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Let’s talk about 

Software Design and 
Design Patterns
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Disclaimer
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All content is based on personal, subjective 
impressions and opinions.

You may have another opinion, and that is fine!

There is no definitive answer in software design.

It depends.

But that is the reason why it is fun.
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std::make_unique() … 

… improves exception safety; 

… fulfills the Single-Responsibility Principle (SRP); 

… is a factory function.
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Possible order of operations:

void process( std::unique_ptr<Widget> a, std::unique_ptr<Widget> b ); 

int main() 
{ 
   process( std::unique_ptr<Widget>( new Widget( 1, /*...*/) ) 
          , std::unique_ptr<Widget>( new Widget( 2, /*...*/) ) ); 

   // ... 

   return EXIT_SUCCESS; 
}
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// Resource leak in case of exception
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Possible order of operations:

void process( std::unique_ptr<Widget> a, std::unique_ptr<Widget> b ); 

int main() 
{ 
   process( std::unique_ptr<Widget>( new Widget( 1, /*...*/) ) 
          , std::unique_ptr<Widget>( new Widget( 2, /*...*/) ) ); 

   // ... 

   return EXIT_SUCCESS; 
}

std::unique_ptr<Widget>( /*...*/ )

new Widget( 1, /*...*/)

new Widget( 2, /*...*/)

std::unique_ptr<Widget>( /*...*/ )

// No longer an issue since C++17
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“Everything should do just one thing.” 
(Common Knowledge?)
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“The Single-Responsibility Principle advices to 
separate concerns to isolate and simplify change.” 

(Klaus Iglberger)
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“… I’ll assert that there is no difference between [architecture and 
design]. None at all. 

… 
The goal of software architecture is to minimize the human resources 

required to build and maintain the required system.” 
(Robert C. Martin, Clean Architecture)
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Software Design is the art of managing 
interdependencies between software components. 

It aims at minimizing (technical) dependencies 
and introduces the necessary 

abstractions and compromises. 
(Klaus Iglberger)

Software Design is the art of managing 

dependencies

abstractions .
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Software Design is the art of managing 

dependencies abstractionsand .
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std::make_unique() … 

… does not resolve any dependency; 

… does not provide any (semantic) abstraction (no customization); 

… has nothing to do with software design; 

… has nothing to do with design principles.

namespace std { 

template< typename T, typename... Args > 
std::unique_ptr<T> std::make_unique( Args&&... args ) 
{ 
   return std::unique_ptr<T>( new T( std::forward<Args>(args)... ) ); 
} 

} // namespace std
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Core Guideline C.50: Use a factory function if you need “virtual 
behavior” during initialization.

std::unique_ptr<MyThing> createMyThing() 
{ 
   auto tmp{ std::make_unique<MyThing>() }; 
   tmp->init();  // Virtual function call 
   return tmp; 
}
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Architecture 

How are big entities depending on each other? 

Design decisions that are hard to change 

Architectural patterns 

Examples: 
Client-Server Architecture 
Micro-Services 
MVC, …

Design 

How are small entities depending on each other? 

Design decisions that are easier to change 

Design patterns 

Examples: 
GoF Patterns: Visitor, Strategy, Observer, … 
External Polymorphism 
…

Implementation Details 

How is a design implemented? 

Which features are used? 

Implementation patterns 

Examples: 
new, malloc, … 
class vs. struct, lambda, … 
…

Idioms

NVI Idiom (Template Method Design Pattern)

Temporary-Swap Idiom

RAII Idiom

Pimpl Idiom (Bridge Design Pattern)

Factory Function

enable_if
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The Classic Factory Method Design Pattern
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The Classic Factory Method Design Pattern
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“Define an interface for creating an object, but 
let subclasses decide which class to instantiate. 
Factory Method lets a class defer instantiation to 

subclasses.” 
(The Gang of Four, Design Patterns - Elements of Reusable Object-

Oriented Software)



The Classic Factory Method Design Pattern
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virtual factoryMethod() = 0
Product

Creator

ConcreteCreator

virtual factoryMethod()

ConcreteProduct

return new ConcreteProduct();

product = factoryMethod();



The Classic Factory Method Design Pattern
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virtual factoryMethod() = 0
Product

Creator

ConcreteCreator

virtual factoryMethod()

ConcreteProduct

return new ConcreteProduct();

product = factoryMethod();

Architectural 
Boundary

High-level 
(stable)

Low-level 
(malleable, volatile)

Inversion of 
dependencies
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Guideline: The purpose of a design pattern is to introduce a fitting 
abstraction for a well known problem.

Guideline: std::make_unique() is an implementation pattern, not a 
design pattern.

Guideline: The name of a design pattern conveys the intent of the 
abstraction.
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std::make_unique() … 

… improves exception safety; 

… fulfills the Single-Responsibility Principle (SRP); 

… is a factory function., but not a design pattern.
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Common misconceptions about design patterns: 

Design patterns are limited to runtime polymorphism; 

Design patterns are limited to OO programming; 

Design patterns are language specific idioms; 

Design patterns can be recognized by their structure.



The Classic Command Pattern
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ConcreteCommand

execute()

state

virtual execute() = 0

CommandClient

receiver

Invoker

Receiver

action() receiver->action()



The Classic Command Pattern

43

ConcreteCommand

execute()

state

virtual execute() = 0

Command



An Example from the Standard Library
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Alternatively we could use static polymorphism:

template< typename OP > 
void doSomething( OP command );

This form of the command pattern is used in the standard library:

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::for_each( begin(numbers), end(numbers) 
             , [](int& i){ i*=10; } );



The Classic Strategy Design Pattern
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Strategy

virtual algorithm() = 0

Context

  context()

ConcreteStrategyB

strategy

  virtual algorithm()

ConcreteStrategyA

  virtual algorithm()



The Classic Strategy Design Pattern
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Strategy

virtual algorithm() = 0

ConcreteStrategyA

  virtual algorithm()



An Example from the Standard Library
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Alternatively we could use static polymorphism:

template< typename OP > 
void doSomething( OP strategy );

This form of the strategy pattern is used in the standard library:

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::accumulate( begin(numbers), end(numbers), 0 
               , std::plus<>{} );

Wait a second: Isn’t this the Command design pattern?  🤔



An Example from the Standard Library
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Well, it depends …



Command vs. Strategy
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Strategy

virtual algorithm() = 0

ConcreteStrategyA

  virtual algorithm()

Command

virtual execute() = 0

ConcreteCommand

  virtual execute()



Command vs. Strategy
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The Command design pattern:

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::for_each( begin(numbers), end(numbers) 
             , [](int& i){ i*=10; } );

The Strategy design pattern:

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::accumulate( begin(numbers), end(numbers), 0 
               , std::plus<>{} );
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The GoF’s Explanation
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The Command Design Pattern 

”Encapsulate a request as an object, thereby letting you parameterize 
clients with different requests, queue or log requests, and support 

undoable operations.” 

The Strategy Design Pattern 

”Define a family of algorithms, encapsulate each one, and make them 
interchangeable. Strategy lets the algorithm vary independently from 

clients that use it.”



Command vs. Strategy
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Strategy

virtual algorithm() = 0

ConcreteStrategy

  virtual algorithm()

Command

virtual execute() = 0

ConcreteCommand

  virtual execute()

Specify what should be done 
➜  Command design pattern

Specify how something should be done 
➜  Strategy design pattern



Command vs. Strategy
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What should I do with each element?  ➜  Command design pattern

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::for_each( begin(numbers), end(numbers) 
             , [](int& i){ i*=10; } );

How should I accumulate the elements?  ➜  Strategy design pattern

std::vector<int> numbers{ 1, 2, 3, 4, 5, 6, 7 }; 

std::accumulate( begin(numbers), end(numbers), 0 
               , std::plus<>{} );



Guidelines
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Guideline: The intent of the Strategy design pattern is to specify how 
something should be done.

Guideline: The intent of the Command design pattern is to specify what 
should be done.

Guideline: Remember that the difference between design patterns often 
is not the structure, but the intent.

Guideline: Remember that design patterns are neither limited to object-
oriented programming, nor dynamic polymorphism.



Guidelines
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Guideline: Consider to include the name of the design pattern into the 
class name to help to convey the intent.



Command vs. Strategy
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What should I do with each element?  ➜  Command design pattern

template< class InputIt, class UnaryFunction > 
constexpr UnaryFunction 
   for_each( InputIt first, InputIt last, UnaryFunction f );

How should I accumulate the elements?  ➜  Strategy design pattern

template< class InputIt, class T, class BinaryOperation > 
constexpr T accumulate( InputIt first, InputIt last, T init, 
                        BinaryOperation op );



Command vs. Strategy
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What should I do with each element?  ➜  Command design pattern

template< class InputIt, class UnaryCommand > 
constexpr UnaryCommand 
   for_each( InputIt first, InputIt last, UnaryCommand f );

How should I accumulate the elements?  ➜  Strategy design pattern

template< class InputIt, class T, class BinaryReductionStrategy > 
constexpr T accumulate( InputIt first, InputIt last, T init, 
                        BinaryReductionStrategy op );
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Further misconceptions about design patterns: 

Design patterns are outdated; 

Design patterns have become obsolete.
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“Design patterns are everywhere!” 
(Klaus Iglberger)
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Challenge: 

Name as many different design patterns as possible 
that are used within the C++ standard library! 

You have 20 seconds… 

Go!

🔵 🔵 🔵🔵 🔵 🔵 🔵 🔵 🔵 🔵🔵🔵🔵🔵🔵

🔵 🔵 🔵🔵 🔵 🔵 🔵 🔵 🔵 🔵🔵🔵🔵🔵🔵



1. The Strategy Design Pattern
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template< class InputIt, class T, class BinaryOperation > 
constexpr T accumulate( InputIt first, InputIt last, T init, 
                        BinaryOperation op );

template< 
    class T, 
    class Allocator = std::allocator<T> 
> class vector;

template< 
    class Key, 
    class Hash = std::hash<Key>, 
    class KeyEqual = std::equal_to<Key>, 
    class Allocator = std::allocator<Key> 
> class unordered_set;

template< 
    class T, 
    class Deleter = std::default_delete<T> 
> class unique_ptr;



2. The Command Design Pattern
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template< class InputIt, class UnaryFunction > 
constexpr UnaryFunction 
   for_each( InputIt first, InputIt last, UnaryFunction f );

template< class InputIt, class OutputIt, class UnaryOperation > 
OutputIt transform( InputIt first1, InputIt last1, OutputIt d_first, 
                    UnaryOperation unary_op );



3. The Iterator Design Pattern
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3. The Iterator Design Pattern
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High-level

Low-level

Architectural 
Boundary

It
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Container 

Algorithms 



4. The Adapter Design Pattern
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template< 
    class T, 
    class Container = std::deque<T> 
> class stack;

template< 
    class T, 
    class Container = std::deque<T> 
> class queue;

template< 
    class T, 
    class Container = std::vector<T>, 
    class Compare = std::less<typename Container::value_type> 
> class priority_queue;

namespace pmr { 
    template <class T> 
    using vector = std::vector<T, std::pmr::polymorphic_allocator<T>>; 
}



5. The Decorator Design Pattern
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// ... 
#include <memory_resource> 

int main() 
{ 
   std::array<std::byte,1000> raw;  // Note: not initialized! 

   std::pmr::monotonic_buffer_resource buffer{ raw.data(), raw.size() 
                                             , std::pmr::null_memory_resource() }; 

   std::pmr::vector<std::pmr::string> strings{ &buffer }; 

   strings.emplace_back( "String longer than what SSO can handle" ); 
   strings.emplace_back( "Another long string that goes beyond SSO" ); 
   strings.emplace_back( "A third long string that cannot be handled by SSO" ); 

   for( const auto& s : strings ) { 
      std::cout << std::quoted(s) << '\n'; 
   } 

   return EXIT_SUCCESS; 
}



5. The Decorator Design Pattern

69

// ... 
#include <memory_resource> 

int main() 
{ 
   std::array<std::byte,1000> raw;  // Note: not initialized! 

   std::pmr::monotonic_buffer_resource buffer{ raw.data(), raw.size() 
                                             , std::pmr::null_memory_resource() }; 

   std::pmr::vector<std::pmr::string> strings{ &buffer }; 

   strings.emplace_back( "String longer than what SSO can handle" ); 
   strings.emplace_back( "Another long string that goes beyond SSO" ); 
   strings.emplace_back( "A third long string that cannot be handled by SSO" ); 

   for( const auto& s : strings ) { 
      std::cout << std::quoted(s) << '\n'; 
   } 

   return EXIT_SUCCESS; 
}

Yes, there is a Singleton, but 
Singleton is not a design pattern!
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6. The Template Method Design Pattern
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6. The Template Method Design Pattern

The Template Method Design Pattern



7. The Proxy Design Pattern
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std::vector<bool> vec{ false, true, false, true }; 

auto&& element = vec[2]; 

element = true; // Sets the element (2) to ‘true’

// Accessing an element returns 
//  a proxy representing a ‘bool’



7. The Proxy Design Pattern
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namespace std { 

   R operator()( Args... args ) const { 
      return pimpl_->invoke( std::forward<Args>( args )... ); 
   } 

   ~function() = default; 
   function( function&& ) = default; 
   function& operator=( function&& ) = default; 

   function( function const& other ) 
      : pimpl_( other.pimpl_->clone() ) 
   {} 

   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

template< typename Fn > 
class function; 

template< typename R, typename... Args > 
class function<R(Args...)> 
{ 
 public:
   template< typename F > 
   function( F&& f ) 
      : pimpl_( std::make_unique<Model<Fn>>( 
                   std::forward<F>(f) ) ) 
   {}

74

8. …



namespace std { 

   R operator()( Args... args ) const { 
      return pimpl_->invoke( std::forward<Args>( args )... ); 
   } 

   ~function() = default; 
   function( function&& ) = default; 
   function& operator=( function&& ) = default; 

   function( function const& other ) 
      : pimpl_( other.pimpl_->clone() ) 
   {} 

   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

template< typename Fn > 
class function; 

template< typename R, typename... Args > 
class function<R(Args...)> 
{ 
 public:
   template< typename F > 
   function( F&& f ) 
      : pimpl_( std::make_unique<Model<Fn>>( 
                   std::forward<F>(f) ) ) 
   {}
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namespace std { 

   R operator()( Args... args ) const { 
      return pimpl_->invoke( std::forward<Args>( args )... ); 
   } 

   ~function() = default; 
   function( function&& ) = default; 
   function& operator=( function&& ) = default; 

   function( function const& other ) 
      : pimpl_( other.pimpl_->clone() ) 
   {} 

   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

template< typename Fn > 
class function; 

template< typename R, typename... Args > 
class function<R(Args...)> 
{ 
 public:
   template< typename F > 
   function( F&& f ) 
      : pimpl_( std::make_unique<Model<Fn>>( 
                   std::forward<F>(f) ) ) 
   {}
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8. …



   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

 private: 

   std::unique_ptr<Concept> pimpl_; 
}; 

} // namespace std

   class Concept 
   { 
    public: 
      virtual ~Concept() = default; 
      virtual std::unique_ptr<Concept> clone() const = 0; 
      virtual R invoke( Args... ) const = 0; 
   };

   template< typename F > 
   class Model final : public Concept 
   { 
    public: 
      explicit Model( F f ) 
         : fn_( std::move(f) ) 
      {} 

      std::unique_ptr<Concept> clone() const final { 
         return std::make_unique<Model>( fn_ ); 
      } 
      R invoke( Args... args ) const final { 
         return fn_( std::forward<Args>( args )... ); 
      } 

    private: 
      Fn fn_; 
   };
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8. …



   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

 private: 

   std::unique_ptr<Concept> pimpl_; 
}; 

} // namespace std

   class Concept 
   { 
    public: 
      virtual ~Concept() = default; 
      virtual std::unique_ptr<Concept> clone() const = 0; 
      virtual R invoke( Args... ) const = 0; 
   };

   template< typename F > 
   class Model final : public Concept 
   { 
    public: 
      explicit Model( F f ) 
         : fn_( std::move(f) ) 
      {} 

      std::unique_ptr<Concept> clone() const final { 
         return std::make_unique<Model>( fn_ ); 
      } 
      R invoke( Args... args ) const final { 
         return fn_( std::forward<Args>( args )... ); 
      } 

    private: 
      Fn fn_; 
   };
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8. …



   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

 private: 

   std::unique_ptr<Concept> pimpl_; 
}; 

} // namespace std

   class Concept 
   { 
    public: 
      virtual ~Concept() = default; 
      virtual std::unique_ptr<Concept> clone() const = 0; 
      virtual R invoke( Args... ) const = 0; 
   };

   template< typename F > 
   class Model final : public Concept 
   { 
    public: 
      explicit Model( F f ) 
         : fn_( std::move(f) ) 
      {} 

      std::unique_ptr<Concept> clone() const final { 
         return std::make_unique<Model>( fn_ ); 
      } 
      R invoke( Args... args ) const final { 
         return fn_( std::forward<Args>( args )... ); 
      } 

    private: 
      Fn fn_; 
   };
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8. The External Polymorphism Design Pattern

The External Polymorphism Design Pattern



8. The External Polymorphism Design Pattern
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External Polymorphism (3rd Pattern Languages of Programming Conference, September 4-6, 1996)

https://www.dre.vanderbilt.edu/~schmidt/PDF/External-Polymorphism.pdf


   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

 private: 

   std::unique_ptr<Concept> pimpl_; 
}; 

} // namespace std

   class Concept 
   { 
    public: 
      virtual ~Concept() = default; 
      virtual std::unique_ptr<Concept> clone() const = 0; 
      virtual R invoke( Args... ) const = 0; 
   };

   template< typename F > 
   class Model final : public Concept 
   { 
    public: 
      explicit Model( F f ) 
         : fn_( std::move(f) ) 
      {} 

      std::unique_ptr<Concept> clone() const final { 
         return std::make_unique<Model>( fn_ ); 
      } 
      R invoke( Args... args ) const final { 
         return fn_( std::forward<Args>( args )... ); 
      } 

    private: 
      Fn fn_; 
   };
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9. The Bridge Design Pattern

The Bridge Design Pattern



      return pimpl_->invoke( std::forward<Args>( args )... ); 
   } 

   ~function() = default; 
   function( function&& ) = default; 
   function& operator=( function&& ) = default; 

   function( function const& other ) 
      : pimpl_( other.pimpl_->clone() ) 
   {} 

   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

 private: 
   class Concept 
   { 
    public: 
      virtual ~Concept() = default; 
      virtual std::unique_ptr<Concept> clone() const = 0; 
      virtual R invoke( Args... ) const = 0; 
   };

   template< typename F > 
   class Model final : public Concept 
   { 
    public: 
      explicit Model( F f ) 
         : fn_( std::move(f) ) 
      {} 

      std::unique_ptr<Concept> clone() const final { 
         return std::make_unique<Model>( fn_ ); 
      } 
      R invoke( Args... args ) const final { 
         return fn_( std::forward<Args>( args )... ); 
      } 
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10. The Prototype Design Pattern

The Prototype Design Pattern



namespace std { 

   R operator()( Args... args ) const { 
      return pimpl_->invoke( std::forward<Args>( args )... ); 
   } 

   ~function() = default; 
   function( function&& ) = default; 
   function& operator=( function&& ) = default; 

   function( function const& other ) 
      : pimpl_( other.pimpl_->clone() ) 
   {} 

   function& operator=( const function& other ) 
   { 
      function tmp( other ); 
      std::swap( pimpl_, tmp.pimpl_ ); 
      return *this; 
   } 

template< typename Fn > 
class function; 

template< typename R, typename... Args > 
class function<R(Args...)> 
{ 
 public:
   template< typename F > 
   function( F&& f ) 
      : pimpl_( std::make_unique<Model<Fn>>( 
                   std::forward<F>(f) ) ) 
   {}

83

11. The Type Erasure Design Pattern
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11. The Type Erasure Design Pattern

Type Erasure is … 

 … a templated constructor; 
 … a completely non-virtual interface; 
 … External Polymorphism + Bridge + Prototype.
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Thursday, October 28th, 7:45am MDT



Guidelines
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Guideline: Design patterns are everywhere. Learn to recognize them and 
use according names to communicate intent.

Guideline: Design patterns are not outdated, nor obsolete. The C++ 
standard library is full of them.



87

Summary

Design patterns … 

… are about dependencies and abstractions; 

… are about intent; 

… are not limited to OO programming; 

… are not limited to dynamic polymorphism; 

… are not outdated nor obsolete; 

… are everywhere!
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