	Competitive Programming with C++
	Duration: 30 Days



Course Objectives

This 30-days technical training course provides advanced training in C++ Programming including the latest programming constructs from C++11/14 specifications.
Pre-requisites
C Programming knowledge.

Basic knowledge of C++ is recommended.

Software Requirement

	LINUX OS
	Windows OS

	· Ubuntu 14

· C++ compiler:  GCC 5.0 or above

· GNU Utilities: vi editor, nm, valgrind, gdb.
	· Windows 7 /8 / 10

· Microsoft Visual Studio / Code Blocks


Objectives
· To gain an understanding of Object-Oriented Programming using C++ features and their uses in developing applications.

· Understand the internals of C++ programming.

· Use C++ Library effectively in solving competitive programming problems

Module 1 – Introduction to C++ 
· Introduction to C++ - History, Features, Standards

· Sample C++ Program

· Difference between .h and non-.h version of header file

· Console I/O [cout , cin]

· Std::

· Namespaces

· Literals: Binary Literals – C++14

· Initialization: 

· Uniform Initialization – C++11

· Typecasting: C Style / C++ - Function Style / C++ - static_cast

· Reference Variables 

· Compare References with Pointers

· Use of Reference in Function Parameters

· Lvalue and Rvalue

· Constant References

· Rvalue reference – C++11

· Automatic Type Deduction - C++11

· Range-based for loop 

· Nullptr 

Module 2 - Functions in C++

· Strict type Checking of C++.

· Compulsory return type.

· Compulsory return value in non-void functions.

· Compulsory Function Declaration / Prototyping. 

· Function Overloading

· Polymorphism: Compile time Polymorphism using Function Overloading.

· Default Arguments

· Ambiguity in Function Overloading

· Inline Functions

· Comparison: Inline Function and Macro with Arguments.

· Function Pointers

· Understand the concept of Function Pointer

· Declaration of Function Pointer

· Calling Function using Function Pointer

· Function Pointer as Function Parameter 

· Callback Functions

· Lambda Expressions 

· Capture by read-only

· Capture by reference

· Generic lambda expressions

· Viewing Symbol table entries using nm

· Understand Internal Linkage and External Linkage

· Understand name mangling 

· Understand how c++ performs better type checking over C.

Module 3: Function Templates and STL Algorithms

· Function Templates

· C++ Algorithms

· swap, min, max , max_element, min_element

· sort, find, binary_search, count, 

· Memcpy vs copy

· Memset vs fill

· Using Function Pointers with STL Algorithms

· Using Lambdas with STL algorithms

· Parameter type deduction using auto– C++ 14


Module 4 - Class & Object

· Defining Classes 

· Defining Member: Data Members and Member Functions

· Access Specifier

· Defining Member Functions Outside the class

· Creating Object

· Accessing Members using Object.

· Memory allocation of objects

· This Pointer

· Implementation of Encapsulation, Abstraction and Data Hiding. 

Module 5 - Constructor and Destructor

· Constructor

· Need for a Constructor

· Types of Constructors 

· Default Constructor

· Parameterized Constructor

· Copy Constructor

· Destructor

· Dynamic Memory allocation using new And delete

· Shallow Copy And Deep Copy

· Copy Constructor

· Explicit Specifier 

· Use of valgrind utility to understand memory leakage.  

· Writing programs to avoid memory leaks by writing appropriate code in destructors.

· Implementation of User-Defined Stack Class using above C++ Construct

· Implementation of User-Defined String Class similar to Built-in String class.

Module 6 - Class Internals

· Static Data Members

· Difference between Static Members and Global Members

· Static Member Functions

· Correct way to Access Static Member Functions.

· Const Members

· Usage Of Initializer List for Const and Reference Members

· Const Member Functions

· Mutable type specifier

Module 7 - Operator Overloading and Friend Functions

· Operator Overloading


· Rules of Overloading 

· Operators that cannot be overloaded

· Operators that can be overloaded only using Member Functions.

· Overloading Unary and Binary Operators

· Overloading Assignment  Operator (= Lvalue)

C++11/14 features 

· Uniform Initialisation

· Initializer List

· In-class member Initializers 

· Delegating Constructors

· Default and Deleted Methods

· Rvalue reference (&&)

· Move constructors 

· Move Assignment Operator

Smart Pointers

· Unique Pointer

· Shared Pointer

· Weak Pointer

· Transfer ownership using move

Module 8 - Inheritance

· Inheritance [Generalization]

· What Is Inheritance and its Needs

· Access Modes Of Inheritance

· Types Of Inheritance

· Single and Multilevel

· Constructor And Destructor in Inheritance

· Passing parameters to base-class constructors from a derived class constructor.

Module 9 - Run time Polymorphism

· Describe Binding

· Purpose of going for run time polymorphism

· Virtual Functions

· Using Virtual function to implement dynamic binding

· Using Virtual function and inheritance to achieve late binding

· VTABLE

· Virtual destructors

· Pure virtual function

· Abstract classes
C++ 11/14

· Explicit overrides 

· Restricting a class from further inheritance using final. 

· Restricting a function from further overriding using final. 

Module 10 - RTTI 
· Define RTTI 

· Runtime type-identification using typeid 

· Using typeid with reference types 

· Casting operators 

· Static Cast 

· Dynamic Cast 

· Const Cast 

· Reinterpret Cast 

Module 11 - Class Templates and STL Classes

· Sequence Containers: 

· Vector 

· Understand how the size of vector grows

· Understand the difference between size and capacity

· Optimize allocation using reserve

· Insert and Delete at Rear using push_back and pop_back

· Iterator to Vector

· Const iterator

· Insert in between using insert method (using iterator)

· List

· Inserting and Delete at Front and Rear

· Inserting in between using insert

· Iterator to List

· Comparing List and Vector

· Array Class - C++11

· Forward List - C++11

· Associative Containers: 

· Set 

· Map

· Unordered Set - C++11
· Unordered map - C++11

· Container Adapters:

· Stack 

· Queue

· Priority Queue - Min Priority Queue and Max Priority Queue

Module 12 Debugging using GDB

· Compiling with debugging information -g
· Setting break points
· Step by step execution of program: step, next, continue
· Viewing stackframe : backtrace
· Setting watch
· Print type and value of objects
Note: GDB will be used across the course to demonstrate the flow of program and to solve logical errors.

Atleast 20 Competitive Programming Problems from Hackerrank / HackerEarth will be solved and the usage of C++ Library (STL Algorithms and Containers) will be demonstrated.

