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• Il Design Pattern Mediator e` un design pattern comportamentale che fornisce un 
mezzo per creare un oggetto che incapsula le interazioni tra altri oggetti. 

• Cio` consente di stabilire relazioni tra oggetti senza che questi abbiano conoscenza 
diretta l’uno dell’altro. 

• Per esempio se si verifica un evento che richiede l’attenzione di alcuni oggetti, tale 
evento sara` comunicato al mediatore che mandera` una notifica agli oggetti 
interessati

• Il design pattern mediator evita il tight coupling (forte dipendenza tra un gruppo di 
oggetti) 
à rende possibile cambiare l’interazione tra gli oggetti senza dover apportare
modifiche agli oggetti stessi

àfacilita l’implementazione, il testing,  la riusabilita` degli oggetti.
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• Vogliamo creare delle form contenenti text widget e button widget
• Cio` e` di grande utilita` nella programmazione GUI. 
• L’interazione tra i widget della form sara` gestita da un mediator
• La classe Form fornisce i metodi create_widgets() e create_mediator()

ptg11539634

3.5. Mediator Pattern 101

Text #1

Text #2

update_ui()

Button #1

Button #2

Mediator

clicked()on
_c

ha
ng

e(
)

Figure 3.4 A form’s widget mediator

3.5.1. A Conventional Mediator

In this subsection we will create a conventional mediator—a class that will
orchestrate interactions—in this case, for a form. All the code shown here is
from the mediator1.py program.

class Form:

def __init__(self):

        self.create_widgets()

        self.create_mediator()

Like most functions and methods shown in this book, this method has been
ruthlessly refactored, in this case to the point where it passes on all its work.

def create_widgets(self):

        self.nameText = Text()

        self.emailText = Text()

        self.okButton = Button("OK")

        self.cancelButton = Button("Cancel")

This form has two text entry widgets for a user’s name and email address, and
two buttons, OK and Cancel. Naturally, in a real user interface we would have
to include label widgets, and then lay out the widgets, but here our example is
purely to show theMediator Pattern, so we don’t do any of that. We will see the
Text and Button classes shortly.

def create_mediator(self):

        self.mediator = Mediator(((self.nameText, self.update_ui),

                (self.emailText, self.update_ui),

                (self.okButton, self.clicked),

                (self.cancelButton, self.clicked)))

        self.update_ui()

www.it-ebooks.info

35

Il Design Pattern Mediator: un esempio 

Programmazione Avanzata a.a. 2023-24                                            
A. De Bonis

• La form ha 
• due widget per inserire testo: una per il nome dell’utente, l’altra per l’indirizzo

email
• due bottoni: OK e CANCEL ptg11539634
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3.5.1. A Conventional Mediator

In this subsection we will create a conventional mediator—a class that will
orchestrate interactions—in this case, for a form. All the code shown here is
from the mediator1.py program.

class Form:

def __init__(self):

        self.create_widgets()

        self.create_mediator()

Like most functions and methods shown in this book, this method has been
ruthlessly refactored, in this case to the point where it passes on all its work.

def create_widgets(self):

        self.nameText = Text()

        self.emailText = Text()

        self.okButton = Button("OK")

        self.cancelButton = Button("Cancel")

This form has two text entry widgets for a user’s name and email address, and
two buttons, OK and Cancel. Naturally, in a real user interface we would have
to include label widgets, and then lay out the widgets, but here our example is
purely to show theMediator Pattern, so we don’t do any of that. We will see the
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• Ogni form ha un singolo mediator associato.
• Il metodo __init__() di Mediator riceve come argomenti una o piu` coppie (widget, 

callable), ciascuna delle quali descrive una relazione che il mediatore deve
supportare.

• Nel codice riportato di seguito, le coppie passate al mediatore fanno in modo che se 
cambia il testo di uno dei widget per l’inserimento di testo allora viene invocato il
metodo Form.update_ui(); mentre se viene cliccato uno dei bottoni allora viene
invocato il metodo Form.clicked(). 

• Dopo aver creato il mediatore, viene invocato il metodo update_ui() per inizializzare la 
form.
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This form has two text entry widgets for a user’s name and email address, and
two buttons, OK and Cancel. Naturally, in a real user interface we would have
to include label widgets, and then lay out the widgets, but here our example is
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• Questo metodo abilita il bottone OK se entrambi i widget per inserire testo contengono del testo; 
altrimenti disabilita il bottone.

• Questo metodo viene invocato ogni volta che cambia il testo in uno dei due widget.

• Questo altro metodo di Form viene invocato ogni volta che viene cliccato un bottone.
• In questo esempio il metodo si limita a stampare OK o Cancel ma nelle applicazioni reali ovviamente

compie azioni piu` interessanti.
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We create a single mediator object for the entire form. This object takes one or
morewidget–callablepairs, which describe the relationships themediator must
support. In this case all the callables are bound methods. (See the “Bound and
Unbound Methods” sidebar, 63 !.) Here, we are saying that if the text of one of
the text entry widgets changes, the Form.update_ui() method should be called;
and that if one of the buttons is clicked, the Form.clicked() method should be
called. After creating the mediator, we call the update_ui() method to initialize
the form.

def update_ui(self, widget=None):
        self.okButton.enabled = (bool(self.nameText.text) and

bool(self.emailText.text))

Thismethod enables theOK button if both the text entry widgetshave some text
in them; otherwise it disables the button. Clearly, this method should be called
whenever the text of one of the text entry widgets is changed.

def clicked(self, widget):

if widget == self.okButton:

print("OK")
elif widget == self.cancelButton:

print("Cancel")

This method is designed to be called whenever a button is clicked. In a real
application it would do something more interesting than printing the button’s
text.

class Mediator:

def __init__(self, widgetCallablePairs):

        self.callablesForWidget = collections.defaultdict(list)
for widget, caller in widgetCallablePairs:

            self.callablesForWidget[widget].append(caller)

            widget.mediator = self

This is the first of the Mediator class’s two methods. We want to create a dictio-
nary whose keys are widgets and whose values are lists of one or more callables.
This is achieved by using a default dictionary. When we access an item in a de-
fault dictionary, if the item is not present, it is created and added with the value
being created by the callable given to the dictionary in the first place. In this
case,we gave the dictionary a list object,which when called returns a new emp-
ty list. So, the first time a particular widget is looked up in the dictionary, a new
item is inserted with the widget as the key and an empty list as the value, and
we immediately append the caller to the list. And whenever a widget is looked
up subsequently, the caller is appended to the item’s existing list. We also set the
widget’s mediator attribute (creating it if necessary) to this mediator (self).
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• Il metodo __init__() della classe Mediator 
• crea un dizionario di tipo defaultdict le cui chiavi sono widget e i cui valori sono liste di uno o piu` 

callable 
• Il for considera le coppie (widget, callable) presenti nella tupla passata come secondo argomento. 

Per ciascuno dei widget in queste coppie, viene inserito nel dizionario un elemento con chiave
uguale al widget e valore uguale ad una lista vuota alla quale viene immediatamente aggiunto il 
caller associato al widget (si veda slide che illustra defaultdict).

• Alla fine viene settato (ed eventualmente creato) l’attributo mediator del widget in modo che
contenga il mediator appena creato. 
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• Ogni volta che un oggetto mediato (cioe` un widget passato a Mediator) cambia stato
esso invoca il seguente metodo di Mediator che si occupa di invocare ogni metodo
associato al widget.
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Themethod adds the boundmethods in the order they appear in the pairs; if we
didn’t care about the order we could pass set instead of list when creating the
default dictionary, and use set.add() instead of list.append() to add the bound
methods.

def on_change(self, widget):

        callables = self.callablesForWidget.get(widget)

if callables is not None:
for caller in callables:

                caller(widget)

else:
raise AttributeError("No on_change() method registered for {}"

                    .format(widget))

Whenever a mediated object—that is, any widget passed to a Mediator—has a
change of state, it is expected to call its mediator’s on_change() method. This
method then retrieves and calls every bound method associated with the
widget.

class Mediated:

def __init__(self):

        self.mediator = None

def on_change(self):

if self.mediator is not None:
            self.mediator.on_change(self)

This is a convenience class designed to be inherited by mediated classes. It
keeps a reference to the mediator object, and if its on_change() method is called,
it calls the mediator’s on_change() method, parameterized by this widget (i.e.,
self, the widget that has had a change of state).

Since this base class’smethod is nevermodified in any of its subclasses,we could
replace the base class with a class decorator, as we saw earlier (§2.4.2.2, 58 !).

class Button(Mediated):

def __init__(self, text=""):

super().__init__()
        self.enabled = True
        self.text = text

def click(self):

if self.enabled:

            self.on_change()

www.it-ebooks.info
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• Questa e` una classe usata come classe base per le classi mediate.
• Le istanze della classe mantengono un riferimento all’oggetto mediatore
• Il metodo Mediated.on_change()  invoca il metodo on_change() del mediatore

passandogli il widget mediato su cui e` stato invocato il metodo Mediated.on_change. 
• Siccome questa classe non e` modificata dalle sue sottoclassi, essa rappresenta un 

esempio in cui e` possibile rimpiazzare la classe base con un decoratore di classe
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• La classe Button estende Mediated e di conseguenza un oggetto bottone ha l’attributo self.mediator e  
il metodo on_change che viene invocato quando il bottone cambia stato (ad esempio quando viene
cliccato.

• In questo esempio, un’invocazione di Button.click() provoca un’invocazione di Button.on_change() 
(ereditato da Mediated), che a sua volta causa un’invocazione del metodo on_change() del mediatore.
• Il metodo on_change() del mediatore invochera` i metodi associati al bottone. In questo caso, 

viene invocato il metodo Form.clicked() con il bottone stesso come argomento di tipo widget.
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• La classe Text ha la stessa struttura di Button.
• Per ogni widget (button widget, text widget, ecc.), il fatto di definire la classe corrispondente come 

sottoclasse di Mediated permette di lasciare al mediatore il compito di occuparsi delle azioni legate ad 
un cambio di stato del widget.

• Ovviamente quando si crea il mediatore occorre stabilire le associazioni tra i widget e i metodi che
vogliamo vengano invocati
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This Button class inherits Mediated. This gives the button a self.mediator at-
tribute and an on_change()method that it is expected to call when it experiences
a change of state; for example, when it is clicked.

So, in this example, a call to Button.click() will result in a call to Button

.on_change() (inherited from Mediated), which will result in a call to the media-
tor’s on_change() method, which will then call whatever method or methods are
associated with this button—in this case, the Form.clicked() method, with the
button as the widget argument.

class Text(Mediated):

def __init__(self, text=""):

super().__init__()
        self.__text = text

    @property
def text(self):

return self.__text

    @text.setter

def text(self, text):

if self.text != text:

            self.__text = text

            self.on_change()

Structurally, the Text class is the same as the Button class and also inherits
Mediated.

For any widget (button, text entry, and so on), so long as we make them a Me-

diated subclass and call on_change() whenever they have a change of state, we
can leave it to the Mediator to take care of the interactions. Of course, when we
create the Mediator, we must also register the widgets and the associated meth-
ods we want called. This means that all of a form’s widgets are loosely coupled,
thereby avoiding direct—and potentially fragile—relationships.

3.5.2. A Coroutine-BasedMediator

A mediator can be viewed as a pipeline that receives messages (on_change()
calls) and passes these on to interested objects. Aswe have already seen (§3.1.2,
76 !), coroutines can be used to provide such facilities. All the code shown here
is from the mediator2.py program, and all the code not shown is identical to that
shown in the previous subsection from the mediator1.py program.

The approach used in this subsection is different from that taken in the previous
subsection. There, we associated pairs of widgets and methods, and whenever
the widget notified it had changed, the mediator called the associated methods.
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def main():
form = Form()
test_user_interaction_with(form)

def test_user_interaction_with(form):
form.okButton.click()    # Ignorato perche’ bottone disabiliato dalla chiamata a self.update_ui() in create_mediator()
print(form.okButton.enabled)    # False 
form.nameText.text = "Fred"
print(form.okButton.enabled)    # False perche’ non basta aver inserito solo il nome
form.emailText.text = "fred@bloggers.com"
print(form.okButton.enabled)    # True perche; è stato inserito anche l’indirizzo mail
form.okButton.click()            # OK
form.emailText.text = ""
print(form.okButton.enabled)    # False
form.cancelButton.click()       # Cancel

if __name__ == "__main__":
main()

Un programma che crea e usa una 
form
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• Un mediatore si presta ad un’implementazione mediante coroutine perche’ puo` essere visto come una 
pipeline che riceve messaggi (derivanti da invocazioni di on_change() ) e passa questi messaggi agli
oggetti interessati.

• In questo esempio viene implementato un mediator mediante coroutine per lo stesso problema
considerato nell’esempio precedente.

• A differenza di quanto accadeva prima, in questa implementazione ogni widget e` associato ad un 
mediatore che e` una pipeline di coroutine (prima il mediatore era un oggetto associato all’intera form 
e tutti i widget della form erano associati insieme ai rispettivi callable al mediatore).

• Ogni volta che un widget cambia stato (ad esempio, viene cliccato un bottone), esso invia se stesso
alla pipeline. 

• Sono le componenti della pipeline a decidere se vogliono svolgere o meno azioni in risposta al 
cambio di stato del widget.

• Nell’approccio precedente il metodo on_change() del mediatore invoca i metodi associati al widget  nel
caso in cui il widget cambia stato

• Il codice non illustrato e` identico a quello visto nell’esempio precedente.. 
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• Non abbiamo bisogno di una classe Mediator in quanto il mediator e` di fatto una pipeline di coroutine
• Il metodo in basso crea una pipeline di coroutine di due componenti, self._update_ui_mediator() e 

self._clicked_mediator(). 
• Una volta creata la pipeline, l’attributo mediator della pipeline viene settato con questa pipeline.
• Alla fine, viene inviato None alla pipeline e siccome nessun widget e` None, nessuna azione specifica

sara` intrapresa ad eccezione di azioni che interessano la form (come per esempio abilitare o 
disabilitare il bottone OK in  _update_ui_mediator()). 
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Here, every widget is given a mediator that is actually a pipeline of coroutines.
Whenever a widget has a change of state, it sends itself into the pipeline, and
it is up to the pipeline components (i.e., the coroutines) to decide whether they
want to perform any action in response to a change in the widget they are
sent.

def create_mediator(self):

        self.mediator = self._update_ui_mediator(self._clicked_mediator())

for widget in (self.nameText, self.emailText, self.okButton,

                self.cancelButton):

            widget.mediator = self.mediator

        self.mediator.send(None)

For the coroutine version we don’t need a separate mediator class. Instead, we
create a pipeline of coroutines; in this case, one with two components, self._up-
date_ui_mediator() and self._clicked_mediator(). (These are all Form methods.)

Once the pipeline is in place, we set each widget’s mediator attribute to the
pipeline. And at the end, we send None down the pipeline. Since no widget is
None, no widget-specific actions will be triggered, but any form-level actions
(such as enabling or disabling the OK button in _update_ui_mediator()) will be
performed.

    @coroutine

def _update_ui_mediator(self, successor=None):
while True:

            widget = (yield)
            self.okButton.enabled = (bool(self.nameText.text) and

bool(self.emailText.text))
if successor is not None:

                successor.send(widget)

This coroutine is part of the pipeline. (The @coroutine decorator was shown and
discussed earlier; 77 !.)

Whenever a widget reports a change, the widget is passed into the pipeline and
is returned by the yield expression into the widget variable. When it comes to
enabling or disabling the OK button, we do this regardless of which widget has
changed. (After all, it may be that no widget has changed, that widget is None,
and so the form is simply being initialized.) After dealing with the button the
coroutine passes on the changed widget to the next coroutine in the chain (if
there is one).

    @coroutine

def _clicked_mediator(self, successor=None):
while True:
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• Questa coroutine e` parte della pipeline.
• Ogni volta che un widget notifica un cambio di stato, il widget passato alla pipeline e ` restituito

dall’espressione yield e salvato nella variabile widget.
• Quando occorre abilitare o disabilitare il bottone ok, questo viene fatto indipendentemente da 

quale widget abbia cambiato stato. 
• Potrebbe anche non essere cambiato lo stato di nessun widget,  cioe`  che il widget sia None e 

quindi che la form sia stata semplicemente inizializzata.
• Dopo aver settato il campo enabled del bottone, la coroutine passa il widget alla chain 
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Here, every widget is given a mediator that is actually a pipeline of coroutines.
Whenever a widget has a change of state, it sends itself into the pipeline, and
it is up to the pipeline components (i.e., the coroutines) to decide whether they
want to perform any action in response to a change in the widget they are
sent.

def create_mediator(self):

        self.mediator = self._update_ui_mediator(self._clicked_mediator())

for widget in (self.nameText, self.emailText, self.okButton,

                self.cancelButton):

            widget.mediator = self.mediator

        self.mediator.send(None)

For the coroutine version we don’t need a separate mediator class. Instead, we
create a pipeline of coroutines; in this case, one with two components, self._up-
date_ui_mediator() and self._clicked_mediator(). (These are all Form methods.)

Once the pipeline is in place, we set each widget’s mediator attribute to the
pipeline. And at the end, we send None down the pipeline. Since no widget is
None, no widget-specific actions will be triggered, but any form-level actions
(such as enabling or disabling the OK button in _update_ui_mediator()) will be
performed.

    @coroutine

def _update_ui_mediator(self, successor=None):
while True:

            widget = (yield)
            self.okButton.enabled = (bool(self.nameText.text) and

bool(self.emailText.text))
if successor is not None:

                successor.send(widget)

This coroutine is part of the pipeline. (The @coroutine decorator was shown and
discussed earlier; 77 !.)

Whenever a widget reports a change, the widget is passed into the pipeline and
is returned by the yield expression into the widget variable. When it comes to
enabling or disabling the OK button, we do this regardless of which widget has
changed. (After all, it may be that no widget has changed, that widget is None,
and so the form is simply being initialized.) After dealing with the button the
coroutine passes on the changed widget to the next coroutine in the chain (if
there is one).

    @coroutine

def _clicked_mediator(self, successor=None):
while True:
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• Questa coroutine si occupa solo dei click dei bottoni Ok e Cancel
• Se uno di questi bottoni e` il widget che ha cambiato stato allora questa coroutine  gestisce il cambio di 

stato altrimenti passa il widget alla prossima coroutine nella pipeline, se ve ne e` una. 
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            widget = (yield)
if widget == self.okButton:

print("OK")
elif widget == self.cancelButton:

print("Cancel")
elif successor is not None:

                successor.send(widget)

This pipeline coroutine is only concernedwith OK and Cancelbutton clicks. If ei-
ther of these buttons is the changed widget, this coroutine handles it; otherwise,
it passes on the widget to the next coroutine, if any.

class Mediated:

def __init__(self):

        self.mediator = None

def on_change(self):

if self.mediator is not None:
            self.mediator.send(self)

The Button and Text classes are the same as for mediator1.py, but the Mediated
class has one tiny change: if its on_change() method is called, it sends the
changed widget (self) into the mediator pipeline.

Aswementioned in the previous subsection, the Mediated class could be replaced
with a class decorator. The book’s examples include a mediator2d.py version of
this example where this is done. (See §2.4.2.2, 58 !.)

The Mediator Pattern can also be varied to provide multiplexing; that is, many-
to-many communicationsbetween objects. See, also, theObserver Pattern (§3.7,
! 107) and the State Pattern (§3.8, ! 111).

3.6. Memento Pattern

The Memento Pattern is a means of saving and restoring an object’s state
without violating encapsulation.

Python has support for this pattern out of the box: we can use the pickle mod-
ule to pickle and unpickle arbitrary Python objects (with a few constraints; e.g.,
we cannot pickle a file object). In fact, Python can pickle None, bools, bytearrays,
bytes, complexes, floats, ints, and strs, aswell as dicts, lists, and tuples that con-
tain only pickleable objects (including collections), top-level functions, top-level
classes, and instances of custom top-level classes whose __dict__ is pickleable;
that is, objects of most custom classes. It is also possible to achieve the same
effect using the json module, although this only supports Python’s basic types
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Here, every widget is given a mediator that is actually a pipeline of coroutines.
Whenever a widget has a change of state, it sends itself into the pipeline, and
it is up to the pipeline components (i.e., the coroutines) to decide whether they
want to perform any action in response to a change in the widget they are
sent.

def create_mediator(self):

        self.mediator = self._update_ui_mediator(self._clicked_mediator())

for widget in (self.nameText, self.emailText, self.okButton,

                self.cancelButton):

            widget.mediator = self.mediator

        self.mediator.send(None)

For the coroutine version we don’t need a separate mediator class. Instead, we
create a pipeline of coroutines; in this case, one with two components, self._up-
date_ui_mediator() and self._clicked_mediator(). (These are all Form methods.)

Once the pipeline is in place, we set each widget’s mediator attribute to the
pipeline. And at the end, we send None down the pipeline. Since no widget is
None, no widget-specific actions will be triggered, but any form-level actions
(such as enabling or disabling the OK button in _update_ui_mediator()) will be
performed.

    @coroutine

def _update_ui_mediator(self, successor=None):
while True:

            widget = (yield)
            self.okButton.enabled = (bool(self.nameText.text) and

bool(self.emailText.text))
if successor is not None:

                successor.send(widget)

This coroutine is part of the pipeline. (The @coroutine decorator was shown and
discussed earlier; 77 !.)

Whenever a widget reports a change, the widget is passed into the pipeline and
is returned by the yield expression into the widget variable. When it comes to
enabling or disabling the OK button, we do this regardless of which widget has
changed. (After all, it may be that no widget has changed, that widget is None,
and so the form is simply being initialized.) After dealing with the button the
coroutine passes on the changed widget to the next coroutine in the chain (if
there is one).

    @coroutine

def _clicked_mediator(self, successor=None):
while True:
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• Le classi Text e Button sono le stesse dell’implementazione basata sull’approccio convenzionale.
• La classe Mediated e` lievemente diversa in quanto il suo metodo on_change() invia il widget che ha 

cambiato stato alla pipeline.
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            widget = (yield)
if widget == self.okButton:

print("OK")
elif widget == self.cancelButton:

print("Cancel")
elif successor is not None:

                successor.send(widget)

This pipeline coroutine is only concernedwith OK and Cancelbutton clicks. If ei-
ther of these buttons is the changed widget, this coroutine handles it; otherwise,
it passes on the widget to the next coroutine, if any.

class Mediated:

def __init__(self):

        self.mediator = None

def on_change(self):

if self.mediator is not None:
            self.mediator.send(self)

The Button and Text classes are the same as for mediator1.py, but the Mediated
class has one tiny change: if its on_change() method is called, it sends the
changed widget (self) into the mediator pipeline.

Aswementioned in the previous subsection, the Mediated class could be replaced
with a class decorator. The book’s examples include a mediator2d.py version of
this example where this is done. (See §2.4.2.2, 58 !.)

The Mediator Pattern can also be varied to provide multiplexing; that is, many-
to-many communicationsbetween objects. See, also, theObserver Pattern (§3.7,
! 107) and the State Pattern (§3.8, ! 111).

3.6. Memento Pattern

The Memento Pattern is a means of saving and restoring an object’s state
without violating encapsulation.

Python has support for this pattern out of the box: we can use the pickle mod-
ule to pickle and unpickle arbitrary Python objects (with a few constraints; e.g.,
we cannot pickle a file object). In fact, Python can pickle None, bools, bytearrays,
bytes, complexes, floats, ints, and strs, aswell as dicts, lists, and tuples that con-
tain only pickleable objects (including collections), top-level functions, top-level
classes, and instances of custom top-level classes whose __dict__ is pickleable;
that is, objects of most custom classes. It is also possible to achieve the same
effect using the json module, although this only supports Python’s basic types
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Esercizio su mediator

• Si considerino le classi Cane e Persona fornite nel file mod.py (nei file del team). Scrivere la classe Casa con 
due cani e una persona (padrona del cane). La classe Casa fa uso di un mediatore per fare in modo che

• a. quandoalmenounodeiduecaniabbaiaalloravienesettataaTrueunflagdiallerta(variabile self.allerta nella
bozza di __init__ fornita in esercizio2.py). 

• b. quando il padrone torna a casa, se il flag allerta e` True, verifica per ciascun cane se tra l’ora in cui e` 
tornato a casa e l’ora in cui il cane ha mangiato per l’ultima volta sono trascorse piu` di 4 ore e in questo caso
da` da mangiare al cane. Se nessuno dei due cani ha abbaiato tra il momento in cui il padrone e` uscito e 
quello in cui ha fatto ritorno (il flag e` False) allora il padrone al suo ritorno non fa niente. 

• NB: puo` essere che il cane che abbaia non sia quello che ha fame o che ne abbai uno solo ma che entrambi
abbiano fame, o ancora che almeno uno dei cani abbia ma nessuno dei due abbia fame. 

• Suggerimento. Per ciascuno dei due punti creare un callable: uno dei due deve essere associato ad entrambi
i cani e l’altro deve essere associato al padrone. La differenza in ore tra due orari ora1 e ora2 si calcola cosi` : 
(ora1-ora2).total_seconds()/60/60 . 
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IL Design Pattern Observer
• Il pattern Observer e` un design pattern comportamentale che supporta relazioni

di dipendenza tra oggetti in modo tale che quando un oggetto cambia stato tutti 
gli oggetti collegati sono informati del cambio.
• Tipicamente si tratta di gestire una relazione di dipendenza one-to-many tra un 

oggetto osservato e degli osservatori e l’obiettivo e` di fare in modo che gli
oggetti non siano strettamente accoppiati.
• In alcuni casi potrebbe trattarsi di una relazione many-to-many (piu` di un oggetto osservato)

• Il design pattern observer evita che l’oggetto osservato aggiorni direttamente gli
oggetti ad esso collegati in quanto cio` determinerebbe un accoppiamento stretto 
tra l’oggetto osservato e sui osservatori. 
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IL Design Pattern Observer:un esempio
• Uno degli esempi di questo pattern e delle sue varianti e` il paradigma

model/view/controller (MVC) che consiste nel separare un’applicazione in tre
componenti logiche: modello, view e controller. 
• Il modello gestisce i dati e la logica dell’applicazione indipendentemente

dall’interfaccia utente
• una o piu` view visualizzano i dati in una o piu` forme comprensibili per l’utente

• Ogni cambio nel modello si riflette automaticamente nelle view associate
• uno o piu` controller mediano tra input e modello, cioe` converte l’input in 

comandi per il modello o le view. 
• Una popolare semplificazione dell’approccio MVC consiste nell’usare un paradigma

model/view dove le view si occupano sia di visualizzare i dati sia di mediare tra input e 
modello. 
• In termini di Observer Pattern cio` significa che le view sono osservatori del 

modello e il modello e`  l’oggetto dell’osservazione.
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• Consideriamo un modello che rappresenta un valore con un minimo e un 
massimo, come ad esempio una scrollbar o un controllo della temperatura.
• Vengono creati due osservatori (view) separati per il modello: uno per dare in 

output il valore del modello ogni volta che esso cambia sotto forma di una barra
di progressione in  formato HTML, l’altro per mantenere la storia dei cambiamenti
(valori e timestamp).
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Figure 3.5 The observer example’s HTML output as the model changes

The history data is sent to sys.stderr and the HTML to sys.stdout, which we
have redirected into an HTML file. The HTML page is shown in Figure 3.5. The
program outputs four one-rowHTML tables, the first when the (empty)model is
first observed, and then each time the model is changed. Figure 3.6 illustrates
the example’s model/view architecture.

This section’s example, observer.py, uses an Observed base class to provide the
functionality for adding, removing, and notifying observers. The SliderModel
class provides a value with aminimumandmaximum,and inherits the Observed
class so that it can support being observed. And thenwe have two views that ob-
serve the model, HistoryView and LiveView. Naturally, we will review all of these
classes,but first wewill look at the program’s main() function to see how they are
used and how the output shown earlier and in Figure 3.5 was obtained.

def main():

    historyView = HistoryView()

    liveView = LiveView()

    model = SliderModel(0, 0, 40) # minimum, value, maximum

    model.observers_add(historyView, liveView)  # liveView produces output

for value in (7, 23, 37):

        model.value = value                     # liveView produces output

for value, timestamp in historyView.data:

print("{:3} {}".format(value, datetime.datetime.fromtimestamp(

                timestamp)), file=sys.stderr)

We begin by creating the two views. Next we create a model with a minimum
of 0, a current value of 0, and a maximum of 40. Then we add the two views as
observers of the model. As soon as the LiveView is added as an observer it pro-
duces its first output, and as soon as the HistoryView is added it records its first
value and timestamp. We thenupdate themodel’s value three times,and at each
update the LiveView outputs a new one-row HTML table and the HistoryView
records the value and the timestamp.
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along with dictionaries and lists. (We saw examples of json and pickle use in
§3.3.3, 91 !).

Even in the quite rare caseswherewe hit a limitation in what can be pickled,we
can always add our own custom pickling support; for example, by implementing
the __getstate__() and __setstate__() special methods, and possibly the __get-

newargs__() method. Similarly, if we want to use JSON format with our own
custom classes, we can extend the json module’s encoder and decoder.

We could also create our own format and protocols, but there is little point in
doing so, given Python’s rich support for this pattern.

Unpickling essentially involves executing arbitrary Python code, so it is poor
practice to unpickle pickles that are received from untrusted sources such as
physical media or over a network connection. In such cases JSON is safer, or we
can use checksumsand encryptionwith pickling to ensure that the pickle hasn’t
been meddled with.

3.7. Observer Pattern

The Observer Pattern supports many-to-many dependency relationships
between objects, such that when one object changes state, all its related objects
are notified. Nowadays, probably the most common expression of this pattern
and its variants is themodel/view/controller (MVC)paradigm. In thisparadigm,
a model represents data, one or more views visualize that data, and one or more
controllers mediate between input (e.g., user interaction) and the model. And
any changes to the model are automatically reflected in the associated views.

One popular simplification of the MVC approach is to use a model/view where
the views both visualize the data and mediate input to the model; that is, the
views and controllers are combined. In terms of the Observer Pattern, this
means that the views are observers of the model, and the model is the subject
being observed.

In this section we will create a model that represents a value with a minimum
and a maximum (such as a scrollbar or slider widget or a temperaturemonitor).
And we will create two separate observers (views) for the model: one to output
the model’s value whenever it changes (as a kind of progress bar using HTML),
and another to keep a history of the changes (their values and timestamps).
Here is a sample run of the observer.py program.

$ ./observer.py > /tmp/observer.html
  0 2013-04-09 14:12:01.043437

  7 2013-04-09 14:12:01.043527

 23 2013-04-09 14:12:01.043587

 37 2013-04-09 14:12:01.043647
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IL Design Pattern Observer: un esempio
• La classe Observed e` estesa dai modelli o da ogni altra classe che supporta l’osservazione. 

• La classe Observed mantiene un insieme di oggetti osservatori. 
• Ogni volta che viene aggiunto un oggetto osservatore all’oggetto osservato, il metodo update() 

dell’osservatore e` invocato per inizializzare l’osservatore con lo stato attuale del modello.
• Se in  seguito il modello cambia stato, esso invoca il metodo observers_notify()  in modo tale che il metodo

update() di ogni osservatore possa essere invocato per assicurare che ogni osservatore (view) rappresenti il 
nuovo stato del modello.
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SliderModel

HistoryView LiveView

Figure 3.6 Amodel and two views

At the end we print out the entire history to sys.stderr (i.e., to the console). The
datetime.datetime.fromtimestamp() function accepts a timestamp (number of
seconds since the epoch as returned by time.time()) and returns an equivalent
datetime.datetime object. The str.format() method is smart enough to output
datetime.datetimes in ISO-8601 format.

class Observed:

def __init__(self):

        self.__observers = set()

def observers_add(self, observer, *observers):

for observer in itertools.chain((observer,), observers):

            self.__observers.add(observer)

            observer.update(self)

def observer_discard(self, observer):

        self.__observers.discard(observer)

def observers_notify(self):

for observer in self.__observers:

            observer.update(self)

This class is designed to be inherited by models or by any other class that
wants to support observation. The Observed class maintains a set of observing
objects. Whenever an object is added, its update() method is called to initialize
it with the model’s current state. Then, whenever the model changes state it is
expected to call its inherited observers_notify()method, so that every observer’s
update() method can be called to ensure that every observer (i.e., every view) is
representing the model’s new state.

The observers_add() method is subtle. We want to accept one or more observers
to add, but using just *observers would allow zero or more. So, we require at
least one observer (observer) and accept zero or more in addition (*observers).We
could have done this using tuple concatenation (e.g., for observer in (observer,)

+ observers:), but we have used the more efficient itertools.chain() function
instead. As noted earlier (46 !), this function accepts any number of iterables
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IL Design Pattern Observer: un esempio
• Il metodo observers_add() 

• accetta uno o piu` osservatori da aggiungere. Per questo motivo oltre a *observer c’e` il
parametro observer che assicura che il numero di osservatori passati in input al metodo non sia
zero. 

• usa nel for il metodo intertools.chain(*iterables) che crea un iteratore che restituituisce gli
elementi dall’oggetto iterabile specificato come primo argomento e quando non ci sono piu` 
elementi da restituire in questa lista, passa alla prossima collezione iterabile e cosi` via fino a 
che non vengono restituiti gli elementi di tutte le collezioni iterabili in iterables.  Il for avrebbe
potuto usare la concatenazione di tuple in questo modo “for observer in (observer,) + 
observers:”
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SliderModel

HistoryView LiveView

Figure 3.6 Amodel and two views

At the end we print out the entire history to sys.stderr (i.e., to the console). The
datetime.datetime.fromtimestamp() function accepts a timestamp (number of
seconds since the epoch as returned by time.time()) and returns an equivalent
datetime.datetime object. The str.format() method is smart enough to output
datetime.datetimes in ISO-8601 format.

class Observed:

def __init__(self):

        self.__observers = set()

def observers_add(self, observer, *observers):

for observer in itertools.chain((observer,), observers):

            self.__observers.add(observer)

            observer.update(self)

def observer_discard(self, observer):

        self.__observers.discard(observer)

def observers_notify(self):

for observer in self.__observers:

            observer.update(self)

This class is designed to be inherited by models or by any other class that
wants to support observation. The Observed class maintains a set of observing
objects. Whenever an object is added, its update() method is called to initialize
it with the model’s current state. Then, whenever the model changes state it is
expected to call its inherited observers_notify()method, so that every observer’s
update() method can be called to ensure that every observer (i.e., every view) is
representing the model’s new state.

The observers_add() method is subtle. We want to accept one or more observers
to add, but using just *observers would allow zero or more. So, we require at
least one observer (observer) and accept zero or more in addition (*observers).We
could have done this using tuple concatenation (e.g., for observer in (observer,)

+ observers:), but we have used the more efficient itertools.chain() function
instead. As noted earlier (46 !), this function accepts any number of iterables
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and returns a single iterable that is effectively the concatenation of all the
iterables passed to it.

class SliderModel(Observed):

def __init__(self, minimum, value, maximum):

super().__init__()
# These must exist before using their property setters

        self.__minimum = self.__value = self.__maximum = None
        self.minimum = minimum

        self.value = value

        self.maximum = maximum

    @property
def value(self):

return self.__value

    @value.setter

def value(self, value):

if self.__value != value:

            self.__value = value

            self.observers_notify()

    ...

This is the particular model class for this example, but of course, it could be
any kind of model. By inheriting Observed, the class gains a private set of ob-
servers (initially empty) and the observers_add(), observer_discard(), and ob-

servers_notify() methods. Whenever the model’s state changes—for example,
when its value is changed—it must call its observers_notify() method so that
any observers can respond accordingly.

The class also has minimum and maximum properties whose code has been elided;
they are structurally identical to the value property, and, of course, their setters
also call observers_notify().

class HistoryView:

def __init__(self):

        self.data = []

def update(self, model):

        self.data.append((model.value, time.time()))

This view is an observer of the model since it provides an update() method that
accepts the observed model as its only argument besides self. Whenever the
update() method is called, it adds a value–timestamp2-tuple to its self.data list,
thus preserving a history of all the changes that are applied to the model.
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• La classe SliderModel eredita dalla classe
Observed un insieme privato di 
osservatori che inizialmente e` vuoto e i
metodi observers_add(), 
observer_discard() e observers_notify()

• Quando lo stato del modello cambia, per 
esempio quando il suo valore cambia, 
esso deve invocare il metodo
observers_notify() in modo che ciascun
osservatore possa rispondere di 
conseguenza. 

• SliderModel ha anche le proprieta` 
minimum e maximum i cui setter, come 
quello di value, invocano il metodo
observers_notify(). 
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• HistoryView e` un osservatore del modello e per questo fornisce un metodo update() che accetta il
modello osservato come suo unico argomento (oltre self). 

• Ogniqualvolta il metodo update() e` invocato, esso aggiunge una tupla (value, timestamp) alla sua
self.data list, mantenendo in questo modo la storia di tutti i cambiamenti applicati al modello.
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and returns a single iterable that is effectively the concatenation of all the
iterables passed to it.

class SliderModel(Observed):

def __init__(self, minimum, value, maximum):

super().__init__()
# These must exist before using their property setters

        self.__minimum = self.__value = self.__maximum = None
        self.minimum = minimum

        self.value = value

        self.maximum = maximum

    @property
def value(self):

return self.__value

    @value.setter

def value(self, value):

if self.__value != value:

            self.__value = value

            self.observers_notify()

    ...

This is the particular model class for this example, but of course, it could be
any kind of model. By inheriting Observed, the class gains a private set of ob-
servers (initially empty) and the observers_add(), observer_discard(), and ob-

servers_notify() methods. Whenever the model’s state changes—for example,
when its value is changed—it must call its observers_notify() method so that
any observers can respond accordingly.

The class also has minimum and maximum properties whose code has been elided;
they are structurally identical to the value property, and, of course, their setters
also call observers_notify().

class HistoryView:

def __init__(self):

        self.data = []

def update(self, model):

        self.data.append((model.value, time.time()))

This view is an observer of the model since it provides an update() method that
accepts the observed model as its only argument besides self. Whenever the
update() method is called, it adds a value–timestamp2-tuple to its self.data list,
thus preserving a history of all the changes that are applied to the model.
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• Questa e` un’altra view per osservare il modello. L’attributo length rappresenta il numero di celle

usate per rappresentare il valore del modello in una riga della tabella HTML. 

• Il metodo update viene invocato quando il modello e` osservato per la prima volta e quando viene
successivamente aggiornato
• Il metodo stampa una tabella HTML di una riga con un numero self.length di celle per 

rappresentare il modello. Le celle sono di colore ciano se sono vuote e blu scuro altrimenti.
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class LiveView:

def __init__(self, length=40):

        self.length = length

This is another view that observes the model. The length is the number of cells
used to represent the model’s value in a one-row HTML table.

def update(self, model):

        tippingPoint = round(model.value * self.length /

                (model.maximum - model.minimum))

        td = '<td style="background-color: {}">&nbsp;</td>'

        html = ['<table style="font-family: monospace" border="0"><tr>']

        html.extend(td.format("darkblue") * tippingPoint)

        html.extend(td.format("cyan") * (self.length - tippingPoint))

        html.append("<td>{}</td></tr></table>".format(model.value))

print("".join(html))

When the model is first observed, and whenever it is subsequently updated,
thismethod is called. It outputs a one-rowHTML table with self.length cells to
represent the model, using cyan for empty cells and dark blue for filled cells. It
determines how many of which kind of cell there are by calculating the tipping
point between the filled cells (if there are any) and the empty cells.

The Observer Pattern is widely used in GUI programming and also has uses
in the context of other event-processing architectures, such as simulations and
servers. Examples include database triggers, Django’s signaling system, the
Qt GUI application framework’s signals and slots mechanism, and many uses
of WebSockets.

3.8. State Pattern

The State Pattern is intended to provide objects whose behavior changes when
their state changes; that is, objects that have modes.

To illustrate this design pattern we will create a multiplexer class that has
two states, and whose methods’ behavior changes depending on which state a
multiplexer instance is in. When the multiplexer is in its active state, it can
accept “connections”—that is, event name–callbackpairs—where the callback is
any Python callable (e.g., a lambda, a function, a bound method, etc.). After the
connections have been made, whenever an event is sent to the multiplexer, the
associated callbacks are called (providing the multiplexer is in its active state).
If the multiplexer is dormant, calling its methods safely does nothing.

To show themultiplexer in use,wewill create some callback functions that count
the number of events they receive and connect them to an active multiplexer.
Then wewill send some random events to themultiplexer, and afterwards,print
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#si puo` sostituire la print con:
o=open("output.html","a")
o.write("".join(html))
o.close()
webbrowser.open("file:///Users/.../output.html")
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• Il main() comincia con il creare due view, HistoryView e LiveView.

• Poi crea un modello con minimo 0, valore attuale 0 e massimo 40 e rende le due view osservatori del 
modello

• Non appena viene aggiunta LiveView come observer del modello, essa produce il suo primo output  
e non appena viene aggiunto HistoryView, esso registra il suo primo valore e il suo primo timestamp.

• Poi viene aggiornato il valore del modello tre volte e ad ogni aggiornamento LiveView restituisce una
nuova tabella di una riga e HistoryView registra il valore e il timestamp .
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Figure 3.5 The observer example’s HTML output as the model changes

The history data is sent to sys.stderr and the HTML to sys.stdout, which we
have redirected into an HTML file. The HTML page is shown in Figure 3.5. The
program outputs four one-rowHTML tables, the first when the (empty)model is
first observed, and then each time the model is changed. Figure 3.6 illustrates
the example’s model/view architecture.

This section’s example, observer.py, uses an Observed base class to provide the
functionality for adding, removing, and notifying observers. The SliderModel
class provides a value with aminimumandmaximum,and inherits the Observed
class so that it can support being observed. And thenwe have two views that ob-
serve the model, HistoryView and LiveView. Naturally, we will review all of these
classes,but first wewill look at the program’s main() function to see how they are
used and how the output shown earlier and in Figure 3.5 was obtained.

def main():

    historyView = HistoryView()

    liveView = LiveView()

    model = SliderModel(0, 0, 40) # minimum, value, maximum

    model.observers_add(historyView, liveView)  # liveView produces output

for value in (7, 23, 37):

        model.value = value                     # liveView produces output

for value, timestamp in historyView.data:

print("{:3} {}".format(value, datetime.datetime.fromtimestamp(

                timestamp)), file=sys.stderr)

We begin by creating the two views. Next we create a model with a minimum
of 0, a current value of 0, and a maximum of 40. Then we add the two views as
observers of the model. As soon as the LiveView is added as an observer it pro-
duces its first output, and as soon as the HistoryView is added it records its first
value and timestamp. We thenupdate themodel’s value three times,and at each
update the LiveView outputs a new one-row HTML table and the HistoryView
records the value and the timestamp.
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ESERCIZIO su Observer

• Scrivere una classe LaureaT_Student che puo` essere osservata e che ha i seguenti attributi che ne 
determinano lo stato: 

• total_cfu : numero cfu acquisiti

• english_r: booleano settato a False (valore di default) se e solo se lo studente non 
• ha superato la prova di inglese 

• grades: dizionario degli esami sostenuti con elementi con chiave uguale al nome dell’esame e valore uguale
al voto (exam name, grade) 

• exam e` una tupla del tipo definito in basso
• Exam=collections.namedtuple("Exam", "name cfu") 

• Gli attributi total_cfu e english_r sono accessibili con il loro nome e modificabili con ‘=‘ mentre grades e` 
modificabile con il metodo add_grades che prende in input come primo argomento un oggetto Exam e come 
secondo argomento un int che rappresenta il voto
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Esercizio su Observer

• Scrivere inoltre i due observer HystoryView e LiveView: 

• HistoryView mantiene una lista di triple della forma (dizionario degli esami sostenuti, booleano che indica se 
inglese superato, data cambio stato) . Ciascuna tripla e` creata quando l’oggetto LaureaT_Student cambia stato. 

• LiveView esegue le seguenti stampe:
• print("Cambio stato: lo studente ha appena superato la prova di Inglese\n") 

• se il cambio di stato e` dovuto al superamento della prova di inglese • print("Cambio stato: lo studente ha 
superato un nuovo esame") 

print("Cambio stato: il numero di CFU e` : " , student.total_cfu,"\n") se il cambio di stato e` dovuto al 
superamento di un nuovo esame
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