Ch 15 : Standard Template Library
See Book Reference : C++17 STL Cookbook.pdf chapter 2 for “modern C++”
This library of classes has been incorporated with the Standard C++ library (which is used by Borland etc as well as Microsoft.)

One of the uses of the STL is for example to provide for shortcomings with using arrays for data storage. For example “normal” arrays cannot be expanded.
eg if we define int arr[4] = {1,2,3,4}  ; , then we cannot add a fifth element.
Neither can we insert an element.
v= [ 1 2 3]
Neither can we remove an element eg remove the element 3 and then bunch up the rest of the elements.

Neither can we easily copy one array to another without using a loop.
With a vector, which is defined in the STL all of these (and more!) can be done.

· Define a vector, which holds 4 elements like so:
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#include <iostream>
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#include <vector>
using namespace std
;
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int main(void)

{
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vector<int> v
;

v.push_back(0)
;

v.push_back(1)
;

v.push_back(2)
;

v.push_back(3)
;

v.push_back(4)
;
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cin.get();
return 0

;

}
v.push_back()adds another element to the end of the vector as above eg.
v.push_back(5)
; will add 5 to the end of the above. Try it.
As it happens, we can still use the array notation to simply replace an element eg

[image: image10.png]6
ress any key



v[0] = 6

; // But only if the vector has been first initialized!
To insert an element, use eg:
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v.insert(v.begin(), 7)
;
Take a look at this vector in the Autos window whilst single stepping (down to cin.get();)
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To remove  the 3rd element, use:
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v.erase(v.begin() + 2)
;
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Having made the aforementioned modifications, you should now have:
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#include <iostream>

#include <vector>

using namespace std
;

int main(void)
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{
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vector<int> v

;

v.push_back(1)

;

v.push_back(2)

;

v.push_back(3)

;

v.push_back(4)

;
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v.push_back(5)

;

v[0] = 6


;

v.insert(v.begin() ,7)
;

v.erase(v.begin() + 2)
;

return 0


;

}
If we single-step use f10 rather than f11) we can also view the memory and the variables window.

(Beware that the values in memory can rapidly relocate in the press of a button!)
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There is no simple way to initialize a vector in one go.
Modern C++: There is now! with C++ version 11.0 - use initializer list
vector<int> v = {1,2,3,4} ;

It is convenient for these exercises to initialize an array and copy the values to the vector! 
We could therefore initialize our vector using: (Or use use initializer list.)
int arr[4] = {1,2,3,4}

;


vector<int> v(arr,arr+4)
;  // not arr+3 !!!
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The v(arr,arr+4) calls a 2-argument constructor. The arguments passed are the address of the start of the array and the address of the end plus one.
v.begin() is a pointer. It contains the address of the start of the array. 

The insert()and  erase() both expect pointer arguments as we saw above.

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

;

int main(void)

{

vector<int> v = {1,2,3,4}[image: image28.png]


;
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for(int i = 0; i < v.size(); i++)
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{

cout << v[i] << endl
;

}

cin.get();

return 0

;

}

Pointers, when used with containers such as vector are called iterators.
As we will, see they have extra properties – clever-pointers!

· To define an iterator for the vector container, use:

vector<int>::iterator it ; where it is an iterator variable pointing to type int.

This modified program performs identically to the previous program:
[image: image31.png]H



#include <iostream>

#include <vector>

using namespace std

;

int main(void)

{
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vector<int> v = {1,2,3,4};
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vector<int>::iterator  it
;

v.push_back(5)
;


v[0] = 6

;


it = v.begin()
;

v.insert(it,7)
;

it = v.begin()
;

v.erase(it + 2)
;

return 0

;

}
insert(), begin() etc are member functions of the vector class.

For a list of other vector member functions and very useful examples, visit

http://www.cppreference.com/cppvector/ .An excellent reference site for all STL containers-  not just vectors.(now Modern C++ initialization.)
Algorithms are functions which simplify operations on containers – one-liners!
These as special general purpose functions which can apply to many container classes (as well as arrays!) are known as algorithms. eg:
find() and sort():
#include <iostream>

#include <vector>

#include <algorithm>
using namespace std

;

int main(void)

{

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


vector<int>::iterator it
;


 it = find(v.begin(),v.end(),4);


cout << *it << endl;    

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


cin.get()
;
return 0
;

}




To output the relative position of the 4 in the original (ie the position in the vector, we could subtract the absolute address of the first element of the vector using: (Try it.)
cout << (it - v.begin()) << endl  ; 



(Note that after the sort has been applied, the actual integer values have been sorted – rather than any pointers.) 

Binary Predicate: To Sort in Descending Order
   // To sort in descending order: Specify a binary predicate as follows:

#include <iostream>
#include <vector>
#include <algorithm>
#include <functional>      // For greater.
using namespace std

;

int main(void) 



before:
{




















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

sort(v.begin(),v.end(),greater<int>( ))
;


cin.get()
;

return 0
;

} 






after:
Exercise: Modify to sort in ascending order.    (Use less.)
// A user-defined (UD) “binary predicate” (a type of function) can also be used

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

// Return whether first element is greater than the second.
bool myGreater ( int elem1, int elem2 )
{

   return elem1 > elem2;
}

int main(void)

{


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

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


cin.get()
;

return 0
;

} 
Exercise 1: Modify the above to sort in descending order.
Exercise 2: Print them out (see the above web reference at top of page -use an iterator)
Lambda Expressions
http://pages.cs.wisc.edu/~gerald/cs368/resources/Lambda.pdf
A lambda function is an abbreviated function which can be used in-place. One liners. No name!


· Try this in main()

[](int i) {cout << i << endl; } (42);


 

{function body}







[](int i) {cout << i << endl; } (42);



Also (uncommonly) we could define a name for our lambda and call it as a usual function:

auto eddo = [](int i){cout << i << endl; } ;

eddo(42);


A lambda can return a (one only)  value:

auto eddo = [](int i)->int {return i ;} ; 

cout << eddo(20);

Actually the ->int is not compulsory if the lambda can deduce (ie make a good guess- pretty obvious in this case!) at what the return type should be. Try if without ->int ! 

mutable: Allows the variable to be modified inside  the lambda (but not permanently.)

To use a lambda expression as a predicate: 
Lambda Expressions in C++

https://msdn.microsoft.com/en-us/library/dd293608.aspx
#include <iostream>
#include <vector>
#include <algorithm>
using namespace std

;

int main(void)

{

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

sort(v.begin(),v.end(), [](int a, int b) { return (a < b); } )
;

cin.get()
;

return 0
;

}
Using of a lambda expression when iterating through some vector value using for_each:.
(From same website)

for each()
// even_lambda.cpp
#include <algorithm>

#include <iostream>

#include <vector>

using namespace std;

int main() 

{

   // Create a vector object that contains 10 elements.
   vector<int> v;

   for (int i = 1; i < 10; ++i) {

      v.push_back(i);

   }

   // Count the number of even numbers in the vector by 
   // using the for_each function and a lambda.
   int evenCount = 0;

   for_each(v.begin(), v.end(), [&evenCount] (int n) {

      cout << n;
      if (n % 2 == 0) { cout << " is even " << endl; ++evenCount;
      } else { cout << " is odd " << endl;
      }
   });

   // Print the count of even numbers to the console.
   cout << "There are " << evenCount 

        << " even numbers in the vector." << endl;

}



Function Objects 

(Revisited)
https://msdn.microsoft.com/en-us/library/dd293608.aspx
An alternative to lambda expressions – if  lambda expressions become too unwieldy.

A function objects uses a class – in our example called FunctorClass (see below).
#include<iostream>
#include<vector>
#include<algorithm>
using namespace std;
class FunctorClass
{

private:


int& m_c; 

public:

    FunctorClass(int& evenCount) : m_c(evenCount) { }  // Constructor.
  

    void operator()(int n) const

{

        if (n % 2 == 0) 

 cout << " is even " << endl;  ++m_c; // counts the evens
        else {cout << " is odd " << endl;


}

};

int main()

{

    // Create a vector object that contains 10 elements.
    vector<int> v;

    for (int i = 1; i < 10; ++i) {

        v.push_back(i);

    }

    // Count the number of even numbers in the vector by 
    // using the for_each function and a function object.
    int c = 0;

    for_each(v.begin(), v.end(), FunctorClass(c));

    cout  << c << endl;    // Even numbers.
}

Using a function object with for each() (instead of a lambda function)

Example: to square every element in our vector:

#include <iostream>

#include <vector>

#include <algorithm>
using namespace std


;
void square(int )



;
int main(void)

{

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


for_each(v.begin(),v.end(),square);

cin.get();
return 0




;

}

void square(int i)

{

i = i * i




;

}

To output our vector we could use a cout in the square function like so:.
void square(int i)

{

i = i * i


;

cout << i << endl

;

}
The code on page 742 places these squares into a new array.

To print out the arr array we could use another function called print as follows:
for_each(v.begin(),v.end(),print);

void print(int i)

{

cout << i << endl


;

}


As previously mentioned, many of these algorithms apply to arrays.
See pages 735 to 738 of the text.

Other containers: See: http://www.cppreference.com/cppstl.html

For example a linked list is much more efficient at inserting and removing elements since we simply need to change the pointers contained in the individual elements.

It is with a linked list that we see that iterators are smart pointers.

it++ used with a linked list would not simply mean increment the pointer to the address of the next data element. The iterator would need to consult the pointers of the individual element to calculate to determine the address of the next element in the list.

The Map Container
Recall that an array can only be accessed by index number.

A map allows us to use one element to access another, for example one string to access another string. The element used to access the other element is known as the key.

#include <iostream>

#include <string>

#include <map>

using namespace std

 ;

int main(void)

{

string names[] = {"ed","jo","al"}
; 
string progs[] = {"C++","java","VB"};

map<string,string> mapProgs
 ; // string,string means astring maps to a string.

for(int i = 0; i< 3 ; i++)

mapProgs[names[i]] = progs[i]
 ;

cout << mapProgs["ed"] << endl ; // could also use mapProgs[names[0]]
cin.get()






;

return 0



 ;


}
To Iterate through a map: 

#include <iostream>
#include <map>
using namespace std;
int main ()

{

  std::map<char,int> mymap; // each char maps to an integer.
  mymap['b'] = 100; // associate
  mymap['a'] = 200;

  mymap['c'] = 300;

  // show content:
  for (map<char,int>::iterator it=mymap.begin(); it!=mymap.end(); ++it)

  
 cout << it->first << " => " << it->second << '\n';

  cin.get();

  return 0;

}

https://docs.microsoft.com/en-us/cpp/cpp/welcome-back-to-cpp-modern-cpp
Modern C++ emphasizes: 

· Stack-based scope instead of heap or static global scope. 

· Auto type inference instead of explicit type names. 

· Smart pointers instead of raw pointers. 

· std::string and std::wstring types (see <string>) instead of raw char[] arrays. 

· C++ Standard Library containers like vector, list, and map instead of raw arrays or custom containers. See <vector>, <list>, and <map>. 
vector class good description: https://docs.microsoft.com/en-us/cpp/standard-library/vector-class?view=vs-2017
· C++ Standard Library algorithms instead of manually coded ones. 

· Exceptions, to report and handle error conditions. 

· Lock-free inter-thread communication using C++ Standard Library std::atomic<> (see <atomic>) instead of other inter-thread communication mechanisms. 

· Inline lambda functions instead of small functions implemented separately. 

· Range-based for loops to write more robust loops that work with arrays, C++ Standard Library containers, and Windows Runtime collections in the form for ( for-range-declaration : expression ). This is part of the Core Language support. For more information, see Range-based for Statement (C++). 

MODERN C++
auto
decltype
nullptr
enum class
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Algorithms
Lambda
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Map
MemoryManagement
SMART POINTERS
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Threading
Unicode
Modern C++” 







auto

 eg auto x = 2; The type – integer in this case is determined when the variable x is defined.

see: http://en.cppreference.com/w/cpp/language/auto
#include <iostream>
#include <cmath>
#include <typeinfo>
using namespace std;

template<class T, class U>

auto add(T t,  U u) -> decltype(t + u)

// the return type is the type of operator+(T, U)
{

    return t + u;

}

auto get_fun(int arg) -> double (*)(double)

// same as: double (*get_fun(int))(double) 

// Ed: returns a function pointer? (which returns double and accepts double)
{

    switch (arg)

    {

        case 1: return fabs;

        case 2: return sin;

        default: return cos;

    }

}

int main()

{

    auto a = 1 + 2;

    std::cout << "type of a: " << typeid(a).name() << '\n'<< '\n'; // int
    auto b = add(1, 1.2);

    cout << "type of b: " << typeid(b).name() << '\n'<< '\n'; // double

  /*  auto c = {1, 2};
    std::cout << "type of c: " << typeid(c).name() << '\n';

*/
    auto my_lambda = [](int x) { return x + 3; };

    std::cout << "my_lambda: " << my_lambda(5) << '\n'<< '\n'; // 8
    auto my_fun = get_fun(2);std::cout << "type of my_fun: " << typeid(my_fun).name() << '\n'<< '\n'; // double (__cdecl*)(double)

    std::cout << "my_fun: " << my_fun(3) << '\n'<< '\n'; // 0.14112
    cin.get();

//  auto int x; // error as of C++11: "auto" is no longer a storage-class specifier
}

 Recall: typeid (not “Modern”) determines the type of a variable.

int  x = 2;

cout << typeid(x).name() << endl;
decltype (“Modern C++” can not only determine the type at run-time but decltype can be used to declare other variables of that type


int  x = 2;

decltype(x) y;


Reference types (revisited) (not “Modern”)

A reference is just another name for the variable.

int  x = 2;

int &r = x;
cout << r << endl;

Whatever happens to x will happen to r eg:

x++;

cout << r << endl; 

or:

Whatever happens to r will happen to x  eg:

r++;

cout << x << endl;

nullptr  http://www.learncpp.com/cpp-tutorial/b-2-long-long-auto-decltype-nullptr-and-enum-classes/
In previous iterations of C and C++, 0 (zero) acted as both a constant integer and as the null pointer constant, which is why the following oddity occurs:

	1

2
	int *p = 1; // illegal, can't assign an int to an int* variable. 1 is not a pointer type.
int *q = 0; // legal!, 0 has a special meaning as a null pointer.


C++11 defines a new reserved identifier called nullptr (of type nullptr_t) that is not an integer, and cannot be converted to an integer (though oddly enough, it can be converted to the boolean value false). (0 remains a valid null point constant for backwards compatibility purposes only.)

The enum class  enum types had a small problem Before modern C++:  :  page 318 Stroustrup.

Revision: Try this:

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


enum Day   {mon, tue , wed};

enum Month {jan, feb , march};

int main()

{



Day d1= tue;



Month m1 = feb;



cout << (d1 == m1); << endl;



       cin.get();


       return 0;

}
Solution:  Modern C++: We wrap our enum in a class as follows:

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

enum class Day   {mon, tue , wed};

enum class Month {jan, feb , march};

int main()

{



Day d1 = Day::tue;



Month m1 = Month::feb;




bool b = (d1 == m1);



cout << b << endl;



cin.get();



return 0;

}
Memory Management     
Correct way to set a variable equal to a value and make a pointer to point to it:

Try this – it may not even compile.






We get the error message for this line


Memory leak
A memory leak occurs when we forget to deallocate memory. The concept of leak associates memory space that is floating around. We are uncertain as to whether it is available.






Rule:







Smart Pointers 
Smart pointers help deal with memory leaks.
A smart pointer is an ordinary (raw) pointer. enclosed in a class.

http://www.bogotobogo.com/cplusplus/autoptr.php v good also but (only) describes auto_ptr
http://www.informit.com/articles/article.aspx?p=2085179 probably best ref.
There are two main types unique_ptr and shared_pointer. (auto_ptr has been deprecated.)

So in C++ (Net Framework) it looks something like this:

class <myClass> unique_ptr
{

//constructor:
int *ptr:

//destructor:
};
You can see that it is defined as a template class so that it can handle many types.

We now see how to use these smart pointers.

unique_ptr
When we use unique_ptr then only this pointer – no other – can own the object.

 
#include <iostream>

#include <memory>
using namespace std;


class Part
{

private:

int i;

public:

Part(int d = 0) : i(d){  }

~Part(){ }

};


int main()

{

   unique_ptr<Part> p1(new Part(1)); 
return 0;

}

Exercise: 

1. Show that we can use the *p1 notation to dereference p1 with the usual notation

eg *p1 = 3;

2. and call methods with the usual notation eg include  a getData() method inside the class so that we can use:
cout << p1->getData() << endl;

       3.  Show that we can get the raw pointer by using the special get() method.
            ie  cout << p1.get(); 
// -> 0035DA00

It is important what we can’t do with our unique_pointer.

We can’t assign another pointer to the same object (to avoid dangling pointers.) 
eg unique_ptr<Part> p2 = p1;  // can’t have this!


Try it. As we can see an error will be immediately flagged even before we compile. 


Shared_pointer
As well as other references quoted see https://msdn.microsoft.com/en-us/library/hh279669.aspx
Shared_pointer solve the dangling pointer problem by keeping count of the number of pointers pointing to the same object.  

The raw pointer is not deleted until all shared_ptr owners have gone out of scope.
Exercise: In the previous code change all the occurences of unique_ptr to shared_ptr.
Now we can have things like:shared_ptr<Part>p2 = p1; but shared_ptr will keep track of them.
see http://en.cppreference.com/w/cpp/memory/shared_ptr
std::shared_ptr is a smart pointer that retains shared ownership of an object through a pointer. Several shared_ptr objects may own the same object. The object is destroyed and its memory deallocated when either of the following happens:

· the last remaining shared_ptr owning the object is destroyed;

· the last remaining shared_ptr owning the object is assigned another pointer via operator= or reset().

Modern C++ cont’d

The Range-Based For-Loop is a convenient way to visit every element of a range in order.
#include <iostream>
#include <vector>
using namespace std;

int main(void)

{


int arr[4] = { 1,2,3,4 };


vector<int> v(arr, arr + 4);


for (int i = 0; i < v.size(); i++)


{ cout << v[i] << endl;
}


// same as:

for (auto d : v) 

{ cout << d << endl; }

cin.get();


return 0;

}

Variadic templates can allow a function to accept multiple arguments of various types
#include <iostream>
using namespace std;

template <typename H, typename... T> 

auto sum(H h, T... t)  // h accepts the 1. t accepts the rest.
{




;

}

int main(void)

{

sum(1) ;

sum(1, 2.4 , "ed") ;

cin.get();

return 0;

} 

 Try: sum(1, 2.4 , "ed",,3, "jo") ;

TODO Printout t from above?
http://eli.thegreenplace.net/2014/variadic-templates-in-c/
#include <iostream>
void tprintf(const char* format) // base function
{


std::cout << format;

}

template<typename T, typename... Targs>

void tprintf(const char* format, T value, Targs... Fargs) // recursive variadic function
{


for (; *format != '\0'; format++) {



if (*format == '%') {




std::cout << value;




tprintf(format + 1, Fargs...); // recursive call



return;



}



std::cout << *format;



std::cin.get();


}

}

int main()

{


tprintf("% world% %\n", "Hello", '!', 123);


return 0;

} 


Threading
Thread are processes running simultaneously. (“Two programs at once”.)
Using threads we can control which threads runs/completes before another thread starts/completes.
#include <iostream>
#include <thread>
using namespace std;

void eddo()

{
cout << "thread function\n";}

int main()

{


thread t(&eddo);


cout << "main thread\n";


//t.join();

cin.get();


return 0;

}

The thread function eddo completes first ->
Uncomment //t.join();
Now main completes first?? ->
Further reading:

See:http://www.bogotobogo.com/cplusplus/C11/1_C11_creating_thread.php
(which contains lots of other “Modern C++” description)
Thread: The C standard Library a Tutorial and reference.pdf 
#include <future>
#include <thread>
#include <chrono>
#include <random>
#include <iostream>
#include <exception>
using namespace std;

void doSomething(char c)

{


// random-number generator (use c as seed to get different sequences)

default_random_engine dre(c);


uniform_int_distribution<int> id(10, 1000);


// loop to print character after a random period of time

for (int i = 0; i<10; ++i) {



this_thread::sleep_for(chrono::milliseconds(id(dre)));



cout.put(c).flush();


}

}

int main()

{


cout << "starting 2 operations asynchronously" << endl;


// start two loops in the background printing characters . or +

auto f1 = async([] { doSomething('.'); });


auto f2 = async([] { doSomething('+'); });


// if at least one of the background tasks is running

if (f1.wait_for(chrono::seconds(0)) != future_status::deferred ||



f2.wait_for(chrono::seconds(0)) != future_status::deferred) {



// poll until at least one of the loops finished


while (f1.wait_for(chrono::seconds(0)) != future_status::ready &&




f2.wait_for(chrono::seconds(0)) != future_status::ready) {




//...;



this_thread::yield();  // hint to reschedule to the next thread


}


}


cout.put('\n').flush();


// wait for all loops to be finished and process any exception

try {



f1.get();



f2.get();


}


catch (const exception& e) {



cout << "\nEXCEPTION: " << e.what() << endl;


}


cout << "\ndone" << endl;

}

Unicode:
Unicode character and string literals are written by prefixing the literal with L
The width (size in bytes) of wchar_t is compiler-specific and can be as small as 8 bits. Consequently, programs that need to be portable across any C or C++ compiler should use wchar_t for storing Unicode text. 

#include <iostream>
int main()

{

  char *h  = "Hello";
// “normal” string.
  wchar_t* wsz = L"Hello";  // Unicode 12 bytes, 6 wide characters
}
single byte :

[image: image2.png]Address: 0x0105CDIC - @ Colmns: Auto
6x0105C01C 48 65 6c 6c 6F 60 00 00 60 00 00 60 00 00 60 00 Hello...




l;k
Unicode (Watch window):
[image: image3.png]5@ aws 00041980 {00032cdlLc L Hello"}
2e 0:0032cdc L"Helo"

I Y




[image: image4.png]Address:  0x0032CD1C - @ Colmns: Auto

0x0032CD1C 48 00 65 00 6C 00 6c 00 6 00 00 00 00 00 00 00 H.c.l.l.0





"If your code adheres to the Unicode programming model, you can use the wide-character version of main, which is wmain."

http://msdn.microsoft.com/en-us/library/aa299386%28VS.60%29.aspx
main( int argc, char *argv[ ], char *envp[ ] )

{

program-statements

}

wmain( int argc, wchar_t *argv[ ], wchar_t *envp[ ] )

{

program-statements

}

Use f10 when stepping.





Include the appropriate header file from the STL.





Use the template notation to instantiate an STL container ( a vector). Our vector in this case holds ints, but could hold doubles for example by using


vector<double> v	   ;


The functions used with the STL needs to operate on different data types and hence the need for library to be a template library – hence “Standard Template Library”. 





Stroustrup highly recommends vectors for any sort of data holding device – being very memory efficient.





v.begin()is the address of this first element. 


This will insert 7 at position 0  ie before  the first element and shunt all of the other elements along to the right. 








This will erase the 3rd element and bunch up!





Single step (use F10)  and watch the vector in the Locals window.





Originally:





Finally.





1   6   7   7


2   2   6   6


3   3   2   3


4   4   3   4


5   5   4   5


          5





Summary of code so far.





Mac: Debug area..





Probably easier to single-step and view the Locals Window.





See next page for code so far.





Note also the code to print out the vector.





Exercise: Make two 1-d vectors and find the dot-product. (Multiply the respective elements together and add.)





Note also the code to print out the vector.





The iterator is defined and…





Exercise: Use the iterator in a loop to print out the elements.





… initialized.





The iterator is used as an argument to the insert and erase function.





it will be a pointer to the absolute position of the 4 in memory.





We are searching the whole vector for the element 4.





The elements are then sorted in numerical order by sort.





If we put a break point here and press F10 at this line, … 





… we confirm that the iterator it points to the absolute position of the 4 in memory.





ie The third element. (The first element is element number 0.)





This is an example of a call-back. WE call C++ using sort. C++ calls back. WE provide the function myGreater in this case that C++ that can call back.





To test use:


cout << v[0] << endl;


to print out the first element.





Sorts in descending order.





myGreater is a function that WE provide so that C++ can call it.


A call-back function.





This just does the same thing as the first program using greater.





code:


#include <iostream>


using namespace std;


int main(void)


{


[](int i) {cout << i << endl; } (42);


cin.get(); // 42 is input.


return 0;


}





[Capture list]. Variables placed in here can be “captured” from outside the lambda.


eg Here j is” captured”.


int j = 20;


[j]() {cout << j << endl; }() ;





The [] itself is compulsory – it signals a lambda! [=] means all variables captured by value – the default. [&] means all variables captured by reference.





Compare this to what we do to do the same thing with “ordinary“ functions:


using namespace std;


#include <iostream>


void dodo(int);


int main(void)


{


	dodo(42);


	cin.get();


	return 0;


}


void dodo(int i)


{


	cout << i << endl;


}


The the name of the function dodo is dispensed with to give a Lambda function which are a type of anonymous function ie have no function name.





(Parameter list) declares the variables (in this case i) that we will use in the function body. (Not only are the parameters optional, the parentheses are also optional. So for the example immediately above we could have no parentheses:


	int j = 20;


	[j]{cout << j << endl; }() ;  )








In the original code at the top, the (42) has really only been included for demonstration purposes – to “run” the lambda function. More often a lambda is used as an in-situ function (which can get called many times). Especially when using containers and algorithms. See page.184 of this manual. 





 The -> indicates the return type.





Exercise: Modify the above code to sort in ascending order.








This program simply lists and counts the number of even numbers ‘


�





The for_each algorithm is similar to the for but   has the additional capability to carte blanche do something to every item in the container.








Lambda expression.





From Help: The [&evenCount] part specifies the capture clause of the expression, (int n) . Note that it is passed by reference. 


�






Overloads the “function notation.”





Calls the function objects’s one-argument constructor.





(Note the commas rather than semi-colons in the for_each.)





Such functions are called function objects – they allow us to call a function using the address of the function.


The square function is automatically called for each iteration. 


This is an unusual way to call a function – from inside another function (square in this context is actually the address of our particular function which is passed to the for_each function in the STL..





int i here effectively declares (and defines) our integer variable so that it can be used by the STL.





Don’t forget the prototype.





For an excellent list of algorithms and examples, see:





� HYPERLINK "http://www.cppreference.com/cppalgorithm/" ��http://www.cppreference.com/cppalgorithm/�





Take a look at:


copy


( note how we initialize an empty array using the notation vector<int> v(4)	; )


merge


reverse


swap


count


accumulate


search


transform





Include the map header of the STL.





We need to define two arrays.





Iterate through the map to associate the respective array values.





ie find the programming language associated with “ed”.


 -> C++ .





	Versions C11.0  C14.0  C17.0


	Community 2017 is version 15.6.7


	(Older versions are C98,  C3.0)








Exercise : Use typeid to show that y is an int.








Summary:


#include <iostream>


using namespace std;


int main(void)


{


auto x = 2;





decltype(x) y; // same type as x.





cout << typeid(y).name() << endl;





// int  x = 2;


int &r = x;


cout << r << endl;	// -> 2





x++;


cout << r << endl;	// -> 3 !!





// or


// r++;


// cout << x << endl;	// -> 3


	


cin.get();


return 0;


}


			 








r is just an alias for x.





This program is that these have the same numeric values.





This is misleading. They should not be equal but after all 1 = 1!





This code won’t even compile.


An error is indicated by the red squiggle. Now we simply can’t have operations like this. (And why wiould we want to? !)








Month m = m1;





bool b = (m == m1);





p has been declared ie space allocated for p but not for what p is going to point to! 


Our pointer p has not been initialized!


int* p = new int;  will allocate the object to the heap.





Wrong way:





int* p	;  


*p = 5	;











Correct way:





int i = 5	;


int* p = &i	;








We are allocating memory for the data itself.





and now our pointer is declared and initialized.





A memory” leaks” when it has not been freed properly by the C++ “memory manager” ie it may still be marked as available when it is not – a loss of available memory – hence a memory “leak. 

















A memory” leaks” are very dangerous – they lie in wait! 


Things (eg an operating system!) might work just fine – until one day…!











Stack & Heap are sections of memory (RAM) that differ in the way that the C++ memory manager deals with them.


When a variable in the stack goes out of scope it will be automatically destroyed satisfactorily (eg functions such as below are automatically placed on the stack and therefore  memory is released automatically and made available to us. eg i in this case will be properly released 


	void eddo(void)


	{


		int i=1;


		return i;


	}








Functions are always placed on the stack. 





Part * p 		<-   Don’t just declare a pointer!


Instead use  new  to initialize: Part* p = new Part();














Dangling pointers





#include <iostream>


using namespace std; 





int main()





{


	int  x = 2;





	int* p = &x;


	int* q = p;


	


	delete p;


			


	cin.get();


	return 0;


}


This works! but we forgot to delete q! The behavior of q is now “undefined”. 


A problem for the future!


As well as just plain forgetting, if an exception occurs before the program delete p; then it will not be deleted. Since a raw pointer are defined on the heap (“free store” ) pointers do not get deleted when it goes out of scope . Problem!





delete frees - deallocates memory. 





Another memory gotcha.





This code seems to work fine…:





#include <iostream>


#include <thread>


using namespace std;





int* dodo(void)


{


	int x = 7;


	return &x;


}





int main()


{


	int* p = dodo();


	cout << *p;





	cin.get();


	return 0;


}





…but the fact is that all local variables (x in this case) are destroyed upon exit from a function 











The program seems to have worked but we cannot be sure! of the contents of p !!











When we create an object on the heap using new it should be explicitly de-allocated using delete.





We could view the actual code for unique_ptr by highlighting it and pressing F1.





We could view the actual code for unique_ptr by highlighting unique_ptr and pressing F1.





raw pointer.





Now if this class is deleted – because a class is on the stack as distinct from the heap - the class automatically calls its destructor to delete the raw pointer (as well as the object it points to as well. So strictly we don’t need to remember to delete!





unique_ptr is contained in the new C++ standard library (-> version 11.0) but we need to include the memory> header. 








We  have some sort of class in order  to create an object. Something the pointer can point to.











We define a new smart pointer called p1 pointing to type Part and initialize i to 1.


(This replaces the usual way of declaring a raw pointer to an object:


Part * p1 = new Part(1);)





Classes are placed on stack and therefore deleted automatically.


(The destructor gets called automatically for a class.)





So if we put our pointer (which is usually created on the heap) into a class and therefore onto the stack it will be automatically deleted when it goes out of scope








GOOD YOUTUBE:� HYPERLINK "https://www.youtube.com/watch?v=iWvcoIKSaoc" �https://www.youtube.com/watch?v=iWvcoIKSaoc�





… ellipses denotes that a variable number and type of argument can be passed.











Include the  <thread> header.











(This could be some activity which “consumes resources” eg to output to a printer.)











We call our function but use thread.
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