
Composite 

Intent 

Compose objects into tree structures to represent part-whole hierarchies. Composite lets clients 
treat individual objects and compositions of objects uniformly. 

Motivation 

 

 

• The key to the Composite pattern is an abstract class that represents both primitives and 
their containers.  

 

Applicability 

Use the Composite pattern when 

• you want to represent part-whole hierarchies of objects.  

 

• you want clients to be able to ignore the difference between compositions of objects and 
individual objects. Clients will treat all objects in the composite structure uniformly.  



Structure 

 

 

A typical Composite object structure might look like this: 

 

Participants 

• Component (Graphic)  
o declares the interface for objects in the composition.  
o implements default behavior for the interface common to all classes, as 

appropriate.  
o declares an interface for accessing and managing its child components.  
o (optional) defines an interface for accessing a component's parent in the recursive 

structure, and implements it if that's appropriate.  
• Leaf (Rectangle, Line, Text, etc.)  

o represents leaf objects in the composition. A leaf has no children.  
o defines behavior for primitive objects in the composition.  

• Composite (Picture)  
o defines behavior for components having children.  
o stores child components.  
o implements child-related operations in the Component interface. 

• Client  
o manipulates objects in the composition through the Component interface.  



Collaborations 

• Clients use the Component class interface to interact with objects in the composite 
structure. If the recipient is a Leaf, then the request is handled directly. If the recipient is 
a Composite, then it usually forwards requests to its child components, possibly 
performing additional operations before and/or after forwarding.  

Consequences 

The Composite pattern 

• defines class hierarchies consisting of primitive objects and (recursive) composite 
objects. Wherever client code expects a primitive object, it can also take a composite 
object.  

•  
• makes the client simple.  
•  
• makes it easier to add new kinds of components.  
•  
• can make your design overly general, but makes it harder to restrict the components of a 

composite.  

Implementation 

1. Explicit parent references.  

o The usual place to define the parent reference is in the Component class.  

o It's essential to maintain the invariant that all children of a composite have as their 
parent the composite that in turn has them as children.  

2.  Sharing components.  

o When a component can have no more than one parent, sharing components 
becomes difficult.  

3.  Maximizing the Component interface.  

o The Component class usually provides default implementations for these 
operations, and Leaf and Composite subclasses will override them.  

o Operations for Leaf vs. for Composite 



4. Declaring the child management operations.  

o The Composite class implements the Add and Remove operations for managing 
children.  

o Which classes declare these operations in the Composite class hierarchy: in the 
Component or in Composite?  

o The decision involves a trade-off between safety and transparency: 

o Defining the child management interface at the root of the class hierarchy results 
in transparency but not safety (leaf cannot add or remove children).  

o Defining child management in the Composite class results in safety but not 
transparency (leaf and composite have different interfaces).  

o Avoid a type-unsafe cast in transparency: 

    class Composite; 
     
    class Component { 
      public: 
        //... 
        virtual Composite* GetComposite() { return 0; } 
    }; 
     
    class Composite : public Component { 
      public: 
        void Add(Component*); 
        // ... 
        virtual Composite* GetComposite() { return this; } 
    }; 
     
    class Leaf : public Component { 
        // ... 
    }; 
    Composite* aComposite = new Composite; 
    Leaf* aLeaf = new Leaf; 
     
    Component* aComponent; 
    Composite* test; 
     
    aComponent = aComposite; 
    if (test = aComponent-GetComposite()) { 
        test-Add(new Leaf); 
    } 
     
    aComponent = aLeaf; 
     
    if (test = aComponent-GetComposite()) { 
        test-Add(new Leaf); // will not add leaf 
    } 

o New problem: There's no way to implement Component::Add without 
introducing the possibility of it failing when the component is a leaf.  

o Usually it's better to make Add and Remove fail by default (perhaps 
by raising an exception)  



5. Should Component implement a list of Components?  

o Putting the child pointer in the base class incurs a space penalty for every leaf. 

  

6.  Child ordering. 

o Design child access and management interfaces carefully to manage the sequence 
of children. (first/next, Iterator, ..) 

7.  Caching to improve performance.  

o The Composite class can cache traversal or search information about its children.  
o Changes to a component will require invalidating the caches of its parents.  

8.  Who should delete components?  

o Make a Composite responsible for deleting its (non-shared) children when it's 
destroyed.  

9.  What's the best data structure for storing components?  

o Linked lists, trees, arrays, or hash tables. Determined by efficiency. 

Sample Code 

  class Equipment { 
    public: 
        virtual ~Equipment(); 
     
        const char* Name() { return _name; } 
     
        virtual Watt Power(); 
        virtual Currency NetPrice(); 
        virtual Currency DiscountPrice(); 
     
        virtual void Add(Equipment*); 
        virtual void Remove(Equipment*); 
        virtual Iterator* CreateIterator(); 
    protected: 
        Equipment(const char*); 
    private: 
        const char* _name; 
  }; 
   
  class FloppyDisk : public Equipment { 
    public: 
        FloppyDisk(const char*); 
        virtual ~FloppyDisk(); 
     
        virtual Watt Power(); 
        virtual Currency NetPrice(); 
        virtual Currency DiscountPrice(); 
  }; 
   



  class CompositeEquipment : public Equipment { 
    public: 
        virtual ~CompositeEquipment(); 
     
        virtual Watt Power(); 
        virtual Currency NetPrice(); 
        virtual Currency DiscountPrice(); 
     
        virtual void Add(Equipment*); 
        virtual void Remove(Equipment*); 
        virtual Iterator* CreateIterator(); 
     
    protected: 
        CompositeEquipment(const char*); 
    private: 
        List _equipment; 
  }; 
 
    Currency CompositeEquipment::NetPrice () { 
        Iterator* i = CreateIterator(); 
        Currency total = 0; 
     
        for (i-First(); !i-IsDone(); i-Next()) { 
            total += i-CurrentItem()-NetPrice(); 
        } 
        delete i; 
        return total; 
    } 
 
 
  class Chassis : public CompositeEquipment { 
    public: 
        Chassis(const char*); 
        virtual ~Chassis(); 
     
        virtual Watt Power(); 
        virtual Currency NetPrice(); 
        virtual Currency DiscountPrice(); 
  }; 
 
    Cabinet* cabinet = new Cabinet("PC Cabinet"); 
    Chassis* chassis = new Chassis("PC Chassis"); 
     
    cabinet-Add(chassis); 
     
    Bus* bus = new Bus("MCA Bus"); 
    bus-Add(new Card("16Mbs Token Ring")); 
     
    chassis-Add(bus); 
    chassis-Add(new FloppyDisk("3.5in Floppy")); 
     
    cout << "The net price is " << chassis-NetPrice() << endl; 



Related Patterns 

• Often the component-parent link is used for a Chain of Responsibility. 

• Decorator is often used with Composite. When decorators and composites are used 
together, they will usually have a common parent class. So decorators will have to 
support the Component interface with operations like Add, Remove, and GetChild. 

• Flyweight lets you share components, but they can no longer refer to their parents. 

• Iterator can be used to traverse composites. 

• Visitor localizes operations and behavior that would otherwise be distributed across 
Composite and Leaf classes. 

 


