3DWWHU QV

,QWHQW

This template isolates and centralizes the many-to-many dependence between n objects changing their state and m objects depending upon them for a proper update.

0RWLYDWLRQ

Graphical applications are not executed in a linear fashion from the beginning to the

end. Instead, they are executed in an asynchronous fashion, waiting for user events like

mouse clicks or keystrokes to perform their programmed actions. Graphic user interface

objects such as buttons, lists or combo boxes, need to communicate with the rest of the

application logic. To do this, they generate events of interest like onButtonPressed ,

afterListItemInserted or onDropDown .

The simple toolbar in the figure 1.1 shows the relationships between the user interface

objects and the application logic. It has three buttons for video operations and an operation

history list inside a combo box describing previous operations made by the user. When the

user presses the play button, the button sends the onButtonPressed event to the application,

and there are several actions to be performed: It will continue playing a video movie in

another window and will update the operation list among others things, like changing the

title bar for feedback when the drop down list is not dropped. The insertion of an operation

in the history list will also generate the events of interest beforeListItemInserted and

afterListItemInserted , which can produce further process by the application, as selecting the

1 LSIIS Department, Facultad de informática, Campus de Montegancedo, Boadilla del Monte, 28660 Madrid, Spain. Email:

jmederos@gran-via.com, juliog@fi.upm.es

Figure 1.1 . Simple video-like toolbar, with a dropped down

operation history list in a combo box.

correct localized language string for this operation. Application and user interface objects cooperate to bring the user the illusion of real videotape manipulation.

This communication is a problem itself. If the application code is tied directly to user interface events, then it makes the appropriate consecutive calls to other parts of the application needing to be notified: play a video movie, insert the correct language dependent operation string, and update the title bar to show the new operation (also in the adecuate language). The result is showed in figure 1.2. This kind of code tightly couples different application modules and objects with the application user interface control logic, not allowing further changes or improvements in an easy way.

The problem arising now is how to synchonize these cooperative objects while maintaining them decoupled. Some known patterns deal with this problem. The O

BSERVER pattern [Gam95; 293-303] also called P

UBLISHER - S UBSCRIBER in [Coa95; 443] describes a decoupled solution for it, but it does not specify how to select specific events. The C

OURIER

[Hel96] and C

ONDUIT OF S UBJECT C HANGE [Vli96; 76-86] patterns are variations of the previous patterns that take into account this issue. They are reviewed in the Related patterns section.

The N

OTIFIER pattern is a special kind of a M

EDIATOR pattern also found in [Gam95; 273-282].

Figure 1.3 shows the behaviour of this pattern.

A notifier object mediates between the playButton and its observers, for example a videoOperator object. The playButton can send an onButtonPressed event and maybe others, like onButtonDown or onButtonUp . The videoOperator can choose some, in this example onButtonPressed , and subscribe to them with the notifier . When the user presses the

Figure 1.3. N

OTIFIER behaviour when the play button is pressed by the user.

pla yButton

(Subject, P ublisher)

sends playButton onButtonPressed callData videoOperator

(Observer, Subscriber)

                                                                                                   registers

                                                                                                                playButton

                                                                                                                onButtonPressed

                                                                                                                targetMethod

                                                            notifier

                                                                        Subject / Interest /

                                                                        Observers table

sends
notification
playButton
onButtonPressed
callData

Figure 1.2 . Toolbar state after pressing the play button with the

                                                           operation history list dropped down.

                                                                           play button on the toolbar, the state of playButton  changes. It then chooses the appropriate

                                                                           event for this moment, like onButtonPressed , and notifies its change to the notifier . The

                                                                           playButton  also sends additional callData , as for example the clock time of the event. The

                                                                           notifier  maintains the list of dependent observers on the playButton  object among others

                                                                           subjects. It notifies the videoOperator  and other observers by calling their target methods,

                                                                           defined when they subscribed themselves with the notifier .

                                                                   $SSOLFDELOLW\

                                                                                                                    The N
OTIFIER

 pattern can be used in any of the following situations:

                                                                   ·
                                                                           When it is needed a more decoupled notifier subsystem than the offered by the

                                                                                            O
                                                                                                        BSERVER

,   C
OURIER

 or C
ONDUIT OF

S
UBJECT

C
HANGE

 patterns.

                                                                   ·
                                                                           When it is important to maintain a centralized acquaintance of the m-n  relationships

                                                                                            established between the subjects and the observers. It may be necessary to be aware of

                                                                                            them.

                                                                   ·
                                                                           When the behaviour of the notifier subsystem cannot be predicted, and it could be

                                                                                            extended in the future, like supporting remote notifications or batched notifications.

6WUXFWXUH

                                                 Figure 1.4 shows the N

OTIFIER
 structure. A notifier  object mediates between its
clients: subjects and observers. Subjects declare events of interest by using interest  objects,
and observers can choose and subscribe to some of them via the notifier . When the state of
the subject changes, the subject chooses the appropriate event of interest and calls the
notifier , notifying its change. The notifier , who maintains the list of dependent observers on
that subject, then notifies the observers by calling their target methods, defined when they
subscribed to the notifier. The information is held by a notification  object.

Figure 1.4 . Structure of  the N

OTIFIER
 pattern.

                                                                   Client (Subject)

Notifier client (Observer)

                                                                                       Target

                                                              actionObject()

                                                              actionMethod()

                                                              clientData()

Interest
interestName()

Notification
sender()
interest()
callData()
clientData()

Notifier
sendInterestNotification(interest, from, callData)
addInterestNotification(interest, from, onT arget)
delInterestNotification(interest, from,onTarget)

perform(notification)
notifyT able

                                                                           3DUWLFLSDQWV

                                                                           ·

                                                                                   Client ( Subject) .  Notifies state changes to observers by using a notifier.

                                                                           ·

                                                                                   Notifier client ( Observer ). Receives notifications of subjects via the notifier.

                                                                           ·

                                                                                   Interest.  Identifies an state change of a subject.

                                                                           ·

                                                                                   Notifier.  Stores which clients wish to send and receive event notifications. It uses

                                                                                                    interests to identify events, and targets to make calls to observers.

                                                                           ·

                                                                                   Notification.  Holds the notification information of the subject and the observer.

                                                                           ·

                                                                                   Target.  Defines a generic target call for any object.

                                                                   &ROODERUDWLRQV

                                                                   ·
                                                                           An observer requests to receive an interest notification from a subject.

                                                                   ·
                                                                           A subject sends an interest notification, allowing observers to know about its recent state

                                                                                            change.

&RQVHTXHQFHV

·

        Emphasizes the use of centralized communications . They are simpler to work with and to

                         maintain. It is not necessary to have only one notifier object. It is possible to assign a

                         notifier to a related group of classes or objects, allowing to distribute the notifier load.

                        subject  [playB utton]
notifier

                                                                              sendInterestNotification ( interest,  subject,  callData )

notification
perform ( notification  )

new ( ... )

observer  [videoOperator ]

observer [videoOperator]
notifier
addInterestNotification ( interest, observer  , target  )

target
new ( observer , method ,

          clientData )

                                                                   ·

                                                                           Abstracts coupling between subject and observer . Like the O

BSERVER
, C

OURIER
 and

C

ONDUIT

                                                                                            OF
                                                                                                                 S

UBJECT
C

HANGE
 patterns. Relying on a notification subsystem decouples the subject

                                                                                            and observer. The concrete classes of subjects and observers do not need to be known.

                                                                   ·

                                                                           Makes easier the introduction of behaviour changes in the notification subsystem. The notifier

                                                                                            class can be derived to support other styles of notification, like batched notifications,

                                                                                            asynchronous notifications or remote notifications. These new styles are not obstrusive

                                                                                            with subjects and observers.

                                                                   ·

                                                                           The notifier object needs to be known by its clients . The subject and its observers use the

                                                                                            notifier object as a communication channel. The notifier usually is shared by several

                                                                                            subjects and observers. This is a serious constraint because the notifier has to be visible to

                                                                                            its clients. Using a notifier attribute in subjects and observers exposes the notification

                                                                                            mechanism, and ties it to a fixed design.

                                                                   ·

                                                                           The table of the notifier can be huge if there are few of them. This behaviour can degrade the

                                                                                            overall system perfomance. The use of hash tables is a must. It is sometimes possible to

                                                                                            share a lot of entries, because observers of a known class normally subscribe to the same

                                                                                            interests on the same subject classes. If the table continues being huge, more notifiers are

                                                                                            needed.

                                                                   ·

                                                                           Many simultaneous notifications can overload the notification subsystem.  When multiple

                                                                                            notifications are generated, it could be a serious problem how to handle them.

                                                                                            Synchronous notifications could take a lot of time to complete. Therefore sophisticated

                                                                                            notification schemes are needed. Batched notifications permit grouping of related

                                                                                            notifications. Asynchronous notifications can be used without waiting for the observers

                                                                                            to  end their processing.

5HODWHG�SDWWHUQV

                                                 The O
                                                                                               BSERVER

 pattern, also called P
UBLISHER

- S
UBSCRIBER

, describes a decoupled

solution for it. The user interface objects, like the buttons and the drop down list, behave as

subjects or publishers for some interface events. The videoOperator  object behaves as subject

or subscriber, registering to be notified by the play button. However, the pattern does not

specify a way to select specific events to subscribe to.

The C
                                            OURIER

                                                                                             and C
ONDUIT OF

S
UBJECT

C
HANGE

 patterns are variations of the previous

patterns taking into account this issue. They describe an intermediate object, a message,

carrying the event type generated by the subject to the observers (and possibly extra

information, like a string value for a beforeListItemInserted  event).

All those patterns use an object list mantained by the subject to describe the 1- n  relationship

between itself and its observers. In the previous example, there are several objects from the

user interface and the application implicated in a simple toolbar. Distributing the publish-

subscript behaviour among all of them complicates further modifications. This situation can

be simplified by using the N
OTIFIER

 pattern.

Viewed as a whole thing, the relationship between n  subjects and m  observers can be

described as a many-to-many relationship. A subject can have many observers interested in

it and an observer can be interested in many subjects. Subjects can also behave as observers

for other events of interest and vice versa. For example, the toolbarTitle  object behaves as a

subject if the title string changes, generating the events of interest beforeItemChanged  and

afterItemChanged  to be maybe handled by other objects. The toolbar title also behaves as an

6
observer of the event of interest onButtonPressed  generated by the three buttons, knowing

when it must change its label.

The I
                                   NTEREST

                                                                                              P
                                                                                                       UBLISHER

 pattern, also presented here, describes a more precise way to handle

the events of interest by the subjects.

The S
                                     INGLETON

                                                                                                          pattern may be used for dedicated notifiers to make them unique.

%LEOLRJUDSK\

                     [Coa95] Peter Coad, David North, Mark Mayfield . Object models: strategies, paterns,

                                                                                    and applications . Prentice Hall, Englewood Cliffs, NJ, 1995.

                     [Coo95] Sean Cooter. Inside Taligent Technology . Addison-Wesley, Reading, MA,

                                                                                    1995.

                [Gam95] Erich Gamma, Richard Helm, Ralph Johnson, John Vlissides.  Design

                                                                                    Patterns. Elements of reusable object-oriented software . Addison-Wesley,

                                                                                    Reading, MA, 1995.

                        [Hel93] Dan Heller, Thomas Van Raalte . XView Programming Manual for XView

                                                                                    Version 3.2 . O´Reilly & Associates, Inc. 1993.

                        [Hel96] Richard Helm, Erich Gamma. The Courier Patern . Dr. Dobb´s Sourcebook.

                                                                                    january/february 1996.

                          [Ion95] Orbix Programmer´s Guide. Release 1.3 . Iona Technologies Ltd. July 1995.

                            [Vli96] Pattern Languajes of Program Design 2 . Edited by John Vlissides, James

                                                                                    Coplien and Norman Kerth. Addison-Wesley, Reading, MA, 1996.