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Class Decorator
• I decoratori di classe sono simili ai decoratori di funzioni ma sono

eseguiti al termine di uno statement class
• I decoratori di classe sono funzioni che ricevono una classe come 

unico argomento e restituiscono una nuova classe con lo stesso nome
della classe originale ma con funzionalità aggiuntive. 

• I decoratori di classe possono essere usati sia per gestire le classi dopo che
esse sono state create sia per inserire un livello di logica extra (wrapper) per 
gestire le istanze della classe quando sono create. 
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def decorator(aClass): ...

@decorator 
class C: ... 

def decorator(aClass): ... 

class C: ...
C = decorator(C) 

è equivalente a
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def count(aClass):
aClass.numInstances = 0
return aClass

@count
class Spam:

def __init__(self):
Spam.numInstances =Spam.numInstances + 1

class Sub(Spam):
pass

class Other(Spam):
pass

• è possibile usare questo decoratore per dotare automaticamente le classi con una variabile  
numInstances per contare le istanze.

• è possibile usare lo stesso approccio per aggiungere altri dati     

>>> from classdec0.py import Spam, Sub, 
Other
>>> spam=Spam()
>>> sub=Sub()
>>> other=Other()
>>> print(spam.numInstances)
3
>>> print(sub.numInstances)
3
>>> print(other.numInstances)
3

classdec0.py
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@count #equivalente a f=count(f)
def f(): pass

@count #equivalente a Other=count(Other)
class Other: pass 

spam.numInstances #entrambi settati a 0 
Other.numInstances

• Per come è stato definito nella slide precedente, il decoratore count può essere 
applicato sia a classi che a funzioni    
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def count(aClass):
aClass.numInstances = 0
return aClass

@count
class Spam:

def __init__(self):
Spam.numInstances =Spam.numInstances + 1

@count
class Sub(Spam):

pass

@count
class Other(Spam):

def __init__(self):
Other.numInstances =Other.numInstances + 1

classdec1.py

• In questo esempio ogni classe ha la sua 
variabile numInstances.

• Quando viene creato un oggetto di tipo 
Sub viene invocato __init__ della classe 
base Spam e viene incrementato 
numInstances di Spam

• Quando viene creato un oggetto di tipo 
Other viene invocato __init__ di Other e 
incrementato numInstances di Other

>>> from classdec1.py import Spam, Sub, Other
>>> spam=Spam()
>>> sub=Sub()
>>> other=Other()
>>> print(spam.numInstances)
2
>>> print(sub.numInstances)
0
>>> print(other.numInstances)
1

28
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def count(aClass):

aClass.numInstances = 0
return aClass

@count
class Spam:

@classmethod
def count(cls):

cls.numInstances+=1

def __init__(self):
self.count()

@count
class Sub(Spam):

pass

@count
class Other(Spam):

pass

>>> from classdec2.py import Spam, Sub, Other
>>> spam=Spam()
>>> sub=Sub()
>>> other=Other()
>>> print(spam.numInstances)
1
>>> print(sub.numInstances)
1
>>> print(other.numInstances)
1
>>> other=Other()
>>> print(other.numInstances)
2
>>> print(spam.numInstances)
1
>>> print(sub.numInstances)
1

classdec2.py
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• Nell’ultimo esempio, ogni volta che viene creato un oggetto di tipo Other o di 
tipo Sub viene eseguito __init__ della classe base Spam che invoca il metodo 
di classe count passandogli come argomento self. 

• Di conseguenza, count incrementa la variabile numInstances di Other se si 
sta creando un’istanza di Other e di Sub se si sta creando un’istanza di Sub.

• Non ha molto senso aver dotato le classi della variabile numInstances 
mediante un decoratore di classe e aver inserito il codice per aggiornare 
questa variabile direttamente nelle classi 
• Le classi non potrebbero funzionare correttamente se non fossero 

decorate con count (direttamente o decorando la classe base)

• Nel prossimo esempio vediamo come aggiungere ad una classe la funzionalità 
per contare le istanze mediante il decoratore.

30

Class Decorator
def count(aClass):

aClass.numInstances = 0
oldInit=aClass.__init__
def __newInit__(self,*args,**kwargs):

aClass.numInstances+=1
oldInit(self,*args,**kwargs)

aClass.__init__=__newInit__
return aClass

@count
class Spam:

pass
@count
class Sub(Spam):

pass
@count
class Other(Spam):

pass

>>> from classdec3.py import Spam, Sub, Other
>>> spam=Spam()
>>> sub=Sub()
>>> other=Other()
>>> print(spam.numInstances)
3
>>> print(sub.numInstances)
1
>>> print(other.numInstances)
1
>>> other=Other()
>>> print(other.numInstances)
2
>>> print(spam.numInstances)
4
>>> print(sub.numInstances)
1

classdec3.py
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A differenza del codice in classdec2.py qui Spam.numInstances 
viene incrementata anche quando creiamo un’istanza di una 
delle sue sottoclassi. Perché?
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def count(aClass):

aClass.numInstances = 0
oldInit=aClass.__init__
def __newInit__(self,*args,**kwargs):

aClass.numInstances+=1
oldInit(self,*args,**kwargs)

aClass.__init__=__newInit__
return aClass

@count
class Spam:

pass
@count
class Sub(Spam):

pass
@count
class Other(Spam):

pass

classdec3.py
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A differenza del codice in classdec2.py qui Spam.numInstances 
viene incrementata anche quando creiamo un’istanza di una 
delle sue sottoclassi. Perché?

Risposta:
Qui ogni classe ha la sua variabile numInstances e il suo 
metodo __init__, entrambi “attaccati” dal decorator count 
__init__ di Sub e Other invocano oldInit che e` di fatto __init__ 
della classe spam gia` decorata e cioe` e` newInit.
__init__ di spam prima della decorazione e` quella di object. 

Di conseguenza,
spam=Spam() viene eseguito __init__ di spam (__newInit__ di 
spam ) che incrementa numInstances di spam e poi invoca
__init__ di object • Sub=Sub() viene eseguito prima __init__ di 
Sub che incrementa numInstances di Sub e poi invoca oldinit
che e` __init__ di Spam (nella versione gia` decorate) che
incrementa numInstances di Spam e poi invoca oldinit che e` 
__init__ di object. • Stesso discorso per other=Other()
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Alcune considerazioni sul codice nelle due 
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• Nei due ultimi esempi, count pone oldInit=aClass.__init__  e poi  definisce la funzione 
__newInit__ in modo che invochi oldInit e non aClass.__init__  .

• Se __newInit__  avesse invocato aClass.__init__ allora,  nel momento in cui avessimo
creato un’istanza di una delle classi decorate con count, il metodo __init__  della classe
(rimpiazzato nel frattempo da __newInit__) avrebbe lanciato l’eccezione RecursionError.

• Questa eccezione indica che è stato ecceduto il limite al numero massimo di chiamate 
ricorsive possibili.

• Questo limite evita un overflow dello stack e un conseguente crash di Python
• L’eccezione sarebbe stata causata da una ricorsione infinita innescata dall’invocazione di 

aClass.__init__ all’interno di __newInit__.
• A causa del late binding, il valore di aClass.__init__ nella chiusura di  __newInit__       

è stabilito quando __newInit__ è eseguita. Siccome quando si esegue __newInit__ si
ha che aClass.__init__  è stato sostituito dal metodo __newInit__  allora
__newInit__  avrebbe invocato ricorsivamente se stesso. 
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Class decorator: Esercizio
Scrivere un decoratore di classe myDecorator che dota la classe decorata di un 
metodo di istanza contaVarClasse che prende in input un tipo t e restituisce il 
numero di variabili di classe di tipo t della classe. 
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Inaspettatamente il for alle linee 6 e 7 stampa
12
12
12
e non
4
8
12

Questo perché ciascuna funzione aggiunta alla lista
computa m*n ed m assume come ultimo valore 3. Di 
conseguenza la funzione calcola sempre 3*n.

1. listOfFunctions=[]

2. for m in [1, 2, 3]:

3. def f(n):

4. return m*n
5. listOfFunctions.append(f)

6. for function in listOfFunctions:

7. print(function (4))

36

Late binding
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• Late binding: in Python i valori delle variabili usati nelle funzioni vengono

osservati al momento della chiamata alla funzione.

• Nell’esempio di prima quando vengono invocate le funzioni inserite in listOfFunctions, il 

valore di m è 3 perché il for (linee 2-4) è già terminato e il valore di m al termine del ciclo

è 3
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• Nella programmazione funzionale il termine chiusura indica la capacità di una funzione di 
ricordare valori presenti negli scope in cui essa è racchiusa a prescindere dal fatto che lo 
scope sia presente o meno in memoria quando la funzione è invocata. 

• Scope delle funzioni innestate (annidate): 

• Una funzione innestata è definita all’interno di un altra funzione. 

• Una funzione innestata puo` accedere allo scopo della funzione che la racchiude, 
detto non-local scope.

• Per default queste variabili sono di sola lettura e per modificarle occorre
dichiararle non-local con la keyword nonlocal.

• Una funzione inner definita all’interno di una funzione outer “ricorda” un valore dello
scope di outer anche quando la variabile scompare dallo scope o la funzione outer
viene rimossa dal namespace.

38

Chiusura
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x = 24
y = 33   
def outer(): 

z = 100
def inner():

nonlocal z
print("il valore di z stampato da inner è:", z)
z=5
def innerinner():

print("il valore di z stampato da innerinner è ", z)
return innerinner

return inner

f=outer() #f è inner 
g=f()      #g è innnerinner
g()

l valore di z stampato da inner è: 100
il valore di z stampato da innerinner è  5
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x = 24
y = 33   
def outer():

z = 100
def inner():

nonlocal z
print("il valore di z stampato da inner è:", z)
z=5
def innerinner():

print("il valore di z stampato da innerinner è ", z)
return innerinner

del z
return inner

f=outer()
g=f()
del f
g()

Traceback (most recent call last):
  File "/Users/adb/Documents/pop.py", line 16, in 
<module>
    g=f()
  File "/Users/adb/Documents/pop.py", line 7, in inner
    print("il valore di z stampato da inner è:", z)
NameError: free variable 'z' referenced before 
assignment in enclosing scope

quando viene invocato inner, z è 
stato ‘distrutto’  e si ha errore
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Chiusura e late binding
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x = 24
y = 33   
def outer(): 

z = 100
def inner():

nonlocal z
print("il valore di z stampato da inner è:", z)
z=5
def innerinner1():

print("il valore di z stampato da innerinner1 è ", z)
z=10
def innerinner2():

print("il valore di z stampato da innerinner2 è ", z)
return (innerinner1,innerinner2)

return inner
f=outer()  #questa e` la funzione inner 
g=f()  #questa e` la tupla delle due funzioni innerinner1 e innerinner2 
g[0]()
g[1]()

l valore di z stampato da inner è: 100
il valore di z stampato da innerinner1 è  10
il valore di z stampato da innerinner2 è  10
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Proprietà
• Per capire il prossimo esempio di class decorator occorre parlare degli

attributi property
• La funzione built-in property permette di associare operazioni di fetch 

e set ad attributi specifici
• property(fget=None, fset=None, fdel=None, doc=None) restituisce un 

attributo property
• fget è una funzione per ottenere il valore di un attributo
• fset è una funzione per settare un attributo
• fdel è una funzione per cancellare un attributo 
• doc crea una docstring dell’attributo.
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Proprietà
• Se c è un’istanza di C, c.x =value invocherà il setter setx e del c.x invocherà

il deleter delx.
• Se fornita, doc sarà la docstring dell’attributo property. In caso contrario, 

viene copiata la docstring di fget (se esiste)
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class C: 
      def __init__(self): 
 self._x = None 
     def getx(self): return self._x 
     def setx(self, value): self._x = value 
     def delx(self): del self._x 

     x = property(getx, setx, delx, "I'm the 'x' property.")
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• Nella classe Parrot in basso usiamo il decoratore @property per trasformare

il metodo voltage() in un “getter” per l’attributo read-only voltage e settare
la docstring di voltage a “Get the current voltage.”
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class Parrot: 
def __init__(self): 

self._voltage = 100000

@property
def voltage(self):        

"""Get the current voltage."""
return self._voltage

44

Proprietà
• Un oggetto property ha i metodi getter, setter e deleter che possono essere usati come 

decoratori per creare una copia della proprietà con la corrispondente funzione accessoria
uguale alla funzione decorata

• Questi due codici sono equivalenti
• nel codice a sinistra dobbiamo stare attenti a dare alla funzioni aggiuntive lo stesso nome della

proprietà originale (x, nel nostro esempio).
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class C: 
def __init__(self): 

self._x = None
@property
def x(self): 

"""I'm the 'x' property."""
return self._x

@x.setter
def x(self, value):

self._x = value 
@x.deleter
def x(self):

  del self._x

class C: 
           def __init__(self): 
   self._x = None 
          def getx(self): return self._x 
          def setx(self, value): self._x = value 
          def delx(self): del self._x 

           x = property(getx, setx, delx, "I'm the 'x' property.")
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• È abbastanza comune creare classi che hanno molte proprietà read-

write. Tali classi hanno molto codice duplicato o parzialmente
duplicato per i getter e i setter.
• Esempio: Una classe Book che mantiene il titolo del libro, lo ISBN, il

prezzo, e la quantità. Vorremmo
• quattro decoratori @property, tutti fondamentalmente con lo stesso codice

(ad esempio, @property def title(self): return title). 
• quattro metodi setter il cui codice differirebbe solo in parte

• I decoratori di classe consentono di evitare la duplicazione del codice
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self.title, self.isbn, self.price, self.quantity sono
proprietà per cui gli assegnamenti che
avvengono in  __init__() sono tutti effettuati dai
setter delle proprietà
Invece di scrivere il codice per creare le proprietà
con i loro getter e setter, si usa un decoratore di 
classe
La funzione ensure() è un decorator factory, cioè
una funzione che restituisce un decoratore. La 
funzione ensure() accetta due parametri, il nome
di una proprietà e una funzione di validazione, e 
restituisce un decoratore di classe

ptg11539634
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2.4.2. Class Decorators

It is quite common to create classes that have lots of read-write properties. Such
classes often have a lot of duplicate or near-duplicate code for the getters and
setters. For example, imagine we had a Book class that held a book’s title, ISBN,
price, and quantity. We would need four @property decorators, all with basically
the same code (e.g., @property def title(self): return title). We would also
need four setter methods, each with its own validation—although the code for
validating the price and quantity properties would be identical apart from the
actual minimumandmaximum amounts allowed. If we had a lot of classes like
this we could end up with a great deal of near-duplicate code.

Fortunately, Python’s support of class decoratorsmakes it possible to eliminate
such duplication. For example, earlier in this chapter,we used a class decorator
to create custom interface-checking classes without the need to duplicate ten
lines of code each time (§2.2, 36 !). And here is another example, an implemen-
tation of a Book class that includes four fully validated properties (plus a read-
only computed property):

@ensure("title", is_non_empty_str)

@ensure("isbn", is_valid_isbn)

@ensure("price", is_in_range(1, 10000))

@ensure("quantity", is_in_range(0, 1000000))

class Book:

def __init__(self, title, isbn, price, quantity):

        self.title = title

        self.isbn = isbn

        self.price = price

        self.quantity = quantity

    @property
def value(self):

return self.price * self.quantity

The self.title, self.isbn, and so on are all properties, so the assignments that
take place in the __init__() method are all validated by the relevant property
setter. But instead of having to manually write the code for creating these
properties with their getters and setters, we have used a class decorator—four
times—to provide all of this functionality for us.

The ensure() function accepts twoparameters—aproperty nameand a validator
function—and returns a class decorator. The class decorator is then applied to
the following class.

So, here, the bare Book class is created, then the first (quantity) ensure() call is
made, after which the returned class decorator is applied. This results in the

www.it-ebooks.info

Nel codice applico 4 volte @ensure per creare le 4 proprietà in questo ordine: quantity, price, isbn, title
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• Possiamo applicare i decoratori anche nel modo illustrato in figura.
• In questo modo è più evidente l’ordine in cui vengono applicati i decoratori.
• Lo statement class Book deve essere eseguito per primo perché la classe Book serve 

come parametro di ensure(“quantity”,...).
• La classe ottenuta applicando il decoratore restituito da ensure(“quantity”,...)  è

passata come argomento in ensure(“price”,...) e così via. 

ptg11539634
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Book class being augmented with a quantity property. Next, the (price) ensure()
call is made, and after the returned class decorator is applied, the Book class
is now augmented with both quantity and price properties. This process is
repeated twice more, until we end up with a final version of the Book class that
has all four properties.

Although the process sounds like it is happening backwards, here is effectively
what is going on:

ensure("title", is_non_empty_str)( # Pseudo-code

    ensure("isbn", is_valid_isbn)(

        ensure("price", is_in_range(1, 10000))(

            ensure("quantity", is_in_range(0, 1000000))(class Book: ...))))

The class Book statement must be executed first since the resulting class object
is needed as the parameter to the (quantity) ensure() call’s call, and the class
object returned by this is needed by the one before, and so on.

Notice that both price and quantity use the same validator function, only with
different parameters. In fact, the is_in_range() function is a factory function
that makes and returns a new is_in_range() function that has the given mini-
mum and maximum values hard-coded into it.

Aswewill see in amoment, the classdecorator returned by the ensure() function
adds a property to the class. This property’s setter calls the validator function
for the given property and passes into the validator two arguments: the name
of the property and the new value for the property. The validator should do
nothing if the value is valid; otherwise it should raise an exception (e.g., a
ValueError). Before looking at ensure()’s implementation, let’s look at a couple of
validators.

def is_non_empty_str(name, value):

if not isinstance(value, str):
raise ValueError("{} must be of type str".format(name))

if not bool(value):
raise ValueError("{} may not be empty".format(name))

This validator is used for a Book’s title property to ensure that the title is a
nonempty string. As the ValueErrors show, the name of the property is useful for
error messages.

def is_in_range(minimum=None, maximum=None):
assert minimum is not None or maximum is not None
def is_in_range(name, value):

if not isinstance(value, numbers.Number):

raise ValueError("{} must be a number".format(name))

if minimum is not None and value < minimum:

www.it-ebooks.info
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la funzione decorator() 
• riceve una classe come unico

argomento e crea un nome “privato” 
e lo assegna privateName;

• crea una funzione getter che
restituisce il valore associato alla
property; 

• crea una funzione setter che, nel caso
in cui validate() non lanci
un’eccezione, modifica il valore della
property con il nuovo valore value, 
eventualmente creando l’attributo
property se non esiste ptg11539634
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raise ValueError("{} {} is too small".format(name, value))

if maximum is not None and value > maximum:

raise ValueError("{} {} is too big".format(name, value))

return is_in_range

This function is a factory function that creates a new validator function that
checks that the value it is given is a number (using the abstract base class
numbers.Number) and that the number is in range. Once the validator has been
created, it is returned.

def ensure(name, validate, doc=None):
def decorator(Class):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            validate(name, value)

setattr(self, privateName, value)

setattr(Class, name, property(getter, setter, doc=doc))

return Class

return decorator

The ensure() function creates a class decorator parameterized by a property
name, a validator function, and an optional docstring. So, each time a class dec-
orator returned by ensure() is used for a particular class, that class is augmented
by the addition of a new property.

The class decorator() function receives a class as its sole argument. The deco-

rator() function begins by creating a private name; the property’s value will be
stored in an attributewith this name. (Thus, in the Book example, the self.title
property’svaluewill be stored in the private self.__title attribute.) Next, it cre-
ates a getter function that will return the value stored in the attribute with the
private name. The built-in getattr() function takes an object and an attribute
name and returns the attribute’s value—or raises an AttributeError. The func-
tion then creates a setter that calls the captured validate() function, and then
(assuming that validate() didn’t raise an exception) sets the value stored in the
attribute with the private name to the new value. The built-in setattr() func-
tion takesan object,an attributename,and a value and sets the attribute’svalue
to the given value, creating a new attribute if necessary.

Once the getter and setter have been created, they are used to create a newprop-
erty that is added as an attribute to the passed-in class, under the given (public)
property name, using the built-in setattr() function. The built-in property()
function takes a getter, and optionally a setter, deleter, and docstring, and re-
turns a property; it can also be used as a method decorator, aswe have seen. The

www.it-ebooks.info

• La funzione ensure() è parametrizzata dal nome della proprietà (name), dalla funzione di 
validazione (validate) e da una docstring opzionale (doc).

• ensure() crea un decoratore di classe che se applicato ad una classe, dota quella classe
della proprietà il cui nome è specificato dal primo parametro di ensure()
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raise ValueError("{} {} is too small".format(name, value))

if maximum is not None and value > maximum:

raise ValueError("{} {} is too big".format(name, value))

return is_in_range

This function is a factory function that creates a new validator function that
checks that the value it is given is a number (using the abstract base class
numbers.Number) and that the number is in range. Once the validator has been
created, it is returned.

def ensure(name, validate, doc=None):
def decorator(Class):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            validate(name, value)

setattr(self, privateName, value)

setattr(Class, name, property(getter, setter, doc=doc))

return Class

return decorator

The ensure() function creates a class decorator parameterized by a property
name, a validator function, and an optional docstring. So, each time a class dec-
orator returned by ensure() is used for a particular class, that class is augmented
by the addition of a new property.

The class decorator() function receives a class as its sole argument. The deco-

rator() function begins by creating a private name; the property’s value will be
stored in an attributewith this name. (Thus, in the Book example, the self.title
property’svaluewill be stored in the private self.__title attribute.) Next, it cre-
ates a getter function that will return the value stored in the attribute with the
private name. The built-in getattr() function takes an object and an attribute
name and returns the attribute’s value—or raises an AttributeError. The func-
tion then creates a setter that calls the captured validate() function, and then
(assuming that validate() didn’t raise an exception) sets the value stored in the
attribute with the private name to the new value. The built-in setattr() func-
tion takesan object,an attributename,and a value and sets the attribute’svalue
to the given value, creating a new attribute if necessary.

Once the getter and setter have been created, they are used to create a newprop-
erty that is added as an attribute to the passed-in class, under the given (public)
property name, using the built-in setattr() function. The built-in property()
function takes a getter, and optionally a setter, deleter, and docstring, and re-
turns a property; it can also be used as a method decorator, aswe have seen. The
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• Qualche considerazione sulle funzioni di validazione:
• la funzione di validazione is_in_range() usata per price e per quantity è una factory 

function che restituisce una nuova funzione is_in_range()  che ha i valori minimo e 
massimo codificati al suo interno e prende in input il nome dell’attributo e un valore
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Book class being augmented with a quantity property. Next, the (price) ensure()
call is made, and after the returned class decorator is applied, the Book class
is now augmented with both quantity and price properties. This process is
repeated twice more, until we end up with a final version of the Book class that
has all four properties.

Although the process sounds like it is happening backwards, here is effectively
what is going on:

ensure("title", is_non_empty_str)( # Pseudo-code

    ensure("isbn", is_valid_isbn)(

        ensure("price", is_in_range(1, 10000))(

            ensure("quantity", is_in_range(0, 1000000))(class Book: ...))))

The class Book statement must be executed first since the resulting class object
is needed as the parameter to the (quantity) ensure() call’s call, and the class
object returned by this is needed by the one before, and so on.

Notice that both price and quantity use the same validator function, only with
different parameters. In fact, the is_in_range() function is a factory function
that makes and returns a new is_in_range() function that has the given mini-
mum and maximum values hard-coded into it.

Aswewill see in amoment, the classdecorator returned by the ensure() function
adds a property to the class. This property’s setter calls the validator function
for the given property and passes into the validator two arguments: the name
of the property and the new value for the property. The validator should do
nothing if the value is valid; otherwise it should raise an exception (e.g., a
ValueError). Before looking at ensure()’s implementation, let’s look at a couple of
validators.

def is_non_empty_str(name, value):

if not isinstance(value, str):
raise ValueError("{} must be of type str".format(name))

if not bool(value):
raise ValueError("{} may not be empty".format(name))

This validator is used for a Book’s title property to ensure that the title is a
nonempty string. As the ValueErrors show, the name of the property is useful for
error messages.

def is_in_range(minimum=None, maximum=None):
assert minimum is not None or maximum is not None
def is_in_range(name, value):

if not isinstance(value, numbers.Number):

raise ValueError("{} must be a number".format(name))

if minimum is not None and value < minimum:
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raise ValueError("{} {} is too small".format(name, value))

if maximum is not None and value > maximum:

raise ValueError("{} {} is too big".format(name, value))

return is_in_range

This function is a factory function that creates a new validator function that
checks that the value it is given is a number (using the abstract base class
numbers.Number) and that the number is in range. Once the validator has been
created, it is returned.

def ensure(name, validate, doc=None):
def decorator(Class):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            validate(name, value)

setattr(self, privateName, value)

setattr(Class, name, property(getter, setter, doc=doc))

return Class

return decorator

The ensure() function creates a class decorator parameterized by a property
name, a validator function, and an optional docstring. So, each time a class dec-
orator returned by ensure() is used for a particular class, that class is augmented
by the addition of a new property.

The class decorator() function receives a class as its sole argument. The deco-

rator() function begins by creating a private name; the property’s value will be
stored in an attributewith this name. (Thus, in the Book example, the self.title
property’svaluewill be stored in the private self.__title attribute.) Next, it cre-
ates a getter function that will return the value stored in the attribute with the
private name. The built-in getattr() function takes an object and an attribute
name and returns the attribute’s value—or raises an AttributeError. The func-
tion then creates a setter that calls the captured validate() function, and then
(assuming that validate() didn’t raise an exception) sets the value stored in the
attribute with the private name to the new value. The built-in setattr() func-
tion takesan object,an attributename,and a value and sets the attribute’svalue
to the given value, creating a new attribute if necessary.

Once the getter and setter have been created, they are used to create a newprop-
erty that is added as an attribute to the passed-in class, under the given (public)
property name, using the built-in setattr() function. The built-in property()
function takes a getter, and optionally a setter, deleter, and docstring, and re-
turns a property; it can also be used as a method decorator, aswe have seen. The
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• AssertionError se  
minimum o maximum sono 
entrambi  None

• ValueError se value non è 
un numero, se minimum è 
diverso da None e value < 
minimum, oppure se 
maximum è diverso da 
None e value>maximum
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• Questa funzione di validazione è usata per la proprietà title e ci assicura
che il titolo sia una stringa e che la stringa non sia vuota. 

• Il nome di una proprietà è utile nei messaggi di errore: nell’esempio viene sollevata
l’eccezione ValueError se name non è una stringa o se è una stringa vuota e il
nome della proprietà compare nel messaggio di errore.

ptg11539634

2.4. Decorator Pattern 55

Book class being augmented with a quantity property. Next, the (price) ensure()
call is made, and after the returned class decorator is applied, the Book class
is now augmented with both quantity and price properties. This process is
repeated twice more, until we end up with a final version of the Book class that
has all four properties.

Although the process sounds like it is happening backwards, here is effectively
what is going on:

ensure("title", is_non_empty_str)( # Pseudo-code

    ensure("isbn", is_valid_isbn)(

        ensure("price", is_in_range(1, 10000))(

            ensure("quantity", is_in_range(0, 1000000))(class Book: ...))))

The class Book statement must be executed first since the resulting class object
is needed as the parameter to the (quantity) ensure() call’s call, and the class
object returned by this is needed by the one before, and so on.

Notice that both price and quantity use the same validator function, only with
different parameters. In fact, the is_in_range() function is a factory function
that makes and returns a new is_in_range() function that has the given mini-
mum and maximum values hard-coded into it.

Aswewill see in amoment, the classdecorator returned by the ensure() function
adds a property to the class. This property’s setter calls the validator function
for the given property and passes into the validator two arguments: the name
of the property and the new value for the property. The validator should do
nothing if the value is valid; otherwise it should raise an exception (e.g., a
ValueError). Before looking at ensure()’s implementation, let’s look at a couple of
validators.

def is_non_empty_str(name, value):

if not isinstance(value, str):
raise ValueError("{} must be of type str".format(name))

if not bool(value):
raise ValueError("{} may not be empty".format(name))

This validator is used for a Book’s title property to ensure that the title is a
nonempty string. As the ValueErrors show, the name of the property is useful for
error messages.

def is_in_range(minimum=None, maximum=None):
assert minimum is not None or maximum is not None
def is_in_range(name, value):

if not isinstance(value, numbers.Number):

raise ValueError("{} must be a number".format(name))

if minimum is not None and value < minimum:
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• Applicare molti decoratori in 
sequenza è una pratica che non è
accettata da tutti i programmatori

• In questo esempio, le 4 proprietà
vengono create come istanze della
classe Ensure 

• __init__ della classe Book associa le 
proprietà all’istanza di Book creata

• il decoratore di classe @do_ensure
rimpiazza ciascuna delle 4 istanze di 
Ensure con una proprietà con lo 
stesso nome della corrispondente
istanza di Ensure. La proprietà avrà
come funzione di validazione quella
passata ad Ensure()
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modified class is then returned by the decorator() function, and the decorator()
function itself is returned by the ensure() class decorator factory function.

2.4.2.1. Using a Class Decorator to Add Properties

In the previous example (54 !), we had to use the @ensure class decorator for
every attribute we wanted to validate. Some Python programmers don’t like
stacking lots of class decorators like this and prefer combining a single class
decorator with attributes in a class’s body to produce more readable code.

@do_ensure

class Book:

    title = Ensure(is_non_empty_str)

    isbn = Ensure(is_valid_isbn)

    price = Ensure(is_in_range(1, 10000))

    quantity = Ensure(is_in_range(0, 1000000))

def __init__(self, title, isbn, price, quantity):

        self.title = title

        self.isbn = isbn

        self.price = price

        self.quantity = quantity

    @property
def value(self):

return self.price * self.quantity

This is a new version of the Book class that uses a @do_ensure class decorator
in conjunction with Ensure instances. Each Ensure takes a validation func-
tion, and the @do_ensure class decorator replaces each Ensure instance with a
validated property of the same name. Incidentally, the validation functions
(is_non_empty_str() etc.) are the same as those shown earlier.

class Ensure:

def __init__(self, validate, doc=None):
        self.validate = validate

        self.doc = doc

This tiny class is used to store the validation function that will end up being
used in the property’s setter, and optionally, the property’s doc string. For exam-
ple, the Book class’s title attribute starts out as an Ensure instance, but once the
Book class has been created, the @do_ensure decorator replaces every Ensure with
a property. So, the title attribute ends up being a title property (whose setter
uses the original Ensure instance’s validation function).
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• La classe Ensure è usata per memorizzare
• la funzione di validazione che sarà usata dal setter della proprietà
• l’eventuale docstring della proprietà

• Ad esempio, l’attributo title di Book è inizialmente creato come 
un’istanza di Ensure ma dopo la creazione della classe Book il
decoratore @do_ensure rimpiazza ogni istanza di Ensure con una
proprietà. Il setter usa la funzione di validazione con cui l’istanza è sta
creata. 
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modified class is then returned by the decorator() function, and the decorator()
function itself is returned by the ensure() class decorator factory function.

2.4.2.1. Using a Class Decorator to Add Properties

In the previous example (54 !), we had to use the @ensure class decorator for
every attribute we wanted to validate. Some Python programmers don’t like
stacking lots of class decorators like this and prefer combining a single class
decorator with attributes in a class’s body to produce more readable code.

@do_ensure

class Book:

    title = Ensure(is_non_empty_str)

    isbn = Ensure(is_valid_isbn)

    price = Ensure(is_in_range(1, 10000))

    quantity = Ensure(is_in_range(0, 1000000))

def __init__(self, title, isbn, price, quantity):

        self.title = title

        self.isbn = isbn

        self.price = price

        self.quantity = quantity

    @property
def value(self):

return self.price * self.quantity

This is a new version of the Book class that uses a @do_ensure class decorator
in conjunction with Ensure instances. Each Ensure takes a validation func-
tion, and the @do_ensure class decorator replaces each Ensure instance with a
validated property of the same name. Incidentally, the validation functions
(is_non_empty_str() etc.) are the same as those shown earlier.

class Ensure:

def __init__(self, validate, doc=None):
        self.validate = validate

        self.doc = doc

This tiny class is used to store the validation function that will end up being
used in the property’s setter, and optionally, the property’s doc string. For exam-
ple, the Book class’s title attribute starts out as an Ensure instance, but once the
Book class has been created, the @do_ensure decorator replaces every Ensure with
a property. So, the title attribute ends up being a title property (whose setter
uses the original Ensure instance’s validation function).
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• Il decoratore di classe do_ensure consiste di tre parti:
• La prima parte definisce la funzione innestata make_property(). La funzione

make_property() prende come parametro name (ad esempio, title) e un 
attributo di tipo Ensure e crea una proprietà il cui valore viene memorizzato in 
un attributo privato (ad esempio, “_title”). Il setter al suo interno invoca la 
funzione di validazione.
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def do_ensure(Class):

def make_property(name, attribute):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            attribute.validate(name, value)

setattr(self, privateName, value)

return property(getter, setter, doc=attribute.doc)

for name, attribute in Class.__dict__.items():

if isinstance(attribute, Ensure):

setattr(Class, name, make_property(name, attribute))

return Class

This class decorator has three parts. In the first part we define a nested function
(make_property()). The function takes a name (e.g., "title") and an attribute of
type Ensure, and creates and returns a property that stores its value in a private
attribute (e.g., "__title"). Furthermore, when the property’s setter is accessed,
it calls the validation function. In the second part we iterate over all the class’s
attributes and replace any Ensures with a new property. In the third part we
return the modified class.

Once the decorator has finished, the decorated class has had every one of its
Ensure attributes replaced by a validated property of the same name.

In theory, we could have avoided the nested function and simply put that code
after the if isinstance() test. However, that doesn’t work in practice due to
problemswith late binding, so having a separate function here is essential. This
issue isn’t uncommonwhen creating decorators or decorator factories, but using
a separate—possibly nested—function is usually a sufficient solution.

2.4.2.2. Using a Class Decorator Instead of Subclassing

Sometimes we create a base class with some methods or data purely so that we
can subclass this base class two or more times. This avoids having to duplicate
themethodsor data and scaleswell if we create additional subclasses. However,
if the inherited methods or data are never modified in the subclasses, it is
possible to use a class decorator to achieve the same end.

For example, later on we will make use of a Mediated base class that provides a
self.mediator data attribute and an on_change()method (§3.5,! 100).This class
is inherited by two classes, Button and Text, which make use of the data and
method but don’t modify them.

class Mediated:

def __init__(self):
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• La seconda parte itera sugli attributi della classe e rimpiazza ciascun attributo
di tipo Ensure con una nuova proprietà con lo stesso nome dell’attributo
rimpiazzato.

• La terza parte restituisce la classe modificata

ptg11539634

58 Chapter 2. Structural Design Patterns in Python

def do_ensure(Class):

def make_property(name, attribute):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            attribute.validate(name, value)

setattr(self, privateName, value)

return property(getter, setter, doc=attribute.doc)

for name, attribute in Class.__dict__.items():

if isinstance(attribute, Ensure):

setattr(Class, name, make_property(name, attribute))

return Class

This class decorator has three parts. In the first part we define a nested function
(make_property()). The function takes a name (e.g., "title") and an attribute of
type Ensure, and creates and returns a property that stores its value in a private
attribute (e.g., "__title"). Furthermore, when the property’s setter is accessed,
it calls the validation function. In the second part we iterate over all the class’s
attributes and replace any Ensures with a new property. In the third part we
return the modified class.

Once the decorator has finished, the decorated class has had every one of its
Ensure attributes replaced by a validated property of the same name.

In theory, we could have avoided the nested function and simply put that code
after the if isinstance() test. However, that doesn’t work in practice due to
problemswith late binding, so having a separate function here is essential. This
issue isn’t uncommonwhen creating decorators or decorator factories, but using
a separate—possibly nested—function is usually a sufficient solution.

2.4.2.2. Using a Class Decorator Instead of Subclassing

Sometimes we create a base class with some methods or data purely so that we
can subclass this base class two or more times. This avoids having to duplicate
themethodsor data and scaleswell if we create additional subclasses. However,
if the inherited methods or data are never modified in the subclasses, it is
possible to use a class decorator to achieve the same end.

For example, later on we will make use of a Mediated base class that provides a
self.mediator data attribute and an on_change()method (§3.5,! 100).This class
is inherited by two classes, Button and Text, which make use of the data and
method but don’t modify them.

class Mediated:

def __init__(self):
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• In teoria avremmo potuto evitare la funzione innestata e porre il codice
di quella funzione dopo il test isinstance(). 
• Ciò non avrebbe però funzionato in pratica a causa di problemi con il

binding ritardato.
• Questo problema si presenta abbastanza frequentemente quando si

creano decoratori o decorator factory.
• In genere per risolvere il problema è sufficiente usare una funzione separata

(eventualmente innestata)
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• A volte creiamo una classe di base con metodi o dati al solo scopo di 
poterla derivare più volte.
• Ciò evita di dover duplicare i metodi o i dati nelle sottoclassi ma se i

metodi o i dati ereditati non vengono mai modificati nelle sottoclassi, è
possibile usare un decoratore di classe per raggiungere lo stesso
obiettivo.
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• Questa è la classe base che verrà estesa da classi che non modificano il 
metodo on_change() e l’attributo mediator. 
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        self.mediator = None

def on_change(self):

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

This is the base class quoted from mediator1.py. It is inherited using the usual
syntax; that is, class Button(Mediated):…and class Text(Mediated):….But since
no subclass will ever need to modify the inherited on_change() method, we can
use a class decorator instead of subclassing.

def mediated(Class):

setattr(Class, "mediator", None)
def on_change(self):

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

setattr(Class, "on_change", on_change)

return Class

This code is from mediator1d.py. The class decorator is applied like any other;
that is, @mediated class Button: …and @mediated class Text: …. The decorated
classes have exactly the same behavior as the subclass versions.

Function and class decorators are a very powerful yet reasonably easy-to-use
Python feature. And aswe have seen, class decorators can sometimes be used as
an alternative to subclassing. Creating decorators is a simple form of metapro-
gramming,and classdecorators can often be used instead of more complex forms
of metaprogramming, such as metaclasses.

2.5. Façade Pattern

The Façade Pattern is used to present a simplified and uniform interface to a
subsystem whose interface is too complex or too low-level for convenient use.

Python’s standard library provides modules for handling gzip-compressed files,
tarballs, and zip files, but they all have different interfaces. Let’s imagine that
we would like to be able to access the names in an archive file, and extract its
files, using a simple uniform interface. One solution is to use the FaçadePattern
to provide a very simple high-level interface that defersmost of the real work to
the standard library.

Figure 2.7 (! 60) shows the interface we want to provide to users (a filename
property and names() and unpack() methods) and the interfaces that we are
providing a façade for. An Archive instancewill hold one archive file’s name, and
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def do_ensure(Class):

def make_property(name, attribute):

        privateName = "__" + name

def getter(self):

return getattr(self, privateName)

def setter(self, value):

            attribute.validate(name, value)

setattr(self, privateName, value)

return property(getter, setter, doc=attribute.doc)

for name, attribute in Class.__dict__.items():

if isinstance(attribute, Ensure):

setattr(Class, name, make_property(name, attribute))

return Class

This class decorator has three parts. In the first part we define a nested function
(make_property()). The function takes a name (e.g., "title") and an attribute of
type Ensure, and creates and returns a property that stores its value in a private
attribute (e.g., "__title"). Furthermore, when the property’s setter is accessed,
it calls the validation function. In the second part we iterate over all the class’s
attributes and replace any Ensures with a new property. In the third part we
return the modified class.

Once the decorator has finished, the decorated class has had every one of its
Ensure attributes replaced by a validated property of the same name.

In theory, we could have avoided the nested function and simply put that code
after the if isinstance() test. However, that doesn’t work in practice due to
problemswith late binding, so having a separate function here is essential. This
issue isn’t uncommonwhen creating decorators or decorator factories, but using
a separate—possibly nested—function is usually a sufficient solution.

2.4.2.2. Using a Class Decorator Instead of Subclassing

Sometimes we create a base class with some methods or data purely so that we
can subclass this base class two or more times. This avoids having to duplicate
themethodsor data and scaleswell if we create additional subclasses. However,
if the inherited methods or data are never modified in the subclasses, it is
possible to use a class decorator to achieve the same end.

For example, later on we will make use of a Mediated base class that provides a
self.mediator data attribute and an on_change()method (§3.5,! 100).This class
is inherited by two classes, Button and Text, which make use of the data and
method but don’t modify them.

class Mediated:

def __init__(self):
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Possiamo applicare il decoratore di classe mediated in questo modo:
@mediated 
class Button: ... 
La classe Button avrà esattamente lo stesso comportamento che avrebbe avuto se l’avessimo
definita come sottoclasse di Mediated con 
class Button(Mediated): ...

ptg11539634

2.4. Decorator Pattern 59

        self.mediator = None

def on_change(self):

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

This is the base class quoted from mediator1.py. It is inherited using the usual
syntax; that is, class Button(Mediated):…and class Text(Mediated):….But since
no subclass will ever need to modify the inherited on_change() method, we can
use a class decorator instead of subclassing.

def mediated(Class):

setattr(Class, "mediator", None)
def on_change(self):

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

setattr(Class, "on_change", on_change)

return Class

This code is from mediator1d.py. The class decorator is applied like any other;
that is, @mediated class Button: …and @mediated class Text: …. The decorated
classes have exactly the same behavior as the subclass versions.

Function and class decorators are a very powerful yet reasonably easy-to-use
Python feature. And aswe have seen, class decorators can sometimes be used as
an alternative to subclassing. Creating decorators is a simple form of metapro-
gramming,and classdecorators can often be used instead of more complex forms
of metaprogramming, such as metaclasses.

2.5. Façade Pattern

The Façade Pattern is used to present a simplified and uniform interface to a
subsystem whose interface is too complex or too low-level for convenient use.

Python’s standard library provides modules for handling gzip-compressed files,
tarballs, and zip files, but they all have different interfaces. Let’s imagine that
we would like to be able to access the names in an archive file, and extract its
files, using a simple uniform interface. One solution is to use the FaçadePattern
to provide a very simple high-level interface that defersmost of the real work to
the standard library.

Figure 2.7 (! 60) shows the interface we want to provide to users (a filename
property and names() and unpack() methods) and the interfaces that we are
providing a façade for. An Archive instancewill hold one archive file’s name, and
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Class decorator: esercizio
• Scrivere un decoratore di classe che, se applicato ad una classe, la modifica in modo che funzioni

come se fosse stata derivata dalla seguente classe base. N.B. le classi derivate da ClasseBase non 
hanno bisogno di modificare i metodi f() e g() e la variabile varC. Inoltre quando vengono create le 
istanze di una classe derivata queste ’’nascono’’ con lo stesso valore di varI settato da __init__ di 
ClasseBase.

 class ClasseBase:

 varC=1000

 def __init__(self): 

  self.varI=10
 def f(self,v):

  print(v*self.varI)

 @staticmethod

 def g(x):

  print(x*varC) Programmazione Avanzata a.a. 2024-25                                          
A. De Bonis
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