware, Math is the class we are intending to test; we have instantiated an object of the Math object at line 22. In line 25, we invoked the add function on the math object, which is supposed to return the actual result. Finally, at line 27, we checked whether the expected result matches the actual result. The Google test macro EXPECT_EQ will mark the test case as passed if the expected and actual result match; otherwise, the framework will mark the test case outcome as failed.  

Cool, we are all set now. Let's see how to compile and run our test case now. The following command should help you compile the test case:

g++ -o tester.exe src/Math.cpp test/MathTest.cpp -I googletest/googletest 
-I googletest/googletest/include -I googletest/googlemock     
-I googletest/googlemock/include -I src libgtest.a -lpthread


Note that the compilation command includes the following include path:

-I googletest/googletest
-I googletest/googletest/include
-I googletest/googlemock
-I googletest/googlemock/include
-I src

Also, it is important to note that we also linked our Google test static library libgtest.a and the POSIX pthreads library as the Google test framework makes use of multiple .



Figure 7.10

Congrats! We have compiled and executed our first test case successfully. 



            

            
        
    
        

                            
                    Using Google test framework in Visual Studio IDE

                
            
            
                
First, we need to download the Google test framework .zip file from https://github.com/google/googletest/archive/master.zip. The next step is to extract the .zip file in some directory. In my case, I have extracted it into the googletest folder and copied all the contents of googletest googletest-master\googletest-master to the googletest folder, as shown in Figure 7.11:



Figure 7.11

It is time to create a simple project in Visual Studio. I have used Microsoft Visual Studio Community 2015. However, the procedure followed here should pretty much remain the same for other versions of Visual Studio, except that the options might be available in different menus.

You need to create a new project named MathApp by navigating to New Project | Visual Studio | Windows | Win32 | Win32 Console Application, as shown in Figure 7.12. This project is going to be the production code to be tested.



 Figure 7.12

Let's add the MyMath class to the MathApp project. The MyMath class is the production code that will be declared in MyMath.h and defined in MyMath.cpp. 

Let's take a look at the MyMath.h header file shown in Figure 7.13:



Figure 7.13

The definition of the MyMath class looks as shown in Figure 7.14:



Figure 7.14

As it is a console application, it is mandatory to supply the main function, as shown in Figure 7.15: 



Figure 7.15

Next, we are going to add a static library project named GoogleTestLib to the same MathApp project solution, as shown in Figure 7.16:



Figure 7.16

Next, we need to add the following source files from the Google test framework to our static library project: 

C:\Users\jegan\googletest\googletest\src\gtest-all.cc
C:\Users\jegan\googletest\googlemock\src\gmock-all.cc
C:\Users\jegan\googletest\googlemock\src\gmock_main.cc

In order to compile the static library, we need to include the following header file paths in GoogleTestLib/Properties/VC++ Directories/Include directories:

C:\Users\jegan\googletest\googletest
C:\Users\jegan\googletest\googletest\include
C:\Users\jegan\googletest\googlemock
C:\Users\jegan\googletest\googlemock\include

You may have to customize the paths based on where you have copied/installed the Google test framework in your system.

Now it's time to add the MathTestApp Win32 console application to the MathApp solution. We need to make MathTestApp as a StartUp project so that we can directly execute this application. Let's ensure there are no source files in the MathTestApp project before we add a new source file named MathTest.cpp to the MathTestApp project.

We need to configure the same set of Google test framework include paths we added to the GoogleTestLib static library. In addition to this, we must also add the MathApp project directory as the test project will refer to the header file in the MathApp project, as follows. However, customize the paths as per the directory structure you follow for this project in your system:

C:\Users\jegan\googletest\googletest
C:\Users\jegan\googletest\googletest\include
C:\Users\jegan\googletest\googlemock
C:\Users\jegan\googletest\googlemock\include
C:\Projects\MasteringC++Programming\MathApp\MathApp

In the MathAppTest project, make sure you have added references to MathApp and GoogleTestLib so that the MathAppTest project will compile the other two projects when it senses changes in them.

Great! We are almost done. Now let's implement MathTest.cpp, as shown in Figure 7.17:



Figure 7.17

Everything is ready now; let's run the test cases and check the result:



Figure 7.18



            

            
        
    
        

                            
                    TDD in action

                
            
            
                
Let's see how to develop an Reverse Polish Notation (RPN) calculator application that follows the TDD approach. RPN is also known as the postfix notation. The expectation from the RPN Calculator application is to accept a postfix math expression as an input and return the evaluated result as the output. 

Step by step, I would like to demonstrate how one can follow the TDD approach while developing an application. As the first step, I would like to explain the project directory structure, then we'll move forward. Let's create a folder named Ex2 with the following structure:



Figure 7.19

The googletest folder is the gtest test library that has the necessary gtest and gmock header files. Now libgtest.a is the Google test static library that we created in the previous exercise. We are going to use the make utility to build our project, hence I have placed a Makefile in the project home directory. The src directory will hold the production code, while the test directory will hold all the test cases that we are going to write.  

Before we start writing test cases, let's take a postfix math "2  5  *  4  +  3  3  *  1  +  /" and understand the standard postfix algorithm that we are going to apply to evaluate the RPN math expression. As per the postfix algorithm, we are going to parse the RPN math expression one token at a time. Whenever we encounter an operand (number), we are going to push that into the stack. Whenever we encounter an operator, we are going to pop out two values from the stack, apply the math operation, push back the intermediate result into the stack, and repeat the procedure until all the tokens are evaluated in the RPN expression. At the end, when no more tokens are left in the input string, we will pop out the value and print it as the result. The procedure is demonstrated step by step in the following figure:



Figure 7.20

To start with, let's take a simple postfix math expression and translate the scenario into a test case:

Test Case : Test a simple addition
Input: "10 15 +"
Expected Output: 25.0

Let's translate the preceding test case as a Google test in the test folder, as follows:

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testSimpleAddition ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "10 15 +" ); 
         double expectedResult = 25.0; 
         EXPECT_EQ ( expectedResult, actualResult ); 
}

In order to compile the preceding test case, let's write the minimal production code that is required in the src folder, as follows:

src/RPNCalculator.h

#include <iostream>
#include <string>
using namespace std;

class RPNCalculator {
  public:
      double evaluate ( string );
};

As the RPN math expression will be supplied as a space-separated string, the evaluate method will take a string input argument:

src/RPNCalculator.cpp

#include "RPNCalculator.h"

double RPNCalculator::evaluate ( string rpnMathExpression ) {
    return 0.0;
}

The following Makefile class helps run the test cases every time we compile the production code:



Figure 7.21

Now let's build and run the test case and check the test case's outcome:



Figure 7.22

In TDD, we always start with a failing test case. The root cause of the failure is that the expected result is 25, while the actual result is 0. The reason is that we haven't implemented the evaluate method, hence we have hardcoded to return 0, irrespective of any input. So let's implement the evaluate method in order to make the test case pass.

We need to modify src/RPNCalculator.h and src/RPNCalculator.cpp as follows:



Figure 7.23

In the RPNCalculator.h header file, observe the new header files that are included to handle string tokenizing and string double conversion and copy the RPN tokens to the vector:



Figure 7.24

As per the standard postfix algorithm, we are using a stack to hold all the numbers that we find in the RPN expression. Anytime we encounter the + math operator, we pop out two values from the stack and add them and push back the results into the stack. If the token isn't a + operator, we can safely assume that it would be a number, so we just push the value to the stack.

With the preceding implementation in place, let's try the test case and check whether the test case passes:



Figure 7.25

Cool, our first test case has passed as expected. It's time to think of another test case. This time, let's add a test case for subtraction:

Test Case : Test a simple subtraction
Input: "25 10 -"
Expected Output: 15.0

Let's translate the preceding test case as a Google test in the test folder, as follows:

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testSimpleSubtraction ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "25 10 -" ); 
         double expectedResult = 15.0; 
         EXPECT_EQ ( expectedResult, actualResult ); 
}

With the preceding test case added to test/RPNCalculatorTest, it should now look like this:



Figure 7.26

Let's execute the test cases and check whether our new test case passes:



Figure 7.27

As expected, the new test fails as we haven't added support for subtraction in our application yet. This is very evident, based on the C++ exception, as the code attempts to convert the subtraction - operator into a number. Let's add support for subtraction logic in our evaluate method:  



Figure 7.28

It's time to test. Let's execute the test case and check whether things are working:



Figure 7.29

Cool! Did you notice that our test case failed in this instance? Wait a minute. Why are we excited if the test case failed? The reason we should be happy is that our test case found a bug; after all, that is the main intent of TDD, isn't?



Figure 7.30

The root cause of the failure is that the Stack operates on the basis of Last In First Out (LIFO) whereas our code assumes FIFO. Did you notice that our code assumes that it will pop out the first number first while the reality is that it is supposed to pop out the second number first? Interesting, this bug was there in the addition operation too; however, since addition is associative, the bug was kind of suppressed but the subtraction test case detected it.



Figure 7.31

Let's fix the bug as shown in the preceding screenshot and check whether the test cases will pass:



Figure 7.32

Awesome! We fixed the bug and our test case seems to certify they are fixed. Let's add more test cases. This time, let's add a test case to verify multiplication: 

Test Case : Test a simple multiplication
Input: "25 10 *"
Expected Output: 250.0

Let's translate the preceding test case as a google test in the test folder, as follows:

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testSimpleMultiplication ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "25 10 *" ); 
         double expectedResult = 250.0; 
         EXPECT_EQ ( expectedResult, actualResult ); 
}

We know this time the test case is going to fail, so let's fast forward and take a look at the division test case:

Test Case : Test a simple division
Input: "250 10 /"
Expected Output: 25.0

Let's translate the preceding test case as a google test in the test folder, as follows:

 

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testSimpleDivision ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "250 10 /" ); 
         double expectedResult = 25.0; 
         EXPECT_EQ ( expectedResult, actualResult );
}

Let's skip the test result and move forward with a final complex expression test case that involves many operations:

Test Case : Test a complex rpn expression
Input: "2  5  *  4  + 7  2 -  1  +  /"
Expected Output: 25.0

Let's translate the preceding test case as a google test in the test folder, as shown here:

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testSimpleDivision ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "250 10 /" ); 
         double expectedResult = 25.0; 
         EXPECT_EQ ( expectedResult, actualResult );
}

Let's check whether our RPNCalculator application is able to evaluate a complex RPN expression that involves addition, subtraction, multiplication, and division in a single expression with the following test case:

 

test/RPNCalculatorTest.cpp

TEST ( RPNCalculatorTest, testComplexExpression ) { 
         RPNCalculator rpnCalculator; 
         double actualResult = rpnCalculator.evaluate ( "2  5  *  4  +  7  2 - 1 +  /" ); 
         double expectedResult = 2.33333; 
         ASSERT_NEAR ( expectedResult, actualResult, 4 );
}

In the preceding test case, we are checking whether the expected result matches the actual result to the approximation of up to four decimal places. If the values are different beyond this approximation, then the test case is supposed to fail.

Let's check the test case output now:



Figure 7.33

Great! All the test cases are green. 

Now let's take a look at our production code and check whether there is any room for improvement:



Figure 7.34

The code is functionally good but has many code smells. It is a long method with the nested if-else condition and duplicate code. TDD is not just about test automation; it is also about writing good code without code smells. Hence, we must refactor code and make it more modular and reduce the code complexity.  

We can apply polymorphism or the strategy design pattern here instead of the nested if-else conditions. Also, we can use the factory method design pattern to create various subtypes. There is also scope to use the Null Object Design Pattern.  

The best part is we don't have to worry about the risk of breaking our code in the process of refactoring as we have a sufficient number of test cases to give us feedback in case we break our code.

First, let's understand how we could refactor the RPNCalculator design shown in Figure 7.35:



Figure 7.35

Based on the preceding design refactoring approach, we can refactor RPNCalculator as shown in Figure 7.36:



Figure 7.36

If you compare the RPNCalculator code before and after refactoring, you'll find that code complexity has reduced to a decent amount after refactoring. 

The MathFactory class can be implemented as shown in Figure 7.37:



Figure 7.37

As much as possible, we must strive to avoid if-else conditions, or in general, we must try to avoid code branching when possible. Hence, STL map is used to avoid if-else conditions. This also promotes the reuse of the same Math objects, irrespective of the complexity of the RPN expression.  

You will get an idea of how the MathOperator Add class is implemented if you refer to Figure 7.38:



Figure 7.38

The Add class definition looks as shown in Figure 7.39:



Figure 7.39

The subtract, multiplication, and division classes can be implemented in the similar fashion, as an Add class. The bottom line is that after refactoring, we can refactor a single RPNCalculator class into smaller and maintainable classes that can be tested individually.

Let's take a look at the refactored Makefile class in Figure 7.40 and test our code after the refactoring process is complete:



Figure 7.40

If all goes well, we should see all the test cases pass after refactoring if no functionalities are broken, as shown in Figure 7.41:



Figure 7.41

Cool! All the test cases have passed, hence it is guaranteed that we haven't broken the functionality in the process of refactoring. The main intent of TDD is to write testable code that is both functionally and structurally clean.



            

            
        
    
        

                            
                    Testing a piece of legacy code that has dependency

                
            
            
                
In the previous section, the CUT was independent with no dependency, hence the way it tested the code was straightforward. However, let's discuss how we can unit test the CUT that has dependencies. For this, refer to the following image:  



Figure 7.42

In Figure 7.42, it is apparent that Mobile has a dependency on Camera and the association between Mobile and Camera is composition. Let's see how the Camera.h header file is implemented in a legacy application:



Figure 7.43

For demonstration purposes, let's take this simple Camera class that has ON() and OFF() functionalities. Let's assume that the ON/OFF functionality will interact with the camera hardware internally. Check out the Camera.cpp source file in Figure 7.44:



Figure 7.44

For debugging purposes, I have added some print statements that will come in handy when we test the powerOn() and powerOff() functionalities of mobile. Now let's check the Mobile class header file in Figure 7.45:



 Figure 7.45

We move on to the mobile implementation, as illustrated in Figure 7.46:



Figure 7.46

From the Mobile constructor implementation, it is evident that mobile has a camera or to be precise composition relationship. In other words, the Mobile class is the one that constructs the Camera object, as shown in Figure 7.46, line 21, in the constructor. Let's try to see the complexity involved in testing the powerOn() functionality of Mobile; the dependency has a composition relationship with the CUT of Mobile.

Let's write the powerOn() test case assuming camera On has succeeded, as follows:

TEST ( MobileTest, testPowerOnWhenCameraONSucceeds ) {

     Mobile mobile;
     ASSERT_TRUE ( mobile.powerOn() );

}

Now let's try to run the Mobile test case and check the test outcome, as illustrated in Figure 7.47:



Figure 7.47

From Figure 7.47, we can understand that the powerOn() test case of Mobile has passed. However, we also understand that the real ON() method of the Camera class also got invoked. This, in turn, will interact with the camera hardware. At the end of the day, it is not a unit test as the test outcome isn't completely dependent on the CUT. If the test case had failed, we wouldn't have been able to pinpoint whether the failure was due to the code in the powerOn() logic of mobile or the code in the ON() logic of camera, which would have defeated the purpose of our test case. An ideal unit test should isolate the CUT from its dependencies using dependency injection and test the code. This approach will help us identify the behavior of the CUT in normal or abnormal scenarios. Ideally, when a unit test case fails, we should be able to guess the root cause of the failure without debugging the code; this is only possible when we manage to isolate the dependencies of our CUT.  

The key benefit of this approach is that the CUT can be tested even before the dependency is implemented, which helps test 60~70 percent of the code without the dependencies. This naturally reduces the time to market the software product.

This is where the Google mock or gmock comes in handy. Let's check how we can refactor our code to enable dependency injection. Though it sounds very complex, the effort required to refactor code isn't that complex. In reality, the effort required to refactor your production code could be more complex, but it is worth the effort. Let's take a look at the refactored Mobile class shown in Figure 7.48:



Figure 7.48

In the Mobile class, I have added an overloaded constructor that takes camera as an argument. This technique is called constructor dependency injection. Let's see how this simple yet powerful technique could help us isolate the camera dependency while testing the powerOn() functionality of Mobile.

Also, we must refactor the Camera.h header file and declare the ON() and OFF() methods as virtual in order for the gmock framework to help us stub these methods, as shown in Figure 7.49:



Figure 7.49

Now let's refactor our test case as shown in Figure 7.50:



Figure 7.50

We are all set to build and execute the test cases. The test outcome is expected as shown in Figure 7.51:



Figure 7.51

Cool! Not only has our test case passed, but we have also isolated our CUT from its camera dependency, which is evident as we don't see the print statements from the ON() method of camera. The bottom line is you have now learned how to unit test code by isolating its dependencies.

Happy TDD!



            

            
        
    
        

                            
                    Summary

                
            
            
                
In this chapter, you learned quite a lot about TDD, and the following is the summary of the key takeaway points:


	TDD is an Extreme Programming (XP) practice

	TDD is a bottom-up approach that encourages us to start with a test case, hence it is commonly referred to as LowercaseTest-First Development

	You learned how to write test cases using Google Test and Google Mock Frameworks in Linux and Windows

	You also learned how to write an application that follows TDD in Linux and Visual Studio on the Windows platform

	You learned about the Dependency Inversion technique and how to unit test a code by isolating its dependency using the Google Mock Framework

	The Google Test Framework supports Unit Testing, Integration Testing, Regression Testing, Performance Testing, Functional Testing, and so on

	TDD mainly insists on Unit Testing, Integration Testing, and Interaction Testing while complex functional testing must be done with Behavior-Driven Development

	You learned how to refactor code smells into clean code while the unit test cases that you wrote give continuous feedback



You have learned TDD and how to automate Unit Test Cases, Integration Test Cases, and Interaction Test cases in a bottom-up approach. With BDD, you will learn the top-down development approach, writing end-to-end functionalities and test cases and other complex test scenarios that we did not cover while discussing TDD.

In the next chapter, you will learn about Behavior-Driven Development.



            

            
        
    
        

                            
                    Behavior-Driven Development

                
            
            
                
This chapter covers the following topics:


	A brief overview of behavior-driven development

	TDD versus BDD

	C++ BDD frameworks

	The Gherkin language

	Installing cucumber-cpp in Ubuntu

	Feature file

	Spoken languages supported by Gherkin

	The recommended cucumber-cpp project folder structure

	Writing our first Cucumber test case

	Dry running our Cucumber test cases

	BDD--a test-first development approach



In the following sections, let's look into each topic with easy-to-digest and interesting code samples in a practical fashion.



            

            
        
    
        

                            
                    Behavior-driven development

                
            
            
                
Behavior-driven development (BDD) is an outside-in development technique. BDD encourages capturing the requirements as a set of scenarios or use cases that describe how the end user will use the feature. The scenario will precisely express what will be the input supplied and what is the expected response from the feature. The best part of BDD is that it uses a domain-specific language (DSL) called Gherkin to describe the BDD scenarios.

Gherkin is an English-like language that is used by all the BDD test frameworks. Gherkin is a business-readable DSL that helps you describe the test case scenarios, keeping out the implementation details. The Gherkin language keywords are a bunch of English words; hence the scenarios can be understood by both technical and non-technical members involved in a software product or a project team.

Did I tell you that the BDD scenarios written in Gherkin languages serve as both documentation and test cases? As the Gherkin language is easy to understand and uses English-like keywords, the product requirements can be directly captured as BDD scenarios, as opposed to boring Word or PDF documents. Based on my consulting and industry experience, I have observed that a majority of the companies never update the requirement documents when the design gets refactored in the due course of time. This leads to stale and non-updated documents, which the development team will not trust for their reference purposes. Hence, the effort that has gone towards preparing the requirements, high-level design documents, and low-level design documents goes to waste in the long run, whereas Cucumber test cases will stay updated and relevant at all times.



            

            
        
    
        

                            
                    TDD versus BDD

                
            
            
                
TDD is an inside-out development technique whereas BDD is an outside-in development technique. TDD mainly focuses on unit testing and integration test case automation.

BDD focuses on end-to-end functional test cases and user acceptance test cases. However, BDD could also be used for unit testing, smoke testing, and, literally, every type of testing.

BDD is an extension of the TDD approach; hence, BDD also strongly encourages test-first development. It is quite natural to use both BDD and TDD in the same product; hence, BDD isn't a replacement for TDD. BDD can be thought of as a high-level design document, while TDD is the low-level design document.
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In C++, TDD test cases are written using testing frameworks such as CppUnit, gtest, and so on, which require a technical background to understand them and hence, are generally used only by developers.

In C++, BDD test cases are written using a popular test framework called cucumber-cpp. The cucumber-cpp framework expects that the test cases are written in the Gherkin language, while the actual test case implementations can be done with any test framework, such as gtest or CppUnit.

However, in this book, we will be using cucumber-cpp with the gtest framework.
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Gherkin is the universal language used by every BDD framework for various programming languages that enjoy BDD support.

Gherkin is a line-oriented language, similar to YAML or Python. Gherkin will interpret the structure of the test case based on indentations.

The # character is used for a single line of comment in Gherkin. At the time of writing this book, Gherkin support about 60 keywords.

Gherkin is a DSL used by the Cucumber framework.
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Installing the cucumber-cpp framework is quite straightforward in Linux. All you need to do is either download or clone the latest copy of cucumber-cpp.

The following command can be used to clone the cucumber-cpp framework:

git clone https://github.com/cucumber/cucumber-cpp.git


The cucumber-cpp framework is supported in Linux, Windows, and Macintosh. It can be integrated with Visual Studio on Windows or Xcode on macOS.  



The following screenshot demonstrates the Git clone procedure:



As cucumber-cpp depends on a wire protocol to allow the writing of BDD test case step definitions in the C++ language, we need to install Ruby. 



            

            
        
    
        

                            
                    Installing the cucumber-cpp framework prerequisite software

                
            
            
                
The following command helps you install Ruby on your Ubuntu system. This is one of the prerequisite software that is required for the cucumber-cpp framework:

sudo apt install ruby

The following screenshot demonstrates the Ruby installation procedure:



Once the installation is complete, please ensure that Ruby is installed properly by checking its version. The following command should print the version of Ruby installed on your system:

ruby --version

In order to complete the Ruby installation, we need to install the ruby-dev packages, as follows:


sudo apt install ruby-dev


Next, we need to ensure that the bundler tool is installed so that the Ruby dependencies are installed by the bundler tool seamlessly:

sudo gem install bundler
bundle install

If it all went smooth, you can go ahead and check if the correct version of Cucumber, Ruby, and Ruby's tools are installed properly. The bundle install command will ensure that Cucumber and other Ruby dependencies are installed. Make sure you don't install bundle install as a sudo user; this will prevent non-root from accessing the Ruby gem packages:



We are almost done, but we are not there yet. We need to build the cucumber-cpp project; as part of that, let's get the latest test suite for the cucumber-cpp framework:

git submodule init
git submodule update

We go on to install the ninja and boost libraries before we can initiate the build. Though we aren't going to use the boost test framework in this chapter, the travis.sh script file looks for the boost library. Hence, I would suggest installing the boost library in general, as part of Cucumber:

sudo apt install ninja-build
sudo apt-get install libboost-all-dev



            

            
        
    
        

                            
                    Building and executing the test cases

                
            
            
                
Now, it's time to build the cucumber-cpp framework. Let's create the build folder. In the cucumber-cpp folder, there will be a shell script by the name, travis.sh. You got to execute the script to build and execute the test cases:

sudo ./travis.sh

Though the previous approach works, my personal preference and recommendation would be the following approach. The reason behind recommending the following approach is that the build folder is supposed to be created as a non-root user, as anyone should be able to perform the build once the cucumber-cpp setup is complete. You should be able to find the instructions in the README.md file under the cucumber-cpp folder:

git submodule init
git submodule update
cmake -E make_directory build
cmake -E chdir build cmake --DCUKE_ENABLE_EXAMPLES=on ..
cmake --build build
cmake --build build --target test
cmake --build build --target features

If you were able to complete all the previous installation steps exactly as explained, you are all set to start playing with cucumber-cpp. Congrats!!!
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Every product feature will have a dedicated feature file. The feature file is a text file with the .feature extension. A feature file can contain any number of scenarios, and each scenario is equivalent to a test case.

Let's take a look at a simple feature file example:

1   # language: en
2
3   Feature: The Facebook application should authenticate user login.
4
5     Scenario: Successful Login
6        Given I navigate to Facebook login page https://www.facebook.com
7        And I type jegan@tektutor.org as Email
8        And I type mysecretpassword as Password
9        When I click the Login button
10       Then I expect Facebook Home Page after Successful Login

Cool, it appears like plain English, right? But trust me, this is how Cucumber test cases are written! I understand your doubt--it looks easy and cool but how does this verify the functionality, and where is the code that verifies the functionality?  The cucumber-cpp framework is a cool framework, but it doesn't natively support any testing functionalities; hence cucumber-cpp depends on the gtest, CppUnit, other test frameworks. The test case implementation is written in a Steps file, which can be written in C++ using the gtest framework in our case. However, any test framework will work.

Every feature file will start with the Feature keyword followed by one or more lines of description that describe the feature briefly. In the feature file, the words Feature, Scenario, Given, And, When, and Then are all Gherkin keywords. 

A feature file may contain any number of scenarios (test cases) for a feature. For instance, in our case, login is the feature, and there could be multiple login scenarios as follows:


	Success Login

	Unsuccessful Login

	Invalid password

	Invalid username

	The user attempted to login without supplying credentials. 



Every line following the scenario will translate into one function in the Steps_definition.cpp source file. Basically, the cucumber-cpp framework maps the feature file steps with a corresponding function in the Steps_definition.cpp file using regular expressions.



            

            
        
    
        

                            
                    Spoken languages supported by Gherkin

                
            
            
                
Gherkin supports over 60 spoken languages. As a best practice, the first line of a feature file will indicate to the Cucumber framework that we would like to use English:

1   # language: en

The following command will list all the spoken languages supported by the cucumber-cpp framework:

cucumber -i18n help

The list is as follows:
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Like TDD, the Cucumber framework too recommends a project folder structure. The recommended cucumber-cpp project folder structure is as follows:



The src folder will contain the production code, that is, all your project files will be maintained under the src directory. The BDD feature files will be maintained under the features folder and its respective Steps file, which has either boost test cases or gtest cases. In this chapter, we will be using the gtest framework with cucumber-cpp. The wire file has wire protocol-related connection details such as the port and others. The CMakeLists.txt is the build script that has the instructions to build your project along with its dependency details, just like Makefile used by the MakeBuild utility.   
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Let's write our very first Cucumber test case! As this is our first exercise, I would like to keep it short and simple. First, let's create the folder structure for our HelloBDD project.

To create the Cucumber project folder structure, we can use the cucumber utility, as follows:

cucumber --init

This will ensure that the features and steps_definitions folders are created as per Cucumber best practices:



Once the basic folder structure is created, let's manually create the rest of the files:

mkdir src
cd HelloBDD
touch CMakeLists.txt
touch features/hello.feature
touch features/step_definitions/cucumber.wire
touch features/step_definitions/HelloBDDSteps.cpp
touch src/Hello.h
touch src/Hello.cpp

Once the folder structure and empty files are created, the project folder structure should look like the following screenshot:



It's time to start applying our Gherkin knowledge in action; hence, let's first start with the feature file:

# language: en

Feature: Application should be able to print greeting message Hello BDD!

   Scenario: Should be able to greet with Hello BDD! message
      Given an instance of Hello class is created
      When the sayHello method is invoked
      Then it should return "Hello BDD!"

Let's take a look at the cucumber.wire file:

host: localhost
port: 3902

As Cucumber is implemented in Ruby, the Cucumber steps implementation has to be written in Ruby. This approach discourages using the cucumber-cpp framework for projects that are implemented in platforms other than Ruby. The wire protocol is the solution offered by the cucumber-cpp framework to extend cucumber support for non-Ruby platforms. Basically, whenever the cucumber-cpp framework executes the test cases, it looks for steps definitions, but if Cucumber finds a .wire file, it will instead connect to that IP address and port, in order to query the server if the process has definitions for the steps described in the .feature file. This helps Cucumber support many platforms apart from Ruby. However, Java and .NET have native Cucumber implementations: Cucumber-JVM and Specflow, respectively. Hence, in order to allow the test cases to be written in C++, the wire protocol is used by cucumber-cpp.

Now let's see how to write the steps file using the gtest Framework.

Thanks to Google! The Google Test Framework (gtest) includes Google Mock Framework (gmock). For C/C++, the gtest framework is one of the best frameworks I have come across, as this is pretty close to the JUnit and Mockito/PowerMock offerings for Java. For a relatively modern language like Java compared to C++, it should be much easier to support mocking with the help of reflection, but from a C/C++ point of view, without the reflection feature from C++, gtest/gmock is nothing short of JUnit/TestNG/Mockito/PowerMock.  

You can observe the written steps files using gtest in the following screenshot:



The following header files ensure that the gtest header and Cucumber headers necessary for writing Cucumber steps are included:

#include <gtest/gtest.h>
#include <cucumber-cpp/autodetect.hpp>

Now let's proceed with writing the steps:

struct HelloCtx {
     Hello *ptrHello;
     string actualResponse;
};

The HelloCtx struct is a user-defined test context that holds the object instance under test and its test response. The cucumber-cpp framework offers a smart ScenarioScope class that allows us to access the object under test and its output, across all the steps in a Cucumber test scenario.

For every Given, When, and Then statement that we wrote in the feature file, there is a corresponding function in the steps file. The appropriate cpp functions that correspond to Given, When, and Then are mapped with the help of regular expressions.

For instance, consider the following Given line in the feature file:  

Given an instance of Hello class is created

This corresponds to the following cpp function that gets mapped with the help of regex. The ^ character in the regex implies that the pattern starts with an, and the $ character implies that the pattern ends with created:

GIVEN("^an instance of Hello class is created$")
{
       ScenarioScope<HelloCtx> context;
       context->ptrHello = new Hello();
}

As the GIVEN step says that, at this point, we must ensure that an instance of the Hello object is created; the corresponding C++ code is written in this function to instantiate an object of the Hello class.

On a similar note, the following When step and its corresponding cpp functions are mapped by cucumber-cpp:

When the sayHello method is invoked

It is important that the regex matches exactly; otherwise, the cucumber-cpp framework will report that it can't find the steps function:

WHEN("^the sayHello method is invoked$")
{
       ScenarioScope<HelloCtx> context;
       context->actualResponse = context->ptrHello->sayHello();
}

Now let's look at the Hello.h file:

#include <iostream>
#include <string>
using namespace std;

class Hello {
public:
       string sayHello();
};

Here is the respective source file, that is, Hello.cpp:

#include "Hello.h"

string Hello::sayHello() {
     return "Hello BDD!";
}

As an industry best practice, the only header file that should be included in the source file is its corresponding header file. The rest of the headers required should go into the header files corresponding to the source file. This helps the development team to locate the headers quite easily. BDD is not just about test automation; the expected end result is clean, defectless, and maintainable code.

Finally, let's write CMakeLists.txt:



The first line implies the name of the project. The third line ensures that the Cucumber header directories and our project's include_directories are in the INCLUDE path. The fifth line basically instructs the cmake utility to create a library out of the files present under the src folder, that is, Hello.cpp, and its Hello.h file. The seventh line detects whether the gtest framework is installed on our system, and the eighth line ensures that the HelloBDDSteps.cpp file is compiled. Finally, in the ninth line, the final executable is created, linking all the HelloBDD libraries that have our production code, the HelloBDDSteps object file, and the respective Cucumber and gtest library files.



            

            
        
    
        

                            
                    Integrating our project in cucumber-cpp CMakeLists.txt

                
            
            
                
There is one last configuration that we need to do before we start building our project:



Basically, I have commented the examples subdirectories and added our HelloBDD project in CMakeLists.txt present under the cucumber-cpp folder, as shown earlier.

As we have created the project as per cucumber-cpp best practices, let's navigate to the HelloBDD project home and issue the following command:

cmake --build  build

It isn't mandatory to comment add_subdirectory(examples). But commenting definitely helps us focus on our project. 

The following screenshot shows the build procedure:
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Now let's execute the test case. This involves two steps, as we are using the wire protocol. Let's first launch the test case executable in background mode and then Cucumber, as follows:

cmake --build build
build/HelloBDD/HelloBDDSteps > /dev/null &
cucumber HelloBDD


Redirecting to /dev/null isn't really mandatory. The main purpose of redirecting to a null device is to avoid distractions from the print statement that an application may spit in the terminal output. Hence, it is a personal preference. In case you prefer to see the debug or general print statements from your application, feel free to issue the command without redirection:

build/HelloBDD/HelloBDDSteps &



The following screenshot demonstrates the build and test execution procedure:



Congrats! our very first cucumber-cpp test case has passed. Each scenario represents a test case and the test case includes three steps; as all the steps passed, the scenario is reported as passed.



            

            
        
    
        

                            
                    Dry running your cucumber test cases

                
            
            
                
Do you want to quickly check whether the feature files and steps files are written correctly, without really executing them? Cucumber has a quick and cool feature to do so:

build/HelloBDD/HelloBDDSteps > /dev/null &

This command will execute our test application in the background mode. /dev/null is a null device in Linux OS, and we are redirecting all the unwanted print statements from the HelloBDDSteps executable to the null device to ensure it doesn't distract us while we execute our Cucumber test cases.

The next command will allow us to dry run the Cucumber test scenario:

cucumber --dry-run


The following screenshot shows the test execution:





            

            
        
    
        

                            
                    BDD - a test-first development approach

                
            
            
                
Just like TDD, BDD also insists on following a test-first development approach. Hence, in this section, let's explore how we could write an end-to-end feature following a test-first development approach the BDD way!

Let's take a simple example that helps us understand the BDD style of coding. We will write an RPNCalculator application that does addition, subtraction, multiplication, division, and complex math expressions that involve many math operations in the same input.

Let's create our project folder structure as per Cucumber standards:

mkdir RPNCalculator
cd RPNCalculator
cucumber --init
tree
mkdir src
tree

The following screenshot demonstrates the procedure visually:



Great! The folder structure is now created. Now, let's create empty files with a touch utility to help us visualize our final project folder structure along with the files:

touch features/rpncalculator.feature
touch features/step_definitions/RPNCalculatorSteps.cpp
touch features/step_definitions/cucumber.wire
touch src/RPNCalculator.h
touch src/RPNCalculator.cpp
touch CMakeLists.txt

Once the dummy files are created, the final project folder structure will look like the following screenshot:



As usual, the Cucumber wire file is going to look as follows. In fact, throughout this chapter, this file will look same:

host: localhost
port: 3902

Now, let's start with the rpncalculator.feature file, as shown in the following screenshot:





As you can see, the feature description can be pretty elaborate. Did you notice? I have used Scenario Outline in the place of scenario. The interesting part of Scenario Outline is that it allows describing the set of inputs and the corresponding output in the form of a table under the Examples Cucumber section.

If you are familiar with SCRUM, does the Cucumber scenario look pretty close to the user story? Yes, that's the idea. Ideally, the SCRUM user stories or use cases can be written as Cucumber scenarios. The Cucumber feature file is a live document that can be executed. 

We need to add our project in the CMakeLists.txt file at the cucumber-cpp home directory, as follows:



Ensure that CMakeLists.txt under the RPNCalculator folder looks as follows:



Now, let's build our project with the following command from the cucumber-cpp home directory:

cmake --build build

Let's execute our brand new RPNCalculator Cucumber test cases with the following command:

build/RPNCalculator/RPNCalculatorSteps &

cucumber RPNCalculator

The output looks as follows:



In the preceding screenshot, there are two suggestions for every Given, When, and Then statements we wrote in the feature file. The first version is meant for Ruby and the second is meant for C++; hence, we can safely ignore the step suggestions, which are as follows:

Then(/^the actualResult should match the (d+).(d+)$/) do |arg1, arg2|
   pending # Write code here that turns the phrase above into concrete actions
end 

As we are yet to implement the RPNCalculatorSteps.cpp file, the Cucumber framework is suggesting us to supply implementations for the previous steps. Let's copy and paste them in the RPNCalculatorSteps.cpp file and complete the steps implementations, as follows:





REGEX_PARAM is a macro supported by the cucumber-cpp BDD framework, which comes in handy to extract the input arguments from the regular expression and pass them to the Cucumber step functions. 

Now, let's try to build our project again with the following command:

cmake --build  build

The build log looks as follows:




The secret formula behind every successful developer or consultant is that they have strong debugging and problem-solving skills. Analyzing build reports, especially build failures, is a key quality one should acquire to successfully apply BDD. Every build error teaches us something!



The build error is obvious, as we are yet to implement RPNCalculator, as the file is empty. Let's write minimal code such that the code compiles:




BDD leads to incremental design and development, unlike the waterfall model. The waterfall model encourages upfront design. Typically, in a waterfall model, the design is done initially, and it consumes 30-40% of the overall project effort. The main issue with upfront design is that we will have less knowledge about the feature initially; often, we will have a vague feature knowledge, but it will improve over time. So, it isn't a good idea to put in more effort in the design activity upfront; rather, be open to refactoring the design and code as and when necessary.

Hence, BDD is a natural choice for complex projects.



With this minimal implementation, let's try to build and run the test cases:



Cool! Since the code compiles without errors, let's execute the test case now and observe what happens:



The errors are highlighted in red color as shown in the preceding screenshot by the cucumber-cpp framework. This is expected; the test case is failing as the RPNCalculator::evaluate method is hardcoded to return 0.0.  

Ideally, we had to write only minimal code to make this pass, but I took the liberty of fast forwarding the steps, with the assumption that you have already read Chapter 7, Test Driven Development before reading the current chapter. In that chapter, I have demonstrated every step in detail, including the refactoring.



Now, let's go ahead and implement the code to make this test case pass.  The modified RPNCalculator header file looks as follows:



The respective RPNCalculator source file looks as follows:



As per BDD practice, note that we have only implemented code that is necessary for supporting the addition operation alone, as per our current Cucumber scenario requirements. Like TDD, in BDD, we are supposed to write only the required amount of code to satisfy the current scenario; this way, we can ensure that every line of code is covered by effective test cases.



            

            
        
    
        

                            
                    Let's build and run our BDD test case

                
            
            
                
Let's now build and test. The following commands can be used to build, launch the steps in the background, and run the Cucumber test cases with a wire protocol, respectively:

cmake --build build

build/RPNCalculator/RPNCalculatorSteps &

cucumber RPNCalculator

The following screenshot demonstrates the procedure of building and executing the Cucumber test case:



Great! Our test scenario is all green now! Let's move on to our next test scenario.

Let's add a scenario in the feature file to test the subtraction operation, as follows:



The test output looks as follows:



We had seen this before, hadn't we?  I'm sure you guessed it right; the expected result is 85 whereas the actual result is 0, as we haven't added any support for subtraction yet. Now, let's add the necessary code to add the subtraction logic in our application:



With this code change, let's rerun the test case and see what the test outcome is:



Cool, the test report is back to green!

Let's move on and add a scenario in the feature file to test the multiplication operation:



It is time to the run the test case, as shown in the following screenshot:  



You got it right; yes, we need to add support for multiplication in our production code. Okay, let's do it right away, as shown in the following screenshot:





            

            
        
    
        

                            
                    It's testing time!

                
            
            
                
The following commands help you build, launch the steps applications, and run the Cucumber test cases, respectively. To be precise, the first command builds the test cases, while the second command launches the Cucumber steps test executable in the background mode. The third command executes the Cucumber test case that we wrote for the RPNCalculator project.  The RPNCalculatorSteps executable will work as a server that Cucumber can talk to via the wire protocol. The Cucumber framework will get the connection details of the server from the cucumber.wire file kept under the step_definitions folder:

cmake --build build

build/RPNCalculator/RPNCalculatorSteps &

cucumber RPNCalculator

The following screenshot demonstrates the Cucumber test case execution procedure:



I'm sure you've got the hang of BDD! Yes, BDD is pretty simple and straightforward. Now let's add a scenario for the division operation as shown in the following screenshot:



Let's quickly run the test case and observe the test outcome, as shown in the following screenshot:



Yes, I heard you saying you know the reason for the failure. Let's quickly add support for division and rerun the test cases to see it turn all green! BDD makes coding really fun.

We need to add the following code snippet in RPNCalculator.cpp:

else if ( *token == "/" ) {
      secondNumber = numberStack.top();
      numberStack.pop();
      firstNumber = numberStack.top();
      numberStack.pop();
   
      result = firstNumber / secondNumber;

      numberStack.push ( result );
}


With this code change, let's check the test output:

cmake --build build
build/RPNCalculator/RPNCalculatorSteps &
cucumber RPNCalculator

The following screenshot demonstrates the procedure visually:



So far so good. All the scenarios we tested so far have passed, which is a good sign. But let's try a complex expression that involves many math operations. For instance, let's try 10.0 5.0 * 1.0 + 100.0 2.0 / -.



Did you know?

Reverse Polish Notation (postfix notation) is used by pretty much every compiler to evaluate mathematical expressions.

The following screenshot demonstrates the integration of the complex expression test case:





Let's run the test scenarios one more time, as this would be a real test for the entire code implemented so far, as this expression involves all the operations our simple application supports.

The following command can be used to launch the application in the background mode and to execute the Cucumber test cases:

build/RPNCalculator/RPNCalculatorSteps &
cucumber RPNCalculator

The following screenshot demonstrates the procedure visually:



Great! If you have come this far, I'm sure you would have understood cucumber-cpp and the BDD style of coding.

Refactoring and Removing Code Smells

The RPNCalculator.cpp code has too much branching, which is a code smell; hence, the code could be refactored. The good news is that RPNCalculator.cpp can be refactored to remove the code smells and has the scope to use the Factory Method, Strategy, and Null Object Design Patterns.
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In this chapter, you learned the following


	Behavior-driven development in short is referred as BDD.

	BDD is a top-down development approach and uses Gherkin language as Domain Specific Language (DSL).

	In a project, BDD and TDD can be used side by side as they complement each other and not replace one another.

	The cucumber-cpp BDD Framework makes use of wire protocol to support non-ruby platforms to write test cases.

	You learned BDD in a practical fashion by implementing an RPNCalculator with test-first development approach.

	BDD similar to TDD, it encourages developing clean code by refactoring the code in short-intervals in an incremental fashion.

	You learned writing BDD test cases with Gherkin and the steps definition using Google test framework.



In the next chapter, you will be learning about C++ debugging techniques.
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In this chapter, we will cover the following topics:


	Effective debugging

	Debugging strategies

	Debugging tools

	Debugging your application using GDB

	Debugging memory leaks with Valgrind

	Logging





            

            
        
    
        

                            
                    Effective debugging

                
            
            
                
Debugging is an art rather than a science, and it is a very big topic in itself. Strong debugging skills are the strengths of a good developer. All expert developers have some common traits, of which strong problem-solving and debugging skills top all. The first step in fixing a bug is to reproduce the issue. It is crucial to capture the steps involved in reproducing the bug very efficiently. Experienced QA engineers will know the importance of capturing detailed steps to reproduce, as developers will find it difficult to fix an issue if they can't reproduce it.

From my point of view, a bug that can't be reproduced can't be fixed. One could make guesses and beat around the bush but can't be sure whether the issue has really been fixed without being able to reproduce the bug in the first place.

The following details will help developers reproduce and debug the issue more quickly:


	Detailed steps to reproduce the issue

	Screenshot images of the bug

	Priority and severity

	Inputs and scenarios that reproduce the issue

	Expected and actual output

	Error logs

	Application logs and traces

	Dump files in case the application crashes

	Environment details

	OS details

	Software versions



Some commonly used debugging techniques are as follows:


	Use of the cout/cerr print statements comes in really handy

	Core dumps, mini dumps, and full dumps help analyze the bug remotely

	Using debugging tools to execute the code step by step by inspecting variables, arguments, intermediate values, and so on

	Test frameworks help prevent the issue in the first place

	Performance analysis tools can be of great help in finding performance issues

	Tools that deduct memory leaks, resource leaks, deadlocks, and so on 





The log4cpp open source C++ library is an elegant and useful log utility which helps add debug messages that support debugging, which can be disabled in the release mode or in the production environment.
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Debugging strategies help a great deal in quickly reproducing, debugging, detecting, and fixing issues efficiently. The following list explains some high-level debugging strategies:


	Using a defect tracking system, such as JIRA, Bugzilla, TFS, YouTrack, Teamwork, and others

	Application crashes or freezes must include core dumps, mini dumps, or full dumps

	Application trace logs are a great aid and help in all scenarios

	Enabling multilevel error logs

	Capturing application trace logs in debug and release modes
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Debugging tools help narrow down the issue through step-by-step execution, with breakpoints, variable inspection, and so on. Though debugging the issue step by step may be a time-consuming task, it is definitely a sure-shot way of nailing down the issue, and I can say that it pretty much always works.  

Here is a list of debugging tools for C++:


	GDB: This is an open source CLI debugger

	Valgrind: This is an open source CLI, good for memory leaks, deadlocks, racing detection, and so on

	Affinic debugger: This is a commercial GUI tool for GDB

	GNU DDD: This is an open source graphical debugger for GDB, DBX, JDB, XDB, and so on 

	GNU Emacs GDB mode: This is an open source tool with minimal graphical debugger support

	KDevelop: This is an open source tool with graphical debugger support

	Nemiver: This is an open source tool that works well in the GNOME desktop environment

	SlickEdit: This is good for debugging multithreaded and multiprocessor code  





In C++, there are quite a lot of open source and commercially licensed debugging tools. However, in this book, we will explore the GDB and Valgrind open source command-line interface tools.



            

            
        
    
        

                            
                    Debugging your application using GDB

                
            
            
                
Classic, old-fashioned C++ developers use print statements to debug code. However, debugging with print tracing messages is a time-consuming task, as you need to put quite a lot of effort into writing print statements at multiples places, recompiling, and executing the application.

The old-style debugging approach requires many such iterations and, typically, every iteration requires adding more print statements in order to narrow down the issue. Once the issues are fixed, we need to clean up the code and remove the print statements, as too many print statements tend to slow down application performance. Also, the debug print messages will distract and are irrelevant for the end customers using your product the production environment. 


The C++ debug assert() macro statement that comes with the <cassert> header can be used for debugging.  The C++ assert() macros can be disabled in release mode and are only enabled in debug mode.



Debug tools are there to rescue you from such tedious efforts. The GDB debugger is an open source CLI tool, which is the debugger for C++ in the Unix/Linux world. For Windows platforms, Visual Studio is the most popular one-stop IDE with inbuilt debugging facilities.  

Let's take a simple example:

#include <iostream>
#include <vector>
#include <iterator>
#include <algorithm>
using namespace std; //Use this judiciously - this is applicable throughout the book

class MyInteger {
      private:
           int number;

      public:
           MyInteger( int value ) {
                this->number = value;
           }

           MyInteger(const MyInteger & rhsObject ) {
                this->number = rhsObject.number;
           }

           MyInteger& operator = (const MyInteger & rhsObject ) {

                if ( this != &rhsObject )
                     this->number = rhsObject.number;

                return *this;
           }

           bool operator < (const MyInteger &rhsObject) {
                return this->number > rhsObject.number;
           }

           bool operator > (const MyInteger &rhsObject) {
                return this->number > rhsObject.number;
           }

           friend ostream & operator << ( ostream &output, const MyInteger &object );
};

ostream & operator << (ostream &o, const MyInteger& object) {
    o << object.number;
}

int main ( ) {

    vector<MyInteger> v = { 10, 100, 40, 20, 80, 70, 50, 30, 60, 90 };

    cout << "\nVectors entries before sorting are ..." << endl;
    copy ( v.begin(), v.end() , ostream_iterator<MyInteger>( cout, "\t" ) );
    cout << endl;

    sort ( v.begin(), v.end() );

    cout << "\nVectors entries after sorting are ..." << endl;
    copy ( v.begin(), v.end() , ostream_iterator<MyInteger>( cout, "\t" ) );
    cout << endl;

    return 0;
}

The output of the program is as follows:

Vectors entries before sorting are ...
10 100 40 20 80 70 50 30 60 90

Vectors entries after sorting are ...
100 90 80 70 60 50 40 30 20 10

However, our expected output is the following:

Vectors entries before sorting are ...
10 100 40 20 80 70 50 30 60 90

Vectors entries after sorting are ...
10 20 30 40 50 60 70 80 90 100

The bug is obvious; let's go easy with GDB learning. Let's first compile the program in debug mode, that is, with the debugging metadata and symbol table enabled, as shown here:

g++ main.cpp -std=c++17 -g
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The following GDB quick tips chart will help you find the GDB commands for debugging your applications:




	Command
	Short command
	Description



	gdb yourappln.exe
	-
	Opening an application in GDB for debugging



	break main
	b main
	Set the breakpoint to the main function



	run
	r
	Executes the program till it reaches the breakpoint for step-by-step execution



	next
	n
	Executes the program one step at a time



	step
	s
	Steps into the function to execute the function step by step



	continue
	c
	Continues the execution of the program until the next breakpoint; if no breakpoints are set, it will continue the execution of the application normally



	backtrace
	bt
	Prints the entire call stack



	quit
	
q or

Ctrl + d 


	Exits GDB



	-help
	-h
	Displays the available options and briefly displays their use





With the preceding basic GDB quick reference, let's start debugging our faulty application to detect the bug. Let's first start GDB with the following command:

gdb ./a.out

Then, let's add a breakpoint at main() to perform step-by-step execution:

jegan@ubuntu:~/MasteringC++Programming/Debugging/Ex1$ g++ main.cpp -g
jegan@ubuntu:~/MasteringC++Programming/Debugging/Ex1$ ls
a.out main.cpp
jegan@ubuntu:~/MasteringC++Programming/Debugging/Ex1$ gdb ./a.out

GNU gdb (Ubuntu 7.12.50.20170314-0ubuntu1.1) 7.12.50.20170314-git
Copyright (C) 2017 Free Software Foundation, Inc.
License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>
This is free software: you are free to change and redistribute it.
There is NO WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.
This GDB was configured as "x86_64-linux-gnu".
Type "show configuration" for configuration details.
For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.
Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.
For help, type "help".
Type "apropos word" to search for commands related to "word"...
Reading symbols from ./a.out...done.
(gdb) b main
Breakpoint 1 at 0xba4: file main.cpp, line 46.
(gdb) l
32 
33 bool operator > (const MyInteger &rhsObject) {
34 return this->number < rhsObject.number;
35 }
36 
37 friend ostream& operator << ( ostream &output, const MyInteger &object );
38 
39 };
40 
41 ostream& operator << (ostream &o, const MyInteger& object) {
(gdb)

After launching our application with gdb, the b main command will add a breakpoint to the first line of the main() function. Now let's try to execute the application:

(gdb) run
Starting program: /home/jegan/MasteringC++Programming/Debugging/Ex1/a.out 

Breakpoint 1, main () at main.cpp:46
46 int main ( ) {
(gdb) 

As you may have observed, the program execution has paused at line number 46 in our main() function, since we added a breakpoint to the main() function.

At this point, let's execute the application step by step, as follows:

(gdb) run
Starting program: /home/jegan/MasteringC++Programming/Debugging/Ex1/a.out 

Breakpoint 1, main () at main.cpp:46
46 int main ( ) {
(gdb) next
48   vector<MyInteger> v = { 10, 100, 40, 20, 80, 70, 50, 30, 60, 90 };
(gdb) next
50   cout << "\nVectors entries before sorting are ..." << endl;
(gdb) n
Vectors entries before sorting are ...51   copy ( v.begin(), v.end() , ostream_iterator<MyInteger>( cout, "\t" ) );
(gdb) n
52   cout << endl;
(gdb) n
10 100 40 20 80 70 50 30 60 90 
54   sort ( v.begin(), v.end() );
(gdb) 

Now, let's add two more breakpoints at line numbers 29 and 33, as follows:

Breakpoint 1 at 0xba4: file main.cpp, line 46.Breakpoint 1 at 0xba4: file main.cpp, line 46.(gdb) run
Starting program: /home/jegan/Downloads/MasteringC++Programming/Debugging/Ex1/a.out 
Breakpoint 1, main () at main.cpp:46
46 int main ( ) {
(gdb) l
41 ostream& operator << (ostream &o, const MyInteger& object) {
42    o << object.number;
43 }
44 
45 
46 
int main ( ) {
47 
48   vector<MyInteger> v = { 10, 100, 40, 20, 80, 70, 50, 30, 60, 90 };
49    
50   cout << "\nVectors entries before sorting are ..." << endl;
(gdb) n
48   vector<MyInteger> v = { 10, 100, 40, 20, 80, 70, 50, 30, 60, 90 };
(gdb) n
50   cout << "\nVectors entries before sorting are ..." << endl;
(gdb) n
Vectors entries before sorting are ...
51   copy ( v.begin(), v.end() , ostream_iterator<MyInteger>( cout, "\t" ) );
(gdb) break 29
Breakpoint 2 at 0x555555554f88: file main.cpp, line 29.
(gdb) break 33
Breakpoint 3 at 0x555555554b80: file main.cpp, line 33.
(gdb) 

From this, you will understand that the breakpoints can be added by the function name or by the line numbers as well. Let's now let the program continue its execution until it reaches one of the breakpoints that we have set:

(gdb) break 29
Breakpoint 2 at 0x555555554f88: file main.cpp, line 29.
(gdb) break 33
Breakpoint 3 at 0x555555554b80: file main.cpp, line 33.
(gdb) continue
Continuing.
Breakpoint 2, MyInteger::operator< (this=0x55555576bc24, rhsObject=...) at main.cpp:30
30 return this->number > rhsObject.number;
(gdb) 

As you can see, the program execution paused at line number 29, as it gets invoked whenever the sort function needs to decide whether the two items must be swapped in the process of sorting the vector entries in an ascending order.

Let's explore how to inspect or print the variables, this->number and rhsObject.number:

(gdb) break 29
Breakpoint 2 at 0x400ec6: file main.cpp, line 29.
(gdb) break 33
Breakpoint 3 at 0x400af6: file main.cpp, line 33.
(gdb) continue
Continuing.
Breakpoint 2, MyInteger::operator< (this=0x617c24, rhsObject=...) at main.cpp:30
30 return this->number > rhsObject.number;
(gdb) print this->number
$1 = 100
(gdb) print rhsObject.number
$2 = 10
(gdb) 


Did you see the way the < and > operators are implemented? The operator checks for the less than operation, while the actual implementation checks for the greater than operation, and a similar bug is observed in the > operator-overloaded method as well. Please check the following code:

bool operator < ( const MyInteger &rhsObject ) {
        return this->number > rhsObject.number;
}

bool operator > ( const MyInteger &rhsObject ) {
        return this->number < rhsObject.number;
}

While the sort() function is supposed to be sorting the vector entries in an ascending order, the output shows that it is sorting them in a descending order, and the preceding code is the root cause of the issue. Hence, let's fix the issue, as follows:

bool operator < ( const MyInteger &rhsObject ) {
        return this->number < rhsObject.number;
}

bool operator > ( const MyInteger &rhsObject ) {
        return this->number > rhsObject.number;
}

With these changes, let's compile and run the program:

g++ main.cpp -std=c++17 -g

./a.out

This is the output that you'll get:

Vectors entries before sorting are ...
10   100   40   20   80   70   50   30   60   90

Vectors entries after sorting are ...
10   20   30   40   50   60   70   80   90   100

Cool, we fixed the bug! Needless to say, you will have recognized how useful the GDB debugging tool is.  While we have only scratched the surface of  the GDB tool's capability, it offers many powerful debugging features. However, in this chapter, it would be impractical to cover every single feature the GDB tool supports; hence, I would strongly recommend you explore GDB documentation for further learning at https://sourceware.org/gdb/documentation/.
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Valgrind is a collection of open source C/C++ debugging and profiling tools for the Unix and Linux platforms. The collection of tools that Valgrind supports are as follows:


	Cachegrind: This is the cache profiler

	Callgrind: This works in a similar manner to the cache profiler but supports the caller-callee sequence

	Helgrind: This helps in detecting thread synchronization issues

	DRD: This is the thread error detector

	Massif: This is the heap profiler

	Lackey: This provides basic performance-related statistics and measurements about your application

	exp-sgcheck: This detects stack overruns; it is generally useful in finding issues that Memcheck can't find

	exp-bbv: This is useful for computer architecture R&D-related work

	exp-dhat: This is another heap profiler

	Memcheck: This helps in detecting memory leaks and crashes related to memory issues



In this chapter, we will only be exploring Memcheck, as demonstrating every Valgrind tool is not in the scope of this book.
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The default tool that Valgrind uses is Memcheck.  The Memcheck tool can detect quite an exhaustive list of issues, and some of them are as follows:


	Accessing outside the boundary of array, stack, or heap overruns

	Use of uninitialized memory

	Accessing the already released memory 

	Memory leaks

	Mismatched use of new and free or malloc and delete



Let's have a look at some such issues in the next subsections.
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The following example demonstrates memory access outside the boundary of an array:

#include <iostream>
using namespace std;

int main ( ) {
    int a[10];

    a[10] = 100;
    cout << a[10] << endl;

    return 0;
}

The following output shows the valgrind debug session that precisely points to memory access outside the boundary of the array:

g++ arrayboundsoverrun.cpp -g -std=c++17 

jegan@ubuntu  ~/MasteringC++/Debugging  valgrind --track-origins=yes --read-var-info=yes ./a.out
==28576== Memcheck, a memory error detector
==28576== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==28576== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==28576== Command: ./a.out
==28576== 
100
*** stack smashing detected ***: ./a.out terminated
==28576== 
==28576== Process terminating with default action of signal 6 (SIGABRT)
==28576== at 0x51F1428: raise (raise.c:54)
==28576== by 0x51F3029: abort (abort.c:89)
==28576== by 0x52337E9: __libc_message (libc_fatal.c:175)
==28576== by 0x52D511B: __fortify_fail (fortify_fail.c:37)
==28576== by 0x52D50BF: __stack_chk_fail (stack_chk_fail.c:28)
==28576== by 0x4008D8: main (arrayboundsoverrun.cpp:11)
==28576== 
==28576== HEAP SUMMARY:
==28576== in use at exit: 72,704 bytes in 1 blocks
==28576== total heap usage: 2 allocs, 1 frees, 73,728 bytes allocated
==28576== 
==28576== LEAK SUMMARY:
==28576== definitely lost: 0 bytes in 0 blocks
==28576== indirectly lost: 0 bytes in 0 blocks
==28576== possibly lost: 0 bytes in 0 blocks
==28576== still reachable: 72,704 bytes in 1 blocks
==28576== suppressed: 0 bytes in 0 blocks
==28576== Rerun with --leak-check=full to see details of leaked memory
==28576== 
==28576== For counts of detected and suppressed errors, rerun with: -v
==28576== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0)
[1] 28576 abort (core dumped) valgrind --track-origins=yes --read-var-info=yes ./a.out

As you will notice, the application crashed with core dump due to illegal memory access.  In the preceding output, the Valgrind tool accurately points to the line that caused the crash.
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The following example code demonstrates memory access to the already released memory locations:

#include <iostream>
using namespace std;

int main( ) {

    int *ptr = new int();

    *ptr = 100;

    cout << "\nValue stored at pointer location is " << *ptr << endl;

    delete ptr;

    *ptr = 200;
    return 0;
}

Let's compile the preceding program and learn how Valgrind reports the illegal memory access that attempts to access an already released memory location:

==118316== Memcheck, a memory error detector
==118316== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==118316== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==118316== Command: ./a.out
==118316== 

Value stored at pointer location is 100
==118316== Invalid write of size 4
==118316== at 0x400989: main (illegalaccess_to_released_memory.cpp:14)
==118316== Address 0x5ab6c80 is 0 bytes inside a block of size 4 free'd
==118316== at 0x4C2F24B: operator delete(void*) (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==118316== by 0x400984: main (illegalaccess_to_released_memory.cpp:12)
==118316== Block was alloc'd at
==118316== at 0x4C2E0EF: operator new(unsigned long) (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==118316== by 0x400938: main (illegalaccess_to_released_memory.cpp:6)
==118316== 
==118316== 
==118316== HEAP SUMMARY:
==118316== in use at exit: 72,704 bytes in 1 blocks
==118316== total heap usage: 3 allocs, 2 frees, 73,732 bytes allocated
==118316== 
==118316== LEAK SUMMARY:
==118316== definitely lost: 0 bytes in 0 blocks
==118316== indirectly lost: 0 bytes in 0 blocks
==118316== possibly lost: 0 bytes in 0 blocks
==118316== still reachable: 72,704 bytes in 1 blocks
==118316== suppressed: 0 bytes in 0 blocks
==118316== Rerun with --leak-check=full to see details of leaked memory
==118316== 
==118316== For counts of detected and suppressed errors, rerun with: -v
==118316== ERROR SUMMARY: 1 errors from 1 contexts (suppressed: 0 from 0)

Valgrind precisely points to the line number (14) that attempts to access the memory location that got released at line number 12.
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The following example code demonstrates the use of uninitialized memory access and how the same can be detected using Memcheck:

#include <iostream>
using namespace std;

class MyClass {
    private:
       int x;
    public:
      MyClass( );
  void print( );
}; 

MyClass::MyClass() {
    cout << "\nMyClass constructor ..." << endl;
}

void MyClass::print( ) {
     cout << "\nValue of x is " << x << endl;
}

int main ( ) {

    MyClass obj;
    obj.print();
    return 0;

}

Let's now compile and detect the uninitialized memory access issue using Memcheck:

g++ main.cpp -g

valgrind ./a.out --track-origins=yes

==51504== Memcheck, a memory error detector
==51504== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==51504== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==51504== Command: ./a.out --track-origins=yes
==51504== 

MyClass constructor ...

==51504== Conditional jump or move depends on uninitialised value(s)
==51504== at 0x4F3CCAE: std::ostreambuf_iterator<char, std::char_traits<char> > std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::_M_insert_int<long>(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CEDC: std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::do_put(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F493F9: std::ostream& std::ostream::_M_insert<long>(long) (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x40095D: MyClass::print() (uninitialized.cpp:19)
==51504== by 0x4009A1: main (uninitialized.cpp:26)
==51504== 
==51504== Use of uninitialised value of size 8
==51504== at 0x4F3BB13: ??? (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CCD9: std::ostreambuf_iterator<char, std::char_traits<char> > std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::_M_insert_int<long>(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CEDC: std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::do_put(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F493F9: std::ostream& std::ostream::_M_insert<long>(long) (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x40095D: MyClass::print() (uninitialized.cpp:19)
==51504== by 0x4009A1: main (uninitialized.cpp:26)
==51504== 
==51504== Conditional jump or move depends on uninitialised value(s)
==51504== at 0x4F3BB1F: ??? (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CCD9: std::ostreambuf_iterator<char, std::char_traits<char> > std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::_M_insert_int<long>(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CEDC: std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::do_put(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F493F9: std::ostream& std::ostream::_M_insert<long>(long) (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x40095D: MyClass::print() (uninitialized.cpp:19)
==51504== by 0x4009A1: main (uninitialized.cpp:26)
==51504== 
==51504== Conditional jump or move depends on uninitialised value(s)
==51504== at 0x4F3CD0C: std::ostreambuf_iterator<char, std::char_traits<char> > std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::_M_insert_int<long>(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F3CEDC: std::num_put<char, std::ostreambuf_iterator<char, std::char_traits<char> > >::do_put(std::ostreambuf_iterator<char, std::char_traits<char> >, std::ios_base&, char, long) const (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x4F493F9: std::ostream& std::ostream::_M_insert<long>(long) (in /usr/lib/x86_64-linux-gnu/libstdc++.so.6.0.21)
==51504== by 0x40095D: MyClass::print() (uninitialized.cpp:19)
==51504== by 0x4009A1: main (uninitialized.cpp:26)
==51504== 
Value of x is -16778960
==51504== 
==51504== HEAP SUMMARY:
==51504== in use at exit: 72,704 bytes in 1 blocks
==51504== total heap usage: 2 allocs, 1 frees, 73,728 bytes allocated
==51504== 
==51504== LEAK SUMMARY:
==51504== definitely lost: 0 bytes in 0 blocks
==51504== indirectly lost: 0 bytes in 0 blocks
==51504== possibly lost: 0 bytes in 0 blocks
==51504== still reachable: 72,704 bytes in 1 blocks
==51504== suppressed: 0 bytes in 0 blocks
==51504== Rerun with --leak-check=full to see details of leaked memory
==51504== 
==51504== For counts of detected and suppressed errors, rerun with: -v
==51504== Use --track-origins=yes to see where uninitialised values come from
==51504== ERROR SUMMARY: 18 errors from 4 contexts (suppressed: 0 from 0)



The lines highlighted in bold in the preceding output clearly point to the exact line where the uninitialized variable is accessed:

==51504== by 0x40095D: MyClass::print() (uninitialized.cpp:19)
==51504== by 0x4009A1: main (uninitialized.cpp:26)

 18 void MyClass::print() {
 19 cout << "\nValue of x is " << x << endl;
 20 }



The preceding code snippet is shown for your reference; however, Valgrind will not show the code details.  The bottomline is that Valgrind precisely points to the line that accesses the uninitialized variable, which is normally difficult to detect using other means.
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Let's take a simple program that has some memory leaks and explore how the Valgrind tool, with the help of Memcheck, can help us detect memory leaks. As Memcheck is the default tool used by Valgrind, it is not necessary to explicitly call out the Memcheck tool while issuing the Valgrind command:

valgrind application_debugged.exe --tool=memcheck

The following code implements a singly linked list:

#include <iostream>
using namespace std;

struct Node {
  int data;
  Node *next;
};

class List {
private:
  Node *pNewNode;
  Node *pHead;
  Node *pTail;
  int __size;
  void createNewNode( int );
public:
  List();
  ~List();
  int size();
  void append ( int data );
  void print( );
};

As you may have observed, the preceding class declaration has methods to append() a new node, print() the list, and a size() method that returns the number of nodes in the list.

Let's explore the list.cpp source file that implements the append() method, the print() method, the constructor, and the destructor:

#include "list.h"

List::List( ) {
  pNewNode = NULL;
  pHead = NULL;
  pTail = NULL;
  __size = 0;
}

List::~List() {}

void List::createNewNode( int data ) {
  pNewNode = new Node();
  pNewNode->next = NULL;
  pNewNode->data = data;
}

void List::append( int data ) {
  createNewNode( data );
  if ( pHead == NULL ) {
    pHead = pNewNode;
    pTail = pNewNode;
    __size = 1;
  }
  else {
    Node *pCurrentNode = pHead;
    while ( pCurrentNode != NULL ) {
      if ( pCurrentNode->next == NULL ) break;
      pCurrentNode = pCurrentNode->next;
    }

    pCurrentNode->next = pNewNode;
    ++__size;
  }
}

void List::print( ) {
  cout << "\nList entries are ..." << endl;
  Node *pCurrentNode = pHead;
  while ( pCurrentNode != NULL ) {
    cout << pCurrentNode->data << "\t";
    pCurrentNode = pCurrentNode->next;
  }
  cout << endl;
}

The following code demonstrates the main() function:

#include "list.h"

int main ( ) {
  List l;

  for (int count = 0; count < 5; ++count )
    l.append ( (count+1) * 10 );
  l.print();

  return 0;
}

Let's compile the program and attempt to detect memory leaks in the preceding program:

g++ main.cpp list.cpp -std=c++17 -g

valgrind ./a.out --leak-check=full 

==99789== Memcheck, a memory error detector
==99789== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==99789== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==99789== Command: ./a.out --leak-check=full
==99789== 

List constructor invoked ...

List entries are ...
10 20 30 40 50 
==99789== 
==99789== HEAP SUMMARY:
==99789== in use at exit: 72,784 bytes in 6 blocks
==99789== total heap usage: 7 allocs, 1 frees, 73,808 bytes allocated
==99789== 
==99789== LEAK SUMMARY:
==99789== definitely lost: 16 bytes in 1 blocks
==99789== indirectly lost: 64 bytes in 4 blocks
==99789== possibly lost: 0 bytes in 0 blocks
==99789== still reachable: 72,704 bytes in 1 blocks
==99789== suppressed: 0 bytes in 0 blocks
==99789== Rerun with --leak-check=full to see details of leaked memory
==99789== 
==99789== For counts of detected and suppressed errors, rerun with: -v
==99789== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0)



From the preceding output, it is evident that 80 bytes are leaked by our application. While definitely lost and indirectly lost indicate the memory leaked by our application, still reachable does not necessarily indicate our application, and it could be leaked by third-party libraries or C++ runtime libraries. It may be possible that they are not really memory leaks, as the C++ runtime library might use memory pools.
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Let's try to fix the memory leak issue by adding the following code in the List::~List() destructor:

List::~List( ) {

        cout << "\nList destructor invoked ..." << endl;
        Node *pTemp = NULL;

        while ( pHead != NULL ) {

                pTemp = pHead;
                pHead = pHead->next;

                delete pTemp;
        }

        pNewNode = pHead = pTail = pTemp = NULL;
        __size = 0;

}

From the following output, you will observe that the memory leak has been fixed:

g++ main.cpp list.cpp -std=c++17 -g

valgrind ./a.out --leak-check=full

==44813== Memcheck, a memory error detector
==44813== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==44813== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==44813== Command: ./a.out --leak-check=full
==44813== 

List constructor invoked ...

List entries are ...
10 20 30 40 50 
Memory utilised by the list is 80


List destructor invoked ...
==44813== 
==44813== HEAP SUMMARY:
==44813== in use at exit: 72,704 bytes in 1 blocks
==44813== total heap usage: 7 allocs, 6 frees, 73,808 bytes allocated
==44813== 
==44813== LEAK SUMMARY:
==44813== definitely lost: 0 bytes in 0 blocks
==44813== indirectly lost: 0 bytes in 0 blocks
==44813== possibly lost: 0 bytes in 0 blocks
==44813== still reachable: 72,704 bytes in 1 blocks
==44813== suppressed: 0 bytes in 0 blocks
==44813== Rerun with --leak-check=full to see details of leaked memory
==44813== 
==44813== For counts of detected and suppressed errors, rerun with: -v
==44813== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0)



If you are still not convinced with the still reachable issue reported in the preceding output, let's try the following code in simple.cpp to understand if this is something in our control:

#include <iostream>
using namespace std;

int main ( ) {

    return 0;

} 

Execute the following commands:

g++ simple.cpp -std=c++17 -g

valgrind ./a.out --leak-check=full

==62474== Memcheck, a memory error detector
==62474== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==62474== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==62474== Command: ./a.out --leak-check=full
==62474== 
==62474== 
==62474== HEAP SUMMARY:
==62474== in use at exit: 72,704 bytes in 1 blocks
==62474== total heap usage: 1 allocs, 0 frees, 72,704 bytes allocated
==62474== 
==62474== LEAK SUMMARY:
==62474== definitely lost: 0 bytes in 0 blocks
==62474== indirectly lost: 0 bytes in 0 blocks
==62474== possibly lost: 0 bytes in 0 blocks
==62474== still reachable: 72,704 bytes in 1 blocks
==62474== suppressed: 0 bytes in 0 blocks
==62474== Rerun with --leak-check=full to see details of leaked memory
==62474== 
==62474== For counts of detected and suppressed errors, rerun with: -v
==62474== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0)




As you can see, the main() function does nothing but return 0, and Valgrind reports that this program too has the same section: still reachable": 72, 704 bytes in 1 blocks.  Hence, what really matters in the Valgrind leak summary is whether there are leaks reported under any or all of the following sections: definitely lost, indirectly lost, and possibly lost.
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These types of issues are rare but the possibility of them occurring can't be ruled out. It may so happen that when a legacy C-based tool is ported to C++, that some memory allocation is allocated by mistake but is freed up using the delete keyword or vice versa.

The following example demonstrates detecting the issue using Valgrind:

#include <stdlib.h>

int main ( ) {

        int *ptr = new int();

        free (ptr); // The correct approach is delete ptr

        char *c = (char*)malloc ( sizeof(char) );

        delete c; // The correct approach is free ( c )

        return 0;
}

The following output demonstrates a Valgrind session that detects mismatched usage of free and delete:

g++ mismatchingnewandfree.cpp -g

valgrind ./a.out 
==76087== Memcheck, a memory error detector
==76087== Copyright (C) 2002-2015, and GNU GPL'd, by Julian Seward et al.
==76087== Using Valgrind-3.11.0 and LibVEX; rerun with -h for copyright info
==76087== Command: ./a.out
==76087== 
==76087== Mismatched free() / delete / delete []
==76087== at 0x4C2EDEB: free (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==76087== by 0x4006FD: main (mismatchingnewandfree.cpp:7)
==76087== Address 0x5ab6c80 is 0 bytes inside a block of size 4 alloc'd
==76087== at 0x4C2E0EF: operator new(unsigned long) (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==76087== by 0x4006E7: main (mismatchingnewandfree.cpp:5)
==76087== 
==76087== Mismatched free() / delete / delete []
==76087== at 0x4C2F24B: operator delete(void*) (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==76087== by 0x400717: main (mismatchingnewandfree.cpp:11)
==76087== Address 0x5ab6cd0 is 0 bytes inside a block of size 1 alloc'd
==76087== at 0x4C2DB8F: malloc (in /usr/lib/valgrind/vgpreload_memcheck-amd64-linux.so)
==76087== by 0x400707: main (mismatchingnewandfree.cpp:9)
==76087== 
==76087== 
==76087== HEAP SUMMARY:
==76087== in use at exit: 72,704 bytes in 1 blocks
==76087== total heap usage: 3 allocs, 2 frees, 72,709 bytes allocated
==76087== 
==76087== LEAK SUMMARY:
==76087== definitely lost: 0 bytes in 0 blocks
==76087== indirectly lost: 0 bytes in 0 blocks
==76087== possibly lost: 0 bytes in 0 blocks
==76087== still reachable: 72,704 bytes in 1 blocks
==76087== suppressed: 0 bytes in 0 blocks
==76087== Rerun with --leak-check=full to see details of leaked memory
==76087== 
==76087== For counts of detected and suppressed errors, rerun with: -v
==76087== ERROR SUMMARY: 2 errors from 2 contexts (suppressed: 0 from 0)
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In this chapter, you learned about various C++ debugging tools and the applications of the Valgrind tool, such as detecting uninitialized variable access and detecting memory leaks. You also learned about the GDB tool and detecting issues that arise due to illegal memory access of the already released memory locations.

In the next chapter, you will be learning about code smells and clean code practices.
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This chapter will cover the following topics:


	Introduction to code smells

	The concept of clean code

	How agile and clean code practices are related

	SOLID design principle

	Code refactoring

	Refactoring code smells into clean code

	Refactoring code smells into design patterns



Clean code is the source code that works in an accurate way functionally and is structurally well written. Through thorough testing, we can ensure the code is functionally correct. We can improve code quality via code self-review, peer code review, code analysis, and most importantly, by code refactoring. 

The following are some of the qualities of clean code:


	Easy to understand

	Easy to enhance

	Adding new functionality doesn't require many code changes

	Easy to reuse 

	Self-explanatory

	Has comments when necessary



Lastly, the best part about writing clean code is that both the development team involved in the project or product and the customer will be happy.
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Refactoring helps improve the structural quality of the source code. It doesn't modify the functionality of the code; it just improves the structural aspect of the code quality. Refactoring makes the code cleaner, but at times it may help you improve the overall code performance. However, you need to understand that performance tuning is different from code refactoring.  

The following diagram demonstrates the development process overview: 



 

How is code refactoring done safely? The answer to this question is as follows:


	Embrace DevOps

	Adapt to test-driven development

	Adapt to behavior-driven development

	Use acceptance test-driven development
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Source code has two aspects of quality, namely functional and structural. The functional quality of a piece of source code can be achieved by testing the code against the customer specifications. The biggest mistake most developers make is that they tend to commit the code to version control software without refactoring it; that is, they commit the code the moment they believe it is functionally complete.  

As a matter of fact, committing code to version control often is a good habit, as this is what makes continuous integration and DevOps possible. After committing the code to version control, what the vast majority of developers ignore is refactoring it. It is highly critical that you refactor the code to ensure it is clean, without which being agile is impossible. 

Code that looks like noodles (spaghetti) requires more efforts to enhance or maintain. Hence, responding to a customer's request quickly is not practically possible. This is why maintaining clean code is critical to being agile. This is applicable irrespective of the agile framework that is followed in your organization.
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Agile is all about fail fast. An agile team will be able to respond to a customer's requirement quickly without involving any circus from the development team. It doesn't really matter much which agile framework the team is using: Scrum, Kanban, XP, or something else. What really matters is, are you following them seriously?  

As an independent software consultant, I have personally observed and learned who generally complains, and why they complain about agile.

As Scrum is one of the most popular agile frameworks, let's assume a product company, say, ABC Tech Private Ltd., has decided to follow Scrum for the new product that they are planning to develop. The good news is that ABC Tech, just like most organizations, also hosts a Sprint planning meeting, a daily stand-up meeting, Sprint review, Sprint retrospective, and all other Scrum ceremonies efficiently. Assume that ABC Tech has ensured their Scrum master is Scrum-certified and the product manager is a Scrum-certified product owner. Great! Everything sounds good so far.

Let's say the ABC Tech product team doesn't use TDD, BDD, ATDD, and DevOps. Do you think the ABC Tech product team is agile? Certainly not. As a matter of fact, the development team will be highly stressed with a hectic and impractical schedule. At the end of the day, there will be very high attrition, as the team will not be happy. Hence, customers will not be happy, as the quality of the product will suffer terribly.

What do you think has gone wrong with the ABC Tech product team?  

Scrum has two sets of processes, namely the project management process, which is covered by Scrum ceremonies. Then, there is the engineering side of the process, which most organizations don't pay much attention to. This is evident from the interest or awareness of Certified SCRUM Developer (CSD) certification in the IT industry. The amount of interest the IT industry shows to CSM, CSPO, or CSP is hardly shown to CSD, which is required for developers. However, I don't believe certification alone could make someone a subject-matter expert; it only shows the seriousness the person or the organization shows in embracing an agile framework and delivering quality products to their customers.

Unless the code is kept clean, how is it possible for the development team to respond to customers' requirements quickly? In other words, unless the engineers in the development team embrace TDD, BDD, ATDD, continuous integration, and DevOps in the product development, no team will be able to succeed in Scrum or, for that matter, with any other agile framework.

The bottom line is that unless your organization takes the engineering Scrum process and project management Scrum process equally serious, no development team can claim to succeed in agile.
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SOLID is an acronym for a set of important design principles that, if followed, can avoid code smells and improve the code quality, both structurally and functionally.

Code smells can be prevented or refactored into clean code if your software architecture meets the SOLID design principle compliance. The following principles are collectively called SOLID design principles:


	Single responsibility principle

	Open closed principle

	Liskov substitution principle

	Interface segregation

	Dependency inversion



The best part is that most design patterns also follow and are compliant with SOLID design principles.

Let's go through each of the preceding design principles one by one in the following sections.
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Single responsibility principle is also referred to as SRP in short. SRP says that every class must have only one responsibility. In other words, every class must represent exactly one object. When a class represents multiple objects, it tends to violate SRP and opens up chances for multiple code smells.

For example, let's take a simple Employee class, as follows:



In the preceding class diagram, the Employee class seems to represent three different objects: Employee, Address, and Contact. Hence, it violates the SRP. As per this principle, from the preceding Employee class, two other classes can be extracted, namely Address and Contact, as follows:



For simplicity, the class diagrams used in this section don't show any methods that are supported by the respective classes, as our focus is understanding the SRP with a simple example.

In the preceding refactored design, Employee has one or more addresses (personal and official) and one or more contacts (personal and official). The best part is that after refactoring the design, every class abstracts one and only thing; that is, it has only one responsibility.
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An architecture or design is in compliance with the open closed principle (OCP) when the design supports the addition of new features with no code changes or without modifying the existing source code. As you know, based on your professional industry experience, every single project you have come across was extensible in one way or another. This is how you were able to add new features to your product. However, the design will be in compliance with the OCP when such a feature extension is done without you modifying the existing code.

Let's take a simple Item class, as shown in the following code. For simplicity, only the essential details are captured in the Item class:

#include <iostream>
#include <string>
using namespace std;
class Item {
       private:
         string name;
         double quantity;
         double pricePerUnit;
       public:
         Item ( string name, double pricePerUnit, double quantity ) {
         this-name = name; 
         this->pricePerUnit = pricePerUnit;
         this->quantity = quantity;
    }
    public double getPrice( ) {
           return quantity * pricePerUnit;
    }
    public String getDescription( ) {
           return name;
    }
};

Assume the preceding Item class is part of a simple billing application for a small shop. As the Item class will be able to represent a pen, calculator, chocolate, notebook, and so on, it is generic enough to support any billable item that is dealt by the shop. However, if the shop owner is supposed to collect Goods and Services Tax (GST) or Value Added Tax (VAT), the existing Item class doesn't seem to support the tax component. One common approach is to modify the Item class to support the tax component. However, if we were to modify existing code, our design would be non-compliant to OCP.

Hence, let's refactor our design to make it OCP-compliant using Visitor design pattern. Let's explore the refactoring possibility, as shown in the following code:

#ifndef __VISITABLE_H
#define __VISITABLE_H
#include <string>
 using namespace std;
class Visitor;

class Visitable {
 public:
        virtual void accept ( Visitor * ) = 0;
        virtual double getPrice() = 0;
        virtual string getDescription() = 0;
 };
#endif

The Visitable class is an abstract class with three pure virtual functions. The Item class will be inheriting the Visitable abstract class, as shown here:

#ifndef __ITEM_H
#define __ITEM_H
#include <iostream>
#include <string>
using namespace std;
#include "Visitable.h"
#include "Visitor.h"
class Item : public Visitable {
 private:
       string name;
       double quantity;
       double unitPrice;
 public:
       Item ( string name, double quantity, double unitPrice );
       string getDescription();
       double getQuantity();
       double getPrice();
       void accept ( Visitor *pVisitor );
 };
 
 #endif

Next, let's take a look at the Visitor class, shown in the following code. It says there can be any number of Visitor subclasses that can be implemented in future to add new functionalities, all without modifying the Item class:

class Visitable;
#ifndef __VISITOR_H
#define __VISITOR_H
class Visitor {
 protected:
 double price;
 
 public:
 virtual void visit ( Visitable * ) = 0;
 virtual double getPrice() = 0;
 };
 
 #endif

The GSTVisitor class is the one that lets us add the GST functionality without modifying the Item class. The GSTVisitor implementation looks like this:

#include "GSTVisitor.h"

void GSTVisitor::visit ( Visitable *pItem ) {
     price = pItem->getPrice() + (0.18 * pItem->getPrice());
}
 
double GSTVisitor::getPrice() {
     return price;
}

The Makefile looks as follows:

all: GSTVisitor.o Item.o main.o
     g++ -o gst.exe GSTVisitor.o Item.o main.o

GSTVisitor.o: GSTVisitor.cpp Visitable.h Visitor.h
     g++ -c GSTVisitor.cpp

Item.o: Item.cpp
     g++ -c Item.cpp
 
main.o: main.cpp
     g++ -c main.cpp



The refactored design is OCP-compliant, as we would be able to add new functionalities without modifying the Item class. Just imagine: if the GST calculation varies from time to time, without modifying the Item class, we would be able to add new subclasses of Visitor and address the upcoming changes. 
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Liskov substitution principle (LSP) stresses the importance of subclasses adhering to the contract established by the base class. In an ideal inheritance hierarchy, as the design focus moves up the class hierarchy, we should notice generalization; as the design focus moves down the class hierarchy, we should notice specialization.  

The inheritance contract is between two classes, hence it is the responsibility of the base class to impose rules that all subclasses can follow, and the subclasses are equally responsible for obeying the contract once agreed. A design that compromises these design philosophies will be non-compliant to the LSP. 

LSP says if a method takes the base class or interface as an argument, one should be able to substitute the instance of any one of the subclasses unconditionally.   

As a matter of fact, inheritance violates the most fundamental design principles: inheritance is weakly cohesive and strongly coupled. Hence, the real benefit of inheritance is polymorphism, and code reuse is a tiny benefit compared to the price paid for inheritance. When LSP is violated, we can't substitute the base class instance with one of its subclass instances, and the worst part is we can't invoke methods polymorphically. In spite of paying the design penalties of using inheritance, if we can't reap the benefit of polymorphism, there is no real motivation to use it.   

The technique to identify LSP violation is as follows:


	Subclasses will have one or more overridden methods with empty implementations

	The base class will have a specialized behavior, which will force certain subclasses, irrespective of whether those specialized behaviors are of the subclasses' interest or not

	Not all generalized methods can be invoked polymorphically 



The following are the ways to refactor LSP violations:


	Move the specialized methods from the base class to the subclass that requires those specialized behaviors.

	Avoid forcing vaguely related classes to participate in an inheritance relationship. Unless the subclass is a base type, do not use inheritance for the mere sake of code reuse.

	Do not look for small benefits, such as code reuse, but look for ways to use polymorphism or aggregation or composition when possible.
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Interface segregation design principle recommends modeling many small interfaces for a specific purpose, as opposed to modeling one bigger interface that represents many things. In the case of C++, an abstract class with pure virtual functions can be thought of as an interface.

Let's take a simple example to understand interface segregation:

#include <iostream>
#include <string>
using namespace std;

class IEmployee {
      public:
          virtual string getDoor() = 0;
          virtual string getStreet() = 0;
          virtual string getCity() = 0;
          virtual string getPinCode() = 0;
          virtual string getState() = 0;
          virtual string getCountry() = 0;
          virtual string getName() = 0;
          virtual string getTitle() = 0;
          virtual string getCountryDialCode() = 0;
          virtual string getContactNumber() = 0;
};

In the preceding example, the abstract class demonstrates a chaotic design. The design is chaotic as it seems to represent many things, such as employee, address, and contact. One of the ways in which the preceding abstract class can be refactored is by breaking the single interface into three separate interfaces: IEmployee, IAddress, and IContact. In C++, interfaces are nothing but abstract classes with pure virtual functions:

#include <iostream>
#include <string>
#include <list>
using namespace std;

class IEmployee {
  private:
     string firstName, middleName, lastName,
     string title;
     string employeeCode;
     list<IAddress> addresses;
     list<IContact> contactNumbers;
  public:
     virtual string getAddress() = 0;
     virtual string getContactNumber() = 0;
};

class IAddress {
     private:
          string doorNo, street, city, pinCode, state, country;
     public:
          IAddress ( string doorNo, string street, string city, 
            string pinCode, string state, string country );
          virtual string getAddress() = 0;
};

class IContact {
      private:
           string countryCode, mobileNumber;
      public:
           IContact ( string countryCode, string mobileNumber );
           virtual string getMobileNumber() = 0;
};

In the refactored code snippet, every interface represents exactly one object, hence it is in compliance with the interface segregation design principle.
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A good design will be strongly cohesive and loosely coupled. Hence, our design must have less dependency. A design that makes a code dependent on many other objects or modules is considered a poor design. If Dependency Inversion (DI) is violated, any change that happens in the dependent modules will have a bad impact on our module, leading to a ripple effect. 

Let's take a simple example to understand the power of DI. A Mobile class "has a" Camera object and notice that has a form is composition. Composition is an exclusive ownership where the lifetime of the Camera object is directly controlled by the Mobile object:



As you can see in the preceding image, the Mobile class has an instance of Camera and the has a form used is composition, which is an exclusive ownership relationship.  

Let's take a look at the Mobile class implementation, as follows:

#include <iostream>
using namespace std;

class Mobile {
     private:
          Camera camera;
     public:
          Mobile ( );
          bool powerOn();
          bool powerOff();
};

class Camera {
      public:
          bool ON();
          bool OFF();
};

bool Mobile::powerOn() {
       if ( camera.ON() ) {
           cout << "\nPositive Logic - assume some complex Mobile power ON logic happens here." << endl;
           return true;
       }
       cout << "\nNegative Logic - assume some complex Mobile power OFF logic happens here." << endl;
            << endl;
       return false;
}

bool Mobile::powerOff() {
      if ( camera.OFF() ) {
              cout << "\nPositive Logic - assume some complex Mobile power OFF             logic happens here." << endl;
      return true;
 }
      cout << "\nNegative Logic - assume some complex Mobile power OFF logic happens here." << endl;
      return false;
}

bool Camera::ON() {
     cout << "\nAssume Camera class interacts with Camera hardware here\n" << endl;
     cout << "\nAssume some Camera ON logic happens here" << endl;
     return true;
}

bool Camera::OFF() {
 cout << "\nAssume Camera class interacts with Camera hardware here\n" << endl;
 cout << "\nAssume some Camera OFF logic happens here" << endl;
 return true;
}

In the preceding code, Mobile has implementation-level knowledge about Camera, which is a poor design. Ideally, Mobile should be interacting with Camera via an interface or an abstract class with pure virtual functions, as this separates the Camera implementation from its contract. This approach helps replace Camera without affecting Mobile and also gives an opportunity to support a bunch of Camera subclasses in place of one single camera.

Wondering why it is called Dependency Injection (DI) or Inversion of Control (IOC)? The reason it is termed dependency injection is that currently, the lifetime of Camera is controlled by the Mobile object; that is, Camera is instantiated and destroyed by the Mobile object. In such a case, it is almost impossible to unit test Mobile in the absence of Camera, as Mobile has a hard dependency on Camera. Unless Camera is implemented, we can't test the functionality of Mobile, which is a bad design approach. When we invert the dependency, it lets the Mobile object use the Camera object while it gives up the responsibility of controlling the lifetime of the Camera object. This process is rightly referred to as IOC. The advantage is that you will be able to unit test the Mobile and Camera objects independently and they will be strongly cohesive and loosely coupled due to IOC.

Let's refactor the preceding code with the DI design principle:

#include <iostream>
using namespace std;

class ICamera {
       public:
         virtual bool ON() = 0;
         virtual bool OFF() = 0;
};

class Mobile {
      private:
            ICamera *pCamera;
      public:
            Mobile ( ICamera *pCamera );
            void setCamera( ICamera *pCamera ); 
            bool powerOn();
            bool powerOff();
};

class Camera : public ICamera {
public:
            bool ON();
            bool OFF();
};

//Constructor Dependency Injection
Mobile::Mobile ( ICamera *pCamera ) {
    this->pCamera = pCamera;
}

//Method Dependency Injection
Mobile::setCamera( ICamera *pCamera ) {
    this->pCamera = pCamera;
}

bool Mobile::powerOn() {
      if ( pCamera->ON() ) {
            cout << "\nPositive Logic - assume some complex Mobile power ON logic happens here." << endl;
            return true;
      }
cout << "\nNegative Logic - assume some complex Mobile power OFF logic happens here." << endl;
<< endl;
      return false;
}

bool Mobile::powerOff() {
      if ( pCamera->OFF() ) {
           cout << "\nPositive Logic - assume some complex Mobile power OFF logic happens here." << endl;
           return true;
}
      cout << "\nNegative Logic - assume some complex Mobile power OFF logic happens here." << endl;
      return false;
}

bool Camera::ON() {
       cout << "\nAssume Camera class interacts with Camera hardware here\n" << endl;
       cout << "\nAssume some Camera ON logic happens here" << endl;
       return true;
}

bool Camera::OFF() {
       cout << "\nAssume Camera class interacts with Camera hardware here\n" << endl;
       cout << "\nAssume some Camera OFF logic happens here" << endl;
       return true;
}

The changes are highlighted in bold in the preceding code snippet. IOC is such a powerful technique that it lets us decouple the dependency as just demonstrated; however, its implementation is quite simple.
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Code smell is a term used to refer to a piece of code that lacks structural quality; however, the code may be functionally correct. Code smells violate SOLID design principles, hence they must be taken seriously, as the code that is not well written leads to heavy maintenance cost in the long run. However, code smells can be refactored into clean code.
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As an independent software consultant, I have had a lot of opportunities to interact and learn from great developers, architects, QA folks, system administrators, CTOs and CEOs, entrepreneurs, and so on. Whenever our discussions crossed the billion dollar question, "What is clean code or good code?", I more or less got one common response globally, "Good code will be well commented." While this is partially correct, certainly that's where the problem starts. Ideally, clean code should be self-explanatory, without any need for comments. However, there are some occasions where comments improve the overall readability and maintainability. Not all comments are code smells, hence it becomes necessary to differentiate a good comment from a bad one. Have a look at the following code snippet:

if ( condition1 ) {
     // some block of code
}
else if ( condition2 ) {
     // some block of code
}
else {
     // OOPS - the control should not reach here ### Code Smell ###
}

I'm sure you have come across these kinds of comments. Needless to explain that the preceding scenario is a code smell. Ideally, the developer should have refactored the code to fix the bug instead of writing such a comment. I was once debugging a critical issue in the middle of the night and I noticed the control reached the mysterious empty code block with just a comment in it. I'm sure you have come across funnier code and can imagine the frustration it brings; at times, you too would have written such a type of code. 

A good comment will express why the code is written in a specific way rather than express how the code does something. A comment that conveys how the code does something is a code smell, whereas a comment that conveys the why part of the code is a good comment, as the why part is not expressed by the code; therefore, a good comment provides value addition.
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A method is long when it is identified to have multiple responsibilities. Naturally, a method that has more than 20-25 lines of code tends to have more than one responsibility. Having said that, a method with more lines of code is longer. This doesn't mean a method with less than 25 lines of code isn't longer. Take a look at the following code snippet:

void Employee::validateAndSave( ) {
        if ( ( street != "" ) && ( city != "" ) )
              saveEmployeeDetails();
}

Clearly, the preceding method has multiple responsibilities; that is, it seems to validate and save the details. While validating before saving isn't wrong, the same method shouldn't do both. So the preceding method can be refactored into two smaller methods that have one single responsibility:

private:
void Employee::validateAddress( ) {
     if ( ( street == "" ) || ( city == "" ) )
          throw exception("Invalid Address");
}

public:
void Employee::save() {
      validateAddress();
}

Each of the refactored methods shown in the preceding code has exactly one responsibility. It would be tempting to make the validateAddress() method a predicate method; that is, a method that returns a bool. However, if validateAddress() is written as a predicate method, then the client code will be forced to do if check, which is a code smell. Handling errors by returning error code isn't considered object-oriented code, hence error handling must be done using C++ exceptions.
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An object-oriented method takes fewer arguments, as a well-designed object will be strongly cohesive and loosely coupled. A method that takes too many arguments is a symptom that informs that the knowledge required to make a decision is received externally, which means the current object doesn't have all of the knowledge to make a decision by itself.

This means the current object is weakly cohesive and strongly coupled, as it depends on too much external data to make a decision. Member functions generally tend to receive fewer arguments, as the data members they require are generally member variables. Hence, the need to pass member variables to member functions sounds artificial.

Let's see some of the common reasons why a method tends to receive too many arguments. The most common symptoms and reasons are listed here:


	The object is weakly cohesive and strongly coupled; that is, it depends too much on other objects 

	It is a static method

	It is a misplaced method; that is, it doesn't belong to that object

	It is not object-oriented code

	SRP is violated



The ways to refactor a method that takes long parameter list (LPL) are listed here:


	Avoid extracting and passing data in bits and pieces; consider passing an entire object and let the method extract the details it requires

	Identify the object that supplies the arguments to the method that receives LPL and consider moving the method there

	Group the list of arguments and create a parameter object and move the method that receives LPL inside the new object
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Duplicate code is a commonly recurring code smell that doesn't require much explanation. The copying and pasting code culture alone can't be blamed for duplicate code. Duplicate code makes code maintenance more cumbersome, as the same issues may have to be fixed in multiple places, and integrating new features requires too many code changes, which tends to break the unexpected functionalities. Duplicate code also increases the application binary footprint, hence it must be refactored to clean code.



            

            
        
    
        

                            
                    Conditional complexity

                
            
            
                
Conditional complexity code smell is about complex large conditions that tend to grow larger and more complex with time. This code smell can be refactored with the strategy design pattern. As the strategy design pattern deals with many related objects, there is scope for using the Factory method, and the null object design pattern can be used to deal with unsupported subclasses in the Factory method: 

//Before refactoring
void SomeClass::someMethod( ) {
      if (  ! conition1 && condition2 )
         //perform some logic
      else if ( ! condition3 && condition4 && condition5 )
         //perform some logic
      else
         //do something 
} 

//After refactoring
void SomeClass::someMethod() {
     if ( privateMethod1() )
          //perform some logic
     else if ( privateMethod2() )
          //perform some logic
     else
         //do something
}
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A large class code smell makes the code difficult to understand and tougher to maintain. A large class can do too many things for one class. Large classes can be refactored by breaking them into smaller classes with a single responsibility.
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Dead code is commented code or code that is never used or integrated. It can be detected with code coverage tools. Generally, developers retain these instances of code due to lack of confidence, and this happens more often in legacy code. As every code is tracked in version control software tools, dead code can be deleted, and if required, can always be retrieved back from version control software.
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Primitive Obsession (PO) is a wrong design choice: use of a primitive data type to represent a complex domain entity. For example, if the string data type is used to represent date, though it sounds like a smart idea initially, it invites a lot of maintenance trouble in the long run.

Assuming you have used a string data type to represent date, the following issues will be a challenge: 


	You would need to sort things based on date

	Date arithmetic will become very complex with the introduction of string

	Supporting various date formats as per regional settings will become complex with string



Ideally, date must be represented by a class as opposed to a primitive data type.
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Data classes provide only getter and setter functions. Though they are very good for transferring data from one layer to another, they tend to burden the classes that depend on the data class. As data classes won't provide any useful functionalities, the classes that interact or depend on data classes end up adding functionalities with the data from the data class. In this fashion, the classes around the data class violate the SRP and tend to be a large class.



            

            
        
    
        

                            
                    Feature envy

                
            
            
                
Certain classes are termed feature envy if they have too much knowledge about other internal details of other classes. Generally, this happens when the other classes are data classes. Code smells are interrelated; breaking one code smell tends to attract other code smells.
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In this chapter, you learned about the following topics:





	Code smells and the importance of refactoring code

	SOLID design principles:


	Single responsibility principle

	Open closed principle

	Liskov substitution

	Interface segregation

	Dependency injection








	Various code smells:

	Comments smell

	Long method

	Long parameter list

	Duplicate code

	Conditional complexity

	Large class

	Dead code








	Object-oriented code smells' primitive obsession

	Data class

	Feature envy







You also learned about many refactoring techniques that will help you maintain your code cleaner. Happy coding!
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Message => 2 from 140167534028544

jegan@ubuntu:~/MasteringC++/Multithreading/Ex2$
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MyDIg ( QDialog )

QVBoxLayout
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Page 4 ( QWidget )
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that subclasses Qwidget

Invisible stretch
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Exit App |
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8 x Version: 1.0

9 x Created: ©01/09/2017 04:24:22 PM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.orgl
14 * :  TekTutor http://www.tektutor.org
15 *

16 *

17

18 #include "MathOperator.h"

19

20 class Add : public MathOperator {

21 public:

22 double evaluate(int,int);

src/Add.h
11 % Compiler: gcc
12 %
13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 * TekTutor (http://www.tektutor.org)
15 *
16 *

19 #ifndef __MATHOPERATOR__H
20 #define __MATHOPERATOR__H

22 class MathOperator {

23 public:

24 virtual double evaluate (int,int) = 0;
25 };

27 #endif /* _ MATHOPERATOR__H */

628C written
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jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ make

g++ —-c -0 RPNCalculator.o src/RPNCalculator.cpp

g++ —-c —o RPNCalculatorTest.o test/RPNCalculatorTest.cpp -I googletest/googletest -I googletes
t/googletest/include -I googlemock/googlemock -I googlemock/googlemock/include -I src -I test
g++ -0 calc.exe —-std=c++14 RPNCalculator.o RPNCalculatorTest.o —pthread libgtest.a
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ 1s

calc.exe googletest Tlibgtest.a Makefile RPNCalculator.o RPNCalculatorTest.o src test
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe

Running main() from gmock_main.cc

] Running 1 test from 1 test case.

[—————— ] Global test environment set-up.
[—————— 1 1 test from RPNCalculatorTest
[ RUN ] RPNCalculatorTest.testSimpleAddition

test/RPNCalculatorTest.cpp:10: Failure
Expected: expectedResult

Which is: 25
To be equal to: actualResult

Which is: @
[ FAILED ] RPNCalculatorTest.testSimpleAddition (1 ms)
[~ ] 1 test from RPNCalculatorTest (1 ms total)
[~ ] Global test environment tear-down
[==========] 1 test from 1 test case ran. (3 ms total)

[ PASSED 1 @ tests.
[ FAILED ] 1 test, listed below:
[ FAILED ] RPNCalculatorTest.testSimpleAddition

1 FAILED TEST
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/src/RPNCalculator.h — ssh jegan@172.16.31.135 — 93x18
finclude <iostream>

#include <string>

#include <sstream>

#include <stack>

#include <vector>

#include <iterator>

#include <algorithm>

WoOoONOU A WNRK

using namespace std;

ey
[

class RPNCalculator {
public:

double evaluate(string);
};

2R e
BWN

master  <Calculator/src/RPNCalculator.h cpp utf-8[unix]
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1 [PRC = src/RPNCalculator.cpp test/RPNCalculatorTest.cpp
2 0BJS = RPNCalculator.o RPNCalculatorTest.o

3 CFLAGS = -std=c++14

4 LIBS = -pthread libgtest.a

5 INC = -I googletest/googletest \

6 -I googletest/googletest/include \

7 -I googlemock/googlemock \

8 -I googlemock/googlemock/include \

9 -I src \

10 -I test

11 EXE = calc.exe

12

13 all: $(0B3S)

14 g++ -0 $(EXE) $(CFLAGS) $(0BJS) $(LIBS)
15

16 RPNCalculator.o: src/RPNCalculator.cpp

17 g++ —-c -0 RPNCalculator.o src/RPNCalculator.cpp

18

19 RPNCalculatorTest.o: test/RPNCalculatorTest.cpp

20 g++ —c -0 RPNCalculatorTest.o test/RPNCalculatorTest.cpp $(INC)
21

22 .PHONY: clean

23

24 clean:

25 rm —-f *.0 *.exe

Makefile SRC < mak.. utf-8[unix]
"Makefile" 25L, 635C
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eoe i ~— jegan@ubuntu: ~/MasteringC++/Multithreading/Deadlock — ssh jegan@172.16.31.135 — 115x12

~— Jegan@ubuntu: ~/MasteringC:++/Multthreading/Mutex — -bash = = — Jegan@ubuntu: ~[MasteringC++/Multithreading Deadiock — ssh jegan@172.16.31.135

jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$ g++ main.cpp Thread.cpp -o deadlock.exe -std=c++17 -lpthread -

9
jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$ 1ls
deadlock.exe main.cpp Thread.cpp Thread.h
jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$ ./deadlock.exe
WRITER is waiting for lock in updateCount() method ...

WRITER has acquired the lock in updateCount() method ...

WRITER is waiting for lock in getCount() method ...

READER is waiting for lock in getCount() method ...
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° ) jegan — jegan@ubuntu: ~/MasteringC++/Chapter7/Ex3 — ssh 172.16.31.147 — 128x35

-’Lude -I src -I test src/Mobile.cpp -0 src/Mobile.o

g++ —c -std=c++14 -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
clude -I src -I test src/Camera.cpp -o src/Camera.o

g++ —c -std=c++14 -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
clude -I src -I test test/MobileTest.cpp -0 test/MobileTest.o

cp —f src/Mobile.o src/Camera.o test/MobileTest.o .

g++ -0 mobileTest.exe -std=c++14 src/Mobile.o src/Camera.o test/MobileTest.o —-pthread libgtest.a -I googletest/googletest -I goo
gletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/include -I src -I test

rm —f src/Mobile.o src/Camera.o test/MobileTest.o

jegan@ubuntu:~/MasteringC++/Chapter7/Ex3% 1s

Camera.o googletest libgtest.a Makefile Mobile.o mobileTest.exe MobileTest.o src test
jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$ ./mobileTest.exe

Running main() from gmock_main.cc

Running 1 test from 1 test case.

Global test environment set-up

1 test from MobileTest

RUN MobileTest. testPowerOnWhenCameraONSucceeds

nside Mobile powerOn() method

amera ON hardware interaction happens here ...

ome complex powerOn loglc goes on here ...
MobileTes PowerOnWhenCameraONsucceeds (@ ms)
1 test from MoblleTest (@ ms total)

Global test environment tear-down

1 test from 1 test case ran. (@ ms total)
PASSED 1 test.
jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$ vim Camera.h
UltiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue
jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$ vim src/Camera.h
UltiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue
jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$%
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Makefile:794: recipe for target 'MyDlg.o' failed
make: sk [MyDlg.o] Error 1
jegan@ubuntu:~/HasteringC++/Chapter5/Ex8$ vim MyDlg.cpp +42

UltiSnips requires py >= 2.7 or py3

press ENTER or type command to continue

jegan@ubuntu:~/MasteringC++/Chapters/Ex8$ make

g++ -c -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_
GUI_LIB -DQT_CORE_LIB ~I. -I. ~I../../../Qt5.7.0/5.7/gcc_64/include ~I../../../Qt5.7.0/5.7/gcc
_64/include/QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_6
a/include/QtCore ~I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ o MyDlg.o MyDlg.cpp

g++ -WL,-01 -W\,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/1ib —o Ex8 main.o MyDlg.o ~-L/home/jega
n/Qt5.7.0/5.7/gcc_64/1ib ~1Qt5Widgets -L/usr/1ib64 -1Qt56ui -1Qt5Core ~1GL -lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex8$ vim MyDlg.cpp

UltiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue

jegan@ubuntu:~/MasteringC++/Chapters/Ex8$ make

g++ -c -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_
GUI_LIB -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc
_647include/QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_6
4/include/QtCore -I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -0 MyDlg.o MyDlg.cpp

g++ -WL,-01 —Wl,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/1ib —o Ex8 main.o MyDlg.o -L/home/jega
n/Qt5.7.0/5.7/gcc_64/1ib ~1t5Widgets -L/usr/lib64 -10t56ui -1Qt5Core ~1GL -lpthread

C ke )
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18 #:
19 #:

21 ir

*
* Filename: main.cpp

*  Description: This is a simple Hello Wold GUI app in Qt.

*

* 1.0

* 10/15/2016 11:41:39 PM

* none

* gcc

&

* Author: Jeganathan Swaminathan <jegan@tektutor.org>

*  Organization: TekTutor <www.tektutor.org>

*

* - == == -
*/

include <QApplication>
include <QWidget>

nt main ( int argc, char sargv ) {
QApplication theApp (argc,argv);
Quidget myWindow;

myWindow. setiindowTitle ( "Hello Qt, my first GUI application”
myWindow. show();

return theApp.exec();

main. main()
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src/RPNCalculator.h
"src/RPNCalculator.h" 20L, 308C

#ifndef __RPNCALCULATOR_H__
#define __RPNCALCULATOR_H__

<iostream>
<sstream>
<string>
<vector>
<stack>
<algorithm>
<iterator>

using namespace stdf
class RPNCalculator {

double evaluate (string);

#endif /* __RPNCALCULATOR_H__ x/

cpp

utf-8[unix]





assets/e22788c8-417b-48aa-9d8a-6bc44f7c0682.png
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
cp —f src/Subtract.o

atorTest.o test/main

src/Multiply.cpp -o src/Multiply.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
src/NullObject.cpp -0 src/NullObject.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
src/Add.cpp -0 src/Add.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
src/Divide.cpp -0 src/Divide.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
test/RPNCalculatorTest.cpp —o test/RPNCalculatorTest.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
test/main.cpp -0 test/main.o

src/RPNCalculator.o src/MathFactory.o src/Multiply.o src/NullObject.o src/Add.o src/Divide.o test/RPNCalcul
ol

g++ -0 calc.exe -std=c++14 src/Subtract.o src/RPNCalculator.o src/MathFactory.o src/Multiply.o src/NullObject.o src/Add.o src/Di
vide.o test/RPNCalculatorTest.o test/main.o —pthread libgtest.a -I googletest/googletest -I googletest/googletest/include -I goo
glemock/googlemock -I googlemock/googlemock/include -I src -I test

rm —f src/Subtract.o

atorTest.o test/main

src/RPNCalculator.o src/MathFactory.o src/Multiply.o src/NullObject.o src/Add.o src/Divide.o test/RPNCalcul
0

jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe

Running

5 tests

5 tests from 1 test case.

Global test environment set-up

from RPNCalculatorTest

PASSED
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$

RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.
RPNCalculatorTest.

testSimpleAddition
testSimpleAddition (@ ms)
testSimpleSubtraction
testSimpleSubtraction (@ ms)
testSimpleMultiplication
testSimpleMultiplication (@ ms)
testSimpleDivision
testSimpleDivision (@ ms)
testComplexRPNExpression
testComplexRPNExpression (@ ms)

5 tests from RPNCalculatorTest (2 ms total)

Global test environment tear-down
5 tests from 1 test case ran. (4 ms total)

5 tests.
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~ — Jegan@ubuntu: ~/MasteringC++/Multithreading/Mutex — ssh jegan@172.16.31.133 ~ — jegan@ubuntu: ~MasteringC++/Multithreading/Mutex — ssh jegan@172.16.31.133
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ g++ Account.cpp main.cpp -o account.exe -std=c++17 -lpthread
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ clear

jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ 1ls
Account.cpp account.exe Account.h main.cpp
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ ./account.exe
Withdrawer: current balance is 5000
Withdrawer: post withraw balance is 4000
Depositor: current balance is 4000

Depositor: post deposit balance is 6000
Withdrawer: current balance is 6000
Withdrawer: post withraw balance is 5000
Depositor: current balance is 5000

Depositor: post deposit balance is 7000
Withdrawer: current balance is 7000
Withdrawer: post withraw balance is 6000
Depositor: current balance is 6000

Depositor: post deposit balance is 8000
Withdrawer: current balance is 8000
Withdrawer: post withraw balance is 7000
Depositor: current balance is 7000

Depositor: post deposit balance is 9000
Withdrawer: current balance is 9000
Withdrawer: post withraw balance is 8000
Depositor: current balance is 8000

Depositor: post deposit balance is 10000
Withdrawer: current balance is 10000
Withdrawer: post withraw balance is 9000
Depositor: current balance is 9000

Depositor: post deposit balance is 11000
Withdrawer: current balance is 11000
Withdrawer: post withraw balance is 10000
Depositor: current balance is 10000
Depositor: post deposit balance is 12000

=g
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$
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s/RPNCa LcuTator . cpp | buffers =

14

15 vector<string>::iterator pos = rpnTokens.begin();
16

17 while ( pos != rpnTokens.end() ) {

18

19 if ( xpos == "+ ) {

20 secondNumber = numberStack.top();
21 numberStack.pop();

22 firstNumber = numberStack.top();
23 numberStack.pop();

24 result = firstNumber + secondNumber;
25 numberStack.push ( result );

26 ¥

27 else if ( xpos ) 1

28 secondNumber = numberStack.top();
29 numberStack.pop();

30 firstNumber = numberStack.top();
31 numberStack.pop();

32 result = firstNumber - secondNumber;
33 numberStack.push ( result );

34 ¥

35 else if ( *pos == "x" ) {

36 secondNumber = numberStack.top();
37 numberStack.pop();

38 firstNumber = numberStack.top();
39 numberStack.pop();

40 result = firstNumber % secondNumber;
a1 numberStack.push ( result )f

42 ¥

43 else if ( *pos == "/" ) {

44 secondNumber = numberStack.top();
45 numberStack.pop();

46 firstNumber = numberStack.top();
47 numberStack.pop();

48 result = firstNumber / secondNumber;
49 numberStack.push ( result );

50 ¥

51 else

52 numberStack.push( stod(*pos) );
53

54 ++pos;

55 ¥

56

57 result = numberStack.ton();

src/RPNCa evaluate() < cpp
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s/Mobile.h

13 % Author: Jeganathan Swaminathan <jegan@tektutor.o] * Description: Mobile class header
rg> *
Organization: TekTutor <http://www.tektutor.org> * Version: 1.0
* Created: ©1/11/2017 07:38:46 AM
* Revision: none
* Compiler: gcc
*
#include "Mobile.h" * Author: Jeganathan Swaminathan <jegan@tektutor
19 org>
20 Mobile::Mobile() { * Organization: TekTutor <http://www.tektutor.org>
21 pCamera = new Camera; *
22 } *

1:Mobile(Camera xpCamera) {

this->pCamera = pCamera;

28 bool Mobile::power0On() {

29 cout << "\nInside Mobile powerOn() method" << endl

31 if (pCamera—>ON()) {

32 cout << "\nSome complex powerOn logic goes o

n here ..." << endl;

#ifndef __MOBILE_H__
#define __MOBILE_H__

#include <iostream>
using namespace std;

#include "Camera.h"

33 return true; class Mobile {
34 } private:
35 Camera xpCamera;
36 cout << "\nSome complex powerOn failure logic goes o public

n here ..." << endl; -
38 } T
39 bool powerOff();

bool Mobile::power0ff() {
src/Mobile.cpp
"src/Mobile.cpp" 51L, 1203C written

Mobile() < cpp
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CMakeLists.txt+

209 add_feature_target(features ——format progress)

210 add_feature_target(features—pretty ——format pretty)

211 add_feature_target(features-wip ——format pretty —-tags @wip)
212

213 else()

214 message (WARNING "Could not find Cucumber: skipping end-to-end tests")
215 endif()

216

217 endif()

218

219 #

220 # Examples

221 #

222

223 [if (CUKE_ENABLE_EXAMPLES)

+ 224 add_subdirectory(RPNCalculator)
+ 225 add_subdirectory(HelloBDD)

226 add_subdirectory(examples)

227 fendif()

~

~

+2 master CMake o utf-8[unix]
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ece ‘i jegan — jegan@ubuntu: ~/MasteringC++/Chapter7/Ex2 — ssh jegan@172.16.31.134 — 80x15

jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ tree -L 1

— googletest
— libgtest.a
— Makefile
b— src

L test

3 directories, 2 files
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ [I
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D

3 *
4 x Filename: main.cpp

5 %

6 *  Description: Simple Qt application with QDialog, QPushButton and QHBoxLayout
7 %

8 * Version: 1.0

9 % Created: 10/16/2016 05:18:27 AM

10 * Revision: none

11 * Compiler: gcc

12 %

13 * Author: Jeganathan Swaminathan <jegan@tektutor.org>

14 * Organization: TekTutor <www.tektutor.org>

15 *

16 *

17 */
18 #include <QApplication>
19 #include "MyDlg.h"

21 int main ( int argc, char sxargv ) {

22 QApplication theApp ( argc, argv );
23

24 MyDlg dlg;

25 dlg.show();

26

27 return theApp.exec();

28 }

29'
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14 x Author: Jeganathan Swaminathan <jegan@tektutor.org>
15 % Organization: TekTutor <www.tektutor.org>]

16 *
17 *

20 #include <QDialog>
21 #include <QDebug>

22 #include <QHBoxLayout>
23 #include <QPushButton>

: public QDialog {

28 QPushButton *pBttn;
29 QHBoxLayout *pLayout;
30

31 public:

32 MyDlg();

33

34 private slots:
35 void onButtonClicked();
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ece ' ~—jegan@ubuntu: ~/MasteringC++/Multithreading/Threads — ssh jegan@172.16.31.134 — 92x22

jegan@ubuntu:~/MasteringC++/Multithreading/Threads$ ls
main.cpp Thread.cpp Thread.h
jegan@ubuntu:~/MasteringC++/Multithreading/Threads$ g++ main.cpp Thread.cpp -std=c++17 -1pth
read

jegan@ubuntu:~/MasteringC++/Multithreading/Threads$ ls
a.out main.cpp Thread.cpp Thread.h
jegan@ubuntu:~/MasteringC++/Multithreading/Threads$ ./a.out
140120141932288

140120150324992

140120158717696

140120141932288

140120150324992

140120158717696

140120141932288

140120150324992

140120158717696

Thread 140120141932288 stopped as requested.

Thread 140120150324992 stopped as requested.

Thread 140120158717696 stopped as requested.
jegan@ubuntu:~/MasteringC++/Multithreading/Threads$
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rend( ) rbegin()
{1 (1] [ R

| |

begin( ) end()
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jegan@ubuntu:~$ cucumber —--il18n help

ar
bg

bm

ca

cs

cy-GB

da

de

el

en
en-Scouse
en-au
en-lol
en-old
en-pirate
en-tx

eo

es

et

fa

fi

fr

gl

he

hi

hr

hu

id

is

Arabic
Bulgarian
Malay
Catalan
Czech
Welsh
Danish
German
Greek
English
Scouse
Australian
LOLCAT

0ld English
Pirate
Texan
Esperanto
Spanish
Estonian
Persian
Finnish
French
Galician
Hebrew
Hindi
Croatian
Hungarian
Indonesian
Icelandic

Lioya i
6bnrapcku
Bahasa Melayu
catala
Cesky
Cymraeg
dansk
Deutsch
EAANV 1Kk
English
Scouse
Australian
LOLCAT
Englisc
Pirate
Texan
Esperanto
espafiol
eesti keel
sy L
suomi
frangais
galego
maay

fgat
hrvatski
magyar
Bahasa Indonesia
Islenska
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Examples:
| rpn_input | expectedResult |
| /home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/
RPNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 25
To be equal to: context->actualResult
Which is: @
"10 15 + " | 25.0
/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/R
PNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 25
To be equal to: context->actualResult
Which is: @ (Cucumber::WireSupport::WireException)
RPNCalculator/features/rpncalculator.feature:18:in “Then the actualResult should match t
he 25.0'
RPNCalculator/features/rpncalculator.feature:14:in “Then the actualResult should match t
he <expectedResult>'

Failing Scenarios:
cucumber RPNCalculator/features/rpncalculator.feature:18 # Scenario Outline: Should be able to
perform simple addition, Examples (#1)

1 scenario (1 failed)

3 steps (1 failed, 2 passed)

0m@.257s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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18 %/
19 #include "Griddlg.h"

20

21 Gridblg::Gricdlgl) {

2

2 pBtnl = new QPushButton(*Button

2 pBtn2 = new

2 pBttn3 = new QPushButton(*Button

2 pBttnd = new QPushButton(*Button

27 PBtns = new QPushButton(*Button

2

2 PBLnS = new QPushButton(*Button

30 pBttn7 = new QPushButton(*Button

o PBLtn8 = new QPushButton(*Button

2 PBLtN9 = new QPushButton(*Button

3 PBLN10 = new QPushButton(*Button

3

35 PLayout = new QGridLayout(this);

36

37 PLayout->adaidget ( pBtenl, 0, J/First row, First Colum

38 PLayout->addidget ( pBttn2, 0, 7/First row, Second Column
39 PLayout->adaiidget ( pBttn3, 7/First row, Third Column

w PLayout->adciidget ( pBttnd, J/First row, Fourth Column
a1 PLayout->adaiidget ( pBtns, i //First row, Fifth Column

a2

a3 PLayout->adaWidget ( pBEtn6, 1, 0 ); //Second row, First Column
44 PLayout->addiidget ( pBEtn7, 1, 1); //Second row, Second Column
a5 Layout-addiidget ( pBLtng, 1, 2 ); //Second row, Third Column
6 Layout->addWidget ( pBttn9, 1, 3 ); //Second row, Fourth Column
4 PLayout->addWidget ( pBEtn10,1, 4 ); //Second row, Fifth Column
8

49 setlayout ( playout );

50}

GrigDig(






assets/5dce506b-58e0-4325-99b9-b4f43fbff988.png
Filename: main.cpp

Description: This exercise will demonstrate the use of QFormLayout
QLabel and QLineEdit.

1.0
10/22/2016
none
Compiler: gcc

Author: Jeganathan Swaminathan <jegan@tektutor.org>
Organization: TekTutor <www.tektutor.org>

KA KKK KKK KKK AN KT

*/
19 #include <QApplication>
20 #include "MyDlg.h"

21
22 int main (int arge, char sxargv) {

23 OApplication theApp(argc,argv)
2

25 MyDlg dlg;

26 dig.show();

27

28 return theApp.exec()
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& ~— jegan@ubuntu: ~/MasteringC++/Multithreading/Concurrency — ssh jegan@172.16.31.134 — 92x9

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ 1s

main.cpp
jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ g++ main.cpp —o concurrency.exe -std
=c++17 -lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ ./concurrency.exe

Hello Concurrency support library!

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ I
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LX)} % jegan — jegan@ubuntu: ~/MasteringC++/Chapter5/Ex2 — ssh -X -Y jegen@172.16.31.133 — 87x11.
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ qmake
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ make

g++ —c —pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LI
B -DQT_GUI_LIB -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include — /Q
15.7.0/5.7/gcc_64/include/QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui -I../..
/../Qt5.7.0/5.7/gcc_64/include/qtCore ~I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g
++ -0 main.o main.cpp

g++ -W1,-01 -WL,-rpath,/home/jegan/Qt5.7.0/5.7/gcc_64/1ib o Ex2 main.o  -L/home/jegan
/Qt5.7.0/5.7/gcc_64/1ib -1Qt5Widgets -L/usr/1ib64 -1Qt56ui -1Qt5Core -1GL -1pthread
jegan@ubuntu:~/MasteringC++/Chapters/Ex2$ I
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jegan@ubuntu:~/MasteringC++/Chapter7/googletests[sudo make install
[sudo] password for jegan:

[ 27%] Built target gmock
[ 63%] Built target gmock_main
[ 81%] Built target gtest
[100%] Built target gtest_main
Install the project

—-- Install col
/usr/local/lib/libgmock

Installing
Installing
—- Installing: /usr/local/include/gmo
Installing: /usr/local/include/gmock/gmock-more-actions.h
Installing: /usr/local/include/gmock/gmock-cardinalities.h
Installing: /usr/local/include/gmock/gmock-generated-actions.h.pump
Installing: /usr/local/include/gmock/gmock-matchers.h
Installing: /usr/local/include/gmock/gmock-generated-nice-strict.h.pump
Installing: /usr/local/include/gmock/gmock-generated-actions.h
Installing: /usr/local/include/gmock/gmock-actions.h
Installing: /usr/local/include/gmock/gmock.h
Installing: /usr/local/include/gmock/gmock-generated-nice-strict.h
Installing: /usr/local/include/gmock/gmock-generated-matchers. h.pump
Installing: /usr/local/include/gmock/gmock-generated-matchers.h
Installing: /usr/local/include/gmock/gmock-more-matchers.h
Installing: /usr/local/include/gmock/gmock-generated-function-mockers.h
Installing: /usr/local/include/gmock/gmock-generated-function-mockers.h.pump
Installing: /usr/local/include/gmock/gmock-spec-builders.h
Installing: /usr/local/include/gmock/internal
Installing: /usr/local/include/gmock/internal/gmock-generated-internal-utils.h.pump
Installing: /usr/local/include/gmock/internal/gmock-internal-utils.h
Installing: /usr/local/include/gmock/internal/custom
Installing: /usr/local/include/gmock/internal/custom/gmock-generated-actions.h.pump
Installing: /usr/local/include/gmock/internal/custom/gmock-matchers.h
Installing: /usr/local/include/gmock/internal/custom/gmock-generated-actions.h
Installing: /usr/local/include/gmock/internal/custom/gmock-port.h
Installing: /usr/local/include/gmock/internal/gmock-port.h
Installing i internal/gmock-generated-internal-utils.h
Installing
Installing: /usr/local/lib/libgtest_main.a
Installing: /usr/local/include/gtest
Installing: /usr/local/include/gtest/gtest-paran-test.h
—- Installing: /usr/local/include/gtest/gtest.h
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appveyor.yml CMakelLists.txt googlemock googletest README.md travis.sh
jegan@ubuntu:~/MasteringC++/Chapter7/googletest$ cmake CMakelLists.txt
—— The C compiler identification is GNU 5.4.0

—— The CXX compiler identification is GNU 5.4.0

—— Check for working C compiler: /usr/bin/cc

—— Check for working C compiler: /usr/bin/cc —- works

—— Detecting C compiler ABI info

—— Detecting C compiler ABI info - done

—— Detecting C compile features

—— Detecting C compile features - done

—— Check for working CXX compiler: /usr/bin/c++

—— Check for working CXX compiler: /usr/bin/c++ —— works

—— Detecting CXX compiler ABI info

—— Detecting CXX compiler ABI info - done

—— Detecting CXX compile features

—— Detecting CXX compile features - done

—— Found PythonInterp: /usr/bin/python (found version "2.7.12")

—— Looking for pthread.h

—— Looking for pthread.h - found

—— Looking for pthread_create

—— Looking for pthread_create - not found

—— Looking for pthread_create in pthreads

—— Looking for pthread_create in pthreads - not found

—— Looking for pthread_create in pthread

—— Looking for pthread_create in pthread - found

—- Found Threads: TRUE

—— Configuring done

—- Generating done

—— Build files have been written to: /home/jegan/MasteringC++/Chapter7/googletest
jegan@ubuntu:~/MasteringC++/Chapter7/googletest$
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3 steps (3 undefined)
0mo.233s

You can implement step definitions for undefined steps with these snippets:

Given(/~the input math expression is "([*"]%)"$/) do |argl]|
pending # Write code here that turns the phrase above into concrete actions
end
GIVEN("~the input math expression is \"10 15 \\+ \"s$") {
pending();

When(/~the evaluate method is invoked$/) do
pending # Write code here that turns the phrase above into concrete actions
end
WHEN("~the evaluate method is invoked$") {
pending();

Then(/~the actualResult should match the (\d+)\.(\d+)$/) do |argl, arg2|
pending # Write code here that turns the phrase above into concrete actions
end
THEN("~the actualResult should match the 25\\.0%") {
pending();

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ l
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[ 89%] Built target ContextManagerTest

[ 91%] Built target CukeCommandsTest

[ 94%] Built target RegexTest

Scanning dependencies of target HelloBDD

[ 95%] Building CXX object HelloBDD/CMakeFiles/HelloBDD.dir/src/Hello.cpp.o

[ 97%] Linking CXX static library libHelloBDD.a

[ 97%] Built target HelloBDD

Scanning dependencies of target HelloBDDSteps

[ 98%] Building CXX object HelloBDD/CMakeFiles/HelloBDDSteps.dir/features/step_definitions/Hel
loBDDSteps.cpp.o

[100%] Linking CXX executable HelloBDDSteps

[100%] Built target HelloBDDSteps

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ set -o vi
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/HelloBDD/HelloBDDSteps > /dev/null &
[1] 49441

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cucumber HelloBDD

# language: en

Feature: Should say Hello BDD

Scenario: Should be able to greet with Hello BDD! message # HelloBDD/features/hello.feature:
5

Given An instance of Hello class is created # HelloBDDSteps.cpp:30
When the sayHello method is invoked # HelloBDDSteps.cpp:36
Then it should return # HelloBDDSteps.cpp:42

1 scenario (1 passed)

3 steps (3 passed)

0mo.241s

[1]1+ Done build/HelloBDD/HelloBDDSteps > /dev/null
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I





assets/722fdfd1-28c9-4426-bbe8-ffccedf1135e.png
egan@ubuntu:

i

[ 20%] Built
[ 40%] Built
[ 43%] Built
[ 45%] Built
[ 47%] Built
[ 50%] Built
[ 52%] Built
[ 54%] Built
[ 56%] Built
[ 59%] Built
[ 61%] Built
[ 63%] Built
[ 66%] Built
[ 68%] Built
[ 70%] Built
[ 73%] Built
[ 75%] Built
[ 77%] Built
[ 80%] Built
[ 82%] Built

~/MasteringC++/Chapter6/cucumber-cpp$ cmake —-build build
target cucumber-cpp

target cucumber-cpp-nomain
target BoostDriverTest
target GTestDriverTest
target StepCallChainTest
target TaggedHookRegistrationTest
target StepManagerTest
target WireServerTest
target WireProtocolTest
target GenericDriverTest
target TableTest

target HookRegistrationTest
target TagTest

target BasicStepTest

target StepRegistrationTest
target ContextHandlingTest
target ContextManagerTest
target CukeCommandsTest
target RegexTest

target RPNCalculator

[ 83%] Building CXX object RPNCalculator/CMakeFiles/RPNCalculatorSteps.dir/features/step_defin
itions/RPNCalculatorSteps.cpp.o
/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/RPNCalc
ulatorSteps.cpp:9:2: error: ‘RPNCalculator’ does not name a type

RPNCalculator rpnCalculator;

/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/RPNCalc
ulatorSteps.cpp:10:2: error: ‘string’ does not name a type
string rpnExpression;
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52 setlayout ( pMainLayout

54 connect (

55 pAddButton,

56 SIGNAL ( clicked() ),

57 this,

58 SLOT ( onAddButtonClicked() )
59 )3

60 connect (

61 pSubtractButton,

62 SIGNAL ( clicked() ),

63 this,

64 SLOT ( onSubtractButtonClicked() )
65 )

66 connect (

67 pMultiplyButton,

68 SIGNAL ( clicked() ),

69 this,

70 SLOT ( onMultiplyButtonClicked() )
7 )

72 connect (

73 pDivideButton,

74 SIGNAL ( clicked() ),

75 this,

76 SLOT ( onDivideButtonClicked() )
77 %

78 }

79

80 void MyDlg: :onAddButtonClicked() {
81 qDebug() << "Add button clicked ..." << endl;

82 }
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i) ~— ~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD/CMakeLists.txt — ssh jegan@172.16.31.135 — 93x15
project(HelloBDD)

include_directories(${CUKE_INCLUDE_DIRS} src)

add_library(HelloBDD src/Hello)

if (GMOCK_FOUND)

add_executable(HelloBDDSteps features/step_definitions/HelloBDDSteps)
target_link_libraries(HelloBDDSteps HelloBDD ${CUKE_LIBRARIES} ${CUKE_GTEST_LIBRARIES

WoOoONOU A WNRK

})
endif()

[y
S

master CMakeLists.txt - utf-8[unix]
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jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ sudo apt install ruby

Reading package lists...
Building dependency tree
Reading state information...

Done

Done

The following additional packages will be installed:
fonts-lato libruby2.3 rake ruby-did-you-mean ruby-minitest ruby-net-telnet
ruby-power-assert ruby-test-unit ruby2.3 rubygems-integration

Suggested packages:
ri ruby-dev bundler

The following NEW packages will be installed:
fonts-lato libruby2.3 rake ruby ruby-did-you-mean ruby-minitest ruby-net-telnet
ruby-power-assert ruby-test-unit ruby2.3 rubygems-integration

@ upgraded, 11 newly installed, @ to remove and 311 not upgraded.

Need to get 5,875 kB of archives.

After this operation, 26.8 MB of additional disk space will

Do you want to continue? [Y/n]

Get:1
Get:2
66 B]
Get:3
90 B]
Get:4
1
Get:5
kB]
Get:6
68 B]
Get:7
Bl

http://us.
http://us.

http://us.
http://us.
http://us.
http://us.

http://us.

archive.
archive.

archive.

archive.

archive.

archive.

archive.

ubuntu.

ubuntu

ubuntu

ubuntu

ubuntu

ubuntu

ubuntu

Y
com/ubuntu

.com/ubuntu
.com/ubuntu
.com/ubuntu
.com/ubuntu
.com/ubuntu

.com/ubuntu

xenial/main
xenial/main

xenial/main
xenial/main
xenial/main
xenial/main

xenial/main

amd64
amd64

amd64

amd64

amd64

amd64

amd64

be used.

fonts-lato all 2.0-1 [2,693 kB]
rubygems-integration all 1.10 [4,9

ruby-did-you-mean all 1.0.0-2 [8,3
ruby-minitest all 5.8.4-2 [36.6 kB
ruby-net-telnet all 0.1.1-2 [12.6

ruby-power-assert all 0.2.7-1 [7,6

ruby-test-unit all 3.1.7-2 [60.3 k
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2 jegan — jegan@ubuntu: ~/MasteringC++/Chapter7/Ex3 — ssh 172.16.31.147 — 128x35

jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$ make clean all

rm —f x.0 *.exe

g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test
g++ —c —std=c++14 -1
clude -I src -I test

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
src/Mobile.cpp -o src/Mobile.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
src/Camera.cpp -o src/Camera.o

googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/in
test/MobileTest.cpp -0 test/MobileTest.o

cp —f src/Mobile.o src/Camera.o test/MobileTest.o .

g++ -0 mobileTest.exe -std=c++14 src/Mobile.o src/Camera.o test/MobileTest.o —-pthread libgtest.a -I googletest/googletest -I goo
gletest/googletest/include -I googlemock/googlemock -I googlemock/googlemock/include -I src -I test

rm —f src/Mobile.o src/Camera.o test/MobileTest.o

jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$ ./mobileTest.exe

Running main() from gmock_main.cc

1 Running

[€
[€
[

1 test from 1 test case.

] Global test environment set-up
1 1 test from MobileTest
RUN ] MobileTest. testPowerOnWhenCameraONSucceeds

Inside Mobile powerOn() method

Some complex powerOn

logic goes on here ...

[ 0K ] MobileTest.testPowerOnWhenCameraONSucceeds (@ ms)

[€

[ PASSED ] 1 test.

1 1 test from MobileTest (@ ms total)

] Global test environment tear-down
] 1 test from 1 test case ran. (@ ms total)

jegan@ubuntu:~/MasteringC++/Chapter7/Ex3$%
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jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ 1ls

appveyor.yml CMakeLists.txt features HelloBDD LICENSE.txt tests
build CONTRIBUTING.md Gemfile HISTORY.md README.md travis.sh
cmake examples Gemfile.lock include src

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/HelloBDD/

CMakeFiles/ HelloBDDSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/HelloBDD/HelloBDDSteps > /dev/null &
[1] 50086

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cd HelloBDD/
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ 1ls

CMakeLists.txt features src
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ cucumber --dry-run
# language: en

Feature: Should say Hello BDD

Scenario: Should be able to greet with Hello BDD! message # features/hello.feature:5

Given An instance of Hello class is created # HelloBDDSteps.cpp:30
When the sayHello method is invoked # HelloBDDSteps.cpp:36
Then it should return # HelloBDDSteps.cpp:42

1 scenario (1 skipped)

3 steps (3 skipped)

0m0.007s

[11+ Done build/HelloBDD/HelloBDDSteps > /dev/null (wd: ~/MasteringC++/Ch
apter6/cucumber-cpp)

(wd now: ~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD)
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ I
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s/RPNCalcul:
1 #include

0
RPNCalculator.h"

double RPNCalculator::evaluate( string rpnMathExpression ) {
double firstNumber, secondNumber, result;
stack<double> numberStack;
stringstream rpnMathTokens(rpnMathExpression);
istream_iterator<string> begin(rpnMathTokens);
istream_iterator<string> end;
vector<string> rpnTokens( begin, end );

vector<string>::iterator pos = rpnTokens.begin();

while ( pos != rpnTokens.end() ) {

2

3

4

5]

6

7

8

9

10

11

12

13

14

a3

16

17

18

19 if ( kpos == "+ ) {

20 firstNumber = numberStack.top();
21 numberStack.pop();

22 secondNumber = numberStack.top();
23 numberStack.pop();

24 result = firstNumber + secondNumber;
25 numberStack.push ( result );
26

27

28

29

30

31

32

33

34

35

}
else
numberStack.push( stod(*pos) );

+4pos;

}

result = numberStack.top();
return result;
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s/MathOperator.h | s/Add.h =

1

2

3 %

4 * Filename: Add.cpp

5 *

6 * Description: Add is a subclass of MathOperator abstract class
7 *

8 x Version: 1.0

9 x Created: ©01/09/2017 04:24:22 PM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 * :  TekTutor http://www.tektutor.org

15 *

16 *

17 */

18

19 #include "Add.h"

20

21 double Add::evaluate(int firstInput,int secondInput) {
22 return firstInput + secondInput;
23 }
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MyD 1. cpp-+ | b fers | =

20 MyD1g::MyD1g() {

21 pLayout = new QGridLayout(this);

22

23 pBttnl = new QPushButton ("Button

24 pBttn2 new QPushButton ("Button

25 pBttn3 new QPushButton ("Button

26 pBttn4 new QPushButton ("Button

27

28 pBttn5 = new QPushButton ("Button

29 pBttn6 new QPushButton ("Button

30 pBttn7 new QPushButton ("Button

31 pBttn8 = new QPushButton ("Button

32

33 pBttn3->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy::Expanding );

34

35 pLayout->addwidget ( pBttnl,

36 pLayout->addwidget ( pBttn2,

37 Layout—>addWidget ( pBttn3,

38 Layout—>addWidget ( pBttn4,

39

40 pLayout->addwWidget ( pBttn5, 2, @ ); //Third row, first column - Takes one row and one column
41 pLayout->addwWidget ( pBttn6, 2, 1 ); //Third row, second column - Takes one row and two columns
42 pLayout->addwWidget ( pBttn7, 2, 2 ); //Third row, third column - Takes two rows and one column
43 pLayout->addwWidget ( pBttn8, 2, 3 ); //Third row, fourth column - Takes one row and one column
44

45 setlLayout ( pLayout );

46

47 setWindowTitle ("Grid Layout");
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[1] 74811
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cucumber RPNCalculator
# language: en
Feature: We need to develop an RPN Calculator that accepts math expressions
in the form of Reverse Polish Notation a.k.a postfix notation and
return the computed results.

RPN Calculator should support addition, subtraction, multiplication
and Division individually as well as all in one rpn math expression.

Scenario Outline: Should be able to perform simple addition # RPNCalculator/features/rpncalc
ulator.feature:10

Given the input math expression is <rpn_input> # RPNCalculator/features/rpncalc
ulator.feature:12
When the evaluate method is invoked # RPNCalculator/features/rpncalc

ulator.feature:13
Then the actualResult should match the <expectedResult> # RPNCalculator/features/rpncalc
ulator.feature:14

Examples:
| rpn_input
10 15 + "

| expectedResult
| | 25.
| "100 15 - " | 85
| | 50

"1000.0 5.0 x " III 0
3 scenarios (3 passed)

9 steps (9 passed)

0m@.788s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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R/s/RPNCalculator. cpp . Duffers  *

13

14 double firstNumber, secondNumber, result;

15

16 while ( token != rpnTokens.end() ) {

17

18 if ( xtoken == "+" ) {

19 secondNumber = numberStack.top();
20 numberStack.pop();

21 firstNumber = numberStack.top();
22 numberStack.pop();

23

24 result = firstNumber + secondNumber;
25

26 numberStack.push ( result );

27 }

28 else if ( xtoken == "-" ) {

29 secondNumber = numberStack.top();
30 numberStack.pop();

31 firstNumber = numberStack.top();
32 numberStack.pop();

B8

34 result = firstNumber = secondNumber;
35

36 numberStack.push ( result );

37 }

38 else {

39 istringstream tempStream(xtoken);

master  <aluate() < cpp utf-8[unix]
"RPNCalculator/src/RPNCalculator.cpp" 49L, 1023C written





assets/2e3ef9c1-c5bf-4cab-b5da-08654b08f7b8.png
s/MathOperator.h | s/RPNCalculato =
*
* Description: MathFactory is a factory method class that helps create concrete math objects
*
* Version: 1.0
* Created: ©01/09/2017 04:33:53 PM
* Revision: none
* Compiler: gcc
*
* Author: Jeganathan Swaminathan <jegan@tektutor.org>
* Organization: TekTutor <http://www.tektutor.org>
*
*
#include "MathFactory.h"
map<string,MathOperators> * MathFactory::static_init_block() {
map<string, MathOperators> xpStringToMathObjectMap = new map<string,MathOperators>();
pStringToMathObjectMap->insert ( make_pair("+",new Add()) );
pStringToMathObjectMap->insert ( make_pair( new Subtract()) );
pStringToMathObjectMap—>insert ( make_pair( ew Multiply())
pStringToMathObjectMap->insert ( make_pair("/",new Divide()) );
return pStringToMathObjectMap
}

map<string,MathOperators> % MathFactory::pStringToMathObjectMap = static_init_block();
MathOperatorx MathFactory::getMathObject ( string typeOfMathObjectRequired ) {

return pStringToMathObjectMap->find( typeOfMathObjectRequired )->second;

src/MathFact
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14 = Organization: TekTutor <www.tektutor.org>

15 *
6 *

17 %/

18 #include "MyDlg.h"

19

20 MyDlg::MyDlg() {

21 pLayout = new QHBoxLayout(this);

22

23 pBttnl = new QPushButton (“Button

24 pBttn2 = new QPushButton (“Button

25 pBttn3 = new QPushButton (“Button

26

27 pBttnl->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy::Expanding );
28 pBttn2->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy::Expanding );
29 pBttn3->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy::Expanding );
30

31 playout->addiidget ( pBttnl );

32 playout->addiidget ( pBttn2 );

33 playout->addiiidget ( pBttn3 );

34

35 setlayout ( pLayout );

36

37 setWindowTitle ("Horizontal Box Layout");

38 }

cpp
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eoce © jegan — ~/MasteringC++/Chapter5/Ex5/main.cpp — ssh -Y jegan@172.16.31.133 — 108x30

Jogan@ubunty: -MaserngC++ Chpier2Exs — s . JognGubunty: Q15701579 847 — s ¥ jegen. - st
MyD L MyD1lg

3 x

4 x Filename: main.cpp

5 %

6 * Description: Simple Qt application with QDialog, QPushButton and QBoxLayout
7 %

8 x Version: 1.0

9 * Created: 10/16/2016 05:18:27 AM

10 x Revision: none

11 % Compiler: gcc

12 %

13 * Author: Jeganathan Swaminathan <jegan@tektutor.org>

14 *x Organization: TekTutor <www.tektutor.org>

15 %

16 x

17 */

18 #include <QApplication>
19 #include "MyD1lg.h"

20

21 int main ( int argc, char #kargv ) {

22 QApplication theApp ( argc, argv );
23

24 MyDlg dlg;

25 dlg.show();

26

27 return theApp.exec();

28 }
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S woid clicked(bool checked = alse)

void  pressed()

ed()

void  toggled(bool checked)
«3 signals inherited from QWidget
=2 signals inherited from QObject

void rel

Protected Functions

virtual void  checkstateSet()
virtual bool  hitButton(const QPoint &pos) const
virtual void  nextCheckstate()

Reimplemented Protected Functions

virtual void  changeEvent(QEvent *e)

virtual bool  event(QEvent *e)

Virtual void  focusinEvent(QFocusEvent *e)
virtual void  focusOutEvent(QFocusEvent *e)
virtual void  keyPressEvent(QKeyEvent e

irtual unid__kevReleasaEvent(OKevFuent *6]
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& ~— jegan@ubuntu: ~/MasteringC++/Multithreading/Concurrency — ssh jegan@172.16.31.134 — 92x9

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ 1s

main.cpp
jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ g++ main.cpp —o concurrency.exe -std
=c++17 -lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ ./concurrency.exe

Hello Concurrency support library!

jegan@ubuntu:~/MasteringC++/Multithreading/Concurrency$ I
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RPNCalculator

MathFactory

MathFactory*

+ double evaluate(string)

+ MathOperator * getMathObject(string)

MathOperator

+ double evaluate()

)

Divide

Multiply

Subtract

Add

+ double evaluate()

+ double evaluate()

+ double evaluate()

+ double evaluate()
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eoe & ~— jegan@ubuntu: ~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD — ssh jegan@172.16.31.135 — 93x8

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ cucumber —-init
exist features
exist features/step_definitions
create features/support
create features/support/env.rb
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ [I
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R/f/s/RPNCalculatorSteps.cpp . Duffers
2 #include <gtest/gtest.h>
3 #include <cucumber-cpp/autodetect.hpp>
4 #include "RPNCalculator.h"
5 using cucumber::ScenarioScope;
6
7
8

struct RPNCalculatorCtx {
RPNCalculator rpnCalculator;

9 string rpnExpression;

10 double actualResult;

11 };

12

13 GIVEN("~the input math expression is \"([~\"1x)\"$") {

14 REGEX_PARAM(string, rpnExpression);

15 ScenarioScope<RPNCalculatorCtx> context;

16 context—>rpnExpression = rpnExpression;

17 }

18

19 WHEN("~the evaluate method is invoked$") {

20 ScenarioScope<RPNCalculatorCtx> context;

21 context->actualResult = context->rpnCalculator.evaluate(context->rpnExpression);
22 }

23

24 THEN("~the actualResult should match the (\\d+)\\.(\\d+)s$") §
25 REGEX_PARAM(double, expectedResult);

26 ScenarioScope<RPNCalculatorCtx> context;

27 EXPECT_EQ ( expectedResult, context->actualResult );

master <torSteps.cpp RPNCalculatorCtx < cpp utf-8[unix]
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‘i ~—iegan@ubuntu: ~/MasteringC++/Multithreading/LambdaWithConcurrency — ssh jegan@172.16.31.134 — 92x11

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ g++ main.cpp —o concurrenc
y.exe -std=c++17 -1lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

concurrency.exe main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ ./concurrency.exe

The sum of 15 + 10 is 25

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$
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jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ qmake —project |®
jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ vim Ex3.pro
UltiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue
jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ qmake
jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ ls

Ex3.pro main.cpp Makefile MyDlg.cpp MyDlg.h
jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ make

g++ —c —pipe ~02 -std=gnu++11 -Wall -W -D_REENTRANT —fPIC
-DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_CORE_LIB
-I. ~1. -1../../../Qt5.7.0/5.7/gcc_64/include —I../../../Q
t5.7.0/5.7/gcc_64/ include/QtWidgets -I../../../Qt5.7.0/5.7

/¢ ud
e/q kg
++

o o s e
-DQ B
I L/

€5.7.0/5.7/9¢C. 64/ IncLUde/ QWIGQETs 17+ -/« ~/QL5.7.0/5-7
/9cc_64/include/Qt6ui ~I../../../Qt5.7.0/5.7/gcc_64/includ
e/QtCore -I. /../../Qt5.7.0/5.7/gcc_64/mkspecs/Linux-g
++ -0 MyDlg.o MyDlg.cpp

g++ —WL,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/Lib
-0 Ex3 main.o MyDlg.o -L/home/jegan/Qt5.7.0/5.7/gcc_64/1
ib -10t5Widgets -L/usr/1ib64 -10t56ui -1Qt5Core -1GL -lpth
read

jegan@ubuntu:~/MasteringC++/Chapter2/Ex3$ ./Ex3
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I\ Ot Assistant

virtual void  focusOutEvent(QFocusEvent e)
virtual bool  hitButton(const QPoint &pos) const
virtual void  keyPressEvent(QKeyEvent *e)
virtual void  paintEvent(QPaintEvent *)
14 protected functions inherited from QAbstractButton
+35 protected functions inherited from QWidget
9 protected functions inherited from QObject
+1 protected function inherited from QPaintDevice

Additional Inherited Members

~3 signals iherited from QWidget
2 signals inherited from QObject

+1 public variable inherited from QObject
J— G  *5 static public members inherited from QWidget
CEITITCTMESISTEEERE  « 10 static public members inherited from QObject

1 protected slot inherited from QWidget

+2 protected variables inherited from QObject

1 protected type inherited from QPaintDevice

Detailed Description

The QPushButton widget provides a command button.

‘The push button, or command button, is perhaps the most commonly used widget in any graphical user interface. Push (click) a button
to command the computer to perform some action, or to answer a question. Typical buttons are OK, Apply, Cancel, Close, Yes, No and






assets/f18dca21-9c3a-456a-b302-61e669805250.png
pDivideButton

pButtonLayout

new QPushButton("Divide");

new QBoxLayout(QBoxLayout::RightToLeft);

pButtonLayout->addWidget ( pDivideButton );
pButtonLayout->addWidget ( pMultiplyButton );
pButtonLayout->addWidget ( pSubtractButton );
pButtonLayout->addWidget ( pAddButton );

LpButtonLayout->addStretch (C); ]

pFormLayout =

MyD1lg.cpp

new QFormLayout();

MyDlg() < cpp
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4 * Filename: MyDlg.h

5 %

6 *  Description: Simple Qt application with QDialog, QPushButton and QHBoxLayout
7 %

8 * Version: 1.0

9 * Created: 10/16/2016 05:08:21 AM

10 * Revision: none

1 * Compiler: gcc

12 %

13 * Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 * Organization: TekTutor <www.tektutor.org>l

15 *

6 *

17 %/

18

19 #include <QDialog>
20 #include <QHBoxLayout>
21 #include <QPushButton>

22
23 class MyDlg : public QDialog {

24 private:

25 QPushButton *pBttnl, *pBttn2, *pBttn3;
26 QHBoxLayout *pLayout;

27 public:

28 MyDlg();

29 };

aal





assets/7f2e631e-18c5-4b13-b952-538fbb5b7d11.png
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jegan@ubuntu:~/MasteringCr+/Chapters/Exas ls

nain.cpp MyDlg.cpp MyDlg.h

/MasteringC++/Chapters/Exas qnake -project

/MasteringC++/Chapters/Exd$ 1s

Exd.pro main.cpp MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapters/Exd$ vim Exd.pro

ULtiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue

jegan@ubuntu:~/MasteringC++/Chapters/Exd$ s

Exd.pro main.cpp MyDlg.cpp MyDlg.h

/MasteringC++/Chapters/Exa$ gnake

/MasteringC++/Chapters/Exa$ 1s

Exd.pro main.cpp Makefile MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapters/Exds make

colse 02 std=gnut+11 -Wall - -D REENTRAT ~{PLC -DUTNO_PEBUG -DXT_WIDGETS.LIB -DAT.GULLTB -0T_COR
L1 /../../0t5.7.0/5.7/gcc_B4/include I../../../Qt5.7.0/5.7/gcc_64/include/QtWidgets -I../
Jats.r.075. 7/gcc 64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~I. ~I../../../Qt5.7.0/5.7/gcc_
64/mkspecs/linux-g++ -0 main.o main.cpp

g++ —c -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_COR
ELIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_B4/include I../../../Qt5.7.0/5.7/gcc_64/ include/QtWidgets I../.
/Qt5.7.0/5.7/gcc_64/include/Qt6ui —1../../../Qt5.7.8/5.7/gcc_64/include/qtCore ~I. ~I../../../Qt5.7.0/5.7/gcc_
64/mkspecs/linux-g++ -0 MyDlg.o MyDlg.cpp

g++ -WL,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/1ib 0 Exd main.o MyDlg.o  -L/home/jegan/Qt5.7.0/5.7/gc
€_64/Lib -10tSWidgets ~L/usr/1ib64 -10t5Gui ~1qt5Core -16L ~lpthread

jegan@ubuntu:~/MasteringC++/Chapters/Exas [l
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jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$ g++ main.cpp Thread.cpp -o deadlock.exe -std=c++17 -lpthread -g
jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$ ./deadlock.exe

WRITER
WRITER
WRITER
WRITER
WRITER
READER
READER
READER
WRITER
WRITER
WRITER
WRITER
WRITER
READER
READER
READER
WRITER
WRITER
WRITER
WRITER
WRITER
READER
READER
READER
WRITER
WRITER
WRITER
WRITER
WRITER
READER
READER
READER
G

~— jegan@ubuntu: ~/MasteringC++/Multithreading/Mutex — -bash

is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...
is waiting for lock in updateCount() method ...
has acquired the lock in updateCount() method ...

=> Value of count after updating is 1
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...

=> Value of count is 1
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...
is waiting for lock in updateCount() method ...
has acquired the lock in updateCount() method ...

=> Value of count after updating is 2
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...

=> Value of count is 2
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...
is waiting for lock in updateCount() method ...
has acquired the lock in updateCount() method ...

=> Value of count after updating is 3
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...

=> Value of count is 3
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...
is waiting for lock in updateCount() method ...
has acquired the lock in updateCount() method ...

=> Value of count after updating is 4
is waiting for lock in getCount() method ...

has acquired the lock in getCount() method ...

=> Value of count is 4

jegan@ubuntu:~/MasteringC++/Multithreading/Deadlock$

~— jegan@ubuntu: ~/MasteringC++/Multithreading/Deadlock — ss jegan@172.16.31135

+
C]
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1 #include <QDebug>
2
3 int main ( )

qDebug() << "Hello Qt - CLI app" << endl;

EXTES

~
a
&l

main.cpp Dl
“main.cpp" 7L, 81C
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jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ 1ls

appveyor.yml CMakeLists.txt features HelloBDD LICENSE.txt tests
build CONTRIBUTING.md Gemfile HISTORY.md README.md travis.sh
cmake examples Gemfile.lock include src

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ mkdir RPNCalculator
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cd RPNCalculator/
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator$ cucumber ——init

create  features

create features/step_definitions

create features/support

create features/support/env.rb
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator$ tree

L features
I: step_definitions
support
L env.rb

3 directories, 1 file
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator$ mkdir src
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator$ tree

features
step_definitions
support
env.rb
src

4 directories, 1 file
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/RPNCalculators$ I
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R/f/rpncalculator. feature .. Duffers  *

1 # language: en

2

3 Feature: We need to develop an RPN Calculator that accepts math expressions
4 in the form of Reverse Polish Notation a.k.a postfix notation and

5 return the computed results.

6

7 RPN Calculator should support addition, subtraction, multiplication
8 and Division individually as well as all in one rpn math expression.
9

10 Scenario Outline: Should be able to perform simple addition

11

12 Given the input math expression is <rpn_input>

13 When the evaluate method is invoked

14 Then the actualResult should match the <expectedResult>

15

16 Examples:

17 | rpn_input | expectedResult |

18 | 10 15 + " | 25.0

19 | "100 15 - " | 85.0

20 | "1000.0 5.0 *x " | 5000.0

21

master <alculator.feature utf-8[unix]
"RPNCalculator/features/rpncalculator.feature" 21L, 809C written
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s/Camera s/Mobile

1

2 %

3 x

4 * Filename: Mobile.cpp

5 *

6 * Description: Mobile class source file
7 x

8 x Version: 1.0

9 x Created: 01/11/2017 08:02:33 AM
10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 *

17 */

18 #include "Mobile.h"

19
20 Mobile::Mobile() {

21 pCamera = new Camera;

22

23

24 bool Mobile::power0On() {

25 cout << "\nInside Mobile powerOn() method" << endl

26

27 if (pCamera->ON()) {

28 cout << "\nSome complex powerOn logic goes on here ..." << endl
29 return true;

30 }

31

32 cout << "\nSome complex powerOn failure logic goes on here ..." << endl
33 return false;

"src/Mobile.cpp" 47L, 1140C
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Filenane: MyDlg.cpp

Description: Simple Qt application with GDialog & QPushButton that demonstrates
Signals and Slots

[
9 Version: 1.0
10 x Created: 10/18/2016
g Revision: none
12 o« Compiler: gec
1o«
1« Author: Jeganathan Swaminathan <jegangtektutor.org>
15«  Organization: TeKTutor <wew.tektutor.org>
21 Myolg::yDls () {
2 PLayout = new QHBoxLayout(this);
2
2 PBttn = new QPushButton (“Click Me");
2
2 pLayout->addnidget ( pBttn );
27
2 setlayout ( playout );
29
30 setWindouTitle ("Signals and Slots");
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jegangubuntu:~/MasteringC++/Chapters/ExB$ 1s

Ex8 Ex8.pro main.cpp main.o Makefile MyDlg.cpp MyDlg.h MyDlg.o

jegan@ubuntu:~/MasteringC++/Chapter5/Ex8$ qmake

jegan@ubuntu:~/MasteringC++/Chapters/Exs$ make

g++ —C -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LI

B -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/

QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore —

I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ 0 main.o main.cpp

g++ —C -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LT

B -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/

Qtwidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore —

I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -0 MyDlg.o MyDlg.cpp

Tome/3 egan/Qt5. 7.0/5. 77gcc_b4/bin/moc_-DAT_NO_DEBUG ~DQT_WIDGETS_LTB ~DQT_GUI_LTB -DQT_CORE_LTB -T.

home/jegan/Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ ~I/home/jegan/MasteringC++/Chapters/Ex8 ~I/home/jega

n/MasteringC++/ChapterS/Ex8 ~I/home/jegan/Qt5.7.0/5.7/gcc_64/include ~I/home/jegan/Qt5.7.0/5.7/gcc_6

4/include/QtWidgets ~I/home/jegan/Qt5.7.0/5.7/gcc_64/include/QtGui ~I/home/jegan/Qt5.7.0/5.7/gcc_64/

include/QtCore ~I/usr/include/c++/5 ~I/usr/include/x86_64-linux-gnu/c++/5 ~I/usr/include/c++/5/backw

ard ~I/usr/1ib/gcc/x86_64-linux-gnu/5/include ~I/usr/local/include »Ilusr/hb/gc:/xﬂﬁ 64-linux-gnu/5
h

include-fixed /usr/mcluae/xss 6 /usr/include MyDL
g pIpe =
8 -DQT_CORE.LTB ~I. 1. -L../../ /Qt5.7.8/5.7/GeC_64/inClude “1.+/../+/0t5.7.0/5.7/gcc_64/ include/

QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore —
I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -0 moc_MyDlg.o moc_MyDlg.cpp

g++ -WL,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/1ib —o Ex8 main.o MyDlg.o moc_MyDlg.o  -L/hom
e/jegan/Qt5.7.0/5.7/gcc_64/1ib ~1Qt5Widgets -L/usr/1ib64 ~1Qt56ui -1Qt5Core »IGL%
jegan@ubuntu:~/MasteringC++/Chapter5/Ex8$
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ece ‘i ~—iegan@ubuntu: ~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD — ssh jegan@172.16.31.133 — 93x18

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ tree

CMakeLists.txt
features
hello.feature
step_definitions
I: cucumber.wire
HelloBDDSteps.cpp
support
env.rb
src
Hello.cpp
Hello.h

4 directories, 7 files
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp/HelloBDD$ I





assets/389f8f60-fd8d-4d57-bc86-4ec5f5d8bb10.png
o

1

2

3 %

4 x Filename: Camera.h

5 *

6 * Description: Camera header file.

7 *

8 x Version: 1.0

9 x Created: 01/11/2017 08:08:45 AM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 *

17 */

18

19 #ifndef __CAMERA_H__
20 #define __CAMERA_H__
21

22 #include <iostream>
23 using namespace std;

24

25 class Camera {

26 public:

27 Camera();
28 bool ON();
29 bool OFF();
30 };

31

32 #endif /% __CAMERA_H__ */

"src/Camera.h" 32L, 679C





assets/92ea367f-1295-4dd9-bc8c-589659755cb9.png
~ — Jegan@ubuntu: ~/MasteringC++/Multithreading/Mutex — ssh jegan@172.16.31.133 ~— jegan@ubuntu; ~ — ssh jegan@172.16.31133
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ ls
Account.cpp Account.h main.cpp
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ g++ Account.cpp main.cpp -std=c++17 -o accou
nt.exe —lpthread
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ ls
Account.cpp account.exe Account.h main.cpp
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ ./account.exe
Withdrawer: current balance is 5000

Withdrawer: post withraw balance is 4000

Depositor: current balance is 4000

Depositor: post deposit balance is 6000

Withdrawer: current balance is 6000

Withdrawer: post withraw balance is 5000

Depositor: current balance is 5000

Depositor: post deposit balance is 7000

Withdrawer: current balance is 7000

Withdrawer: post withraw balance is 6000

Depositor: current balance is 6000

Depositor: post deposit balance is 8000

Withdrawer: current balance is 8000

Withdrawer: post withraw balance is 7000

Depositor: current balance is 7000

Depositor: post deposit balance is 9000

Withdrawer: current balance is 9000

Withdrawer: post withraw balance is 8000

Depositor: current balance is 9000

Depositor: post deposit balance is 10000

~C

jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$

o
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L] 7 iegan — jegan@ubuntu: ~/MasteringC++/Chapter2/Ex] — ssh jegan@172.16.31.134 — 101x7.

jegan@ubuntu:~/MasteringC++/Chapter2/Ex1$ export PATH=$PATH:/home/jegan/Qt5.7.0/5.7/gcc_64/bin
jegangubuntu:~/MasteringC++/Chapter2/Ex1$ qmake —version

QMake version 3.0

Using Qt version 5.7.0 in /home/jegan/Qt5.7.0/5.7/gcc_64/lib
jegan@ubuntu:~/MasteringC++/Chapter2/Ex1$
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i

Filensse: main.cop

Description: This has the sain entry-point function. The main function will
Taunch:the nain @islog tnat has the stacked Loy

Crested: 10/19/2016

hor:  Jeganathan Suasinathan <jegangtektutor. org>
Organization; TekTutor sacextutar.orgs

19 sincluge <oNpplications
20 sinclude aiadlg-h

22 int main ( int arge, chor weargv ) {

pplicacion (1ion ( arge, arev ):

Hainolg dtg;
it

return thedpp.execls
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eoe 2 jegan — jegan@ubuntu: ~/MasteringC++/Chapter§/Ex2 — ssh -X -Y jegan@172.16.31133 — 87x10
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ make

g++ —c -pipe —02 -std=gnu++11 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG -DQT_GUI_LIB -D
QT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -] .. /Qt5.7 .7/gcc_64
/include/QtGui /++/../Qt5.7.0/5.7/gcc_64/include/QtCore -I. -I../../../Qt5.7.0/5.7/
gcc_64/mkspecs/linux-g++ -0 main.o main.cpp

main.cpp:18:24: fatal error: QApplication: No such file or directory

compilation terminated.

Makefile:562: recipe for target 'main.o' failed

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

jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ [ |
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jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ make

g++ -c -0 RPNCalculator.o src/RPNCalculator.cpp -std=c++14

g++ —c -0 RPNCalculatorTest.o test/RPNCalculatorTest.cpp -I googletest/googletest -I googletest/googletest/include -I googlemock
/googlemock -I googlemock/googlemock/include -I src -I test -std=c++14

g++ —c -0 main.o test/main.cpp -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I googlemock/
googlemock/include -I src -I test -std=c++14

g++ -0 calc.exe -std=c++14 RPNCalculator.o RPNCalculatorTest.o main.o —pthread libgtest.a
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ 1s

calc.exe googletest 1libgtest.a main.o Makefile RPNCalculator.o RPNCalculatorTest.o src test
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe

Running 1 test from 1 test case.

Global test environment set-up.

1 test from RPNCalculatorTest

RPNCalculatorTest.testSimpleAddition

RPNCalculatorTest.testSimpleAddition (@ ms)

1 test from RPNCalculatorTest (1 ms total)

Global test environment tear-down

1 test from 1 test case ran. (3 ms total)
[ PASSED ] 1 test.
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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=

SomNouswN

2 jogan — ~/MasteringC++/Chapter§/Ex1/Exi.pro— ssh X -Y jegan@17216.31.133 — 79=14

#

# Automatically generated by gmake (3.0) Thu Oct 27 16:29:56 2016
TEMPLATE = app

TARGET = Ex1

INCLUDEPATH += .

# Input

SOURCES += main.cpp

Exl.pro idl.
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Compiler: gcc

*
*
16 * Author: Jeganathan Swaminathan <jegan@tektutor.org>
*  Organization: TekTutor <www.tektutor.org>
*
*

22 #include <QPushButton>
23 #include <QLineEdit>
24 #include <QLabel>

25 #include <QDialog>

26 #include <QVBoxLayout>
27 #include <QFormLayout>

28
29 class MyDlg : public QDialog {

30 private:

31 QVBoxLayout *pMainLayout;

32 QBoxLayout *pButtonLayout;

33 QFormLayout *pFormLayout;

34

35 QLineEdit *pFirstEdit, *pSecondEdit, *pResultEdit;

36 QLabel *pFirstLabel, xpSecondLabel, *pResultLabel;

37 QPushButton *pAddButton, *pSubtractButton, *pMultiplyButton, *pDivideButton;
38 public:

39 MyDlg();

40 }i
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assets/6c0b43af-ea8c-4227-aa23-028c1974a486.png
s/MathOperator.h | s/Add.h | s/Add.
SRC = $(wildcard src/*.cpp test/x.cpp)

0BJS = $(SRC:.cpp=.0)

1

2

g

4

5 OXXFLAGS = -std=c++14

6

7 LIBS = —pthread libgtest.a
8
9

INC = -I googletest/googletest \

10 -I googletest/googletest/include \
11 -I googlemock/googlemock \

12 -I googlemock/googlemock/include \
13 -I src \

14 -I test

ik

16 EXE = calc.exe

17

18 all: $(0B3S)

19 cp -f $(0BJS) .

20 g++ -0 $(EXE) $(CXXFLAGS) $(0BJS) $(LIBS) $(INC)
21 rm —f $(0B1S)

22

23 %.0: %.cpp

24 g++ —c $(CXXFLAGS) $(INC) $< -0 $@
25

26 .PHONY: clean

27

28 clean:

29 rm —f x.0 *.exe

Makefile SRC < make
"Makefile" 29L, 491C
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*
M

9 * Version: 1.0

10 * Created: 10/20/2016

1 * Revision: none

12 * Compiler: gcc

13 *

14 * Author: Jeganathan Swaminathan <jegan@tektutor.org>

15 * Organization: TekTutor <www.tektutor.org>

16 *
*

18 */

19 #include <QWidget>

20 #include <QBoxLayout>
21 #include <QPushButton>

2
23 class BoxDlg : public QWidget {

24 private:

25 QPushButton *pBttnl, *pBttn2, xpBttn3, xpBttnd, *pBttns;

26 QBoxLayout *plLayout;
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D4 MathApp - Microsoft Visual Studio YE & Quick Launch (Ctri+Q) L - 8 x
File Edt View Project Buld Debug Team Tools Test Analyze Window Help DNrmeienSETEi <
©-o|@-2 |- | Debug - x86 ~ P Local Windows Debugger - | 51 ;¥ 77 | =

MyMath h MathTest.cpp MathApp.cpp
FlMathApp -] 11 tektutor
#include "MyMath.h"
=namespace tektutor {

int MyMath::add(int firstInput, int secondInput)
{

}

return firstInput + secondInput;

il

eady 3 4 Publish «

o so0 Y g
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LAA L
jegan@ubuntu:~/MasteringC++/Chapter5/Ex10$ tree

Ex10 ° N
Ex10.pro First number

main.cpp Second number
main.o

Result
m;'ﬁ;ﬁp add || subract || multply |[_Owide |
MyD1lg.h
MyD1lg.o

@ directories, 8 files
jegan@ubuntu:~/MasteringC++/Chapter5/Ex10$ ./Ex10
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LEX ) 2 jegan — jegan@ubuntus: ~/MasteringC++/Chapter§/Ex1 — ssh -X - jegan@172.18.31.133 — 79x12

jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ s
Exl.pro main.cpp Makefile

jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ make

g++ -c -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG -DQT_GU
I_LIB -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt
5.7.0/5.7/gcc_64/include/QtGui -I../../../Qt5.7.0/5.7/gcc_64/include/QtCore -I.
-I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -0 main.o main.cpp

g++ -W1,-01 -Wl,-rpath,/home/jegan/Qt5.7.8/5.7/gcc_64/1ib -0 Ex1 main.o -L/ho
me/jegan/Qt5.7.0/5.7/gcc_64/1ib -1Qt5Gui -L/usr/1ib64 -1Qt5Core -1GL -lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ I
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jegan@ubuntu:~/MasteringC++/Chapter5/Ex10$ ./Ex10
Add button clicked ...

X Ex10

First number |

Second number |

Result |

J
J
J
| Add || subtract || Multiply |[ Divide |
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s/Camera s/Camer: =

1

2

3 %

4 x Filename: Mobile.h

5 *

6 * Description: Mobile class header

7 *

8 x Version: 1.0

9 x Created: ©1/11/2017 07:38:46 AM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 *

17 */

18

19 #ifndef __MOBILE_H__

20 #define __MOBILE_H__

22 #include <iostream>
23 using namespace std;

24

25 #include "Camera.h"

26

27 class Mobile {

28 private:

29 Camera xpCamera;
30 public:

31 Mobile();

32 bool power0On();
33 bool power0ff();

"src/Mobile.h" 37L, 738C
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g++ —c -pipe ~02 -std=gnur+11 Wall W -D_REENTRANT ~fPIC ~DQT_NO_DEBUG -DQT_WIDGETS LTB -DQT GUI_LT °
B -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.8/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/
QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~
I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ 0 main.o main.cpp

g++ —C -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LT
B -DQT_CORE_LIB - . -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/
Qtwidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGt /../Qt5.7.0/5.7/gcc_64/include/QtCore —
I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ —o MyDlg.o MyDlg.cpp
/home/jegan/Qt5.7.0/5.7/gcc_64/bin/moc -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_CORE_LIB -I/
home/jegan/Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -I/home/jegan/MasteringC++/Chapter5/Ex8 ~I/home/jega
n/MasteringC++/Chapters/Ex8 -I/home/jegan/Qt5. N ignosan s {de -I/home/jegan/Qt5.7.0/5.7/gcc_6
4/include/QtWidgets -I/home/jegan/Qt5.7.0/5.7/| | ~1/home/jegan/Qt5.7.0/5.7/gcc_64/
include/QtCore -I/usr/include/c++/5 -I/usr/inc '——“%* — Jly/c++/5 ~I/usr/include/c++/5/backw
ard -I/usr/1ib/gcc/x86_64-1inux-gnu/5/inClUde ‘mymrrwwmremmeewws ~1/UsT/1ib/gcc/x86_64-1inux-gnu/5
/include-fixed -I/usr/include/x86_64-linux-gnu -I/usr/include MyDlg.h -o moc_MyDlg.cpp

g++ —C -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LT
B -DQT_CORE_LTB -I. -I. -I../../../Qt5.7.8/5.7/gcc_64/include -I../../../Qt5.7./5.7/gcc_64/include/

QtWidgets -I../../../Qt5.7.0/5.7/gcc_64/include/QtGui -1 /../Qt5.7.0/5.7/gcc_64/include/QtCore ~
I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/linux-g++ -0 moc_MyDlg.o moc_MyDlg.cpp
g++ —W1,-01 -W1,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/Lib -0 Ex8 main.o MyDlg.o moc_MyDlg.o  -L/hom

e/jegan/Qt5.7.0/5.7/gcc_64/1ib -1Qt5Widgets -L/usr/1ib64 -1Qt5Gui -1Qt5Core -1GL -lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex8$ ./Ex8

1ibGL error: No matching fbConfigs or visuals found

to load driver: swrast

Button clicked
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—— Build files have been written to: /home/jegan/MasteringC++/Chapter6/cucumber-cpp/build
24%] Built target cucumber-cpp

47%] Built target cucumber-cpp-nomain

50%] Built target BoostDriverTest

53%] Built target GTestDriverTest

56%] Built target StepCallChainTest

58%] Built target TaggedHookRegistrationTest

61%] Built target StepManagerTest

64%] Built target WireServerTest

67%] Built target WireProtocolTest

69%] Built target GenericDriverTest

72%] Built target TableTest

75%] Built target HookRegistrationTest

78%] Built target TagTest

80%] Built target BasicStepTest

83%] Built target StepRegistrationTest

86%] Built target ContextHandlingTest

89%] Built target ContextManagerTest

91%] Built target CukeCommandsTest

[ 94%] Built target RegexTest

Scanning dependencies of target HelloBDD

[ 95%] Building CXX object HelloBDD/CMakeFiles/HelloBDD.dir/src/Hello.cpp.o
[ 97%] Linking CXX static library libHelloBDD.a

[ 97%] Built target HelloBDD

Scanning dependencies of target HelloBDDSteps

[ 98%] Building CXX object HelloBDD/CMakeFiles/HelloBDDSteps.dir/features/step_definitions/Hel
loBDDSteps.cpp.o

[100%] Linking CXX executable HelloBDDSteps

[100%] Built target HelloBDDSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$
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cpp | B h D
This dialog will demonstrate Vertical box layout with

6 5 buttons.
7

8 *

9 x 1.0

10 * 10/20/2016

1 x none

12 * gcc

13 *

14 * Jeganathan Swaminathan <jegan@tektutor.org>
15 % Organization: TekTutor <www.tektutor.org>

16 *

17 *

18 */

19 #include <QWidget>

20 #include <QVBoxLayout>
21 #include <QPushButton>

22

23 class VBoxDlg : public QWidget {

24 private:

25 QPushButton *pBttnl, *pBttn2, *pBttn3, #pBttnd, *pBttns;
2 QVBoxLayout *pLayou

27 public:

28 VBoxD1g();

0xDlg
20L,

1
46C written
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jegan@ubuntu:~/Maste;ingc++/chapter5/Ex2$ 1s
Ex2 Ex2.pro main.cpp main.o Makefile
;jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ ./Ex2

eoe NE
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i) jegan — ~/MasteringC++/Chapter7/Ex3/src/Camera.h — ssh 172.16.31.147 — 128x35

3 %

4 x Filename: Camera.h

5 *

6 * Description: Camera header file.

7 *

8 x Version: 1.0

9 x Created: 01/11/2017 08:08:45 AM

10 * Revision: none

11 % Compiler: gcc

12 x

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 * =

17 */

18

19 #ifndef __CAMERA_H__
20 #define __CAMERA_!
21

22 #include <iostream>
23 using namespace std;

24

25 class Camera {

26 public:

27 Camera();

28 virtual bool ON();
29 virtual bool OFF();
30 };

31

32 #endif /% __CAMERA_H__ */

src/Camera.h
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‘i ~—iegan@ubuntu: ~/MasteringC++/Multithreading/LambdaWithConcurrency — ssh jegan@172.16.31.134 — 92x11

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ g++ main.cpp —o concurrenc
y.exe -std=c++17 -1lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

concurrency.exe main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ ./concurrency.exe

The sum of 15 + 10 is 25

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$
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20 //Built-in 0t headers goes here
21 #include <QHidget:
22 #include <GDialog>

23 #include <QPushButton>

24 #include <QStackedLayout>

25 #include <QBoxLayout>

26 #include <QVBoxLayout>

28 //Custon headers goes here
29 ¥include "HBoxD1g. N

30 #include "VBoxDlg.h
31 #include "BoxDlg.
32 pinclude "Griddlg.h

3
3¢ class Maindlg : public Qpialog {

35 Q_oBJECT

36 private:

37 StackedLayout =pStackedLayout;

38 BoxLayout spNavigationLayou

39 QVBoxLayout *painLayout;

® QPushButton pPrevttn, xpNextBttn, *pExitBttn;
a1

2 HBoxD1g *pHBOXDg;

a3 VBoxDlg +pVBOxDLg:

44 BoxDlg *pBoxDLg;

45 Gridblg +pGriddlg;

46 public

a7 Maindlg();

48 private slots:

49 void onPrevPage()

s0 void onNextPage();

51 void onExitApp()

T
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Simple Math App ( QDialog )
QVBoxLayout
QFormLayout
First Number | QLineEdit |
QLabel Second Number I QLineEdit |
Result | QLineEdit |
N QVBoxLayout
<onn- VSPIe SUSKN 5 [Divide | [Multiph] [Divide | [ Ext |
\ \ y2
\\ \\ I/
N\ /
N ¥ v ¥/

QPushButton
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}

2 jegan — ~/MasteringC++/Chapter5/Ex10/MyDIg.cpp — ssh -X -Y jeg

connect (

)i

pDivideButton,

SIGNAL ( clicked() ),

this,

SLOT ( onDivideButtonClicked() )

oid MyDlg:

pResultEdit->setText( strResult );

sonAddButtonClicked() {

qDebug() << "Add button clicked ..." << endl;
int firstNumber
int secondNumber
int result = firstNumber + secondNumber;
QString strResult;

strResult.setNum( result );

= pFirstEdit->text().toInt( ) ;
pSecondEdit->text().toInt();

void MyD1g::

void MyD1g::

onSubtractButtonClicked() {

qDebug() << "Subtract button clicked ..." << endl;

onMultiplyButtonClicked() {

qDebug() << "Multiply button clicked ..." << endl;
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~ — jegan@ubuntu: ~/MasteringC++/Multithreading/Mutex — ssh jegan@172.16.31.134 ~ — jegan@ubuntu: ~/MasteringC++/Multithreading/Mutex — ssh jegan@172.16.31.134 +
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ g++ Thread.cpp Account.cpp main.cpp -o account.exe -std=c++17 -1pth| @
read
jegan@ubuntu:~/MasteringC++/Multithreading/Mutex$ ./account.exe
Withdrawer: current balance is 5000
Withdrawer: post withraw balance is 4000
Depositor: current balance is 4000
Depositor: post deposit balance is 6000
Withdrawer: current balance is 6000
Withdrawer: post withraw balance is 5000
Depositor: current balance is 5000
Depositor: post deposit balance is 7000
Withdrawer: current balance is 7000
Withdrawer: post withraw balance is 6000
Depositor: current balance is 6000
Depositor: post deposit balance is 8000
Withdrawer: current balance is 8000
Withdrawer: post withraw balance is 7000
Depositor: current balance is 7000
Depositor: post deposit balance is 9000
Withdrawer: current balance is 9000
Withdrawer: post withraw balance is 8000
Depositor: current balance is 8000
Depositor: post deposit balance is 10000
Withdrawer: current balance is 10000
Withdrawer: post withraw balance is 9000
Depositor: current balance is 9000
Depositor: post deposit balance is 11000
Withdrawer: current balance is 11000
Withdrawer: post withraw balance is 10000
Depositor: current balance is 10000
Depositor: post deposit balance is 12000
Withdrawer: current balance is 12000
Withdrawer: post withraw balance is 11000
Depositor: current balance is 11000
Depositor: post deposit balance is 13000
Withdrawer: current balance is 13000
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pMainLayout->addLayout ( pButtonLayout );

setlLayout ( pMainLayout );

}

void MyD1g::onAddButtonClicked() {
qDebug() << "Add button clicked ..." << endl;
}

void MyD1lg::onSubtractButtonClicked() {
qDebug() << "Subtract button clicked ..." << endl;
}

void MyD1lg::onMultiplyButtonClicked() {
qDebug() << "Multiply button clicked ..." << endl;

void MyDlg::onDivideButtonClicked() [l
qDebug() << "Divide button clicked ...

<< endl;
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29
30
31
32
33
34
35

37
38

39
40
41
42
43
44
45
46

class MyDlg : public QDialog {

public:

QUBoxLayout *pMainLayout;
QBoxLayout *pButtonLayout
QFormLayout *pFormLayout;

QLineEdit *pFirstEdit, *pSecondEdit, *pResultEdit
QLabel *pFirstLabel, xpSecondLabel, *pResultLabel
QPushButton *pAddButton, *pSubtractButton, *pMultiplyButton,

MyDlg();

private

slots:

void onAddButtonClicked();
void onSubtractButtonClicked();
void onMultiplyButtonClicked();
void onDivideButtonClicked();

*pDivideButton
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7 x

8 x

9 *x Version: 1.0

10 * Created: 10/20/2016

1 * Revision: none

12 x Compiler: gcc

13 *

14 * Author: Jeganathan Swaminathan <jegan@tektutor.org>
15 % Organization: TekTutor <www.tektutor.org>
16 *

17 =

18

19 #include <QWidget>
20 #include <QGridLayout>
21 #include <QPushButton>

22
23 class GridDlg : public QWidget {

24 private:

25 QPushButton #pBttnl, *pBttn2, *pBttn3, #pBttnd, *pBttns
26 QPushButton *pBttn6, *pBttn7, *pBttn8, *pBttnd, *pBttn1o;
27 QGridLayout *pLayout;

28 public:

29 Reridpig()

30 }

idf

GridD
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52

] connect (

E pPrevatt

B STGUAL ( Euickedl) ),
E] this,

5 SLOT'( onpreveage() )
E] %

5

& comect

& Srextateo,

& ST ( Ctickeat) 1,
&

o SIO7"  ontextpage() )
& %

&

& connect (

& pExitattn,

& S1guc (cuickeat) 3,
k] i

n SLOT'( onxdthp() )
7 %

By

75 Void MainDlg: tonprevpace() {
int"currentpagelndex = pStackedLayout-currentndex();

] 4 ( currentpagetndex > 0 )
pStackedLayout ><etCurrentindex ( currentPagelndex - 1)

oextpage() {
int currentpagelndex = pStackedLayout-currentndex();

8 £ ( currentpagetndex < 3 )
8 pStackedLayout >-etCurrentindex ( currentPagelndex + 1)
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19 #include "HBoxDlg.h"

20
21 HBoxD1g: :HBoxD1a() {
22

23 pBttnl = new QPushButton("Button 1!

2 pBttn2 = new QPushButton("Button 2"
25 pBttn3 = new QPushButton("Button 3!

26 pBttn4 = new QPushButton("Button 4'

27 pBttn5 = new QPushButton("Button 5")
28

29 playout = new QHBoxLayout(this);

30

31 playout->addwidget ( pBttnl );

32 pLayout->addwidget ( pBttn2 )

33 playout->addiidget ( pBttn3 )

34 playout->addwidget ( pBttnd )

35 playout->addwidget ( pBttns );

36

37 setlayout ( pLayout );

38
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bingCoe/ChapterS/ET /0N — ssh Y jogen®172.16.01.133 — 12826

Th

2.

3.

4. Filenane: MyDlg.n

5

6+ Description: Simple Ot application with QDialog, GPushButton and QGridLayout
7.

[ Version: 1.0

9« Created:  10/17/2016

10« Revision: none

1« Compiler: gce

2 .

B o Author:  Jeganathan Swaminathan <jegan@tektutor.org>
1§« Organization: TekTutor <, tektutor.orgol

5 .

16 .

17

18

19 #include <GDialog>
20 #include <QGridLayout>
21 #include <QPushButton>
2

23 class Myblg : public GDialog {
24 private:
2 QPushButton xpBttnl, *pBttn2, *pBttnd, *pBttnd;

26 QPushButton *pBLENS, *pBELn6, *pBLtn7, *pBLENS;
27 QGridLayout *pLayout;

28 public:

29 HyLe0);

30}

31
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RVAVALO I IGIPUE  R/s/RPNCalcutator.cpp _______________ <JOSCICEE
#include <iostream>

#include <string>

using namespace std;

class RPNCalculator ¥
private:

public:
| H

double evaluate(string);

QOVWoONOU A WNR

[y

2

2

master  <RPNCalculator.h RPNCalculator < cpp utf-8[unix]
#include "RPNCalculator.h"

double RPNCalculator::evaluate(string rpnExpression ) {

return 0.0;

oOoUhs WNR

~
~
~
~
~
~
~

RPNCalculator/src/RPNCalculator.cpp utf-8[unix]

"RPNCalculator/src/RPNCalculator.h" 1@L, 129C





assets/5d082e8f-d0fd-4411-b77a-611aca0ac21f.png
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8 * Version: 1.0
9 x Created: 10/16/2016 05:08:21 AM

10 * Revision: none

1 * Compiler: gcc

12 *

13 * Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 % Organization: TekTutor <www.tektutor.org>[l

15 *

6 *

17

18

19 #include <QDialog>
20 #include <QBoxLayout>
21 #include <QPushButton>

23 class MyDlg : public QDialog {
24 private:

25 QPushButton #pBttnl, *pBttn2, *pBttn3, %pBttnd, *pBttns;
26 QBoxLayout *pLayout;

27 public:

28 MyDlg();

29 };

MyDlg < cpp
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4 directories, 6 files
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ clear

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ 1ls

appveyor.yml CMakeLists.txt features HelloBDD LICENSE.txt tests
build CONTRIBUTING.md Gemfile HISTORY.md README.md travis.sh
cmake examples Gemfile.lock include src
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ tree examples/Calc
examples/Calc

CMakeLists.txt

features

addition.feature
division.feature
step_definitions
BoostCalculatorSteps.cpp
cucumber.wire
GTestCalculatorSteps.cpp
README. txt
src
Calculator.cpp
Calculator.h

3 directories, 9 files
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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(5 Gr Assinteat

Vo o s s
¢ofiE Do eaa

o[ T o o5 otwidgets Ch Classes QPushiuton

o 0t:5.7.0 Reference Documentation

T — COMtents

Properties
Public Functions

Reimplemented Public Functions
Public Slots

Protected Functions
Reimplemented Protected Functions
Detailed Description

QPushButton Class

‘The QPushButton widget provides a command button. More.
Header: ~#include <QPushButton>
S — qmake: QT += widgets
Inherits; ~ QAbstractButton
Inherited By:  QCommandLinkButton
«List of all members, including inherited members.

Properties
« autoDefault : bool
« default : bool
«flat : bool
11 properties inherited from QAbstractButton
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L]
Press ENTER or type command to continue

jegangubuntu:~/MasteringC++/Chapters/Ex10$ make

g++ C -pipe 02 ~std=gnu++11 -Wall -W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_CORE_LIB
L. -1, -I../../../Qt5.7.0/5.7/gcc_64/include ~I../../../Qt5.7.0/5.7/gcc_64/Include/QtWidgets —I1../../../Qt5.7.0/5.7
/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~I. -I../../../Qt5.7.0/5.7/gcc_64/nkspecs/linux-g
++ = main.o main.cpp

g++ -C -pipe -02 -std=gnus++11 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_CORE_LIB
L. -1. -I../../../Qt5.7.8/5.7/gcc_64/include ~I../../../Qt5.7.0/5.7/gcc_64/Iinclude/QtWidgets 1. /. ./../Qt5.7.0/5.7
/9cc_64/include/QtGui ~1../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~I. -I../../../Qt5.7.8/5.7/gcc_64/nkspecs/ inux-g
++ -0 MyDlg.0 MyDlg.cpp

g++ -WL,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/1ib -0 Ex10 main.o MyDlg.o -L/home/jegan/Qt5.7.8/5.7/gcc_64/

main.o: In function ‘main':
main. cpp: (. text. startup+0x59): undefined reference to “vtable for MyDlg'
main. cpp: (. text.startup+0xb2) : undefined reference to “vtable for MyDlg'
T THYDTGUT T

(.text+0x29): undefined reference to “vtable for MyDlg"
collect2: error: 1d returned 1 exit status

Makefile:211: recipe for target 'Ex10' failed

make: ook [Ex10] Error 1

jeganeubuntu:~/MasteringC++/Chapters/Ex10$ [
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jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ make clean all

rm —f *.0 *.exe

g++ —c -0 RPNCalculator.o src/RPNCalculator.cpp -std=c++14

g++ -c -0 RPNCalculatorTest.o test/RPNCalculatorTest.cpp -I googletest/googletest -I googletest/googletest/include -I
googlemock/googlemock -I googlemock/googlemock/include -I src -I test -std=c++14

g++ -c -0 main.o test/main.cpp -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I

googlemock/googlemock/include -I src -I test -std=c++14

g++ -0 calc.exe -std=c++14 RPNCalculator.o RPNCalculatorTest.o main.o -pthread libgtest.a

jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ tree -L 1

[— calc.exe

— googletest

— libgtest.a

— main.o

— Makefile

— RPNCalculator.o

— RPNCalculatorTest.o
[— src

— test

3 directories, 6 files
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe

==] Running 2 tests from 1 test case.

Global test environment set-up.

2 tests from RPNCalculatorTest
RPNCalculatorTest.testSimpleAddition
RPNCalculatorTest.testSimpleAddition (@ ms)
RPNCalculatorTest.testSimpleSubtraction
RPNCalculatorTest.testSimpleSubtraction (@ ms)
2 tests from RPNCalculatorTest (1 ms total)

Global test environment tear-down

2 tests from 1 test case ran. (3 ms total)
[ PASSED ] 2 tests.
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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| rpn_input | expectedResult |
| “10 15 + " | 25.0
| "100 15 - " | 85.0
| /home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/
RPNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 5000
To be equal to: context->actualResult
Which is: @
"1000.0 5.0 x " | 5000.0
/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/R
PNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 5000
To be equal to: context->actualResult
Which is: @ (Cucumber::WireSupport::WireException)
RPNCalculator/features/rpncalculator.feature:20:in “Then the actualResult should match t
he 5000.0'
RPNCalculator/features/rpncalculator.feature:14:in “Then the actualResult should match t
he <expectedResult>'

Failing Scenarios:
cucumber RPNCalculator/features/rpncalculator.feature:20 # Scenario Outline: Should be able to
perform simple addition, Examples (#3)

3 scenarios (1 failed, 2 passed)

9 steps (1 failed, 8 passed)

omo.791s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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19 #include "MyDlg.h

20
21 MyDlg::MyDlg() {

22 pLayout = new QHBoxLayout(this);

23

24 pBttn = new QPushButton ("Click Me");
25

26 pLayout->addwWidget ( pBttn );

27

28 setlayout ( playout );

29

30 setWindowTitle ("Signals and Slots");
31

32 connect (

33 pBttn,

34 SIGNAL ( clicked() ),

35 this,

36 SLOT ( onButtonClicked() )
37 )i

38 }

39

40 void MyDlg::onButtonClicked() {

41 qDebug() << "Button clicked ...";
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* Version: 1.0

* Created: 10/16/2016 05:11:17 AM
* Revision: none

* Compiler: gcc
*
*
*
*

Author: Jeganathan Swaminathan <jegan@tektutor.org>
Organization: TekTutor <www.tektutor.org>

#include "MyDlg.h"

MyDlg::MyDlg() {
1 pLayout = new QHBoxLayout(this);

pBttnl = new QPushButton (“Button
pBttn2 = new QPushButton
pBttn3 = new QPushButton ("Button

playout->addWidget ( pBttnl );
playout->addwidget ( pBttn2 );
playout->addWidget ( pBttn3 );

setlayout ( pLayout );





assets/c4c76aa2-b3b5-4b31-afa6-395bfe97f078.png
Ll 2 j00en — ~/MasteringCo+/ChapterS/EXGAL/DIQ.h — ssh Y 00an172.10.31.13 — 120238
agmours g rspri agmouns 0570554 — Yo
1/%
2
E
a4 Filename: MyDlg.h
Y
6 %  Description: Simple Qt application with QDialog, QPushButton and QGridLayout
7 %
8 Version: 1.0
9 x Created: 10/16/2016 05:08:21 AM
10 * Revision: none
1 ox Compiler: gec
12 x
13 * Author: Jeganathan Swaninathan <jegan@tektutor.org>
14 x Organization: TeKTutor <www.tektutor.org:
15 %
16 *
17 %
18

B 19 #include <ODialog>
20 #include <QGridLayout>
21 #include <QPushBuTton

23 class MyDlg : public GDialog {
24 private:

2 QPushButton #pBttnl, pBttn2, #pBttnd, *pBtind, *pBttnS:
2 QPushButton #pBEEN6, *pBttn7, +pBLtng, *pBLind, *pBTtnl
27 QGridlayout *playout;

28 public:

29 MyDlg();

30 )
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15 * Organization: TekTutor <ww.tektutor.org>

18 */

19 #include "BoxDlg.h"

20

21 BoxDlg::BoxDlg()

22

23 pBttnl = new QPushButton("Button 1")
2 pBttn2 = new QPushButton("Button 2")
25 pBttn3 = new QPushButton("Button 3")
26 pBttnd = new QPushButton("Button 4")
27 PBttn5 = new QPushButton("Button 5!
28

29 playout = new 0BoxLayout(QBoxLayout::BottonToTop, this);
30

31 pLayout->addwidget ( pBttnl );

2 playout->addidget ( pBttn2 )

33 playout->addwidget ( pBttn3 )

34 playout->addwidget ( pBttnd )

35 playout->addidget ( pBttn5 );

36

37 setlayout ( playout );
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21 #include "MyDlg.h"

23 MyDlg::MyDlo() {
24

pAddButton = new QPushButton("Add");
pSubtractButton = new QPushButton(
pMultiplyButton = new QPushButton("Multipl
pDivideButton = new QPushButton("Divide'

pButtonLayout = new 0BoxLayout(QBoxLayout: :RightToLeft);
pButtonLayout->addwidget ( pDivideButton );
pButtonLayout->addwidget ( pHultiplyButton )
pButtonLayout->addiidget ( pSubtractButton );
pButtonLayout->addiidget ( pDivideButton );

pFormLayout = new QFormLayout();

pFirstEdit = new QLineEdit();
pSecondEdit = new QLineEdit();
pResultEdit = new QLineEdit();

pFormLayout->addRow("First number",pFirstedit);
pFormLayout->addRow("Second number”, pSecondEdit) ;
pFormLayout->addRow("Result", pResultEdit) ;

pMainLayout = new QVBoxLayout(this

pMainLayout->addTten ( pFormLayout );
pMainLayout->addTten ( pButtonLayout );

Nsetlayout ( pMainlayout );

HyDlg YD

) < cpp
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jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ make clean all

rm —f *.0 *.exe

g++ —c -0 RPNCalculator.o src/RPNCalculator.cpp -std=c++14

g++ -c -0 RPNCalculatorTest.o test/RPNCalculatorTest.cpp -I googletest/googletest -I googletest/googletest/include -I
googlemock/googlemock -I googlemock/googlemock/include -I src -I test -std=c++14

g++ -c -0 main.o test/main.cpp -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I
googlemock/googlemock/include -I src -I test -std=c++14

g++ -0 calc.exe -std=c++14 RPNCalculator.o RPNCalculatorTest.o main.o -pthread libgtest.a
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ls

calc.exe googletest 1libgtest.a main.o Makefile RPNCalculator.o RPNCalculatorTest.o src test

jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe

Running 2 tests from 1 test case.

Global test environment set-up.

2 tests from RPNCalculatorTest

RPNCalculatorTest.testSimpleAddition

RPNCalculatorTest.testSimpleAddition (@ ms)

[ RUN RPNCalculatorTest.testSimpleSubtraction

unknown file: Failure

C++ exception with description "stod" thrown in the test body.

[ FAILED | RPNCalculatorTest.testSimpleSubtraction (5 ms)

I 2 tests from RPNCalculatorTest (7 ms total)

[
[
[
[

Global test environment tear-down

2 tests from 1 test case ran. (9 ms total)
PASSED 1 test.

FAILED 1 test, listed below:

FAILED RPNCalculatorTest.testSimpleSubtraction

1 FAILED TEST
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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eoce % jegan — jegan@ubuntu: ~/MasteringC++/Chapter5/Ex1 — ssh -X -Y jegan@172.16.31.133 — 69x11

jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ 1s

main.cpp

jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ qmake -project
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ 1s

Ex1l.pro main.cpp
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ qmake
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ 1s

Exl.pro main.cpp Makefile
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$
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jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cmake --version
cmake version 3.5.1

CMake suite maintained and supported by Kitware (kitware.com/cmake).
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ ruby —-version
ruby 2.3.1p112 (2016-04-26) [x86_64—1inux—gnu]
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ gem —-version
2851

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ bundle —-version
Bundler version 1.14.6
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ I





assets/733e373e-9738-4faf-b285-4d370eefee75.png





assets/9bed5a14-4f3f-43de-95eb-81e5700cbaab.png
~ CMakeLists. txt | 0.7 fers  ©

205 DEPENDS cucumber-cpp
206 )
207 endfunction(add_feature_target)
208
209 add_feature_target(features ——format progress)
210 add_feature_target(features—pretty ——format pretty)
211 add_feature_target(features-wip ——format pretty —-tags @wip)
212
213 else()
214 message (WARNING "Could not find Cucumber: skipping end-to-end tests")
215 endif()
216
217 endif()
218
219 #
220 # Examples
221 #
222
223 |if (CUKE_ENABLE_EXAMPLES)
~ 224 add_subdirectory(HelloBDD)
+ 225 #add_subdirectory(examples)

226 fndif()

~

~

~1 master CMak
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jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/RPNCalculator/RPNCalculatorSteps &
[1] 4053
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cucumber RPNCalculator
# language: en
Feature: We need to develop an RPN Calculator that accepts math expressions
in the form of Reverse Polish Notation a.k.a postfix notation and
return the computed results.

RPN Calculator should support addition, subtraction, multiplication
and Division individually as well as all in one rpn math expression.

Scenario Outline: Should be able to perform simple addition # RPNCalculator/features/rpncalculator.feature
e Given the input math expression is <rpn_input> R # RPNCalculator/features/rpncalculator.feature
2 When the evaluate method is invoked # RPNCalculator/features/rpncalculator.feature
- Then the actualResult should match the <expectedResult> # RPNCalculator/features/rpncalculator.feature
114

Examples:

| rpn_input | expectedResult |
| "10 15 + " | 25.0 |
| "100 15 - " | 85.0 |
| "1000.0 5.0 * " | 5000.0 |
| "1000.0 250.0 / " | 4.0 |
| "10.0 5.0 % 1.0 + 100.0 2.0 / - " | 1.0 |

5 scenarios (5 passed)

15 steps (15 passed)

0m1.349s

[1]+ Done build/RPNCalculator/RPNCalculatorSteps

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ [l
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R/f/rpncalculator. feature . Duffers  *

1 # language: en

2

3 Feature: We need to develop an RPN Calculator that accepts math expressions
4 in the form of Reverse Polish Notation a.k.a postfix notation and
5 return the computed results.

6

7 RPN Calculator should support addition, subtraction, multiplication
8 and Division individually as well as all in one rpn math expression.
9

10 Scenario Outline: Should be able to perform simple addition

11

12 Given the input math expression is <rpn_input>

13 When the evaluate method is invoked

14 Then the actualResult should match the <expectedResult>

15

16 Examples:

17 | rpn_input | expectedResult |

18 | 10 15 + " | 25.0

19 | "100 15 - " | 85.0

20 | "1000.0 5.0 *x " | 5000.0

21 | "1000.0 250.0 / " | 4.0

22

master <alculator.feature utf-8[unix]
"RPNCalculator/features/rpncalculator.feature" 22L, 871C
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o

3 %

4 x Filename: MathTest.cpp

5 %

6 * Description: This class holds all Math test cases.
7 *

8 x Version: 1.0

9 x Created: 12/09/2016 09:37:37 PM

10 * Revision: none

11 % Compiler: gcc

12 %

13 x Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <www.tektutor.org>

15 %

16 *

17 %/

18 #include <gtest/gtest.h>
19 #include "Math.h"

20

21 TEST( MathTest, testAddition ) {

22 Math math;

23

24 int expectedResult = 100;

25 int actualResult = math.add ( 70, 30 );
26

27 EXPECT_EQ ( expectedResult, actualResult );
28 }

29

test/MathTest.cpp TEST() < cpp utf-8[unix]
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H/f/s/HelloBDDSteps. cpp+ . DU f fers | *
O ====—===——=—————==

17 %/

18 #include <gtest/gtest.h>

19 #include <cucumber-cpp/autodetect.hpp>

20 #include <Hello.h>

21 using cucumber::ScenarioScope;

22

23 struct HelloCtx {

24 Hello *ptrHello;

25 string actualResponse;

26 };

27

28 GIVEN("~An instance of Hello class is created$") {
29 ScenarioScope<HelloCtx> context;

30 context->ptrHello = new Hello();

31 }

32

33 WHEN("~the sayHello method is invoked$") {

34 ScenarioScope<HelloCtx> context;

35 context—->actualResponse = context—>ptrHello—>sayHello();
36 }

37

38 THEN("~it should returns$") §

39 string expectedResponse = "Hello BDD!";

40 ScenarioScope<HelloCtx> context;

41 EXPECT_EQ(expectedResponse, context->actualResponse);
42 B

master -~ <.cppl+] HelloCtx < cpp utf-8[unix]
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20 #incude

a4n01g. 1

22 MadnDlg: s 00150) {
b

WL = new HB0KDLo(this);
2 PVBoxD1g = new VEoxDLa(this);

2 BROXDG” = new SoxDLa(thie)]

2 BGradDlg = new GricD1a(thie);

7

2 pStackedLayout = new QtackedLayout();
2

3 pStackedLayout->siinidoet ( pHBGXDLg )i
E PStackedLayout i doet ( pVBGXDLG )i
2 PStackedLayout oo doet ( pBowdly )i
3 PStackedLayout i doet ( pGriddig )i
34

3 PavigationLayout = new 08oxLayout (BexLayout: :RightToLeft);
3

3 pPrevBttn = new GPushButton (*

® PextBttn = new GPushButton (*

3 PExitBttn = new GPushButton (*

s

@ plavigat onLayout->adeiiget (

b Pavigat onLayout->adeiidaet (

b Plavigat ionLayout->adeiidaet (

“ Pavigat ionLayout->addstratch(

i

s PainLayout = new OVBoxLayout(this);
b

b PainLayout->addLayout ( pStackedLayout
s Painlayout->addiayout ( plavigationlayout
50

51 settayout ( pHainLayout );

52

5 connect (

E prrevatt

E S0 ( clickedt) ),

s ]

his,
57 SLOT'( onpreveage() )
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R/s/RPNCalculator. cpp . DU ffers  *

25

26 numberStack.push ( result );

27 }

28 else if ( xtoken == "-" ) {

29 secondNumber = numberStack.top();
30 numberStack.pop();

31 firstNumber = numberStack.top();
32 numberStack.pop();

B8

34 result = firstNumber - secondNumber;
35

36 numberStack.push ( result );

37 }

38 else if ( xtoken == "x" ) {

39 secondNumber = numberStack.top();
40 numberStack.pop();

41 firstNumber = numberStack.top();
42 numberStack.pop();

43

44 result = firstNumber ¥ secondNumber;
45

46 numberStack.push ( result );

47 }

48 else {

49 istringstream tempStream(xtoken);
50 tempStream >> temp;

51 numberStack.push (temp);

master  <aluate() < cpp utf-8[unix]
"RPNCalculator/src/RPNCalculator.cpp" 59L, 1249C written
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Th

2.

3.

4. Filenane: MyDlg.n

5

6+ Description: Simple Ot application with QPushButton that demonstrates Signals and Stotsl]
7.

[ Version: 1.0

9« Created:  10/18/2016

10« Revision: none

1« Compiler: gce

2 .

B o Author:  Jeganathan Swaminathan <jegan@tektutor.org>
1§« Organization: TekTutor <, tektutor.orgol

5 .

16 .

17

18

19 #include <aDialog>
20 #include <GHBoxLayout>
21 #include <QPushButton>
2

23 class Myblg : public GDialog {
24 private:

2 QPushButton xpBttn;
QHBoxLayout *pLayou

2
27 public:
28 o0
29 3;

o

1,015 c
MyDlg.h" 30L, 715C
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~— Jogan@ubuntu: ~MasteringC++/Mutithreading Mutex — -bash . = jogan@ubunty: -/MasteringC+ +Mulithreading/Doadiock — ssh ogan@172 1631135
==18874== by ©x40135B: main (main.cpp:28)
==18874==

18874== Puss ble data race during read of size 8 at @x6061B8 by thread #3

==18874== ar no
==18874== at @x516BD6F: std::basic_ostream<char, std::char_traits<char> >& std::__ostream_insert<char, std::char
_traits<char> >(std :basic_ostream<char, std::char_traits<char> >&, char constx, long) (in /usr/lib/x86_64-1linux-gn

by 0x401875: Threa Thread.cpp:62
==18874== by 0x4037E6: void std::_Mem_fn_base<void (Thread::x)(), true>::operator()<, void>(Thread%) const (in /
home/jegan/MasteringC++/Multithreading/Deadlock/deadlock.exe)
==18874== by @x4@377A: void std::_Bind_simple<std::_Mem_fn<void (Thread::*)()> (Threadx)>::_M_invoke<@ul>(std::_
Index_tuple<@ul>) (functional:1531)
==18874== by 0x403681: std::_Bind_simple<std::
520)
==18874== by @x403611: std::thread::_Impl<std::_Bind_simple<std::_Mem_fn<void (Thread::*)()> (Threadx)> >:: _M_ru
n() (thread:115)
==18874== by @x5115C7F: ??? (in /usr/lib/x86_64-1linux-gnu/libstdc++.50.6.0.21)
==18874== by ©x4C34DB6: ??? (in /usr/lib/valgrind/vgpreload_helgrind-amd64-linux.so)

18874== by 0x4E476B9: start_thread (pthread_create.c:333)
by @x56FB82C: clone (clone.S:109)

18874==
==18874== |[This conflicts with a previous write of size 8 by thread #2

18874== [OCKs held: none

==18874== at @x516BE25: std::basic_ostream<char, std::char_traits<char> >& std::__ostream_insert<char, std::char
_traits<char> >(std::basic_ostream<char, std::char_traits<char> >&, char constx, long) (in /usr/lib/x86_64-1inux-gn
u/libstdc++.50.6.0.21)

==18874== by @x516C236: std::basic_ostream<char, std::char_traits<char> >& std::operator<< <std::char_traits<cha
r> >(std::basic_ostream<char, std::char_traits<char> >&, char constx) (in /usr/lib/x86_64-1linux-gnu/libstdc++.50.6.
0.21)

Mem_fn<void (Thread::*)()> (Threadx)>::operator()() (functional:1l
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MyDlg.0: In function “MyDlg::MyDlg()':

MyDlg.cpp: (. text+0x29): undefined reference to “vtable for MyDlg" © —
error: 1d returned 1 exit status o —
11: recipe for target 'Ex10" failed seonmmser
make: e [Ex10] Error 1 e
jeganqubuntu:~/HasteringC++/Chapters/Ex10$ quake rsi— oo |y ]

jegangubuntu:~/HasteringC++/Chapters/Ex10$ make —
/home/jegan/Qt5.7.0/5.7/gcc_64/bin/moc -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB ~DQT_CORE_LIB -1/home/jegan/Qt5.7
+0/5.7/gcc_64/mkspecs/Linux-g++ ~I/home/jegan/MasteringC++/ChapterS/Ex10 ~1/home/jegan/MasteringC++/Chapter5/Ex10 —I
/home/jegan/Qt5.7.0/5.7/gcc_64/include ~1/home/jegan/Qt5.7.0/5.7/gcc_64/include/QtWidgets ~I/home/jegan/Qt5.7.0/5.7/
gcc_647include/QtGui ~1/home/jegan/Qts.7.8/5.7/gcc_64/include/qtCore ~I/usr/include/c++/5 ~T/usr/include/xB6_64-linu
X-gnu/c++/5_~1/usr/include/c++/5/backward ~1/usr/lib/gcc/x86_64-linux-gnu/5/include -I/usr/local/include ~I/usr/1ib/
gcc/x86_64-Linux-gnu/5/include-fixed ~I/usr/include/x86_64-1inux-gnu ~I/usr/include MyDlg.h -o moc_MyDlg.cpp

g++ - -pipe -02 -std=gnu++11 -Wall W -D_REENTRANT ~fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB -DQT_GUI_LIB -DQT_CORE_LIB
-I. -1. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/QtWidgets ~I../../../Qt5.7.0/5.7
/gcc_64/include/Qt6ui ~1../../../Qt5.7.0/5.7/gcc_64/include/qtCore ~I. -I../../../Qt5.7.0/5.7/gcc_64/mkspecs/Linux-g
++ -0 moc_MyDlg.o moc_MyDlg. cpp

g++ —W1,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/Lib -0 Ex10 main.o MyDlg.o moc_MyDlg.o  ~-L/home/jegan/Qts.7.0
/5.7/gcc_64/1ib -1Qt5Widgets ~L/usr/1ib64 -10t56ui ~1Qt5Core -16L ~lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex10$ ./Ex10
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[100%] Built target RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/RPNCalculator/RPNCalculatorSteps &
[1] 71589
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cucumber RPNCalculator
# language: en
Feature: We need to develop an RPN Calculator that accepts math expressions
in the form of Reverse Polish Notion a.k.a postfix notation and
return the computed results.

RPN Calculator should support addition, subtraction, multiplication
and Division individually as well as all in one rpn math expression.

Scenario Outline: Should be able to perform simple addition # RPNCalculator/features/rpncalc
ulator.feature:10

Given the input math expression is <rpn_input> # RPNCalculator/features/rpncalc
ulator.feature:12
When the evaluate method is invoked # RPNCalculator/features/rpncalc

ulator.feature:13
Then the actualResult should match the <expectedResult> # RPNCalculator/features/rpncalc
ulator.feature:14

Examples:
| rpn_input | expectedResult |
| "10 15 + " | 25.0

1 scenario (1 passed)

3 steps (3 passed)

0mo.229s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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MyDL

18 #include *

19

RlaiassfisriagCatiClepuiEt i o sh SRR 2ie s S B8

iyDlg.

20 MyD1g::MyDla() {
21

22

playout = new 0BoxLayout(QBoxLayout: :LeftToRight, this);

pBttnl = new QPushButton (“Button 1");
pBttn2 = new QPushButton ("Button 2");
pBttn3 = new QPushButton ("Button 3");
pBttnd = new QPushButton ("Button 4")
pBttn5 = new QPushButton (“Button 5");

Expanding, QSizePolic
xpanding, QSizePolicy
xpanding, QSizePolicy
xpanding, QSizePolic
pBttnS—>setSizePolicy ( QSizePolicy::Expanding, QSizePolic

pBttnl->setSizePolicy ( QSizePolicy

playout->addiidget ( pBttnl );
pLayout->addiidget ( pBttn2 );
playout->addwidoet ( pBttn3 );
pLayout->addiidget ( pBttnd );
BpLayout->addWidget ( pBttnS );

setlayout ( playout );

setWindowTitle (“Box Layout");

B
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‘i ~—iegan@ubuntu: ~/MasteringC++/Multithreading/LambdaWithConcurrency — ssh jegan@172.16.31.134 — 92x11

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ g++ main.cpp —o concurrenc
y.exe -std=c++17 -1lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ 1ls

concurrency.exe main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$ ./concurrency.exe

The sum of 15 + 10 is 25

jegan@ubuntu:~/MasteringC++/Multithreading/LambdaWithConcurrency$
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[ 97%] Built target RPNCalculator
[100%] Built target RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ build/RPNCalculator/RPNCalculatorSteps &
[1] 2733
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ cucumber RPNCalculator
# language: en
Feature: We need to develop an RPN Calculator that accepts math expressions
in the form of Reverse Polish Notation a.k.a postfix notation and
return the computed results.

RPN Calculator should support addition, subtraction, multiplication
and Division individually as well as all in one rpn math expression.

Scenario Outline: Should be able to perform simple addition # RPNCalculator/features/rpncalculator.feature
e Given the input math expression is <rpn_input> # RPNCalculator/features/rpncalculator.feature
2 When the evaluate method is invoked # RPNCalculator/features/rpncalculator.feature
- Then the actualResult should match the <expectedResult> # RPNCalculator/features/rpncalculator.feature
114

Examples:
| rpn_input | expectedResult |
| "10 15 + " | 25.0 |
| 100 15 - " | 85.0 |
| "1000.0 5.0 x " | 5000.0 |
| "1000.0 250.0 / " | 4.0 |

4 scenarios (4 passed)

12 steps (12 passed)

0m1.105s
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ [l
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9 stringstream rpnMathTokens(rpnMathExpression);

10 istream_iterator<string> begin(rpnMathTokens);
11 istream_iterator<string> end;
12
13 vector<string> rpnTokens( begin, end );
14
15 vector<string>::iterator pos = rpnTokens.begin();
16
17 while ( pos != rpnTokens.end() ) {
18
19 if ( #pos == "+" ) {
20 firstNumber = numberStack.top();
21 numberStack.pop();
22 secondNumber = numberStack.top()
23 numberStack.pop()
24 result = firstNumber + secondNumber
25 numberStack.push ( result )
26 }
27 else if ( xpos == "-" ) {
28 firstNumber = numberStack.top();
29 numberStack.pop()
30 secondNumber = numberStack.top();
31 numberStack.pop();
32 result = firstNumber - secondNumber
33 numberStack.push ( result )
34 }
B5 else
36 numberStack.push( stod(kpos) );
37
38 ++p0S;
39 }
40
41 result = numberStack.top();
42 return result

src/RPNCalculat:
"src/RPNCalculator.cpp" 43|

p evaluate() < cpp
962C written
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eoce i jegan — jegan@ubuntu: ~/MasteringC++/Chapter7 — ssh -Y jegan@172.16.31.134 — 94x13

jegan@ubuntu:~/MasteringC++/Chapter7$ g++ —c googletest/googletest/src/gtest-all.cc googletest
/googlemock/src/gmock-all.cc googletest/googlemock/src/gmock_main.cc -I googletest/googletest/
-I googletest/googletest/include -I googletest/googlemock -I googletest/googlemock/include -1
pthread -std=c++14

jegan@ubuntu:~/MasteringC++/Chapter7$ ar crv libgtest.a gtest-all.o gmock_main.o gmock-all.o

a - gtest-all.o

a — gmock_main.o

a — gmock-all.o

jegan@ubuntu:~/MasteringC++/Chapter7$ 1ls

gmock-all.o gmock_main.o googletest gtest-all.o libgtest.a
jegan@ubuntu:~/MasteringC++/Chapter7$
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R/f/rpncalculator. feature .. Duffers  *

1 # language: en

2

3 Feature: We need to develop an RPN Calculator that accepts math expressions
4 in the form of Reverse Polish Notation a.k.a postfix notation and

5 return the computed results.

6

7 RPN Calculator should support addition, subtraction, multiplication
8 and Division individually as well as all in one rpn math expression.
9

10 Scenario Outline: Should be able to perform simple addition

11

12 Given the input math expression is <rpn_input>

13 When the evaluate method is invoked

14 Then the actualResult should match the <expectedResult>

15

16 Examples:

17 | rpn_input | expectedResult |

18 | 10 15 + " | 25.0

19 | "100 15 - " | 85.0

20

master  <alculator.feature utf-8[unix]
"RPNCalculator/features/rpncalculator.feature" 20L, 747C
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eoce i ~—jegan@ubuntu: ~/MasteringC++/Chapter6/cucumber-cpp — ssh jegan@172.16.31.135 — 93x16.

jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpp$ tree RPNCalculator/
RPNCalculator/
CMakeLists.txt
features
rpncalculator. feature
step_definitions
I: cucumber.wire
RPNCalculatorSteps.cpp
support
env.rb
src
RPNCalculator.cpp
RPNCalculator.h

4 directories, 7 files
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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ece i ~— <asteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/rpncalculator.feature — ssh jegan@172.16.31.135 — 93x24.

1 # language: en
2

3 Feature: We need to develop an RPN Calculator that accepts math expressions
4 in the form of Reverse Polish Notion a.k.a postfix notation and

5 return the computed results.

6

7 RPN Calculator should support addition, subtraction, multiplication
8 and Division individually as well as all in one rpn math expression.
9

10 Scenario Outline: Should be able to perform simple addition

11

12 Given the input math expression is <rpn_input>

13 When the evaluate method is invoked

14 Then the actualResult should match the <expectedResult>

15

16 Examples:

17 | rpn_input | expectedResult |

18 | "10 15 + " | 25.0

19

<lculator.feature CUC... utf-8[unix]
"RPNCalculator/features/rpncalculator.feature" 19L, 639C written
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#include <QApplication>
#include "MyD1lg.h"

int main ( int argc, char xxargv ) {
QApplication::setColorSpec(QApplication::ManyColor);
QApplication theApp ( argc, argv );

MyDlg dlg;
dlg.show();

return theApp.exec();
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double RPNCalculator::evaluate(string rpnExpression) {

istringstream buffer(rpnExpression);

vector<string> rpnTokens = { istream_iterator<string>(buffer),istream_iterator<string>() };

vector<string>::iterator token = rpnTokens.begin();

stack<double> numberStack;
double temp;

double firstNumber, secondNumber, result;
while ( token != rpnTokens.end() ) {
if ( xtoken == "+' ) {

secondNumber = numberStack. top();
numberStack.pop();

firstNumber = numberStack.top();
numberStack.pop();
result = firstNumber + secondNumber;
numberStack.push ( result );

else {
istringstream tempStream(xtoken);
tempStream >> temp;
numberStack.push (temp);

}

++token;

}
temp = numberStack.top();
numberStack.pop();

return temp;

RPNCalculator/src/RPNCalculator.

evaluate() <
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eoce i jegan — jegan@ubuntu: ~/MasteringC++/Chapter5/Ex2 — ssh -X -Y jegan@172.16.31.133 — 64x9

jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ 1s

main.cpp

jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ qmake —project
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ 1s

Ex2.pro main.cpp
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ qmake
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$ 1s

Ex2.pro main.cpp Makefile
jegan@ubuntu:~/MasteringC++/Chapter5/Ex2$
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Mastering

C++ Programming

Modern C++ 17 at your fingertips
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2 S a2 AL

*
* Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <www.tektutor.org>
*
M

19 _#include <QDialog>
20 #include <QVBoxLayout>]
21 #include <QPushButtons

23 class MyDlg : public QDialog {

pBttn2, *pBttn3;

QVBoxLayout *plLayout

MyDlg();
void someFunction()l
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D4 MathApp - Microsoft Visual Studio
File Edit View Project Build Debug Team Tools Test
©-0|@-2 M9 - Deug -| x5

YH £ Quick Launch (Ctr+Q) P e ® x
Analyze  Window  Help

& Jeganathan Swaminathan ~
~ P Local Windows Debugger - | 51 ;¥ 77 | =

P MathAppTest ~|® main(int arge, char * argy)
=#include <gtest\gtest.h>

#include "MyMath.h"
@int main(int argc, char **argv) {
testing::InitGoogleTest(&arge, argv);
int status = RUN_ALL_TESTS();

getchar();|
return status;

=TEST(MathTest, testAddtion) {

tektutor: :MyMath math;

int actualResult = math.add(150, 50);
int expectedResult = 200;

EXPECT_EQ(expectedResult, actualResult);

OutputFind
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o 812PM
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s s oA = |
jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ s

main.cpp MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ qmake -project

jegan@ubuntu:~/MasteringC++/Chapters/Ex$ s

Ex5.pro main.cop MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ vim Ex5.pro

ULtiSnips requires py >= 2.7 or py3

Press ENTER or type command to continue

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ 1s

Ex5.pro main.cpp MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ qmake

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ ls

ExS5.pro main.cpp Makefile MyDlg.cpp MyDlg.h

jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ make

g++ ~C —pipe ~02 -std=gnu++11 -Wall —W -D_REENTRANT —fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB ~DQT_GUI_LIB ~DQT_C
ORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/QtWidgets -I../.
+/../Qt5.7.0/5.7/gcc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~I. -I../../../Qt5.7.0/5.
7/gcc_64/nkspecs/linux-g++ -0 main.o main.cpp

g++ ~C —pipe ~02 -std=gnu++11 -Wall —W -D_REENTRANT —fPIC -DQT_NO_DEBUG -DQT_WIDGETS_LIB ~DQT_GUI_LIB ~DQT_C
ORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt5.7.0/5.7/gcc_64/include/QtWidgets ~I../.
+/../Qt5.7.0/5.7/9cc_64/include/QtGui ~I../../../Qt5.7.0/5.7/gcc_64/include/QtCore ~I. -I../../../Qt5.7.0/5.
7/gcc_64/mkspecs/linux-g++ -0 MyDlg.o0 MyDlg.cpp

g++ -W1,-01 -WL,-rpath, /home/jegan/Qt5.7.0/5.7/gcc_64/lib —o Ex5 main.o MyDlg.o  —L/home/jegan/Qt5.7.0/5.7/
gcc_64/Lib ~1QtSWidgets -L/usr/1ib64 -1Qt5Gui ~1qt5Core ~1GL ~lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex5$ ./EXS

.

N Boxtayout
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‘MasteringL++/Uhapter//Exs/src/RENLalculator.

= jegan

14

15 vector<string>::iterator pos = rpnTokens.begin();
16

17 while ( pos != rpnTokens.end() ) {

18

19 if (_*pos == "+"

20 firstNumber = numberStack.top();
21 numberStack. pop();

22 secondNumber = numberStack.top();
23 Tumberstack. poptJ;

24 result = firstNumber + secondNumber;
25 numberStack.push ( result );

26 }

27 else if

28

29 numberStack. pop();

30 secondNumber = numberStack top
Bl

32 result = flrstNumber - secondNumber;
33 numberStack.push ( result );

34 }

B5 else

36 numberStack.push( stod(xpos) );
37

38 ++p0S;

39 +

40

41 result = numberStack.top();

src/RPNCalculat evaluate() < cpp
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googlemock/googlemock -I googlemock/googlemock/include -I src -I test -std=c++14

g++ -c -0 main.o test/main.cpp -I googletest/googletest -I googletest/googletest/include -I googlemock/googlemock -I
googlemock/googlemock/include -I src -I test -std=c++14
g++ -0 calc.exe -std=c++14 RPNCalculator.o RPNCalculatorTest.o main.o -pthread libgtest.a
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ tree -L 1

[— calc.exe

— googletest

— libgtest.a

— main.o

— Makefile

— RPNCalculator.o

— RPNCalculatorTest.o
[— src

— test

3 directories, 6 files

]egan@ubuntu ~/MasteringC++/Chapter7/Ex2$ ./calc.exe
Running 5 tests from 1 test case.
Global test environment set-up.

5 tests from RPNCalculatorTest

0K ] RPNCalculatorTest.testComplexRPNExpression (@ ms)
—————————— 5 tests from RPNCalculatorTest (2 ms total)

[

[

[

[ RUN RPNCalculatorTest.testSimpleAddition

[ 0K ] RPNCalculatorTest.testSimpleAddition (1 ms)

[ RUN RPNCalculatorTest.testSimpleSubtraction

[ 0K ] RPNCalculatorTest.testSimpleSubtraction (@ ms)
[ RUN RPNCalculatorTest.testSimpleMultiplication

[ 0K ] RPNCalculatorTest.testSimpleMultiplication (@ ms)
[ RUN RPNCalculatorTest.testSimpleDivision

[ 0K ] RPNCalculatorTest.testSimpleDivision (@ ms)

[ RUN RPNCalculatorTest.testComplexRPNExpression

[

[

I Global test environment tear-down

[ 5 tests from 1 test case ran. (3 ms total)
[ PASSED 1 5 tests.
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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D4 MathApp - Microsoft Visual Studio

File Edt View Project Buld Debug Team Tools Test Analyze Window Help
©-0|@-2 M9 - Deug -| x5

YH £ Quick Launch (Ctr+Q) P e ® x

& Jeganathan Swaminathan ~
~ P Local Windows Debugger - | 51 ;¥ 77 | =

MyMath cpp MyMath h MathTest cpp
-] (Global Scope)

=// MathApp.cpp : Defines the entry point for the console application.

1/
#include "MyMath.h"

using namespace tektutor;

@int main()
{
MyMath math;

cout << "Result of 90 + 10 is " << math.add(90, 10) << endl;
return 0;
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eoe & jegan — jegan@ubuntu: ~/MasteringC++/Chapter7 — ssh -Y jegan@172.16.31.134 — 56x9

jegan@ubuntu:~/MasteringC++/Chapter7$ 1ls
googletest libgtest.a src test
jegan@ubuntu:~/MasteringC++/Chapter7$ tree src
src

— Math.cpp

L— Math.h

@ directories, 2 files
jegan@ubuntu:~/MasteringC++/Chapter7$ I
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jegan@ubuntu:~/MasteringC++/Chapter6$
jegan@ubuntu:~/MasteringC++/Chapter6$ git clone https://github.com/cucumber/cucumber-cpp.git
Cloning into 'cucumber-cpp'...

remote: Counting objects: 2226, done.

remote: Total 2226 (delta @), reused @ (delta @), pack-reused 2226
Receiving objects: 100% (2226/2226), 408.17 KiB | 247.00 KiB/s, done.
Resolving deltas: 100% (1191/1191), done.

Checking connectivity... done.

jegan@ubuntu:~/MasteringC++/Chapter6$ ls

cucumber-cpp

jegan@ubuntu:~/MasteringC++/Chapter6$ tree

L cucumber-cpp
appveyor.yml
cmake
L— modules
L FindGMock. cmake
CMakeLists.txt
CONTRIBUTING.md
examples
Calc
CMakeLists.txt
features
addition.feature
division.feature
step_definitions
BoostCalculatorSteps.cpp
cucumber.wire
GTestCalculatorSteps.cpp
README. txt





assets/f945fc83-17c2-4831-95c6-21c0888fa75f.png
@ Terminal Shell Edit View Window Help SR DO
e0e i ~— jegan@ubuntu: ~/MasteringC++/Multithreading/ConditionalVariable — ssh jegan@172.16.31.147 — 117x33
~ — legan@ubuntu: ~/MasteringC-++/Multthreading Mutex — -basn ~ — Jegan@ubuntu: ~|MasteringC +/Multhreading/ConditionalVariable — ssh jegan@172:16:31:147

) 40% (%) ThuMay11 9:00PM  Q

jegan@ubuntu:~/MasteringC++/Multithreading/ConditionalVariable$ g++ Thread.cpp main.cpp -0 cv.exe -std=c++17 -lpthreal
d

jegan@ubuntu:~/MasteringC++/Multithreading/ConditionalVariable$ ./cv.exe
CONSUMER waiting to acquire mutex ...

CONSUMER acquired mutex ...

CONSUMER waiting for conditional variable signal ...
PRODUCER waiting to acquire mutex ...

PRODUCER acquired mutex ...

PRODUCER notified conditional signal ...

CONSUMER got conditional variable signal ...
CONSUMER received data 1

CONSUMER released mutex ...

CONSUMER waiting to acquire mutex ...

CONSUMER acquired mutex ...

CONSUMER waiting for conditional variable signal ...
PRODUCER released mutex ...

PRODUCER waiting to acquire mutex ...

PRODUCER acquired mutex ...

PRODUCER notified conditional signal ...

CONSUMER got conditional variable signal ...
CONSUMER received data 2

CONSUMER released mutex ...

CONSUMER waiting to acquire mutex ...

CONSUMER acquired mutex ...

CONSUMER waiting for conditional variable signal ...
PRODUCER released mutex ...

PRODUCER waiting to acquire mutex ...

PRODUCER acquired mutex ...

PRODUCER notified conditional signal ...

CONSUMER got conditional variable signal ...
CONSUMER received data 3

CONSUMER released mutex ...

[
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|

s/MathOperato

9}

10

11 double RPNCalculator::evaluate( string rpnMathExpression ) {
12

13 MathOperator *pMathOperator = MathFactory::getMathObject();
14 double firstNumber, secondNumber, result;

15 stack<double> numberStack

16

17 stringstream rpnMathTokens(rpnMathExpression);

18 istream_iterator<string> begin(rpnMathTokens);

19 istream_iterator<string> end;

20

21 vector<string> rpnTokens( begin, end );

22 vector<string>::iterator pos = rpnTokens.begin();

23

24 while ( pos != rpnTokens.end() ) {

25

26 if ( isMathOperator( *pos ) ) {

27 secondNumber = numberStack.top();

28 numberStack.pop();

29 firstNumber = numberStack.top();

30 numberStack.pop();

31

32 pMathOperator = MathFactory::getMathObject ( *pos );
33 result = pMathOperator—>evaluate ( firstNumber, secondNumber );
34 numberStack.push ( result );

35 }

36 else

37 numberStack.push( stod( *pos ) );

38 ++p0S;

39 }

40

41 result = numberStack.top();

42 return result;

evaluate() < ¢
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s/Camera =

1

2

3 %

4 * Filename: Camera.cpp

5 *

6 * Description: Camera source file

7 *

8 x Version: 1.0

9 x Created: 01/11/2017 08:17:22 AM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 *

17 */

18 #include "Camera.h"

19

20 Camera::Camera() {

21

22 }

23

24 bool Camera::ON() {

25 cout << "Camera ON hardware interaction happens here ..." << endl,
26 return true;

27 }

28

29 bool Camera::OFF() {

30 cout << "Camera OFF hardware interaction happens here ..." << endl
31 return true;

"src/Camera.cpp" 34L, 762C
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&LEURY ' \ \mac \Home \Documents\Visual Studio 2015\Projects\MasteringC++Programming\MathApp\MathAppTest'
CMD.EXE was started with the above path as the current directory.
UNC paths are not supported. Defaulting to Windows directory.
Running 1 test from 1 test case.
Global test environment set-up.
---------- ] 1 test from MathTest
[ RUN ] MathTest.testAddtion

0K ] MathTest.testAddtion (@ ms)
---------- ] 1 test from MathTest (@ ms total)

Jai0dx3 uonnjog.

Global test environment tear-down
1 test from 1 test case ran. (3 ms total)
1 test.
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layout with 5 buttons.

*
*
M

9 * Version: 1.0

10 * Created: 10/20/2016

1 * Revision: none

12 * Compiler: gcc

13 *

14 * Author: Jeganathan Swaminathan <jegan@tektutor.org>

15 * Organization: TekTutor <www.tektutor.org>

16 *

17 * = = - - - - -

18

19 #include <QWidget>
20 #include <QHBoxLayout>
21 #include <QPushButton>

22
23 class HBoxDlg : public QWidget {

24 private:

25 QPushButton *pBttnl, *pBttn2, *pBttn3, *pBttnd, +pBttns;
2 QHBoxLayout *pLayout;

27 public:

28 HBoxD1g(

29

HBoxD1
""29L, 748C written
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D4 MathApp - Microsoft Visual Studio Quick Launch (Ctri+Q) L - 8 x
File Edt View Project Buld Debug Team Tools Test Analyze Window Help & Jeganathan Swaminathan ~
©-o|@-2 M| - | Debug - x86 - b Local Windows Debugger - | 5 . 4o = | |
MathApp.cpp
-] 11 tektutor
#pragma once

#include <iostream>
using namespace std;

=namespace tektutor {

class MyMath

{
public:

int add(int, int);
3

Output Find Symbol

Ready. Col§ 4 Publish «

o , mon 2 g
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assets/483337a2-8b5c-4de8-9c1b-6f4b7d36f85a.png
| "10 15 + " | 25.0
| "100 15 - " | 85.0
| "1000.0 5.0 x " | 5000.0
| /home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/
RPNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 4
To be equal to: context->actualResult
Which is: @
'1000.0 250.0 / " | 4.0
/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/R
PNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 4
To be equal to: context->actualResult
Which is: @ (Cucumber::WireSupport::WireException)
RPNCalculator/features/rpncalculator.feature:21:in “Then the actualResult should match t
he 4.0'
RPNCalculator/features/rpncalculator.feature:14:in “Then the actualResult should match t
he <expectedResult>'

Failing Scenarios:
cucumber RPNCalculator/features/rpncalculator.feature:21 # Scenario Outline: Should be able to
perform simple addition, Examples (#4)

4 scenarios (1 failed, 3 passed)

12 steps (1 failed, 11 passed)

oml.074s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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LEX ) 2 jegan — jegan@ubuntus: ~/MasteringC++/Chapter§/Ex1 — ssh -X - jegan@172.18.31.133 — 79x12
g++ -c -pipe -02 -std=gnu++11 -Wall -W -D_REENTRANT -fPIC -DQT_NO_DEBUG -DQT_GU *
I_LIB -DQT_CORE_LIB -I. -I. -I../../../Qt5.7.0/5.7/gcc_64/include -I../../../Qt
5.7.0/5.7/gcc_64/include/QtGui -I../../../Qt5.7.0/5.7/gcc_64/include/QtCore -I.
-I../../../Qt5.7.0/5.7/9cc_64/mkspecs/linux-g++ -0 main.o main.cpp

g++ -W1,-01 -W1,-rpath,/home/jegan/Qt5.7.0/5.7/gcc_64/1ib o Ex1 main.o  -L/ho
me/jegan/Qt5.7.0/5.7/gcc_64/1ib -1Qt5Gui -L/usr/1ib64 -1Qt5Core -1GL -lpthread
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ s

Exl Exl.pro main.cpp main.o Makefile
jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ ./Ex1

Hello Qt from CLI app

jegan@ubuntu:~/MasteringC++/Chapter5/Ex1$ I
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eoce i ~—jegan@ubuntu: ~/MasteringC++/Multithreading/Ex1 — ssh jegan@172.16.31.149 — 80x16

jegan@ubuntu:~/MasteringC++/Multithreading/Ex1$ 1s

main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/Ex1$ g++ main.cpp -lpthread
jegan@ubuntu:~/MasteringC++/Multithreading/Ex1$ 1s

a.out main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/Ex1$ ./a.out

Message => @ from 140618069030656

Message => 1 from 140618069030656
Message => 2 from 140618069030656
Message => @ from 140618077423360
Message => 1 from 140618077423360
Message => 2 from 140618077423360
Message => @ from 140618085816064
Message => 1 from 140618085816064
Message => 2 from 140618085816064





assets/da2651ed-df82-434f-a8df-5ec946ac0a03.png
ece = ~—legan@ubuntu: ~/MasteringC++/Multithreading/exception — ssh jegan@172.16.31.134 — 92x12

jegan@ubuntu:~/MasteringC++/Multithreading/exception$ 1s

main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/exception$ g++ main.cpp -0 concurrency.exe —-std=c
++17 -lpthread

jegan@ubuntu:~/MasteringC++/Multithreading/exception$ 1s

concurrency.exe main.cpp

jegan@ubuntu:~/MasteringC++/Multithreading/exception$ ./concurrency.exe

Exception occured

jegan@ubuntu:~/MasteringC++/Multithreading/exception$
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#include "RPNCalculatorTest.h"
TEST(RPNCalculatorTest, testSimpleAddition) {
RPNCalculator calculator;

double expectedResult = 25.0;
double actualResult = calculator.evaluate("10 15 +");

ASSERT_EQ ( expectedResult, actualResult );
}
TEST(RPNCalculatorTest, testSimpleSubtraction) {
RPNCalculator calculator;

double expectedResult = 15.0;
double actualResult = calculator.evaluate("25 10 -");

ASSERT_EQ ( expectedResult, actualResult );





assets/e5a68754-6e5b-438f-b371-d436b14839ee.png
i jegan — ~/MasteringC++/Chapter7/Ex3/test/MobileTest.cop — ssh 172.16.31.147 — 128x35

s/Camera.h | s/Camer:

4 * Filename: MobileTest.cpp

5 %

6 * Description: MobileTest source file

7 x

8 x Version: 1.0

9 x Created: 01/11/2017 08:22:58 AM

10 * Revision: none

11 % Compiler: gcc

12 %

13 % Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>
15 *

16 % =

17 */

18 #include "MobileTest.h"

19

20 TEST (MobileTest, testPowerOnWhenCameraONSucceeds) {
21

22 //Mocking

23 MockedCamera *xpMockedCamera = new MockedCamera;
24

25 //Stubbing

26 EXPECT_CALL( *pMockedCamera, ON() ).Times(1).WillOnce(Return(true));
27

28 //Construction Dependency Injection

29 Mobile mobile ( pMockedCamera );

30

31 //Verify Code Under Test

32 ASSERT_TRUE ( mobile.powerOn() );

test/MobileTest. TEST() < cp
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jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$ ./calc.exe
] Running 2 tests from 1 test case.
Global test environment set-up.
2 tests from RPNCalculatorTest
RPNCalculatorTest.testSimpleAddition
RPNCaIculaturTest testslmpleAddltlun (0 ms)
impleSubtraction
est/RPNCalculaturTest cpp:21: Failure

Expected: expectedResult

Which is: 15
o be equal to: actualResult

Whlch gy =I5

RPNCaTculatorTest.testSimpleSubtraction (1 ms)

[F———= ] 2 tests from RPNCalculatorTest (2 ms total)

] Global test environment tear-down

] 2 tests from 1 test case ran. (4 ms total)
PASSED ] 1 test.
FAILED ] 1 test, listed below:
FAILED ] RPNCalculatorTest.testSimpleSubtraction

1 FAILED TEST
jegan@ubuntu:~/MasteringC++/Chapter7/Ex2$
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LEX ) % jegan — jegan@ubuntu: ~/MasteringC++/ChapterS/Ex4 — ssh -X -Y jegan@172.16.31.133 — 82x13

jegan@ubuntu:~/MasteringC++/Chapter5/Ex4$ tree
j— main.cpp

MyDlg. cpp

MyDlg.h

0 directories, 3 files
jegan@ubuntu:~/MasteringC++/Chapters/Exds
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i jegan — ~/MasteringC++/Chapter7/Ex2/src/RPNCalculator.cpp — ssh jegan@172.16.31.134 — 115x31

while ( pos != rpnTokens.end() ) {

if ( %pos == "+" ) {
secondNumber = numberStack.top();
numberStack.pop();
fiirstNumber = numberStack.top();
numberStack.pop();
result = firstNumber + secondNumber;
numberStack.push ( result );

}

else if ( xpos == "-" ) {
secondNumber = numberStack.top();
numberStack.pop();
firstNumber = numberStack.top();
numberStack.pop();
result = firstNumber - secondNumber;
numberStack.push ( result );

else
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eoce i jegan — jegan@ubuntu: ~/MasteringC++/Chapter7 — ssh jegan@®172.16.31.134 — 80x23

jegan@ubuntu:~/MasteringC++/Chapter7$
jegan@ubuntu:~/MasteringC++/Chapter7$ git clone https://github.com/google/google
test.git

Cloning into 'googletest'...

remote: Counting objects: 7422, done.

remote: Compressing objects: 100% (13/13), done.

remote: Total 7422 (delta 4), reused @ (delta @), pack-reused 7407
Receiving objects: 100% (7422/7422), 2.52 MiB | 33.00 KiB/s, done.
Resolving deltas: 100% (5512/5512), done.

Checking connectivity... done.
jegan@ubuntu:~/MasteringC++/Chapter7$ 1ls

googletest

jegan@ubuntu:~/MasteringC++/Chapter7$ tree

L googletest

— appveyor.yml

— CMakelLists.txt

— googlemock

— build-aux

— CHANGES

— CMakelLists.txt
— configure.ac
— CONTRIBUTORS
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18 #include lyDlg I

19

20 MyDlg::MyDla() {

21 | pLayout = new QVBoxLayout(this); |

22

23 pBttnl = new QPushButton ("Button 1");

24 pBttn2 = new QPushButton ("Button 2");

25 pBttn3 = new QPushButton ("Button 3");

26

27 pBttnl->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy
28 pBttn2->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy
29 pBttn3->setSizePolicy ( QSizePolicy::Expanding, QSizePolicy
30

31 pLayout->addWidget ( pBttnl );

32 pLayout->addwWidget ( pBttn2 );

33 pLayout->addwidget ( pBttn3 );

34

35 setLayout ( pLayout );

36

37 [setwindowTitle ("Vertical Box Layout"); ]

38 }
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M Filenane: main.cpp

= Description: Simple 0t application with QDialog, QPushButton and QBoxLayout
. Version: 1.0

M Created: 10/16/2016 05:18:27 AN

. Revision:

. Compiler: gec

. Author:  Jeganathan Swaminathan <jegangtektutor.org>

« Organization: TeKTutor <w.tektutor.org>

1%

#include <OApplications
#include "MyDlg.h"

int main ( int arge, char xxargv ) {
QApplication theapp ( arge, argv

MyDlg dlg;
dlg.show(

return theApp.exec();
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Examples:
| rpn_input | expectedResult |
| "10 15 + " | 25.0
| /home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/
RPNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 85
To be equal to: context->actualResult
Which is: @
"100 15 - " | 85.0
/home/jegan/MasteringC++/Chapter6/cucumber-cpp/RPNCalculator/features/step_definitions/R
PNCalculatorSteps.cpp:27: Failure
Expected: expectedResult
Which is: 85
To be equal to: context->actualResult
Which is: @ (Cucumber::WireSupport::WireException)
RPNCalculator/features/rpncalculator.feature:19:in “Then the actualResult should match t
he 85.0'
RPNCalculator/features/rpncalculator.feature:14:in “Then the actualResult should match t
he <expectedResult>'

Failing Scenarios:
cucumber RPNCalculator/features/rpncalculator.feature:19 # Scenario Outline: Should be able to
perform simple addition, Examples (#2)

2 scenarios (1 failed, 1 passed)

6 steps (1 failed, 5 passed)

0m@.526s

[1]1+ Done build/RPNCalculator/RPNCalculatorSteps
jegan@ubuntu:~/MasteringC++/Chapter6/cucumber-cpps$ I
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eoce \J Hello Qt, my first GUI application
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s/Math.h =
1 fx

2 %

3 %

4 x Filename: Math.cpp

5 %

6 * Description: This is a simple Math class with basic arithmetic operations
7 *

8 x Version: 1.0

9 x Created: 12/09/2016 05:47:22 PM

10 * Revision: none

11 % Compiler: gcc

12 %

13 x Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>

15 %

e e === ——————— e
17 %/

18

19 #include "Math.h"

20

21 int Math::add( int firstInput, int secondInput ) {

22 return firstInput + secondInput;

23 }

2 2 2 2

src/Math.cpp cpp utf-8[unix]
"src/Math.cpp" 23L, 652C
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Version: 1.0
Created: 10/15/2016 11:41:39 PM
Revision: none
Compiler: gcc

KKK KKK KKK KK

*/

#include <QApplication>
#include <QWidget>
int main ( int argc, char sargv ) {
QApplication theApp (argc,argv);
QWidget myWindow;
myWindow. setWindowTitle ( "Hello Qt, my first GUI application®);
myWindow. show();
|
return theApp.exec();
}

main.cpp

Description: This is a simple Hello Wold GUI app in Qt.

Author: Jeganathan Swaminathan <jegan@tektutor.org>
Organization: TekTutor <www.tektutor.org>
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| Click Me
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14 * Author: Jeganathan Swaminathan <jegan@tektutor.org>
15 = Organization: TekTutor <www.tektutor.org>f

20 #include <QDialog>

22 #include <QHBoxLayout>
23 #include <QPushButton>

24
25 class MyDlg : public QDialog {
26 private:

27 QPushButton *pBttn;

28 QHBoxLayout *pLayout;
29

30 public:

31 MyDlg();

32

33 [private stots:

34 void onButtonClicked();
35

36 };

37

MyD1g.h MyDlg < cpp _ uti-8lun
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# Automatically generated by gqmake (3.0) Thu Oct 27 17:05:22 2016

TEMPLATE = app
TARGET = Ex2
INCLUDEPATH += .

CONOUAWN R

QT += widgets

10!
11 # Input
12 SOURCES += main.cpp

Ex2.pro idl..
Ex2.pro" 12L, 298C written
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Dlg.h

18 #include "MyD1g.h!

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
44

MyDlg::MyDlg() {

playout = new QGridLayout(this);

pBttnl
pBttn2
pBttn3
pBttnd
pBttns

pBttn6
pBttn7
pBttn8
pBttn9

playout->addiidget
playout->addiidget
pLayout->addiidget
playout->addiidget
playout->addiidget

playout->addiidget
pLayout->addWidget
playout->addiidget
playout->addiidget
pLayout->addiidget

new QPushButton
new QPushButton
new QPushButton
new QPushButton
new QPushButton

new QPushButton
new QPushButton
new QPushButton
new QPushButton
pBttn1@ = new QPushButton (“Button 10'

(
(
(
(
(

(
(
(
(
(

pBttnl, 0,
pBttn2, 0,
pBttn3, 0,
pBttnd, 0,
pBttnS, 0,

pBttn6, 1,
pBttn7, 1,
pBttns, 1,
pBttn9, 1,
pBttn1o, 1,

BsetLayout ( pLayout );

setWindowTitle ("Grid Layout"

1g. ¢

MyDlg()

1);
2)
3");
a");
)

6");
7)
8");
9)

© ); //First row,
1); //First row
2); //First row,
3); //First row,
4); //First row,

@ ); //Second
1); //Second
2 ); //Second
3 //Second
4 ); //Second

row,
row,
row,
row,
row,

first column
second column
third column
fourth column
fifth column

first column
second column
third column
fourth column
fifth column
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jegan@ubuntu:~/MasteringC++/Chapter7$ g++ —c googletest/googletest/src/gtest-all®
1l.cc googletest/googlemock/src/gmock-all.cc googletest/googlemock/src/gmock_mai
n.cc -I googletest/googletest/ —-I googletest/googletest/include -I googletest/g
ooglemock -I googletest/googlemock/include -lpthread -std=c++14
jegan@ubuntu:~/MasteringC++/Chapter7$ 1ls

gmock-all.o gmock_main.o googletest gtest-all.o
jegan@ubuntu:~/MasteringC++/Chapter7$
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1

2

3 %

4 x Filename: Math.h

5 %

6 * Description: This is a simple Math class with basic arithmetic operations
7 *

8 x Version: 1.0

9 x Created: 12/09/2016 05:47:22 PM

10 * Revision: none

11 % Compiler: gcc

12 %

13 x Author: Jeganathan Swaminathan <jegan@tektutor.org>
14 x Organization: TekTutor <http://www.tektutor.org>

15 %

e e === ——————— e
17 %/

18

19 class Math {
20 public:
21 int add(int,int);
22 };

2 2 2 2 2

src/Math.h cpp utf-8[unix]
"src/Math.h" 22L, 587C
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~R/f/rpncalculator. feature .. DU ffers — °

1 # language: en

2

3 Feature: We need to develop an RPN Calculator that accepts math expressions
4 in the form of Reverse Polish Notation a.k.a postfix notation and
5 return the computed results.

6

7 RPN Calculator should support addition, subtraction, multiplication
8 and Division individually as well as all in one rpn math expression.
9

10  Scenario Outline: Should be able to perform simple addition

11

12 Given the input math expression is <rpn_input>

13 When the evaluate method is invoked

14 Then the actualResult should match the <expectedResult>

15

16 Examples:

17 | rpn_input | expectedResult |

18 | "10 15 + " | 25.0 |

19 | "100 15 - " | 85.0 |

20 | "1000.0 5.0 * " | 5000.0

21 | "1000.0 250.0 / " | 4. a |

22 | "10.0 5.0 % 1.0 + 100.0 2.0 / - "| 1 |

23

EIEE N SN A S ]

+0 ~0 -0 mas <calculator. feature cucumber
"RPNCalculator/features/rpncalculator. feature" 23L, 933C





