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IL Design Pattern Observer

• Il pattern Observer e` un design pattern comportamentale che supporta relazioni
di dipendenza many-to-many tra oggetti in modo tale che quando un oggetto
cambia stato tutti gli oggetti collegati sono informati del cambio.
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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` convertono 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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IL Design Pattern Observer: un esempio

• 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 ereditato 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 itertools.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 questo oggetto iterabile, passa al prossimo oggetto iterabile specificato come 
argomento 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:”

Programmazione Avanzata a.a. 2020-21                                            
A. De Bonis

ptg11539634

3.7. Observer Pattern 109

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

www.it-ebooks.info

6



25/11/20

4

IL Design Pattern Observer: un esempio
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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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IL Design Pattern Observer: un esempio

• 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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IL Design Pattern Observer: un esempio
• 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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IL Design Pattern Observer: un esempio
• 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 aggiutno 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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Il pattern Prototype

• Il pattern Prototype è un design pattern creazionale usato per creare
nuovi oggetti clonando un oggetto preesistente e poi modificando il
clone così creato.
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Il pattern Prototype: esempio

• Point è la classe preesistente
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class Point:

    __slots__ = ("x", "y")

def __init__(self, x, y):

        self.x = x

        self.y = y

Given this classic Point class, here are seven ways to create new points:

def make_object(Class, *args, **kwargs):

return Class(*args, **kwargs)

point1 = Point(1, 2)

point2 = eval("{}({}, {})".format("Point", 2, 4)) # Risky

point3 = getattr(sys.modules[__name__], "Point")(3, 6)

point4 = globals()["Point"](4, 8)

point5 = make_object(Point, 5, 10)

point6 = copy.deepcopy(point5)

point6.x = 6

point6.y = 12

point7 = point1.__class__(7, 14) # Could have used any of point1 to point6

Point point1 is created conventionally (and statically) using the Point class ob-
ject as a constructor.! All the other points are created dynamically, with point2,
point3, and point4 parameterized by the class name. As the creation of point3
(and point4)makes clear, there is no need to use a risky eval() to create instances
(as we did for point2). The creation of point4 works exactly the same way as for
point3, but using nicer syntax by relying on Python’s built-in globals() func-
tion. Point point5 is created using a generic make_object() function that accepts
a class object and the relevant arguments. Point point6 is created using the
classic prototype approach: first, we clone an existing object, then we initialize
or configure it. Point point7 is created by using point point1’s class object, plus
new arguments.

Point point6 shows that Python has built-in support for prototyping using the
copy.deepcopy() function. However, point7 shows that Python can do better than
prototyping: instead of needing to clone an existing object and modify the clone,
Python gives us access to any object’s class object, so that we can create a new
object directly and much more efficiently than by cloning.

! Strictly speaking, an __init__() method is an initializer, and a __new__() method is a constructor.
However, since we almost always use __init__() and rarely use __new__(), we will refer to them both
as “constructors” throughout the book.

www.it-ebooks.info

13

Il pattern Prototype: esempio
• In questo codice cloniamo nuovi punti in diversi modi
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a class object and the relevant arguments. Point point6 is created using the
classic prototype approach: first, we clone an existing object, then we initialize
or configure it. Point point7 is created by using point point1’s class object, plus
new arguments.

Point point6 shows that Python has built-in support for prototyping using the
copy.deepcopy() function. However, point7 shows that Python can do better than
prototyping: instead of needing to clone an existing object and modify the clone,
Python gives us access to any object’s class object, so that we can create a new
object directly and much more efficiently than by cloning.

! Strictly speaking, an __init__() method is an initializer, and a __new__() method is a constructor.
However, since we almost always use __init__() and rarely use __new__(), we will refer to them both
as “constructors” throughout the book.
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Il pattern Prototype: esempio
• point1 = Point(1, 2)

• viene semplicemente invocato il costruttore della classe Point. 
• point 1 è creato in modo statico. Di seguito creeremo istanze di Point in modo 

dinamico.

• point2 = eval("{}({}, {})".format("Point", 2, 4))

• usa eval() per creare istanze di Point
• eval valuta l’espressione Python rappresentata dalla stringa ricevuta come 

argomento. In altre parole, esegue il codice passato come argomento
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Il pattern Prototype: esempio
• point3 = getattr(sys.modules[__name__], "Point")(3, 6)

• usa getattr() per creare un’istanza

• getattr(object,name, default) restituisce il valore dell’attributo dell’oggetto
• object : oggetto per il quale viene restituito il valore dell’attributo nominato
• name : stringa che contiene il nome dell’attributo
• default (opzionale): valore restituito quando l’attributo specificato non viene trovato

• nel codice in alto 
• sys.modules è un dizionario che mappa i nomi dei moduli ai moduli che sono già

stati caricati
• l’espressione sys.modules[__name__] restituisce il modulo in cui essa si trova
• l’espressione  getattr(sys.modules[__name__], "Point") restituisce il valore 

dell’attributo Point del modulo 
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Il pattern Prototype: esempio
• point4 = globals()["Point"](4, 8)

• La funzione built-in globals() restituisce un dizionario che rappresenta la 
tavola dei simboli globali. All’interno di una funzione o un metodo, il
dizionario è quello relativo al modulo  dove è definita la funzione (o il
metodo), non quello in cui è invocata .
• comportamento similie a  getattr(object,name, default)

Programmazione Avanzata a.a. 2020-21                                            
A. De Bonis

17

Il pattern Prototype: esempio
• point5 = make_object(Point, 3,9)

• usa la funzione make-object
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Il pattern Prototype: esempio
• point6 = copy.deepcopy(point5)
• usa il classico approccio basato su Prototype:

• prima clona un oggetto esitente
• poi lo inizializza con le istruzioni successive

• point7 = point1.__class__(7, 14)
• point7 è creato usando point1 
• instanza.__class__ contiene la classe a cui appartiene istanza

Python ha un support  built-in per  creare oggetti sulla base di prototipi: la 
funzione copy.deepcopy(). 
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Il pattern Prototype

• Il pattern Prototype è usato per creare nuovi oggetti clonando un 
oggetto preesistente e poi modificando il clone così creato.
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Il pattern Prototype: esempio

• Point è la classe preesistente
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1.4. Prototype Pattern 25

class Point:

    __slots__ = ("x", "y")

def __init__(self, x, y):

        self.x = x

        self.y = y

Given this classic Point class, here are seven ways to create new points:

def make_object(Class, *args, **kwargs):

return Class(*args, **kwargs)

point1 = Point(1, 2)

point2 = eval("{}({}, {})".format("Point", 2, 4)) # Risky

point3 = getattr(sys.modules[__name__], "Point")(3, 6)

point4 = globals()["Point"](4, 8)

point5 = make_object(Point, 5, 10)

point6 = copy.deepcopy(point5)

point6.x = 6

point6.y = 12

point7 = point1.__class__(7, 14) # Could have used any of point1 to point6

Point point1 is created conventionally (and statically) using the Point class ob-
ject as a constructor.! All the other points are created dynamically, with point2,
point3, and point4 parameterized by the class name. As the creation of point3
(and point4)makes clear, there is no need to use a risky eval() to create instances
(as we did for point2). The creation of point4 works exactly the same way as for
point3, but using nicer syntax by relying on Python’s built-in globals() func-
tion. Point point5 is created using a generic make_object() function that accepts
a class object and the relevant arguments. Point point6 is created using the
classic prototype approach: first, we clone an existing object, then we initialize
or configure it. Point point7 is created by using point point1’s class object, plus
new arguments.

Point point6 shows that Python has built-in support for prototyping using the
copy.deepcopy() function. However, point7 shows that Python can do better than
prototyping: instead of needing to clone an existing object and modify the clone,
Python gives us access to any object’s class object, so that we can create a new
object directly and much more efficiently than by cloning.

! Strictly speaking, an __init__() method is an initializer, and a __new__() method is a constructor.
However, since we almost always use __init__() and rarely use __new__(), we will refer to them both
as “constructors” throughout the book.
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Il pattern Prototype: esempio
• In questo codice cloniamo nuovi punti in diversi modi
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1.4. Prototype Pattern 25

class Point:

    __slots__ = ("x", "y")

def __init__(self, x, y):

        self.x = x

        self.y = y

Given this classic Point class, here are seven ways to create new points:

def make_object(Class, *args, **kwargs):

return Class(*args, **kwargs)

point1 = Point(1, 2)

point2 = eval("{}({}, {})".format("Point", 2, 4)) # Risky

point3 = getattr(sys.modules[__name__], "Point")(3, 6)

point4 = globals()["Point"](4, 8)

point5 = make_object(Point, 5, 10)

point6 = copy.deepcopy(point5)

point6.x = 6

point6.y = 12

point7 = point1.__class__(7, 14) # Could have used any of point1 to point6

Point point1 is created conventionally (and statically) using the Point class ob-
ject as a constructor.! All the other points are created dynamically, with point2,
point3, and point4 parameterized by the class name. As the creation of point3
(and point4)makes clear, there is no need to use a risky eval() to create instances
(as we did for point2). The creation of point4 works exactly the same way as for
point3, but using nicer syntax by relying on Python’s built-in globals() func-
tion. Point point5 is created using a generic make_object() function that accepts
a class object and the relevant arguments. Point point6 is created using the
classic prototype approach: first, we clone an existing object, then we initialize
or configure it. Point point7 is created by using point point1’s class object, plus
new arguments.

Point point6 shows that Python has built-in support for prototyping using the
copy.deepcopy() function. However, point7 shows that Python can do better than
prototyping: instead of needing to clone an existing object and modify the clone,
Python gives us access to any object’s class object, so that we can create a new
object directly and much more efficiently than by cloning.

! Strictly speaking, an __init__() method is an initializer, and a __new__() method is a constructor.
However, since we almost always use __init__() and rarely use __new__(), we will refer to them both
as “constructors” throughout the book.

www.it-ebooks.info

22



25/11/20

12

Il pattern Prototype: esempio
• point3 = getattr(sys.modules[__name__], "Point")(3, 6)

• usa getattr() per creare un’istanza

• getattr(object,name, default) restituisce il valore dell’attributo dell’oggetto
• object : oggetto per il quale viene restituito il valore dell’attributo nominato
• name : stringa che contiene il nome dell’attributo
• default (opzionale): valore restituito quando l’attributo specificato non viene trovato

• nel codice in alto 
• sys.modules è un dizionario che mappa i nomi dei moduli ai moduli che sono già

stati caricati
• l’espressione sys.modules[__name__] restituisce il modulo in cui essa si trova
• l’espressione  getattr(sys.modules[__name__], "Point") resituisce il valore 

dell’attributo Point del modulo 
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Il pattern Prototype: esempio
• point4 = globals()["Point"](4, 8)

• La funzione built-in globals() restituisce un dizionario che rappresenta la 
tavola dei simboli globali. All’interno di una funzione o un metodo, il
dizionario è quello relativo al modulo  dove è definita la funzione (o il
metodo), non quello in cui è invocata .
• comportamento similie a  getattr(object,name, default)
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Il pattern Prototype: esempio
• point1 = Point(1, 2)

• viene semplicemente invocato il costruttore della classe Point

• point2 = eval("{}({}, {})".format("Point", 2, 4))

• usa eval() per creare istanze di Point
• eval valuta l’espressione Python rappresentata dalla stringa ricevuta come 

argomento. In altre parole, esegue il codice passato come argomento

Programmazione Avanzata a.a. 2020-21                                            
A. De Bonis

25

eval
• https://docs.python.org/3/library/functions.html#eval
• Gli argomenti sono un stringa e due argomenti opzionali globals and locals. 
• globals deve essere un dizionario mentre locals puo` essere di un qualsiasi tipo

mapping
• La stringa passato come argomento viene valutata come un’espressione Python 

usando i dizionari globals and locals dictionaries come namespace globali e locali. 
• Se in globals non è presente un valore per la chiave __builtins__, un riferimento

al modulo built-in builtins è associato alla chiave __builtins__ prima di fare il
parsing dell’espressione. 
• Il valore di default di  locals è il dizionario globals.
• Se entrambi i dizionari globals and locals sono omessi l’espressione è eseguita

con i globals and locals nell’ambiente in cui eval() è invocata. 
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eval
>>> x = 4
>>> y = 3
# valuta l’espressione x + y
>>> s = eval('x + y')
>>> print(‘s: ‘, s)
s: 7
>>> # la prossima invocazione di eval usa il parametro globals al posto del namespace globale
>>> t = eval('x + y', {'x’: 5, 'y': 8})
>>> print(‘t: ‘, t)
t: 13
>>> # la prossima invocazione di eval usa il valore globale di x uguale a 5 e quello locale di y uguale a 9
>>> r = eval('x + y', {'x’: 5, 'y’: 8}, {'y’: 9, ‘w’: 2})
>>> print(‘r: ‘, r)
r: 14
>>> p = eval('print(x, y)’)
4 3
>>> print(‘p: ‘, p)
p: None
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Il pattern Prototype: esempio
• point5 = make-object(Point, 3,9)

• usa la funzione make-object
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Il pattern Prototype: esempio
• point6 = copy.deepcopy(point5)
• usa il classico approccio basato su Prototype:

• prima clona un oggetto esitente
• poi lo inizializza con le istruzioni successive

• point7 = point1.__class__(7, 14)
• point7 è creato usando point1 
• instanza.__class__ contiene la classe a cui appartiene istanza

• Python ha un support  built-in per  creare oggetti sulla base di 
prototipi: la funzione copy.deepcopy(). 
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Programmazione Avanzata
Design Pattern: Flyweight
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Il Design Pattern Flyweight
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• Il pattern Flyweight è concepito per gestire un grande numero di oggetti relativamente piccoli 
dove molti degli oggetti sono duplicati l’uno dell’altro. 

• Il pattern è implementato in modo da avere un’unica istanza per rappresentare tutti gli oggetti 
uguali tra loro. Ogni volta che è necessario, questa unica istanza viene condivisa.

• Python permette di implementare Flyweight in modo naturale grazie all’uso dei riferimenti. Ad 
esempio, una lunga lista di stringhe molte delle quali sono duplicati potrebbe richiedere molto 
meno spazio se al posto delle stringhe venissero memorizzati i riferimenti ad esse.

ptg11539634

64 Chapter 2. Structural Design Patterns in Python

In other words, any filename that is absolute or that has relative components is
considered to be unsafe. For any other filename the method returns True.

def _prepare_gzip(self):

        self._file = gzip.open(self.filename)

        filename = self.filename[:-3]

        self._names = lambda: [filename]

def extractall():

with open(filename, "wb") as file:

                file.write(self._file.read())

        self._unpack = extractall

This method provides an open file object for self._file and assigns suitable
callables to self._names and self._unpack. For the extractall() function,we have
to read and write the data ourselves.

The Façade Pattern can be very useful for creating simplified and convenient in-
terfaces. Theupside is thatweare insulated from low-level details; thedownside
is that wemay have to give up fine control. However, a façade doesn’t hide or do
away with the underlying functionality, so we can always use the façademost of
the time, and just drop down to lower-level classes if we need more control.

The Façade and Adapter Patterns have a superficial similarity. The difference
is that a façade provides a simple interface on top of a complicated interface,
whereas an adapter provides a standardized interface on top of another (not
necessarily complicated) interface. Both patterns can be used together. For ex-
ample, wemight define an interface for handling archive files (tarballs, zip files,
Windows .cab files, and so on),use an adapter for each format,and layer a façade
on top so that users would not need to know or care about which particular file
format was being used.

2.6. Flyweight Pattern

The Flyweight Pattern is designed for handling large numbers of relatively
small objects,wheremany of the small objects are duplicates of each other. The
pattern is implemented by representing each unique object only once, and by
sharing this unique instance wherever it is needed.

Python takes a naturally flyweight approach because of its use of object
references. For example, if we had a long list of strings—many of which were
duplicates—so long as we stored object references (i.e., variables) rather than
literal strings, we would make significant memory savings.

red, green, blue = "red", "green", "blue"

x = (red, green, blue, red, green, blue, red, green)

y = ("red", "green", "blue", "red", "green", "blue", "red", "green")

www.it-ebooks.info

Nel codice in alto, x immagazzina 3 stringhe usando 8 riferimenti mentre la tupla y immagazzina 8 stringhe 
usando 8 riferimenti dal momento che quello che abbiamo scritto corrisponde a 
_anonymous_item0 = "red", …, _anonymous_item7 = "green";  y = (_anonymous_item0, 

…_anonymous_item7).
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• Probabilmente il modo più semplice per trarre vantaggio dal pattern Flyweight in 
Python è di usare un dict, in cui  ciascun oggetto (unico) corrisponde ad un 
valore identificato da un’unica chiave. 

• Ciò assicura che ciascun oggetto distinto viene creato un’unica volta, 
indipendentemente da quante volte viene usato. 

• In alcune situazioni si potrebbero avere molti oggetti non necessariamente 
piccoli dove gran parte di essi o tutti sono unici. Un facile modo per ridurre l’uso 
della memoria in questo è di usare __slots__
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__slots__

• In Python ogni classe può avere attributi di istanza.
• Per default Python usa un dict per immagazzinare gli attributi di 

instanza di un oggetto. Ciò è molto utile perché consente di settare 
nuovi attributi durante l’esecuzione.
• Comunque per classi piccole con attributi noti questo 

comportamento potrebbe essere un collo di bottiglia in quanto il dict
comporterebbe uno spreco di RAM nel caso in cui vengano creati 
molti oggetti. 
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__slots__

• Un modo per evitare questo spreco di RAM e di usare __slots__ per 
indicare a  Python di non usate un dict, e di allocare spazio solo per 
un insieme fissato di attributi. 

• __slots__ è una variabile di classe a cui può essere assegnata una 
stringa, un iterabile, o una sequenza di stringhe.
• __slots__ riserva spazio per le variabili dichiarate e previene la 

creazione automatica di __dict__ (e di  __weakref__) per ciascuna 
istanza.

Programmazione Avanzata a.a. 2020-21                                            
A. De Bonis

34



25/11/20

18

__slots__

• Vediamo un esempio di implementazione della stessa classe con e 
senza __slots__ .
• Senza __slots__
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class MyClass(): 
def __init__(self, name, identifier): 

self.name = name
self.identifier = identifier
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__slots__

• con  __slots__
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class MyClass(): 
__slots__ = [‘name’, 'identifier’] 
def __init__(self, name, identifier): 

self.name = name
self.identifier=identifier

Non posso aggiungere altre variabili di istanza alle istanze di MyClass
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Il Design Pattern Flyweight
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• La classe Point mantiene una posizione nello spazio tridimensionale e un colore.
• Grazie a __slots__, nessun  Point ha il suo dict (self.__dict__) privato.
• Ciò vuol dire che nessun attributo può essere aggiunto a punti individuali.
• Un programma per creare una tupla di un milione di punti ha impiegato su una stessa macchina  
• nella versione con slots, circa 2 secondi  e il programma ha occupato 183 Mebibyte di RAM
• nella versione senza  slots, una frazione di secondo in meno ma il programma ha occupato 312 

Mebibyte di RAM.

• Per default Python sacrifica sempre la memoria a favore della velocità ma è sempre possibile invertire 
queste priorità se è conveniente farlo.
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2.6. Flyweight Pattern 65

In the previouscode snippet, the x tuple stores3stringsusing 8 object references.
The y tuple stores 8 stringsusing 8 object references, sincewhat we havewritten
is in effect syntactic sugar for _anonymous_item0 = "red", …, _anonymous_item7 =

"green"; y = (_anonymous_item0, … _anonymous_item7).

Probably the easiest way to take advantage of the Flyweight Pattern in Python
is to use a dict, with each unique object held as a value identified by a unique
key. For example, if we are creating lots of HTML pages with fonts specified by
CSS (Cascading Style Sheets), rather than creating a new font every time one is
needed, we could create the ones we need in advance (or as required) and keep
them in a dict. Then, whenever we required a font, we could take it from the
dict. This would ensure that each unique font would be created only once, no
matter how many times it was used.

In some situationswemay have a large number of not necessarily small objects,
where all or most of them are unique. One easy way to reduce the memory
footprint in such cases is to use __slots__.

class Point:

    __slots__ = ("x", "y", "z", "color")

def __init__(self, x=0, y=0, z=0, color=None):
        self.x = x

        self.y = y

        self.z = z

        self.color = color

Here is a simple Point class that holds a three-dimensional position and a
color. Thanks to the __slots__, no Point has its own private dict (self.__dict__).
However, this alsomeans that no arbitrary attributes can be added to individual
points. (This class is quoted from pointstore1.py.)

On one testmachine it took around 2½ seconds to create a tuple of onemillion of
these points, and the program (which did little else) occupied 183MiB of RAM.
Without the slots, this program ran a fraction of a second faster but occupied
312MiB of RAM.

By default, Python always sacrifices memory for the sake of speed, but we can
often reverse this trade-off if doing so suits us better.

class Point:

    __slots__ = ()

    __dbm = shelve.open(os.path.join(tempfile.gettempdir(), "point.db"))

Here is the beginning of our second Point class (quoted from pointstore2.py).
It uses a DBM (key–value) database that is stored in a file on disk to store its
data. An object reference to the DBM is stored in the static (i.e., class-level)
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Questo è l’inizio di un’altra classe Point.
Essa utilizza un database DBM (chiave-valore) immagazzinato in un file su disco.
Un riferimento al DBM è mantenuto nella variabile Point.__dbm. 
Tutti i punti condividono lo stesso file DBM.

Uno “shelf” è un oggetto persistente simile ad un dizionario. I valori (non le chiavi) in uno shelf possono essere 
arbitrari oggetti gestibili dal modulo pickle. Ciò include la maggior parte di istanze di classi, tipi di dati ricorsivi, 
e oggetti contenenti molti oggetti condivisi. 
Le chiavi sono stringhe.
shelve.open(filename, flag='c', protocol=None, writeback=False) apre un dizionario persistente.
Il filename specificato è il nome di base per il database sottostante.
Per default il file database è aperto in lettura e scrittura.
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2.6. Flyweight Pattern 65

In the previouscode snippet, the x tuple stores3stringsusing 8 object references.
The y tuple stores 8 stringsusing 8 object references, sincewhat we havewritten
is in effect syntactic sugar for _anonymous_item0 = "red", …, _anonymous_item7 =

"green"; y = (_anonymous_item0, … _anonymous_item7).

Probably the easiest way to take advantage of the Flyweight Pattern in Python
is to use a dict, with each unique object held as a value identified by a unique
key. For example, if we are creating lots of HTML pages with fonts specified by
CSS (Cascading Style Sheets), rather than creating a new font every time one is
needed, we could create the ones we need in advance (or as required) and keep
them in a dict. Then, whenever we required a font, we could take it from the
dict. This would ensure that each unique font would be created only once, no
matter how many times it was used.

In some situationswemay have a large number of not necessarily small objects,
where all or most of them are unique. One easy way to reduce the memory
footprint in such cases is to use __slots__.

class Point:

    __slots__ = ("x", "y", "z", "color")

def __init__(self, x=0, y=0, z=0, color=None):
        self.x = x

        self.y = y

        self.z = z

        self.color = color

Here is a simple Point class that holds a three-dimensional position and a
color. Thanks to the __slots__, no Point has its own private dict (self.__dict__).
However, this alsomeans that no arbitrary attributes can be added to individual
points. (This class is quoted from pointstore1.py.)

On one testmachine it took around 2½ seconds to create a tuple of onemillion of
these points, and the program (which did little else) occupied 183MiB of RAM.
Without the slots, this program ran a fraction of a second faster but occupied
312MiB of RAM.

By default, Python always sacrifices memory for the sake of speed, but we can
often reverse this trade-off if doing so suits us better.

class Point:

    __slots__ = ()

    __dbm = shelve.open(os.path.join(tempfile.gettempdir(), "point.db"))

Here is the beginning of our second Point class (quoted from pointstore2.py).
It uses a DBM (key–value) database that is stored in a file on disk to store its
data. An object reference to the DBM is stored in the static (i.e., class-level)

www.it-ebooks.info

38



25/11/20

20

Il Design Pattern Flyweight

Programmazione Avanzata a.a. 2020-21                                            
A. De Bonis

ptg11539634

2.6. Flyweight Pattern 65

In the previouscode snippet, the x tuple stores3stringsusing 8 object references.
The y tuple stores 8 stringsusing 8 object references, sincewhat we havewritten
is in effect syntactic sugar for _anonymous_item0 = "red", …, _anonymous_item7 =

"green"; y = (_anonymous_item0, … _anonymous_item7).

Probably the easiest way to take advantage of the Flyweight Pattern in Python
is to use a dict, with each unique object held as a value identified by a unique
key. For example, if we are creating lots of HTML pages with fonts specified by
CSS (Cascading Style Sheets), rather than creating a new font every time one is
needed, we could create the ones we need in advance (or as required) and keep
them in a dict. Then, whenever we required a font, we could take it from the
dict. This would ensure that each unique font would be created only once, no
matter how many times it was used.

In some situationswemay have a large number of not necessarily small objects,
where all or most of them are unique. One easy way to reduce the memory
footprint in such cases is to use __slots__.

class Point:

    __slots__ = ("x", "y", "z", "color")

def __init__(self, x=0, y=0, z=0, color=None):
        self.x = x

        self.y = y

        self.z = z

        self.color = color

Here is a simple Point class that holds a three-dimensional position and a
color. Thanks to the __slots__, no Point has its own private dict (self.__dict__).
However, this alsomeans that no arbitrary attributes can be added to individual
points. (This class is quoted from pointstore1.py.)

On one testmachine it took around 2½ seconds to create a tuple of onemillion of
these points, and the program (which did little else) occupied 183MiB of RAM.
Without the slots, this program ran a fraction of a second faster but occupied
312MiB of RAM.

By default, Python always sacrifices memory for the sake of speed, but we can
often reverse this trade-off if doing so suits us better.

class Point:

    __slots__ = ()

    __dbm = shelve.open(os.path.join(tempfile.gettempdir(), "point.db"))

Here is the beginning of our second Point class (quoted from pointstore2.py).
It uses a DBM (key–value) database that is stored in a file on disk to store its
data. An object reference to the DBM is stored in the static (i.e., class-level)
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Il comportamento di default di open fa in modo che venga creato il file DBM se non esiste già .
Il modulo shelve serializza i valori immagazzinati e li deserializza quando i valori vengono recuperati dal 
database.
Il processo di deserializzazione in Python non è sicuro perché esegue dell’arbitrario codice Python e di 
conseguenza non dovrebbe mai essere effettuato su dati provenienti da fonti non affidabili,

tempfile.gettempdir() restituisce il nome della directory usata per i file temporanei. 
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A differenza del metodo __init__() della prima classe Point, questo metodo assegna i valori delle 
variabili in un file DBM. 
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Point.__dbm variable. All Points share the same underlying DBM file. We begin
by opening the DBM file ready for use. The shelve module’s default behavior is
to automatically create the DBM file if it doesn’t already exist. (We’ll see how
we ensure that the DBM file is properly closed later.)

The shelve module pickles the values we store and unpickles the values we
retrieve. (Python’s pickle format is inherently insecure because the unpickling
process in effect executes arbitrary Python code. In view of this we should
never use pickles from untrusted sources or for data to which untrusted access
is possible. Alternatively, if we want to use pickles in such circumstances, we
should apply our own security measures, such as checksums and encryption.)

def __init__(self, x=0, y=0, z=0, color=None):
        self.x = x

        self.y = y

        self.z = z

        self.color = color

Thismethod is exactly the same as the one in pointstore1.py, but under the hood
the values are assigned into the underlying DBM file.

def __key(self, name):

return "{:X}:{}".format(id(self), name)

This method provides the key string for any of the x, y, z, and color Point at-
tributes. The key ismade up of the instance’s ID (a unique number returned by
the built-in id() function) in hexadecimal and the attribute name. For example,
if we had a Point with an ID of, say, 3954827, its x attribute would be stored
using the key "3C588B:x", its y attribute using the key "3C588B:y", and so on.

def __getattr__(self, name):

return Point.__dbm[self.__key(name)]

This method is called whenever a Point attribute is accessed (e.g., x = point.x).

DBM databases’ keys and values must be bytes. Fortunately, Python’s DBM
moduleswill accept either str or bytes keys, converting the former to bytes using
the default encoding (UTF-8) under the hood. And if we use the shelve module
(as we have done here), we can store any pickleable values we like, relying on
the shelve module to convert to and from bytes as required.

So, here, we get the appropriate key and retrieve the corresponding value. And
thanks to the shelve module, the retrieved value is converted from (pickled)
bytes to the type originally set (e.g., to an int or None for a point color).
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Questo metodo è invocato ogni volta che si accede ad un attributo della classe
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Questo metodo fornisce una stringa chiave per ognuno degli attributi x, y, z e color. 
La chiave è ottenuta dall’ID restituita da id(self) in esadecimale e dal nome dell’attributo. Per 
esempio se l’ID di un punto è 3954827, il suo attributo x avrà chiave "3C588B:x", il suo attributo y 
avrà chiave "3C588B:y", e così via.
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• Le chiavi e i valori dei database DBM devono essere byte. 
• Per fortuna, i moduli DBM Python accettano sia str che byte come 

chiavi convertendo le stringhe in byte.
• In particolare, il modulo shelve, qui usato, permette di immagazzinare 

un qualsiasi valore gestibile dal modulo pickle. 
• Un valore recuperato dal database è convertito dalla 

rappresentazione sotto forma di sequenza di  bytes nel tipo 
originario. 
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Ogni volta che un attributo di Point è settato (ad esempio, point.y = y), viene invocato questo metodo. 
Il valore value immagazzinato è convertito in un flusso di byte.
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def __setattr__(self, name, value):

        Point.__dbm[self.__key(name)] = value

Whenever a Point attribute is set (e.g., point.y = y), this method is called. Here,
we get the appropriate key and set its value, relying on the shelve module to
convert the value to (pickled) bytes.

    atexit.register(__dbm.close)

At the end of Point class, we register the DBM’s close() method to be called
when the program terminates, using the atexit module’s register() function.

On the test machine, it took about a minute to create a database of a million
points, but the program only occupied 29MiB of RAM (plus a 361MiB disk file),
compared with 183MiB of RAM for the first version. Although the time taken
to populate the DBM is considerable, once this is done, lookup speed should be
fast, since most operating systems will cache a disk file that’s frequently used.

2.7. Proxy Pattern

The Proxy Pattern is usedwhenwewant one object to stand in for another. Four
use cases are presented in theDesign Patterns book. The first is a remote proxy
where a local object proxies a remote object. TheRPyC library is a perfect exam-
ple of this: it allows us to create objects on a server and proxies for those objects
on one ormore clients. (This library is introduced inChapter 6; §6.2,! 219.)The
second is a virtual proxy that allows us to create lightweight objects instead of
heavyweight objects, only creating the heavyweight objects if they are actually
needed. We will review an example of this in this section. The third is a protec-
tion proxy that provides different levels of access depending on a client’s access
rights. And the fourth is a smart reference that “performs additional actions
when an object is accessed”.We can use the same coding approach for all proxies,
although the fourth use case’s behavior could also be achieved using a descriptor
(e.g., replacing an object with a property using the @property decorator)."

This pattern can also be used in unit testing. For example, if we need to test
some code that accesses a resource that isn’t always available, or a class that is
being developed but is incomplete, we could create a proxy for the resource or
class that provided the full interface, but with stubs for missing functionality.
Thisapproach can be so useful that Python 3.3 includes the unittest.mock library
for creatingmock objects and for adding stubs in place of missing methods. (See
docs.python.org/py3k/library/unittest.mock.html.)

" Descriptors are covered in Programming in Python 3, Second Edition (see the Selected Bibliog-
raphy for details; ! 287), and in the online documentation: docs.python.org/3/reference/datamod-
el.html#descriptors.
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Sulla macchina usata per i test, la creazione di un milione di punti ha 
richiesto circa un minuto ma il programma ha occupato solo 29 Mebibyte
of RAM (più  361 Mebibyte di spazio su disco) mentre la prima versione di 
Point ha richiesto 183 Mebibyte di RAM. 
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