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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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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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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)
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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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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:
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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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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
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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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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).

31

Il Design Pattern Flyweight
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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.
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__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    
  

35

__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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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. 

39

Il Design Pattern Flyweight

Programmazione Avanzata a.a. 2024-25                                          
A. De Bonis

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).

www.it-ebooks.info
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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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Il Design Pattern Facade

• Il design pattern Facade è un design pattern strutturale che fornisce 
un’interfaccia semplificata per un sistema costituito da interfacce o 
classi troppo complesse o troppo di basso livello.
•  Esempio: La libreria standard di Python fornisce moduli per gestire 

file compressi gzip, tarballs e zip. Questi moduli hanno interfacce 
diverse.
• Immaginiamo di voler accedere ai nomi di un file di archivio ed 

estrarre i suoi file usando un’interfaccia semplice. 
• Soluzione: Usiamo il design pattern Facade per fornire un’interfaccia 

semplice e uniforme che delega la maggior parte del vero lavoro alla 
libreria standard. 
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Archive

filename
names()
unpack()

gzip

open()

tarfile.TarFile

getnames()
extractall()

zipfile.ZipFile

namelist()
extractall()

Figure 2.7 The Archive façade

only when asked for the archive’s names or to unpack the archivewill it actually
open the archive file. (The code quoted in this section is from Unpack.py.)

class Archive:

def __init__(self, filename):

        self._names = None
        self._unpack = None
        self._file = None
        self.filename = filename

The self._names variable is expected to hold a callable that will return a list
of the archive’s names. Similarly, the self._unpack variable is for holding a
callable that will extract all the archive’s files into the current directory. The
self._file is for holding a file object that has been opened on the archive. And
self.filename is a read-write property holding the archive file’s filename.

    @property
def filename(self):

return self.__filename

    @filename.setter

def filename(self, name):

        self.close()

        self.__filename = name

If the user changes the filename (e.g., using archive.filename = newname), the
current archive file is closed (if it is open).We do not immediately open the new
archive, though, since the Archive class uses lazy evaluation and so only opens
the archive when necessary.
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• La variabile self._names  è usata per contenere un callable che restituisce una lista dei nomi dell’archivio.

• La variabile  the self._unpack è usata per mantere un callable che estrae tutti i flie dell’archivio nella 
directory corrente. 

• La variabile self._file è usata per mantenere il file object che è stato aperto  per accedere all’archivio.

• self.filename è una proprietà che mantiene il nome del file di archivio.
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Se l’utente cambia il filename, ad esempio archive.filename = newname, allora il file d’archivio 
corrente, se aperto, viene chiuso e viene aggiornata la variabile __filename.
Non viene immediatamente aperto il nuovo archivio, in quanto la classe Archive apre l’archivio solo 
se necessario.
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Gli utenti della classe Archive invocano close() quando hanno finito con un’istanza.
Il metodo chiude il file object , se c’è un file object aperto, e  setta self._names, self._unpack, e 
self._file a  None per invalidarli.

La classe Archive è un context manager e così in pratica gli utenti non hanno bisogno di chiamare 
close(), a patto che usino la classe in uno statement with, come nel codice qui in basso: 
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def close(self):

if self._file is not None:
            self._file.close()

        self._names = self._unpack = self._file = None

In theory,users of the Archive class are expected to call the close()methodwhen
they have finished with an instance. The method closes the file object (if one is
open) and sets the self._names, self._unpack, and self._file variables to None to
invalidate them.

We have made the Archive class a context manager (as we will see in a moment)
so, in practice,usersdon’t need to call close() themselves,providing they use the
class in a with statement. For example:

with Archive(zipFilename) as archive:

print(archive.names())
    archive.unpack()

Here we create an Archive for a zip file, print its names to the console, and then
extract all its files in the current directory. And because the archive is a context
manager, archive.close() is called automatically when the archive goes out of
the with statement’s scope.

def __enter__(self):

return self

def __exit__(self, exc_type, exc_value, traceback):

        self.close()

These two methods are sufficient to make an Archive into a context manager.
The __enter__() method returns self (an Archive instance), which is assigned to
the with … as statement’s variable. The __exit__() method closes the archive’s
file object (if one is open), and since it (implicitly) returns None, any exceptions
that have occurred will be propagated normally.

def names(self):

if self._file is None:
            self._prepare()

return self._names()

This method returns a list of the archive’s filenames, opening the archive and
setting self._names and self._unpack to appropriate callables (using self._pre-

pare()) if it isn’t open already.
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• Questi due metodi rendono un Archivio un context manager
• Il metodo  __enter__() method restituisce self (un’istanza di Archive) che viene assegnata alla 

variabile dello statement with ...as 
• Il metodo __exit__() chiude il file object dell’archivio se c’è ne uno aperto..
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def close(self):

if self._file is not None:
            self._file.close()

        self._names = self._unpack = self._file = None

In theory,users of the Archive class are expected to call the close()methodwhen
they have finished with an instance. The method closes the file object (if one is
open) and sets the self._names, self._unpack, and self._file variables to None to
invalidate them.

We have made the Archive class a context manager (as we will see in a moment)
so, in practice,usersdon’t need to call close() themselves,providing they use the
class in a with statement. For example:

with Archive(zipFilename) as archive:

print(archive.names())
    archive.unpack()

Here we create an Archive for a zip file, print its names to the console, and then
extract all its files in the current directory. And because the archive is a context
manager, archive.close() is called automatically when the archive goes out of
the with statement’s scope.

def __enter__(self):

return self

def __exit__(self, exc_type, exc_value, traceback):

        self.close()

These two methods are sufficient to make an Archive into a context manager.
The __enter__() method returns self (an Archive instance), which is assigned to
the with … as statement’s variable. The __exit__() method closes the archive’s
file object (if one is open), and since it (implicitly) returns None, any exceptions
that have occurred will be propagated normally.

def names(self):

if self._file is None:
            self._prepare()

return self._names()

This method returns a list of the archive’s filenames, opening the archive and
setting self._names and self._unpack to appropriate callables (using self._pre-

pare()) if it isn’t open already.
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Questo metodo restituisce una lista dei nomi dei file dell’archivio aprendo l’archivio 
(se non è già aperto) e ponendo  in self._names e in  self._unpack i callable 
appropriati utilizzando il metodo self.prepare().
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def close(self):

if self._file is not None:
            self._file.close()

        self._names = self._unpack = self._file = None

In theory,users of the Archive class are expected to call the close()methodwhen
they have finished with an instance. The method closes the file object (if one is
open) and sets the self._names, self._unpack, and self._file variables to None to
invalidate them.

We have made the Archive class a context manager (as we will see in a moment)
so, in practice,usersdon’t need to call close() themselves,providing they use the
class in a with statement. For example:

with Archive(zipFilename) as archive:

print(archive.names())
    archive.unpack()

Here we create an Archive for a zip file, print its names to the console, and then
extract all its files in the current directory. And because the archive is a context
manager, archive.close() is called automatically when the archive goes out of
the with statement’s scope.

def __enter__(self):

return self

def __exit__(self, exc_type, exc_value, traceback):

        self.close()

These two methods are sufficient to make an Archive into a context manager.
The __enter__() method returns self (an Archive instance), which is assigned to
the with … as statement’s variable. The __exit__() method closes the archive’s
file object (if one is open), and since it (implicitly) returns None, any exceptions
that have occurred will be propagated normally.

def names(self):

if self._file is None:
            self._prepare()

return self._names()

This method returns a list of the archive’s filenames, opening the archive and
setting self._names and self._unpack to appropriate callables (using self._pre-

pare()) if it isn’t open already.
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Questo metodo spacchetta tutti i file di archivio ma solo se tutti i loro nomi sono 
“safe”.
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def unpack(self):

if self._file is None:
            self._prepare()

        self._unpack()

Thismethod unpacks all the archive’s files, but as we will see, only if all of their
names are “safe”.

def _prepare(self):

if self.filename.endswith((".tar.gz", ".tar.bz2", ".tar.xz",

".zip")):

            self._prepare_tarball_or_zip()

elif self.filename.endswith(".gz"):

            self._prepare_gzip()

else:
raise ValueError("unreadable: {}".format(self.filename))

This method delegates the preparation to suitable methods. For tarballs and
zip files the necessary code is very similar, so they are prepared in the same
method. But gzipped files are handled differently and so have their own sepa-
rate method.

The preparationmethodsmust assign callables to the self._names and self._un-

pack variables, so that these can be called in the names() and unpack() methods
we have just seen.

def _prepare_tarball_or_zip(self):

def safe_extractall():

            unsafe = []

for name in self.names():

if not self.is_safe(name):

                    unsafe.append(name)

if unsafe:

raise ValueError("unsafe to unpack: {}".format(unsafe))

            self._file.extractall()

if self.filename.endswith(".zip"):

            self._file = zipfile.ZipFile(self.filename)

            self._names = self._file.namelist

            self._unpack = safe_extractall

else: # Ends with .tar.gz, .tar.bz2, or .tar.xz

            suffix = os.path.splitext(self.filename)[1]

            self._file = tarfile.open(self.filename, "r:" + suffix[1:])

            self._names = self._file.getnames

            self._unpack = safe_extractall
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Questo metodo delega la preparazione ai metodi adatti a occuparsene,
Per i tarball e i file zip il codice necessario è molto simile e per questo essi vengono preparati  dallo 
stesso metodo.
I file gzip richiedono una gestione diversa e per questo hanno un metodo a parte.
I metodi di preparazione devono assegnare dei callable alle variabili self._names e self._unpack in 
modo che  queste possano essere chimate nei metodi names() e unpack(). 
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def unpack(self):

if self._file is None:
            self._prepare()

        self._unpack()

Thismethod unpacks all the archive’s files, but as we will see, only if all of their
names are “safe”.

def _prepare(self):

if self.filename.endswith((".tar.gz", ".tar.bz2", ".tar.xz",

".zip")):

            self._prepare_tarball_or_zip()

elif self.filename.endswith(".gz"):

            self._prepare_gzip()

else:
raise ValueError("unreadable: {}".format(self.filename))

This method delegates the preparation to suitable methods. For tarballs and
zip files the necessary code is very similar, so they are prepared in the same
method. But gzipped files are handled differently and so have their own sepa-
rate method.

The preparationmethodsmust assign callables to the self._names and self._un-

pack variables, so that these can be called in the names() and unpack() methods
we have just seen.

def _prepare_tarball_or_zip(self):

def safe_extractall():

            unsafe = []

for name in self.names():

if not self.is_safe(name):

                    unsafe.append(name)

if unsafe:

raise ValueError("unsafe to unpack: {}".format(unsafe))

            self._file.extractall()

if self.filename.endswith(".zip"):

            self._file = zipfile.ZipFile(self.filename)

            self._names = self._file.namelist

            self._unpack = safe_extractall

else: # Ends with .tar.gz, .tar.bz2, or .tar.xz

            suffix = os.path.splitext(self.filename)[1]

            self._file = tarfile.open(self.filename, "r:" + suffix[1:])

            self._names = self._file.getnames

            self._unpack = safe_extractall
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def unpack(self):

if self._file is None:
            self._prepare()

        self._unpack()

Thismethod unpacks all the archive’s files, but as we will see, only if all of their
names are “safe”.

def _prepare(self):

if self.filename.endswith((".tar.gz", ".tar.bz2", ".tar.xz",

".zip")):

            self._prepare_tarball_or_zip()

elif self.filename.endswith(".gz"):

            self._prepare_gzip()

else:
raise ValueError("unreadable: {}".format(self.filename))

This method delegates the preparation to suitable methods. For tarballs and
zip files the necessary code is very similar, so they are prepared in the same
method. But gzipped files are handled differently and so have their own sepa-
rate method.

The preparationmethodsmust assign callables to the self._names and self._un-

pack variables, so that these can be called in the names() and unpack() methods
we have just seen.

def _prepare_tarball_or_zip(self):

def safe_extractall():

            unsafe = []

for name in self.names():

if not self.is_safe(name):

                    unsafe.append(name)

if unsafe:

raise ValueError("unsafe to unpack: {}".format(unsafe))

            self._file.extractall()

if self.filename.endswith(".zip"):

            self._file = zipfile.ZipFile(self.filename)

            self._names = self._file.namelist

            self._unpack = safe_extractall

else: # Ends with .tar.gz, .tar.bz2, or .tar.xz

            suffix = os.path.splitext(self.filename)[1]

            self._file = tarfile.open(self.filename, "r:" + suffix[1:])

            self._names = self._file.getnames

            self._unpack = safe_extractall
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• Questo metodo comincia con il creare una 
funzione innestata  safe_extractall() che 
controlla tutti i nomi dell’archivio e lancia 
ValueError se qualcuno di essi non è safe.

• Se tutti i nomi sono safe viene invocato o 
il metodo  tarball.TarFile.extractall() 
oppure il metodo 
zipfile.ZipFile.extractall().
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def unpack(self):

if self._file is None:
            self._prepare()

        self._unpack()

Thismethod unpacks all the archive’s files, but as we will see, only if all of their
names are “safe”.

def _prepare(self):

if self.filename.endswith((".tar.gz", ".tar.bz2", ".tar.xz",

".zip")):

            self._prepare_tarball_or_zip()

elif self.filename.endswith(".gz"):

            self._prepare_gzip()

else:
raise ValueError("unreadable: {}".format(self.filename))

This method delegates the preparation to suitable methods. For tarballs and
zip files the necessary code is very similar, so they are prepared in the same
method. But gzipped files are handled differently and so have their own sepa-
rate method.

The preparationmethodsmust assign callables to the self._names and self._un-

pack variables, so that these can be called in the names() and unpack() methods
we have just seen.

def _prepare_tarball_or_zip(self):

def safe_extractall():

            unsafe = []

for name in self.names():

if not self.is_safe(name):

                    unsafe.append(name)

if unsafe:

raise ValueError("unsafe to unpack: {}".format(unsafe))

            self._file.extractall()

if self.filename.endswith(".zip"):

            self._file = zipfile.ZipFile(self.filename)

            self._names = self._file.namelist

            self._unpack = safe_extractall

else: # Ends with .tar.gz, .tar.bz2, or .tar.xz

            suffix = os.path.splitext(self.filename)[1]

            self._file = tarfile.open(self.filename, "r:" + suffix[1:])

            self._names = self._file.getnames

            self._unpack = safe_extractall
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• A seconda dell’estensione del nome 
dell’archivio, viene aperto un tarball.TarFile 
o uno zipfile.ZipFile e assegnato a 
self._file. 

• self._names viene settata al metodo 
bound corrispondente (namelist() o 
getnames() )

•  self._unpack viene settata alla funzione 
safe_extractall() appena creata. Questa 
funzione è una chiusura che ha catturato 
self e quindi può accedere  a self._file e 
chiamare il metodo appropriato 
extractall()
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• Un file di archivio creato in modo malizioso potrebbe, una volta spacchettato, sovrascrivere 
importanti file di sistema rimpiazzandoli con file non funzionanti o pericolosi.

• In considerazione di ciò, non dovrebbero mai essere aperti archivi contenenti file con path 
assoluti o  che includono path relative ed evitare di aprire gli archivi con i privilegi di un utente 
come  root o  Administrator.

• is_safe() restituisce False se il nome del file comincia con un forward slash o con un backslash 
(cioè un path assoluto) o contiene  ../ o ..\ (cioè un path relativo che potrebbe condurre 
ovunque), oppure comincia con D: dove D indica un’unità disco di Windows. 
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This method begins by creating a nested safe_extractall() function that
checks all the archive’s names and raises a ValueError if there are any unsafe
names, as defined by the is_safe() method. If all the names are safe the tar-

ball.TarFile.extractall() or zipfile.ZipFile.extractall() method is called.

Depending on the archive filename’s extension, we open a tarball.TarFile
or zipfile.ZipFile and assign it to self._file. We then set self._names to the
corresponding bound method (namelist() or getnames()), and self._unpack to the
safe_extractall() function we just created. This function is a closure that has
captured self and so can access self._file and call the appropriate extractall()
method. (See the “Bound and Unbound Methods” sidebar.)

Bound and Unbound Methods i

A boundmethod is a method that is already associatedwith an instance of its
class. Let’s imagine we have a Form classwith an update_ui()method. Now, if
we write bound = self.update_ui inside one of the Form class’smethods, bound is
assigned an object reference to the Form.update_ui()method that is bound to a
particular instance of the form (self). A bound method can be called directly;
for example, bound().

An unbound method is a method with no associated instance. For example,
if we write unbound = Form.update_ui, unbound is assigned an object reference
to the Form.update_ui() method, but with no binding to any particular in-
stance. This means that if we want to call the unbound method, we must
provide a suitable instance as its first argument; for example, form = Form();
unbound(form). (Strictly speaking, Python 3 doesn’t actually have unbound
methods,so unbound is really theunderlying function object,although thisonly
makes a difference in some metaprogramming corner cases.)

def is_safe(self, filename):

return not (filename.startswith(("/", "\\")) or
            (len(filename) > 1 and filename[1] == ":" and
             filename[0] in string.ascii_letter) or
            re.search(r"[.][.][/\\]", filename))

A maliciously created archive file that is unpacked could overwrite important
system files with nonfunctional or sinister replacements. In view of this, we
should never open archives that contain files with absolute paths or with rela-
tive path components, and we should always open archives as an unprivileged
user (i.e., never as root or Administrator).

This method returns False if the filename it is given starts with a forward slash
or a backslash (i.e., an absolute path), or contains ../ or ..\ (a relative path
that could lead anywhere), or starts with D: where D is a Windows drive letter.
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Questo metodo fornisce un object file aperto per  self._file e assegna callable adatti a self._names e  
self._unpack.
La funzione  extractall(), legge e scrive dati.
Il pattern Facade permette di creare interfacce semplici e comode che ci permettono di ignorare i dettagli di 
basso livello. Uno svantaggio di questo design pattern potrebbe essere quello di non consentire un controllo 
più fine.
Tutttavia, un facade non nasconte o elimina le funzionalità del sistema sottostante e così è possibile usare un 
facade passando però a classi di più basso livello se abbiamo bisogno di un maggiore controllo.

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")
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I context manager consentono di allocare e rilasciare risorse quando vogliamo
L’esempio più usato di context manager è lo statement with.
 

with open('some_file’, 'w') as opened_file: 
opened_file.write('Hola!') 

Questo codice apre il file, scrive alcuni dati in esso e lo chiude. Se si verifica 
un errore mentre si scrivono i dati, esso cerca di chiuderlo.
Il codice in alto è equivalente a
 

file = open('some_file’, 'w’) 
try: 
 file.write('Hola!’) 
finally: 
 file.close() 
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• è possibile implementare un context manager con una classe.
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class File: 
 def __init__(self, file_name, method):
   self.file_obj = open(file_name, method) 
 def __enter__(self): 
  return self.file_obj 
 def __exit__(self, type, value, traceback):  
  self.file_obj.close() 
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• è sufficiente definire __enter__() ed __exit__() per poter usare la 
classe File in uno statement with.
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with File('demo.txt', 'w') as opened_file: 
 opened_file.write('Hola!') 

61

I context manager
• Come funziona lo statement with:

• Immagazzina il metodo __exit__() della classe File
• Invoca il metodo __enter__() della classe File
• Il metodo __enter__ restituisce il file object per il file aperto.

• L’object file è passato a opened_file.
• Dopo che è stato eseguito il blocco al suo interno, lo statement  with invoca il 

metodo __exit__()
• Il metodo __exit__() chiude il file
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with File('demo.txt', 'w') as opened_file: 
 opened_file.write('Hola!') 
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I context manager
• Se tra il momento in cui viene passato l’object file a opened_file e il momento in 

cui viene invocata __exit__,  si verifica un’eccezione allora Python passa type, 
value e traceback dell’eccezione come argomenti a __exit__() per decidere come 
chiudere il file e se eseguire altri passi. In questo esempio gli argomenti di exit 
non influiscono sul suo comportamento.
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with File('demo.txt', 'w') as opened_file: 
 opened_file.write('Hola!') 
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I context manager
• Se il file object lanciasse un’eccezione, come nel caso in cui provassimo ad accedere ad un 

metodo non supportato dal file object:

•  with eseguirebbe i seguenti passi:

1.  passerebbe type, value e traceback a __exit__()

2. permetterebbe a __exit__() di gestire l’eccezione

3. Se __exit__() restituisse True allora  l’eccezione non verrebbe rilanciata dallo statement with.
4. Se __exit__() restituisse un valore diverso da True allora l’eccezione verrebbe lanciata dallo 

statement with
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with File('demo.txt', 'w') as opened_file: 
opened_file.undefined_function('Hola!') 
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I context manager

Nel nostro esempio, __exit__() restituisce (implicitamente) None per cui with lancerebbe 
l’eccezione:
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with File('demo.txt', 'w') as opened_file: 
opened_file.undefined_function('Hola!') 

Traceback (most recent call last):
          File "<stdin>", line 2, in <module> 
AttributeError: ‘file’ object has no attribute 'undefined_function'
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I context manager
Il metodo __exit__() in basso invece gestisce l’eccezione:
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class File(object): 
 def __init__(self, file_name, method): 
  self.file_obj = open(file_name, method) 
 def __enter__(self): 
  return self.file_obj 
 def __exit__(self, type, value, traceback): 
  print("Exception has been handled") 
  self.file_obj.close() 
  return True 

with File('demo.txt', 'w') as opened_file: 
 opened_file.undefined_function()
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I context manager
• è possibile implementare un context manager con un generatore utilizzando il 

modulo contextlib. Il decoratore Python contextmanager trasforma il generatore 
open_file  in un oggetto GeneratorContextManager

• Si usa in  questo  modo
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from contextlib import contextmanager 
@contextmanager
 def open_file(name): 
 f = open(name, 'w’) 
 yield f 
 f.close()

with open_file('some_file’) as f: 
 f.write('hola!')
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I context manager
• Nel punto in cui c’è yield il blocco nello statement with viene eseguito.
• Il generatore riprende all’uscita del blocco.
• Se nel blocco si verifica un’eccezione non gestita, essa viene rilanciata nel 

generatore nel punto dove si trova yield.
• è possibile usare uno statement try...except...finally per catturare l’errore. 
• Se un’eccezione è catturata solo al fine di registrarla o per svolgere qualche 

azione (piuttosto che per sopprimerla), il generatore deve rilanciare l’eccezione. 
Altrimenti il generatore context manager indicherà allo statement with che 
l’eccezione è stata gestita e l’esecuzione riprenderà dallo statement che segue lo 
statement with.
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I context manager
• Lo statement try...finally garantisce che il file venga chiuso anche nel caso si 

verifichi un’ eccezione nel blocco del with
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from contextlib import contextmanager 
@contextmanager
 def open_file(name): 
 f = open(name, 'w’) 
 try:
  yield f 
 finally:
  f.close()
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Il Design Pattern Template Method
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• Il pattern Template Method e un design pattern comportamentale che permette di definire i passi
di un algoritmo lasciando alle sottoclassi il compito di definire alcuni di questi passi. 

• Vediamo un esempio in cui viene creata una classe astratta AbstractWordCounter class che
fornisce due metodi. 
• il primo metodo, can_count(filename), restituisce un valore Booleano che indica se la classe

può contare le parole del file dato in base all’estensione del file. 
• Il secondo metodo, count(filename), restituisce un conteggio di parole. 

• Il codice comprende anche due sottoclassi, una che conta le parole in file di testo e l’altro per 
contare le parole in file HTML. 
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• Tutti i metodi sono statici per cui non si ha mai a che fare con istanze della classe

• Il metodo count_words (esterna rispetto alla classi) itera su due oggetti classe (sottoclassi della
classe atratta)

• Se una  delle due classi può contare le parole nel file passato a count_words allora viene
effettuato il conteggio e questo viene restituito dalla funzione. 

• Se nessuna delle due classi è in grado di contare le parole del file. il metodo restituisce
implicitamente None per indicare che non è stato in grado di effettuare il conteggio.
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        table.append("<td>{}</td>".format(escape(str(item))))
        column += 1

if column == columns:

            table.append("</tr>\n")

        column %= columns

if table[-1][-1] != "\n":

        table.append("</tr>\n")

    table.append("</table>\n")

return "".join(table)

For both tabulator functions, we must calculate the number of columns needed
to put all the items in a table with the specified number of rows. Once we have
this number (columns), we can iterate over all the items while keeping track of
the current column in the current row.

The text_tabulator() function (not shown) is slightly longer but uses essentially
the same approach.

In more realistic contexts we might use algorithms that are radically different
—both in terms of their code and their performance characteristics—so as
to allow users to choose the most appropriate trade-offs for their particular
uses. Plugging in different algorithms as callables—lambdas, functions, bound
methods—is straightforward because Python treats callables as first-class ob-
jects; that is, as objects that can be passed and stored in collections like any other
kind of object.

3.10. Template Method Pattern

The Template Method Pattern allows us to define the steps of an algorithm but
defer the execution of some of those steps to subclasses.

In this section we will create an AbstractWordCounter class that provides two
methods. The first, can_count(filename), is expected to return a Boolean indicat-
ing whether the class can count the words in the given file (based on the file’s
extension). The second, count(filename), is expected to return a word count. We
will also create two subclasses: one for word-counting plain text files and the
other for word-counting HTML files. Let’s start by seeing the classes in action
(with the code taken from wordcount1.py):

def count_words(filename):

for wordCounter in (PlainTextWordCounter, HtmlWordCounter):

if wordCounter.can_count(filename):

return wordCounter.count(filename)

We have made all the methods in all the classes static. This means that no
per-instance state can be maintained (because there are no instances as such)
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• Di seguito sono mostrati due diversi codici per la classe astratta
AbstractWordCounter.
• Questa  classe fornisce i metodi che devono essere implementati nelle eventuali

sottoclassi.
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and that we can work directly on class objects rather than on instances. (It
would be easy to make the methods nonstatic and use instances if we did need
to maintain any state.)

Here, we iterate over our two word-counting subclasses’ class objects, and if
one of them is able to count the words in the given file, we perform and return
the count. If neither of them can, we (implicitly) return None to signify that we
couldn’t do a count at all.

class AbstractWordCounter:

    @staticmethod
def can_count(filename):

raise NotImplementedError()

    @staticmethod
def count(filename):

raise NotImplementedError()

class AbstractWordCounter(

        metaclass=abc.ABCMeta):

    @staticmethod
    @abc.abstractmethod

def can_count(filename):

pass

    @staticmethod
    @abc.abstractmethod

def count(filename):

pass

This purely abstract class provides the word-counter interface, whose methods
subclasses must reimplement. The left-hand code snippet, from wordcount1.py,
takes a more traditional approach. The right-hand code snippet, from word-

count2.py, takes a more modern approach using the abc (abstract base class)
module.

class PlainTextWordCounter(AbstractWordCounter):

    @staticmethod
def can_count(filename):

return filename.lower().endswith(".txt")

    @staticmethod
def count(filename):

if not PlainTextWordCounter.can_count(filename):

return 0

        regex = re.compile(r"\w+")

        total = 0

with open(filename, encoding="utf-8") as file:

for line in file:

for _ in regex.finditer(line):

                    total += 1

return total
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• Questa sottoclasse implementa il contatore per i file testuali e assume che i file 
con estensione .txt siamo codificati con UTF-8 (o 7-bit ASCII, che è un 
sottoinsieme di UTF-8). 

ptg11539634

120 Chapter 3. Behavioral Design Patterns in Python
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would be easy to make the methods nonstatic and use instances if we did need
to maintain any state.)

Here, we iterate over our two word-counting subclasses’ class objects, and if
one of them is able to count the words in the given file, we perform and return
the count. If neither of them can, we (implicitly) return None to signify that we
couldn’t do a count at all.
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    @staticmethod
def can_count(filename):

raise NotImplementedError()

    @staticmethod
def count(filename):

raise NotImplementedError()
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        metaclass=abc.ABCMeta):

    @staticmethod
    @abc.abstractmethod

def can_count(filename):

pass

    @staticmethod
    @abc.abstractmethod

def count(filename):

pass

This purely abstract class provides the word-counter interface, whose methods
subclasses must reimplement. The left-hand code snippet, from wordcount1.py,
takes a more traditional approach. The right-hand code snippet, from word-

count2.py, takes a more modern approach using the abc (abstract base class)
module.

class PlainTextWordCounter(AbstractWordCounter):

    @staticmethod
def can_count(filename):

return filename.lower().endswith(".txt")

    @staticmethod
def count(filename):

if not PlainTextWordCounter.can_count(filename):

return 0

        regex = re.compile(r"\w+")

        total = 0

with open(filename, encoding="utf-8") as file:

for line in file:

for _ in regex.finditer(line):

                    total += 1

return total
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re.compile(r”\w+”) 
restituisce un oggetto espressione
regolare per fare il match di 
parole

regex.finditer(line) scandice line 
da sinistra a destra e restituisce i
match (nel nostro caso le parole) 
nell’ordine in cui li trova.
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re.compile

• re.compile(pattern)
• compila un pattern di un’espessione regolare in un oggetto espressione

regolare che puo` essere usato per fare il match usando metodi quali
match() e search(). 
• restituisce uun oggetto di tipo re.Pattern

• esempio:
>>> pattern = re.compile("d") 
>>> pattern.search("dog") # Match at index 0
<re.Match object; span=(0, 1), match='d’>
>>> pattern.search("dog", 1) # No match; search doesn't include the "d"
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Factory Method Pattern

• È un design pattern creazionale.
• Si usa quando vogliamo definire un’interfaccia o una classe astratta

per creare degli oggetti e delegare le sue sottoclassi a decidere quale 
classe istanziare quando viene richiesto un oggetto. 
• Particolarmente utile quando una classe non può conoscere in 

anticipo la classe degli oggetti che deve creare.
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Factory Method Pattern: un’applicazione

• Esempio: Consideriamo un framework per delle applicazioni ciascuna
delle quali elabora documenti di diverso tipo. 
• Abbiamo bisogno di due astrazioni: la classe Application e la classe Document

• La classe Application gestisce i documenti e li crea su richiesta dell’utente, 
ad esempio, quando l’utente seleziona Open o New dal menu. 

• Entrambe le classi sono astratte e occorre definire delle loro sottoclassi per 
poter realizzare le  implementazioni relative a ciascuna applicazione
• Ad esempio, per creare un’applicazione per disegnare, definiamo le classi

DrawingApplication e DrawingDocument. 
• Definiamo un’interfaccia per creare un oggetto ma lasciamo alle sottoclassi

decidere quali classi istanziare.  
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Factory Method Pattern: un’applicazione
• Poiché la particolare sottoclasse di Document da istanziare dipende dalla

particolare applicazione, la classe Application non può fare previsioni riguardo
alla sottoclasse di Document da istanziare
• La classe Application sa solo quando deve essere creato un nuovo documento ma 

non ne conosce il tipo.
• Problema: devono essere istanziate delle classi ma si conoscono solo delle classi

astratte che non possono essere istanziate
• Il Factory method pattern risolve questo problema incapsulando l’informazione

riguardo alla sottoclasse di Document da creare e sposta questa informazione
all’esterno del framework.
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FACTORY METHOD Class Creational

Intent
Define an interface for creating an object, but let subclasses decide which class to
instantiate. Factory Method lets a class defer instantiation to subclasses.

Also Known As
Virtual Constructor

Motivation
Frameworks use abstract classes to define and maintain relationships between
objects. A framework is often responsible for creating these objects as well.

Consider a framework for applications that can present multiple documents to
the user. Two key abstractions in this framework are the classes Application and
Document. Both classes are abstract, and clients have to subclass them to realize
their application-specific implementations. To create a drawing application, for
example, we define the classes DrawingApplication and DrawingDocument. The
Application class is responsible for managing Documents and will create them as
required—when the user selects Open or New from a menu, for example.

Because the particular Document subclass to instantiate is application-specific, the
Application class can't predict the subclass of Document to instantiate—the Ap-
plication class only knows when a new document should be created, not what kind 
of Document to create. This creates a dilemma: The framework must instantiate
classes, but it only knows about abstract classes, which it cannot instantiate.

The Factory Method pattern offers a solution. It encapsulates the knowledge
of which Document subclass to create and moves this knowledge out of the
framework.

implementazioni

astrazioni
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• Le sottoclassi di Application ridefiniscono il metodo astratto
CreateDocument per restituire la sottoclasse appropriata di 
Document 

• Una volta istanziata, la sottoclasse di Application può creare istanze di 
Document per specifiche applicazioni senza dover conoscere le 
sottoclassi delle istanze create (CreateDocument)

• CreateDocument è detto factory method perché è responsabile della
creazione degli oggetti
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We will begin by reviewing the top-level code that instantiates and prints the
boards. Next, we will look at the board classes and some of the piece classes—
starting with hard-coded classes. Then we will review some variations that
allow us to avoid hard-coding classes and at the same time use fewer lines of
code.

def main():

    checkers = CheckersBoard()

print(checkers)

    chess = ChessBoard()

print(chess)

This function is common to all versions of the program. It simply creates each
type of board and prints it to the console, relying on the AbstractBoard’s __str__()
method to convert the board’s internal representation into a string.

BLACK, WHITE = ("BLACK", "WHITE")

class AbstractBoard:

def __init__(self, rows, columns):

        self.board = [[None for _ in range(columns)] for _ in range(rows)]
        self.populate_board()

def populate_board(self):

raise NotImplementedError()

def __str__(self):

        squares = []

for y, row in enumerate(self.board):
for x, piece in enumerate(row):

                square = console(piece, BLACK if (y + x) % 2 else WHITE)

                squares.append(square)

            squares.append("\n")

return "".join(squares)

The BLACK and WHITE constants are used here to indicate each square’s back-
ground color. In later variants they are also used to indicate each piece’s color.
This class is quoted from gameboard1.py, but it is the same in all versions.

It would have beenmore conventional to specify the constants by writing:BLACK,
WHITE = range(2). However, using strings is much more helpful when it comes to
debugging error messages, and should be just as fast as using integers thanks
to Python’s smart interning and identity checks.

The board is representedby a list of rowsof single-character strings—or None for
unoccupied squares. The console() function (not shown, but in the source code),
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Voglio creare una scacchiera per la dama ed una per gli scacchi
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18 Chapter 1. Creational Design Patterns in Python

We will begin by reviewing the top-level code that instantiates and prints the
boards. Next, we will look at the board classes and some of the piece classes—
starting with hard-coded classes. Then we will review some variations that
allow us to avoid hard-coding classes and at the same time use fewer lines of
code.

def main():

    checkers = CheckersBoard()

print(checkers)

    chess = ChessBoard()

print(chess)

This function is common to all versions of the program. It simply creates each
type of board and prints it to the console, relying on the AbstractBoard’s __str__()
method to convert the board’s internal representation into a string.

BLACK, WHITE = ("BLACK", "WHITE")

class AbstractBoard:

def __init__(self, rows, columns):

        self.board = [[None for _ in range(columns)] for _ in range(rows)]
        self.populate_board()

def populate_board(self):

raise NotImplementedError()

def __str__(self):

        squares = []

for y, row in enumerate(self.board):
for x, piece in enumerate(row):

                square = console(piece, BLACK if (y + x) % 2 else WHITE)

                squares.append(square)

            squares.append("\n")

return "".join(squares)

The BLACK and WHITE constants are used here to indicate each square’s back-
ground color. In later variants they are also used to indicate each piece’s color.
This class is quoted from gameboard1.py, but it is the same in all versions.

It would have beenmore conventional to specify the constants by writing:BLACK,
WHITE = range(2). However, using strings is much more helpful when it comes to
debugging error messages, and should be just as fast as using integers thanks
to Python’s smart interning and identity checks.

The board is representedby a list of rowsof single-character strings—or None for
unoccupied squares. The console() function (not shown, but in the source code),
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• la scacchiera è una lista di liste (righe) di stringhe di un singolo carattere
• __init__ Inizializza la scacchiera con tutte le posizioni vuote e poi invoca populate_board per inserire i 

pezzi del gioco
• populate_board è astratto

• La funzione console() 
restituisce una stringa
che rappresenta il 
pezzo ricevuto in input 
sul colore di sfondo
passato come 
secondo argomento.
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• La classe per creare scacchiere per il gioco della dama
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returnsa string representing the given piece on the given background color. (On
Unix-like systems this string includes escape codes to color the background.)

We could have made the AbstractBoard a formally abstract class by giving it a
metaclassof abc.ABCMeta (aswe did for the AbstractFormBuilder class;12 !).How-
ever, here we have chosen to use a different approach, and simply raise a NotIm-

plementedError exception for any methods we want subclasses to reimplement.

class CheckersBoard(AbstractBoard):

def __init__(self):

super().__init__(10, 10)

def populate_board(self):

for x in range(0, 9, 2):

for row in range(4):
                column = x + ((row + 1) % 2)

                self.board[row][column] = BlackDraught()

                self.board[row + 6][column] = WhiteDraught()

This subclass is used to create a representation of a 10 × 10 international
checkers board. This class’s populate_board() method is not a factory method,
since it uses hard-coded classes; it is shown in this form as a step on the way to
making it into a factory method.

class ChessBoard(AbstractBoard):

def __init__(self):

super().__init__(8, 8)

def populate_board(self):

        self.board[0][0] = BlackChessRook()

        self.board[0][1] = BlackChessKnight()

        ...

        self.board[7][7] = WhiteChessRook()

for column in range(8):
            self.board[1][column] = BlackChessPawn()

            self.board[6][column] = WhiteChessPawn()

This version of the ChessBoard’s populate_board()method—just like the Checkers-
Board’s one—is not a factory method, but it does illustrate how the chess board is
populated.

class Piece(str):

    __slots__ = ()

www.it-ebooks.info

84



19/11/24

38

Factory Method Pattern: un esempio

Programmazione Avanzata a.a. 2024-25                                          
A. De Bonis

ptg11539634

1.3. FactoryMethod Pattern 19

returnsa string representing the given piece on the given background color. (On
Unix-like systems this string includes escape codes to color the background.)

We could have made the AbstractBoard a formally abstract class by giving it a
metaclassof abc.ABCMeta (aswe did for the AbstractFormBuilder class;12 !).How-
ever, here we have chosen to use a different approach, and simply raise a NotIm-

plementedError exception for any methods we want subclasses to reimplement.

class CheckersBoard(AbstractBoard):

def __init__(self):

super().__init__(10, 10)

def populate_board(self):

for x in range(0, 9, 2):

for row in range(4):
                column = x + ((row + 1) % 2)

                self.board[row][column] = BlackDraught()

                self.board[row + 6][column] = WhiteDraught()

This subclass is used to create a representation of a 10 × 10 international
checkers board. This class’s populate_board() method is not a factory method,
since it uses hard-coded classes; it is shown in this form as a step on the way to
making it into a factory method.

class ChessBoard(AbstractBoard):

def __init__(self):

super().__init__(8, 8)

def populate_board(self):

        self.board[0][0] = BlackChessRook()

        self.board[0][1] = BlackChessKnight()

        ...

        self.board[7][7] = WhiteChessRook()

for column in range(8):
            self.board[1][column] = BlackChessPawn()

            self.board[6][column] = WhiteChessPawn()

This version of the ChessBoard’s populate_board()method—just like the Checkers-
Board’s one—is not a factory method, but it does illustrate how the chess board is
populated.

class Piece(str):

    __slots__ = ()
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• La classe per  scacchiere per il gioco degli scacchi

I metodi populate_board() di CheckersBoard e ChessBoard non sono dei factory method dal momento che le classi usate
per creare i pezzi sono fissate nel codice.  
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returnsa string representing the given piece on the given background color. (On
Unix-like systems this string includes escape codes to color the background.)

We could have made the AbstractBoard a formally abstract class by giving it a
metaclassof abc.ABCMeta (aswe did for the AbstractFormBuilder class;12 !).How-
ever, here we have chosen to use a different approach, and simply raise a NotIm-

plementedError exception for any methods we want subclasses to reimplement.

class CheckersBoard(AbstractBoard):

def __init__(self):

super().__init__(10, 10)

def populate_board(self):

for x in range(0, 9, 2):

for row in range(4):
                column = x + ((row + 1) % 2)

                self.board[row][column] = BlackDraught()

                self.board[row + 6][column] = WhiteDraught()

This subclass is used to create a representation of a 10 × 10 international
checkers board. This class’s populate_board() method is not a factory method,
since it uses hard-coded classes; it is shown in this form as a step on the way to
making it into a factory method.

class ChessBoard(AbstractBoard):

def __init__(self):

super().__init__(8, 8)

def populate_board(self):

        self.board[0][0] = BlackChessRook()

        self.board[0][1] = BlackChessKnight()

        ...

        self.board[7][7] = WhiteChessRook()

for column in range(8):
            self.board[1][column] = BlackChessPawn()

            self.board[6][column] = WhiteChessPawn()

This version of the ChessBoard’s populate_board()method—just like the Checkers-
Board’s one—is not a factory method, but it does illustrate how the chess board is
populated.

class Piece(str):

    __slots__ = ()
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• La classe base per i pezzi
• Si è scelto di creare una classe che discende da str invece che usare 

direttamente str per poter facilmente testare se un oggetto z è un 
pezzo del gioco con isinstance(z,Piece)
• ponendo __slots__=() ci assicuriamo che gli oggetti di tipo Piece non 

abbiano variabili di istanza
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• La classe pedina nera e la classe re bianco
• le classi per gli altri pezzi sono create in modo analogo
• Ognuna di queste classi è una sottoclasse immutabile di Piece che è

sottoclasse di str
• Inizializzata con la stringa di un unico carattere (il carattere Unicode che

rappresenta il pezzo)
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This class serves as a base class for pieces. We could have simply used str, but
that would not have allowed us to determine if an object is a piece (e.g., using
isinstance(x, Piece)). Using __slots__ = () ensures that instances have no data,
a topic we’ll discuss later on (§2.6, ! 65).

class BlackDraught(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{black draughts man}")

class WhiteChessKing(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{white chess king}")

These two classes aremodels for the pattern used for all the piece classes. Every
one is an immutable Piece subclass (itself a str subclass) that is initialized
with a one-character string holding the Unicode character that represents
the relevant piece. There are fourteen of these tiny subclasses in all, each one
differing only by its class name and the string it holds: clearly, it would be nice
to eliminate all this near-duplication.

def populate_board(self):

for x in range(0, 9, 2):

for y in range(4):
                column = x + ((y + 1) % 2)

for row, color in ((y, "black"), (y + 6, "white")):

                    self.board[row][column] = create_piece("draught",

                            color)

This new version of the CheckersBoard.populate_board() method (quoted from
gameboard2.py) is a factory method, since it depends on a new create_piece() fac-
tory function rather than on hard-coded classes. The create_piece() function
returns an object of the appropriate type (e.g., a BlackDraught or a WhiteDraught),
depending on its arguments. This version of the program has a similar Chess-

Board.populate_board() method (not shown), which also uses string color and
piece names and the same create_piece() function.

def create_piece(kind, color):

if kind == "draught":

return eval("{}{}()".format(color.title(), kind.title()))

return eval("{}Chess{}()".format(color.title(), kind.title()))
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• Notiamo che qui la stringa che indica il pezzo è assegnata da __new__

• Il metodo __new__ non prende argomenti in quanto la stringa che rappresenta il pezzo è
codificato all’interno del metodo.
• TypeError: __new__() takes 1 positional argument but 2 were given

• Per i tipi che estendono tipi immutable, come str, l’inizializzazione è fatta da __new__. 
• https://docs.python.org/3/reference/datamodel.html :  __new__() is intended mainly to allow 

subclasses of immutable types (like int, str, or tuple) to customize instance creation.
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This class serves as a base class for pieces. We could have simply used str, but
that would not have allowed us to determine if an object is a piece (e.g., using
isinstance(x, Piece)). Using __slots__ = () ensures that instances have no data,
a topic we’ll discuss later on (§2.6, ! 65).

class BlackDraught(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{black draughts man}")

class WhiteChessKing(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{white chess king}")

These two classes aremodels for the pattern used for all the piece classes. Every
one is an immutable Piece subclass (itself a str subclass) that is initialized
with a one-character string holding the Unicode character that represents
the relevant piece. There are fourteen of these tiny subclasses in all, each one
differing only by its class name and the string it holds: clearly, it would be nice
to eliminate all this near-duplication.

def populate_board(self):

for x in range(0, 9, 2):

for y in range(4):
                column = x + ((y + 1) % 2)

for row, color in ((y, "black"), (y + 6, "white")):

                    self.board[row][column] = create_piece("draught",

                            color)

This new version of the CheckersBoard.populate_board() method (quoted from
gameboard2.py) is a factory method, since it depends on a new create_piece() fac-
tory function rather than on hard-coded classes. The create_piece() function
returns an object of the appropriate type (e.g., a BlackDraught or a WhiteDraught),
depending on its arguments. This version of the program has a similar Chess-

Board.populate_board() method (not shown), which also uses string color and
piece names and the same create_piece() function.

def create_piece(kind, color):

if kind == "draught":

return eval("{}{}()".format(color.title(), kind.title()))

return eval("{}Chess{}()".format(color.title(), kind.title()))
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• Questa  nuova versione del metodo CheckersBoard.populate_board() è un 
factory method in quanto dipende dalla factory function create_piece() 
• Nella versione precedente il tipo di pezzo era indicato nel codice
• La funzione create_piece() restituisce un oggetto del tipo appropriato (ad 

esempio, BlackDraught o WhiteDraught) in base ai suoi argomenti. 
• Il metodo ChessBoard.populate_board() viene anch’esso modificato in modo da 

usare la stessa funzione create_piece() invocata qui. 
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This class serves as a base class for pieces. We could have simply used str, but
that would not have allowed us to determine if an object is a piece (e.g., using
isinstance(x, Piece)). Using __slots__ = () ensures that instances have no data,
a topic we’ll discuss later on (§2.6, ! 65).

class BlackDraught(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{black draughts man}")

class WhiteChessKing(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{white chess king}")

These two classes aremodels for the pattern used for all the piece classes. Every
one is an immutable Piece subclass (itself a str subclass) that is initialized
with a one-character string holding the Unicode character that represents
the relevant piece. There are fourteen of these tiny subclasses in all, each one
differing only by its class name and the string it holds: clearly, it would be nice
to eliminate all this near-duplication.

def populate_board(self):

for x in range(0, 9, 2):

for y in range(4):
                column = x + ((y + 1) % 2)

for row, color in ((y, "black"), (y + 6, "white")):

                    self.board[row][column] = create_piece("draught",

                            color)

This new version of the CheckersBoard.populate_board() method (quoted from
gameboard2.py) is a factory method, since it depends on a new create_piece() fac-
tory function rather than on hard-coded classes. The create_piece() function
returns an object of the appropriate type (e.g., a BlackDraught or a WhiteDraught),
depending on its arguments. This version of the program has a similar Chess-

Board.populate_board() method (not shown), which also uses string color and
piece names and the same create_piece() function.

def create_piece(kind, color):

if kind == "draught":

return eval("{}{}()".format(color.title(), kind.title()))

return eval("{}Chess{}()".format(color.title(), kind.title()))
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• La funzione factory create_piece usa la funzione built-in eval() per creare istanze
della classe
• Ad esempio se gli argomenti sono "knight" and "black", la stringa valutata sarà

"BlackChessKnight()". 
• In generale è meglio non usare eval per eseguire il codice rappresentato da 

un’espressione perché è potenzialmente rischioso dal momento che permette di 
eseguire il codice rappresentato da una qualsiasi espressione
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This class serves as a base class for pieces. We could have simply used str, but
that would not have allowed us to determine if an object is a piece (e.g., using
isinstance(x, Piece)). Using __slots__ = () ensures that instances have no data,
a topic we’ll discuss later on (§2.6, ! 65).

class BlackDraught(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{black draughts man}")

class WhiteChessKing(Piece):

    __slots__ = ()

def __new__(Class):

return super().__new__(Class, "\N{white chess king}")

These two classes aremodels for the pattern used for all the piece classes. Every
one is an immutable Piece subclass (itself a str subclass) that is initialized
with a one-character string holding the Unicode character that represents
the relevant piece. There are fourteen of these tiny subclasses in all, each one
differing only by its class name and the string it holds: clearly, it would be nice
to eliminate all this near-duplication.

def populate_board(self):

for x in range(0, 9, 2):

for y in range(4):
                column = x + ((y + 1) % 2)

for row, color in ((y, "black"), (y + 6, "white")):

                    self.board[row][column] = create_piece("draught",

                            color)

This new version of the CheckersBoard.populate_board() method (quoted from
gameboard2.py) is a factory method, since it depends on a new create_piece() fac-
tory function rather than on hard-coded classes. The create_piece() function
returns an object of the appropriate type (e.g., a BlackDraught or a WhiteDraught),
depending on its arguments. This version of the program has a similar Chess-

Board.populate_board() method (not shown), which also uses string color and
piece names and the same create_piece() function.

def create_piece(kind, color):

if kind == "draught":

return eval("{}{}()".format(color.title(), kind.title()))

return eval("{}Chess{}()".format(color.title(), kind.title()))
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• Questa versione di CheckersBoard.populate_board() differisce da quella precedente in quanto il 
pezzo e il colore sono specificati da costanti e usa un nuovo factory create_piece().
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This factory function uses the built-in eval() function to create class instances.
For example, if the arguments are "knight" and "black", the string to be eval()’d
will be "BlackChessKnight()". Although this works perfectly well, it is potentially
risky since pretty well anything could be eval()’d into existence—we will see a
solution, using the built-in type() function, shortly.

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

exec("""\
class {}(Piece):

    __slots__ = ()

    def __new__(Class):

        return super().__new__(Class, "{}")""".format(name, char))

Instead of writing the code for fourteen very similar classes, here we create all
the classes we need with a single block of code.

The itertools.chain() function takes one or more iterables and returns a single
iterable that iterates over the first iterable it was passed, then the second, and
so on. Here, we have given it two iterables, the first a 2-tuple of the Unicode
code points for black and white checkers pieces, and the second a range-object (in
effect, a generator) for the black and white chess pieces.

For each code point we create a single character string (e.g., " ") and then
create a class name based on the character’s Unicode name (e.g., “black chess
knight” becomes BlackChessKnight). Once we have the character and the name
we use exec() to create the class we need. This code block is a mere dozen
lines—compared with around a hundred lines for creating all the classes indi-
vidually.

Unfortunately, though, using exec() is potentially even more risky than using
eval(), so we must find a better way.

DRAUGHT, PAWN, ROOK, KNIGHT, BISHOP, KING, QUEEN = ("DRAUGHT", "PAWN",

"ROOK", "KNIGHT", "BISHOP", "KING", "QUEEN")

class CheckersBoard(AbstractBoard):

    ...

def populate_board(self):

for x in range(0, 9, 2):

for y in range(4):
                column = x + ((y + 1) % 2)

www.it-ebooks.info

ptg11539634

22 Chapter 1. Creational Design Patterns in Python

for row, color in ((y, BLACK), (y + 6, WHITE)):

                    self.board[row][column] = self.create_piece(DRAUGHT,

                            color)

This CheckersBoard.populate_board() method is from gameboard3.py. It differs
from the previous version in that the piece and color are both specified using
constants rather than easy to mistype string literals. Also, it uses a new cre-

ate_piece() factory to create each piece.

An alternative CheckersBoard.populate_board() implementation is provided
in gameboard4.py (not shown)—this version uses a subtle combination of a list
comprehension and a couple of itertools functions.

class AbstractBoard:

    __classForPiece = {(DRAUGHT, BLACK): BlackDraught,

            (PAWN, BLACK): BlackChessPawn,

            ...

            (QUEEN, WHITE): WhiteChessQueen}

    ...

def create_piece(self, kind, color):

return AbstractBoard.__classForPiece[kind, color]()

This version of the create_piece() factory (also from gameboard3.py, of course)
is a method of the AbstractBoard that the CheckersBoard and ChessBoard classes
inherit. It takes two constants and looks them up in a static (i.e., class-level)
dictionary whose keys are (piece kind, color) 2-tuples, and whose values are class
objects. The looked-up value—a class—is immediately called (using the () call
operator), and the resulting piece instance is returned.

The classes in the dictionary could have been individually coded (as they were in
gameboard1.py) or created dynamically but riskily (as they were in gameboard2.py).
But for gameboard3.py, we have created them dynamically and safely, without
using eval() or exec().

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

    new = make_new_method(char)

    Class = type(name, (Piece,), dict(__slots__=(), __new__=new))

setattr(sys.modules[__name__], name, Class) # Can be done better!
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• Questa versione di create_piece() è un metodo di AbstractBoard che viene ereditato da CheckersBoard e 
ChessBoard. 

• Prende in input due costanti kind e color e cerca nel dizionario __classForPiece la classe associata alla chiave
(kind,color) 

• La classe cosi` individuata viene quindi utilizzata per instanziare il pezzo desiderato.
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for row, color in ((y, BLACK), (y + 6, WHITE)):

                    self.board[row][column] = self.create_piece(DRAUGHT,

                            color)

This CheckersBoard.populate_board() method is from gameboard3.py. It differs
from the previous version in that the piece and color are both specified using
constants rather than easy to mistype string literals. Also, it uses a new cre-

ate_piece() factory to create each piece.

An alternative CheckersBoard.populate_board() implementation is provided
in gameboard4.py (not shown)—this version uses a subtle combination of a list
comprehension and a couple of itertools functions.

class AbstractBoard:

    __classForPiece = {(DRAUGHT, BLACK): BlackDraught,

            (PAWN, BLACK): BlackChessPawn,

            ...

            (QUEEN, WHITE): WhiteChessQueen}

    ...

def create_piece(self, kind, color):

return AbstractBoard.__classForPiece[kind, color]()

This version of the create_piece() factory (also from gameboard3.py, of course)
is a method of the AbstractBoard that the CheckersBoard and ChessBoard classes
inherit. It takes two constants and looks them up in a static (i.e., class-level)
dictionary whose keys are (piece kind, color) 2-tuples, and whose values are class
objects. The looked-up value—a class—is immediately called (using the () call
operator), and the resulting piece instance is returned.

The classes in the dictionary could have been individually coded (as they were in
gameboard1.py) or created dynamically but riskily (as they were in gameboard2.py).
But for gameboard3.py, we have created them dynamically and safely, without
using eval() or exec().

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

    new = make_new_method(char)

    Class = type(name, (Piece,), dict(__slots__=(), __new__=new))

setattr(sys.modules[__name__], name, Class) # Can be done better!
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• L’ultima versione di create_piece comunque fa uso di informazioni riguardanti le sottoclassi di 
Piece che si trovano all’interno della classe AbstractBoard e in particolare nel dizionario
__classForPiece di quella classe

• La versione di create_piece riportata in basso non usa il dizionario AbstractBoard. __classForPiece
ma ricerca direttamente la sottoclasse da utilizzare nel dizionario restituito da global()
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All lambda functions are called "lambda", which isn’t very helpful for debugging.
So, here, we explicitly give the function the name it should have, once it is
created.

def populate_board(self):

for row, color in ((0, BLACK), (7, WHITE)):

for columns, kind in (((0, 7), ROOK), ((1, 6), KNIGHT),

                    ((2, 5), BISHOP), ((3,), QUEEN), ((4,), KING)):

for column in columns:

                    self.board[row][column] = self.create_piece(kind,

                            color)

for column in range(8):
for row, color in ((1, BLACK), (6, WHITE)):

                self.board[row][column] = self.create_piece(PAWN, color)

For completeness, here is the ChessBoard.populate_board() method from game-

board3.py (and gameboard4.py). It depends on color and piece constants (which
could be provided by a file or come from menu options, rather than being hard-
coded). In the gameboard3.py version, this uses the create_piece() factory func-
tion shown earlier (22 !). But for gameboard4.py, we have used our final cre-
ate_piece() variant.

def create_piece(kind, color):

    color = "White" if color == WHITE else "Black"

    name = {DRAUGHT: "Draught", PAWN: "ChessPawn", ROOK: "ChessRook",

            KNIGHT: "ChessKnight", BISHOP: "ChessBishop",

            KING: "ChessKing", QUEEN: "ChessQueen"}[kind]

return globals()[color + name]()

This is the gameboard4.py version’s create_piece() factory function. It uses the
same constants as gameboard3.py, but rather than keeping a dictionary of class
objects it dynamically finds the relevant class in the dictionary returned by the
built-in globals() function. The looked-up class object is immediately called and
the resulting piece instance is returned.

1.4. Prototype Pattern

The PrototypePattern is used to create new objects by cloning an original object,
and then modifying the clone.

As we have already seen, especially in the previous section, Python supports
a wide variety of ways of creating new objects, even when their types are only
known at runtime—and even if we have only their types’ names.
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• Un modo di rendere piu` dinamiche le implementazioni fino ad ora viste è di 
aggiungere le sottoclassi dinamicamente:
• Invece di codificare tutte le sottoclassi di Piece una ad una (staticamente), 

possiamo crearle dinamicamente con il seguente frammento di codice:
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for row, color in ((y, BLACK), (y + 6, WHITE)):

                    self.board[row][column] = self.create_piece(DRAUGHT,

                            color)

This CheckersBoard.populate_board() method is from gameboard3.py. It differs
from the previous version in that the piece and color are both specified using
constants rather than easy to mistype string literals. Also, it uses a new cre-

ate_piece() factory to create each piece.

An alternative CheckersBoard.populate_board() implementation is provided
in gameboard4.py (not shown)—this version uses a subtle combination of a list
comprehension and a couple of itertools functions.

class AbstractBoard:

    __classForPiece = {(DRAUGHT, BLACK): BlackDraught,

            (PAWN, BLACK): BlackChessPawn,

            ...

            (QUEEN, WHITE): WhiteChessQueen}

    ...

def create_piece(self, kind, color):

return AbstractBoard.__classForPiece[kind, color]()

This version of the create_piece() factory (also from gameboard3.py, of course)
is a method of the AbstractBoard that the CheckersBoard and ChessBoard classes
inherit. It takes two constants and looks them up in a static (i.e., class-level)
dictionary whose keys are (piece kind, color) 2-tuples, and whose values are class
objects. The looked-up value—a class—is immediately called (using the () call
operator), and the resulting piece instance is returned.

The classes in the dictionary could have been individually coded (as they were in
gameboard1.py) or created dynamically but riskily (as they were in gameboard2.py).
But for gameboard3.py, we have created them dynamically and safely, without
using eval() or exec().

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

    new = make_new_method(char)

    Class = type(name, (Piece,), dict(__slots__=(), __new__=new))

setattr(sys.modules[__name__], name, Class) # Can be done better!
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• Questo frammento di codice scandisce tutti i numeri esadecimali associati alle pedine e agli
scacchi e per ciascuno di essi
• Salva in char la stringa che rappresenta il carattere Unicode ad esso associato. 
• Salva in name la stringa assegnata a char dopo aver trasformato in maiuscole le iniziali di tutte le parole al suo

interno ed eliminato gli spazi
• Ad esempio per code= 0x2654, setta char=‘♔’  e name='WhiteChessKing’

• Se name finisce con “sMan” (cioe` se è un pezzo della dama) cancella il suffisso ‘sMan’ da name
• Invoca make_new_method(char) per creare una nuova funzione che viene memorizzata in new
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for row, color in ((y, BLACK), (y + 6, WHITE)):

                    self.board[row][column] = self.create_piece(DRAUGHT,

                            color)

This CheckersBoard.populate_board() method is from gameboard3.py. It differs
from the previous version in that the piece and color are both specified using
constants rather than easy to mistype string literals. Also, it uses a new cre-

ate_piece() factory to create each piece.

An alternative CheckersBoard.populate_board() implementation is provided
in gameboard4.py (not shown)—this version uses a subtle combination of a list
comprehension and a couple of itertools functions.

class AbstractBoard:

    __classForPiece = {(DRAUGHT, BLACK): BlackDraught,

            (PAWN, BLACK): BlackChessPawn,

            ...

            (QUEEN, WHITE): WhiteChessQueen}

    ...

def create_piece(self, kind, color):

return AbstractBoard.__classForPiece[kind, color]()

This version of the create_piece() factory (also from gameboard3.py, of course)
is a method of the AbstractBoard that the CheckersBoard and ChessBoard classes
inherit. It takes two constants and looks them up in a static (i.e., class-level)
dictionary whose keys are (piece kind, color) 2-tuples, and whose values are class
objects. The looked-up value—a class—is immediately called (using the () call
operator), and the resulting piece instance is returned.

The classes in the dictionary could have been individually coded (as they were in
gameboard1.py) or created dynamically but riskily (as they were in gameboard2.py).
But for gameboard3.py, we have created them dynamically and safely, without
using eval() or exec().

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

    new = make_new_method(char)

    Class = type(name, (Piece,), dict(__slots__=(), __new__=new))

setattr(sys.modules[__name__], name, Class) # Can be done better!
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• Memorizza in Class una nuova classe. Questa nuova classe è ottenuta invocando la funzione built-in 
type con i seguenti argomenti:
• name : nome della classe
• (Piece,): tupla delle classi base della classe
• dizionario dict(__slots__=(), __new__=new)) : dizionario degli attributi della classe

• in questo modo le istanze della classe non avranno __dict__ e sarrano create usando il 
metodo new 

• aggiunge la classe Class al modulo corrente con setattr (l’attributo corrispondente avra` lo stesso nome
della classe (name))
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for row, color in ((y, BLACK), (y + 6, WHITE)):

                    self.board[row][column] = self.create_piece(DRAUGHT,

                            color)

This CheckersBoard.populate_board() method is from gameboard3.py. It differs
from the previous version in that the piece and color are both specified using
constants rather than easy to mistype string literals. Also, it uses a new cre-

ate_piece() factory to create each piece.

An alternative CheckersBoard.populate_board() implementation is provided
in gameboard4.py (not shown)—this version uses a subtle combination of a list
comprehension and a couple of itertools functions.

class AbstractBoard:

    __classForPiece = {(DRAUGHT, BLACK): BlackDraught,

            (PAWN, BLACK): BlackChessPawn,

            ...

            (QUEEN, WHITE): WhiteChessQueen}

    ...

def create_piece(self, kind, color):

return AbstractBoard.__classForPiece[kind, color]()

This version of the create_piece() factory (also from gameboard3.py, of course)
is a method of the AbstractBoard that the CheckersBoard and ChessBoard classes
inherit. It takes two constants and looks them up in a static (i.e., class-level)
dictionary whose keys are (piece kind, color) 2-tuples, and whose values are class
objects. The looked-up value—a class—is immediately called (using the () call
operator), and the resulting piece instance is returned.

The classes in the dictionary could have been individually coded (as they were in
gameboard1.py) or created dynamically but riskily (as they were in gameboard2.py).
But for gameboard3.py, we have created them dynamically and safely, without
using eval() or exec().

for code in itertools.chain((0x26C0, 0x26C2), range(0x2654, 0x2660)):

    char = chr(code)
    name = unicodedata.name(char).title().replace(" ", "")

if name.endswith("sMan"):

        name = name[:-4]

    new = make_new_method(char)

    Class = type(name, (Piece,), dict(__slots__=(), __new__=new))

setattr(sys.modules[__name__], name, Class) # Can be done better!
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This code has the same overall structure as the code shown earlier for creating
the fourteen piece subclasses that the program needs (21 !). Only this time
instead of using eval() and exec() we take a somewhat safer approach.

Once we have the character and name we create a new function (called new())
by calling a custom make_new_method() function. We then create a new class
using the built-in type() function. To create a class thisway wemust pass in the
type’s name, a tuple of its base classes (in this case, there’s just one, Piece), and
a dictionary of the class’s attributes. Here, we have set the __slots__ attribute
to an empty tuple (to stop the class’s instances having a private __dict__ that
isn’t needed), and set the __new__method attribute to the new() function we have
just created.

Finally, we use the built-in setattr() function to add to the current module
(sys.modules[__name__]) the newly created class (Class) as an attribute called name
(e.g., "WhiteChessPawn"). In gameboard4.py, we have written the last line of this
code snippet in a nicer way:

globals()[name] = Class

Here, we have retrieved a reference to the dict of globals and added a new item
whose key is the name held in name, and whose value is our newly created Class.
This does exactly the same thing as the setattr() line used in gameboard3.py.

def make_new_method(char): # Needed to create a fresh method each time

def new(Class): # Can't use super() or super(Piece, Class)

return Piece.__new__(Class, char)

return new

This function is used to create a new() function (that will become a class’s
__new__() method).We cannot use a super() call since at the time the new() func-
tion is created there is no class context for the super() function to access. Note
that the Piece class (19 !) doesn’t have a __new__() method—but its base class
(str) does, so that is the method that will actually be called.

Incidentally, the earlier code block’s new = make_new_method(char) line and the
make_new_method() function just shown could both be deleted, so long as the line
that called the make_new_method() function was replaced with these:

    new = (lambda char: lambda Class: Piece.__new__(Class, char))(char)

    new.__name__ = "__new__"

Here, we create a function that creates a function and immediately calls the
outer function parameterized by char to return a new() function. (This code is
used in gameboard4.py.)
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class type(name, bases, dict, **kwds)

• Cosa dice la documentazione:
• type invocato con tre argomenti restituisce un nuovo oggetto tipo (una nuova classe). Questa è

essenzialmente una forma dinamica dello statement class.
• La stringa name string è il nome della classe e diventa il valore dell’attributo __name__
• La tupla bases contiene le classi base e diventa l’attributo __bases__; se è vuota viene aggiunta object 

come classe base
• Il dizionario dict dictionary contiene le definizioni degli attributi e dei metodi della classe.
• Questi due frammenti di codice creano la stessa classe:

• class X: 
a = 1

• X = type('X', (), dict(a=1))
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• >>> for x in range(0x2654, 0x2660):
• ...     chr(x)
• ... 
• '♔'
• '♕'
• '♖'
• '♗'
• '♘'
• '♙'
• '♚'
• '♛'
• '♜'
• '♝'
• '♞'

>>> for x in range(0x2654, 0x2660):
...     unicodedata.name(chr(x))
... 
'WHITE CHESS KING'
'WHITE CHESS QUEEN'
'WHITE CHESS ROOK'
'WHITE CHESS BISHOP'
'WHITE CHESS KNIGHT'
'WHITE CHESS PAWN'
'BLACK CHESS KING'
'BLACK CHESS QUEEN'
'BLACK CHESS ROOK'
'BLACK CHESS BISHOP'
'BLACK CHESS KNIGHT'
'BLACK CHESS PAWN'
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