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Observer 

Intent 

Define a one-to-many dependency between objects so that when one object changes state, all its 
dependents are notified and updated automatically. 

Also Known As 

Dependents, Publish-Subscribe 

Motivation 

• A common side-effect of partitioning a system into a collection of cooperating classes is the need 
to maintain consistency between related objects.  

•  
• You don't want to achieve consistency by making the classes tightly coupled, because that reduces 

their reusability.  
•  
• Example: Classes defining application data and presentations can be reused independently.. 

 

 

Applicability 

• When an abstraction has two aspects, one dependent on the other. Encapsulating these aspects in 
separate objects lets you vary and reuse them independently.  

• When a change to one object requires changing others, and you don't know how many objects 
need to be changed.  

• When an object should be able to notify other objects without making assumptions about who 
these objects are.  
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Structure 

 

 

Participants 

• Subject  
o knows its observers. Any number of Observer objects may observe a subject.  
o provides an interface for attaching and detaching Observer objects.  

• Observer  
o defines an updating interface for objects that should be notified of changes in a subject.  

• ConcreteSubject  
o stores state of interest to ConcreteObserver objects.  
o sends a notification to its observers when its state changes.  

• ConcreteObserver  
o maintains a reference to a ConcreteSubject object.  
o stores state that should stay consistent with the subject's.  
o implements the Observer updating interface to keep its state consistent with the subject's.  

Collaborations 

 

 

o Note how the Observer object that initiates the change request postpones its update until it 
gets a notification from the subject.  

o Notify is not always called by the subject. It can be called by an observer or by another 
kind of object entirely.  
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Consequences 

1. Abstract (loose) coupling between Subject and Observer.  

o All a subject knows is that it has a list of observers with a uniform interface, but not the 
concrete class of any observer.  

o They can belong to different layers of abstraction in a system.  

2.  Support for broadcast communication.  

o The notification that a subject sends needn't specify its receiver.  
o It's up to the observer to handle or ignore a notification.  

3.  Unexpected updates.  

o aObsevre: subject.setState() => for all observers: updateState() triggered by notify(). 

o The simple update protocol provides no details on what changed in the subject.  

Implementation 

1. Mapping (many) subjects to (few) observers.  

o Hash(subject) -> observer 

2.  Observing more than one subject.  

o Extend the Update interface to let the observer know which subject is sending the 
notification.  

o The subject can simply pass itself as a parameter in the Update operation, thereby letting 
the observer know which subject to examine.  

3. Who triggers the update to send notify?  
1. Have state-setting operations on Subject call Notify after they change the subject's state.  

o Advantage: clients don't have to remember to call Notify on the subject.  
o Disadvantage: several consecutive operations will cause several consecutive 

updates, which may be inefficient.  

a. Make clients responsible for calling Notify at the right time.  

o Advantage: client can wait to trigger the update until after a series of state 
changes has been made.  

o Disadvantage: clients have an added responsibility to trigger the update..  

4.  Dangling references to deleted subjects.  

o Make the subject notify its observers as it is deleted so that they can reset their reference to 
it.  

o Simply deleting the observers is not an option. 
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5.  Making sure Subject state is self-consistent before notification.  

    void MySubject::Operation (int newValue) { 
        BaseClassSubject::Operation(newValue); 
            // trigger notification 
     
        _myInstVar += newValue; 
            // update subclass state (too late!) 
    } 

6. Sending notifications from template methods in abstract Subject classes 

    void Text::Cut (TextRange r) { 
         ReplaceRange(r);       // redefined in subclasses 
         Notify(); 
    } 

7.  Avoiding observer-specific update protocols: the push and pull models.  

o Implementations of the Observer pattern often have the subject broadcast additional 
information about the change.  

o Push model: the subject sends observers detailed information about the change, whether 
they want it or not.  

 Assume subjects know something about their observers' needs  
 Make observers less reusable 

o Pull model; the subject sends nothing but the most minimal notification, and observers ask 
for details explicitly thereafter.  

 Emphasize the subject's ignorance of its observers  
 May be inefficient 

8.  Specifying modifications of interest explicitly.  

o Allow registering observers only for specific events of interest.  
o When such an event occurs, the subject informs only those observers that have registered 

interest in that event. One way to  
void Subject::Attach(Observer*, Aspect& interest); 

     void Observer::Update(Subject*, Aspect& interest); 

9. Encapsulating complex update semantics with ChangeManager 

a. It maps a subject to its observers and provides an interface to maintain this mapping.  
b. It defines a particular update strategy.  
c. It updates all dependent observers at the request of a subject.  
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10. Combining the Subject and Observer classes.  

Sample Code 

  class Subject; 
     
    class Observer { 
    public: 
     virtual ~ Observer(); 
     virtual void Update(Subject* theChangedSubject)=0; 
    protected: 
        Observer(); 
  }; 
 
  class Subject { 
    public: 
        virtual ~Subject(); 
     
        virtual void Attach(Observer*); 
        virtual void Detach(Observer*); 
        virtual void Notify(); 
    protected: 
        Subject(); 
    private: 
        List<Observer*> *_observers; 
  }; 
     
    void Subject::Attach (Observer* o) { 
        _observers->Append(o); 
    } 
     
    void Subject::Detach (Observer* o) { 
        _observers->Remove(o); 
    } 
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    void Subject::Notify () { 
        ListIterator<Observer*> i(_observers); 
     
        for (i.First(); !i.IsDone(); i.Next()) { 
            i.CurrentItem()->Update(this); 
        } 
    } 
 
  class ClockTimer : public Subject { 
    public: 
        ClockTimer(); 
     
        virtual int GetHour(); 
        virtual int GetMinute(); 
        virtual int GetSecond(); 
     
        void Tick(); 
  }; 
 
    void ClockTimer::Tick () { 
        // update internal time-keeping state 
        // ... 
        Notify(); 
    } 
 
  class DigitalClock: public Widget, public Observer { 
    public: 
        DigitalClock(ClockTimer*); 
        virtual ~DigitalClock(); 
     
        virtual void Update(Subject*); 
            // overrides Observer operation 
     
        virtual void Draw(); 
            // overrides Widget operation; 
            // defines how to draw the digital clock 
    private: 
        ClockTimer* _subject; 
  }; 
     
    DigitalClock::DigitalClock (ClockTimer* s) { 
        _subject = s; 
        _subject->Attach(this); 
    } 
     
    DigitalClock:: DigitalClock () { 
        _subject->Detach(this); 
    } 
 
    void DigitalClock::Update (Subject* theChangedSubject) { 
        if (theChangedSubject == _subject) { 
            Draw(); 
        } 
    } 
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    void DigitalClock::Draw () { 
        // get the new values from the subject 
     
        int hour = _subject->GetHour(); 
        int minute = _subject->GetMinute(); 
        // etc. 
     
        // draw the digital clock 
    } 
 
  class AnalogClock : public Widget, public Observer { 
    public: 
        AnalogClock(ClockTimer*); 
        virtual void Update(Subject*); 
        virtual void Draw(); 
        // ... 
   }; 
 
    ClockTimer* timer = new ClockTimer; 
    AnalogClock* analogClock = new AnalogClock(timer); 
    DigitalClock* digitalClock = new DigitalClock(timer); 

Known Uses 

• The first and perhaps best-known example of the Observer pattern appears in Smalltalk 
Model/View/Controller (MVC). 

Related Patterns 

• Mediator : By encapsulating complex update semantics, the ChangeManager acts as mediator 
between subjects and observers. 

• Singleton : The ChangeManager may use the Singleton pattern to make it unique and globally 
accessible. 

 


