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Memento 

Intent 

Without violating encapsulation, capture and externalize an object's internal state so that the object can be 
restored to this state later. 

Also Known As 

Token 

Motivation 

• A graphical editor that supports connectivity between objects.  
• The editor ensures that the line stretches to maintain the connection. 

 

• Constraint-solving system with a ConstraintSolver object that  
o records connections as they are made and generates mathematical equations that describe 

them.  
o solves these equations whenever the user makes a connection or otherwise modifies the 

diagram.  
o uses the results of its calculations to rearrange the graphics so that they maintain the proper 

connections. 

• Supporting undo in this application  
o Move operation is to store the original distance moved and move the object back an 

equivalent distance.  
o However, this does not guarantee all objects will appear where they did before.  

 

• A memento is an object that stores a snapshot of the internal state of another object—the 
memento's originator.  

•  
• Only the originator can store and retrieve information from the memento—the memento is 

"opaque" to other objects.  
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• The undo process: 

1. The editor requests a memento from the ConstraintSolver as a side-effect of the move operation.  
2. The ConstraintSolver creates and returns a memento, an instance of a class SolverState in this 

case.  
3. Later when the user undoes the move operation, the editor gives the SolverState back to the 

ConstraintSolver.  
4. Based on the information in the SolverState, the ConstraintSolver changes its internal structures to 

return its equations and variables to their exact previous state.  

Applicability 

• a snapshot of (some portion of) an object's state must be saved so that it can be restored to that 
state later, and  

• a direct interface to obtaining the state would expose implementation details and break the object's 
encapsulation.  

Structure 

 

 

Participants 

• Memento (SolverState)  
o stores internal state of the Originator object.  
o protects against access by objects other than the originator by two interfaces two 

interfaces:  
 Caretaker sees a narrow interface to the Memento—it can only pass the memento 

to other objects.  
 Originator sees a wide interface  

• Originator (ConstraintSolver)  
o creates a memento containing a snapshot of its current internal state.  
o uses the memento to restore its internal state.  

• Caretaker (undo mechanism)  
o is responsible for the memento's safekeeping.  
o never operates on or examines the contents of a memento.  
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Collaborations 

• A caretaker requests a memento from an originator, holds it for a time, and passes it back to the 
originator, as the following interaction diagram illustrates:  

 

 

Consequences 

1. Preserving encapsulation boundaries.  
2. It simplifies Originator.  
3. Using mementos might be expensive caused by state copying  
4. Defining narrow and wide interfaces.  
5. Hidden costs in caring for mementos.  

o A caretaker is responsible for deleting the mementos it cares for.  
o However, the caretaker has no idea how much state is in the memento.  
o Hence an otherwise lightweight caretaker might incur large storage costs when it stores 

mementos.  

Implementation 

Language support for defining the two interfaces    

  class Originator { 
    public: 
        Memento* CreateMemento(); 
        void SetMemento(const Memento*); 
        // ... 
    private: 
        State* _state;      // internal data structures 
        // ... 
  }; 
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  class Memento { 
    public: 
        // narrow public interface 
        virtual ~Memento(); 
    private: 
        // private members accessible only to Originator 
        friend class Originator; 
        Memento(); 
     
        void SetState(State*); 
        State* GetState(); 
        // ... 
    private: 
        State* _state; 
        // ... 

}; 

Storing incremental changes.   

Sample Code 

    class Graphic; 
        // base class for graphical objects in the graphical editor 
     
  class MoveCommand { 
    public: 
        MoveCommand(Graphic* target, const Point& delta); 
        void Execute(); 
        void Unexecute(); 
    private: 
        ConstraintSolverMemento* _state; 
        Point _delta; 
        Graphic* _target; 
  }; 
 
  class ConstraintSolver { 
    public: 
        static ConstraintSolver* Instance(); 
     
        void Solve(); 
        void AddConstraint( 
            Graphic* startConnection, Graphic* endConnection 
        ); 
        void RemoveConstraint( 
            Graphic* startConnection, Graphic* endConnection 
        ); 
     
        ConstraintSolverMemento* CreateMemento(); 
        void SetMemento(ConstraintSolverMemento*); 
    private: 
        // nontrivial state and operations for enforcing 
        // connectivity semantics 
  }; 
     
  class ConstraintSolverMemento { 
    public: 
        virtual ~ConstraintSolverMemento(); 
    private: 
        friend class ConstraintSolver; 
        ConstraintSolverMemento(); 
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        // private constraint solver state 
  }; 
 
    void MoveCommand::Execute () { 
        ConstraintSolver* solver = ConstraintSolver::Instance(); 
        _state = solver->CreateMemento(); // create a memento 
        _target->Move(_delta); 
        solver->Solve(); 
    } 
     
    void MoveCommand::Unexecute () { 
        ConstraintSolver* solver = ConstraintSolver::Instance(); 
        _target->Move(-_delta); 
        solver->SetMemento(_state); // restore solver state 
        solver->Solve(); 
    } 

Known Uses 

• Collections in Dylan provide an iteration interface that reflects the Memento pattern.  

  template <class Item> 
  class Collection { 
    public: 
        Collection(); 
     
        IterationState* CreateInitialState(); 
        void Next(IterationState*); 
        bool IsDone(const IterationState*) const; 
        Item CurrentItem(const IterationState*) const; 
        IterationState* Copy(const IterationState*) const; 
     
        void Append(const Item&); 
        void Remove(const Item&); 
        // ... 
  }; 
 
  class ItemType { 
    public: 
        void Process(); 
        // ... 
  }; 
     
    Collection<ItemType*> aCollection; 
    IterationState* state; 
     
    state = aCollection.CreateInitialState(); 
     
    while (!aCollection.IsDone(state)) { 
        aCollection.CurrentItem(state)->Process(); 
        aCollection.Next(state); 
    } 
    delete state; 

The memento-based iteration interface has two interesting benefits: 

1. More than one state can work on the same collection.  
2. It doesn't require breaking a collection's encapsulation to support iteration.  
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Related Patterns 

• Command: Commands can use mementos to maintain state for undoable operations.  

 

• Iterator: Mementos can be used for iteration. 

 


