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Won the Most square (YODA award) at The International Obfuscated C Code Contest 2014 by Yusuke Endoh

This program is still valid C++ …
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… which generates this valid C++ program …



… which prints this QR code on the terminal.



Functional Programming in 
Modern C++

• Type inference with auto 

• Lambda expressions 

• Specifying type constrains with Concepts lite



auto



Use:
auto iter = vec.begin();

instead of:

std::vector<int>::iterator iter = vec.begin();

auto in one Slide

AAA (Almost Always Auto) Style by Herb Sutter:



auto type inference

Therefore: 
1. references are treated as non-references: 

int& foo(); 
auto v = foo();   // type of v == int  
auto& vr = foo(); // type of vr == int& 

2. const/volatile are treated as non-const/non-volatile:  
const int bar(); 
auto v = foo();        // type of v == int  
const auto cv = foo(); // type of cv == const int

Variables declared with auto are independent values.



λ x . M



λ x . M



[](){}



int numbers_in_range(const vector<int>& numbers, 
                     int rangeBegin, int rangeEnd) 
{ 
return count_if(begin(numbers), end(numbers), 
 [rangeBegin, rangeEnd](int n) { 
   return n >= rangeBegin && n <= rangeEnd; 
 } ); 

} 

int main() { 
  auto xs = vector<int>{4, 8, 15, 16, 23, 42}; 
  
  cout << numbers_in_range(xs, 15, 42); // prints out 4 
}

[](){} in one Slide



int numbers_in_range(const vector<int>& numbers, 
                     int rangeBegin, int rangeEnd) 
{ 
return count_if(begin(numbers), end(numbers), 
 [rangeBegin, rangeEnd](int n) { 
   return n >= rangeBegin && n <= rangeEnd; 
 } ); 

} 

int main() { 
  auto xs = vector<int>{4, 8, 15, 16, 23, 42}; 
  
  cout << numbers_in_range(xs, 15, 42); // prints out 4 
}

[](){} in one Slide

Capture List Parameter

Body



int numbers_in_range(const vector<int>& numbers, 
                     int rangeBegin, int rangeEnd) 
{ 
return count_if(begin(numbers), end(numbers), 
 [rangeBegin, rangeEnd](int n) mutable -> bool { 
   return n >= rangeBegin && n <= rangeEnd; 
 } ); 

} 

int main() { 
  auto xs = vector<int>{4, 8, 15, 16, 23, 42}; 
  
  cout << numbers_in_range(xs, 15, 42); // prints out 4 
}

[](){} in one Slide

Capture List Parameter

Body

Return Type 
(optional)

Indicate mutation of captured values  
(optional)



Implementation 
count_if(…, [rangeBegin, rangeEnd](int n) { 
  return n >= rangeBegin && n <= rangeEnd; 
});

class Lambda { 
  const int rangeBegin; 
  const int rangeEnd; 
public: 
 Lambda(int rangeBegin, int rangeEnd) 
  : rangeBegin(rangeBegin), rangeEnd(rangeEnd) {}; 

 bool operator()(int n) { 
  return n >= rangeBegin && n <= rangeEnd; 
 } 
}; 

count_if(…, Lambda(rangeBegin, rangeEnd));

For every lambda expression …

… the compiler generates a corresponding class:



Variables can be captured by-value, by copying:
auto makeCounter(int x) { 
 return [x] mutable { return x++; }; 

}

or by-reference:
auto data = makeExpesiveToCopyData(); 
auto t = std::thread([&data] { data.modify(); }); 
// do other stuff (carefully not accessing data) 
t.join();

by moving (transferring ownership):

auto w = std::make_unique<Widget>(); 
auto l = [w = std::move(w)]() { w->doStuff(); };

Capturing 



requires 
 

concept



What is the problem?
Generic programming with templates: 

template <typename Iter, typename T> 
auto find(Iter first, Iter last, const T& value) { 
 for(; first != last; ++first) {  
   if (*first == value) { return first; } } 
 return last; 
} 

What happens if values of type T are not comparable?  
Or if values of type Iter are not iterators? 



What is the problem?
Generic programming with templates: 

template <typename Iter, typename T> 
auto find(Iter first, Iter last, const T& value) { 
 for(; first != last; ++first) {  
   if (*first == value) { return first; } } 
 return last; 
} 

What happens if values of type T are not comparable?  
Or if values of type Iter are not iterators? 

Static type safety is maintained, but error messages are poor.



Specifying Constraints
Specifying constraints on types using a requires clause: 

template <typename T> 
  requires Integral<T> 
T gcd(T a, T b) { … }  
 
template <typename K, typename V>  
  requires Hashable<K> && Copyable<V> 
class HashMap { … } 

Constrains are checked when templates are instantiated 

Implementation is not checked against the constrains!

For more details see Generic Programming with Concepts Lite  by Andrew Sutton



Specifying Concepts

Concepts give names to a set of constrains: 

template <typename T> 
concept bool Hashable = requires (T object) { 
  { object.computeHash() } -> int; 
}; 

Concepts introduce a syntactic requirements to model a semantic concept



Examples
template <typename T> 
concept bool Range = requires (T range) {  
  typename Iterator_type<T>; 
  { std::begin(range) } -> Iterator_type<T>; 
  { std::end(range)   } -> Iterator_type<T>; 
}; 
 
template <typename T> 
concept bool Equality = requires(T a, T b) {  
  { a == b } -> bool; 
  { a != b } -> bool; 
}; 

template <typename F, typename… Args> 
concept bool Function = requires(F f, Args… args) {  
  { f(args…); };  
};


