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Èåðàðõèÿ òèïîâ ÿçûêà

Python



Ñ ÷åãî âñå íà÷èíàåòñÿ?

Ðèñ.: ×èñòûé ëèñò áóìàãè ñ âåðòèêàëüíûìè ñåðûìè ïîëîñàìè



Êóðèöà èëè ÿéöî?

Ïðîâåäåì ýêñïåðèìåíò:

>>> object

<type 'object'>

>>> type

<type 'type'>

>>> type(object)

<type 'type'>

>>> object.__class__

<type 'type'>

>>> object.__bases__

()

>>> type.__class__

<type 'type'>

>>> type.__bases__

(<type 'object'>,)



object è type
Îáúåêòû object è type ÿâëÿþòñÿ áàçîâûìè â ÿçûêå Python.
Èñõîäÿ èç ïðåäûäóùåãî ýêñïåðèìåíòà, ìîæíî ïîñòðîèòü
äèàãðàììó îòíîøåíèé ìåæäó íèìè.

Ðèñ.: Îòíîøåíèÿ ìåæäó object è type



Îáúåêòû-òèïû

Ïðîäîëæèì ýêñïåðèìåíòû:

>>> isinstance(object, object)

True

>>> isinstance(type, object)

True

Îáúåêòû object è type � ýòî îáúåêòû-òèïû â ÿçûêå Python.
Ýòî îçíà÷àåò, ÷òî

I îíè ìîãóò ïðåäñòàâëÿòü àáñòðàêòíûå òèïû äàííûõ â
ïðîãðàììå;

I îíè ìîãóò áûòü óíàñëåäîâàíû äðóãèìè îáúåêòàìè;

I ìîæíî ñîçäàâàòü èõ ýêçåìïëÿðû;

I òèïîì ëþáîãî îáúåêòà-òèïà ÿâëÿåòñÿ <type 'type'>;

I îäíè èõ íàçûâàþò òèïàìè, äðóãèå � êëàññàìè.



Åùå î âñòðîåííûõ òèïàõ

Ïðîäîëæèì ýêñïåðèìåíòû:

>>> list

<type 'list'>

>>> list.__class__

<type 'type'>

>>> list.__bases__

(<type 'object'>,)

>>> tuple.__class__, tuple.__bases__

(<type 'type'>, (<type 'object'>,))

>>> dict.__class__, dict.__bases__

(<type 'type'>, (<type 'object'>,))

>>>

>>> mylist = [1,2,3]

>>> mylist.__class__

<type 'list'>



Îáúåêòû list, tuple, dict
Òåïåðü ìû ìîæåì ðàñøèðèòü íàøó äèàãðàììó òèïîâ Python'à:

Ðèñ.: Âñòðîåííûå òèïû ÿçûêà Python



Ïîëüçîâàòåëüñêèå òèïû

¾Ñòàðûé¿ ñòèëü

class Old:

pass

>>> old = Old()

>>> type(old)

<type 'instance'>

>>> type(Old)

<type 'classobj'>

>>> issubclass(Old, object)

False

¾Íîâûé¿ ñòèëü

class New(object):

pass

>>> new = New()

>>> type(new)

<class '__main__.New'>

>>> type(New)

<type 'type'>



Îòíîøåíèÿ îáúåêòîâ â ÿçûêå Python



Àòðèáóòû è ìåòîäû



Ïîëüçîâàòåëüñêèå àòðèáóòû è ìåòîäû

>>> class C(object):

... classattr = "attr on class"

... def f(self):

... return "function f"

...

>>> C.__dict__

{'classattr': 'attr on class', '__module__': '__main__',

'__doc__': None, 'f': <function f at 0x008F6B70>}

>>> c = C()

>>> print c.__dict__

{}

>>> c.classattr is C.__dict__['classattr']

True

>>> c.f is C.__dict__['f']

False



Àòðèáóò __dict__ è ïîèñê èìåí

Àòðèáóò __dict__ ïðåäñòàâëÿåò ñîáîé òàáëèöó
¾êëþ÷�çíà÷åíèå¿, êîòîðàÿ õðàíèò èìåíà ïîëüçîâàòåëüñêèõ

àòðèáóòîâ îáúåêòà.

Àëãîðèòì ïîèñêà èìåí àòðèáóòîâ

Ïóñòü íóæíî îïðåäåëèòü çíà÷åíèå âûðàæåíèÿ
<îáúåêò>.<àòðèáóò>. Èíòåðïðåòàòîð Python'à áóäåò
äåéñòâîâàòü ïî ñëåäóþùåìó àëãîðèòìó:

1. ïîèñê çíà÷åíèÿ àòðèáóò â òàáëèöå <îáúåêò>.__dict__ è
ñðåäè âñòðîåííûõ àòðèáóòîâ îáúåêòà;

2. ïîèñê çíà÷åíèÿ àòðèáóò â òàáëèöå
<îáúåêò>.__class__.__dict__ è ñðåäè âñòðîåííûõ
àòðèáóòîâ îáúåêòà <îáúåêò>.__class__;

3. ïîèñê èìåíè àòðèáóòà â îáúåêòàõ êîðòåæà
<îáúåêò>.__class__.__bases__.



Îò ôóíêöèè ê ìåòîäó
Åùå ðàç îáðàòèìñÿ ê ïðèìåðó:

>>> class C(object):
... classattr = "attr on class"
... def f(self):
... return "function f"
...
>>> C.__dict__
{'classattr': 'attr on class', '__module__': '__main__',
'__doc__': None, 'f': <function f at 0x008F6B70>}

>>> c = C()
>>> c.f is C.__dict__['f']
False
>>> c.f
<bound method C.f of <__main__.C instance at 0x008F9850>>
>>> C.__dict__['f'].__get__(c, C)
<bound method C.f of <__main__.C instance at 0x008F9850>>

Âûâîäû

I Ìåòîä îáúåêòà íå òî æå ñàìîå, ÷òî è ìåòîä êëàññà,
ýêçåìïëÿðîì êîòîðîãî ýòîò îáúåêò ÿâëÿåòñÿ.

I Ïðè ñîçäàíèè ýêçåìïëÿðà i êëàññà C àòðèáóò i.a

èíèöèàëèçèðóåòñÿ ñëåäóþùèì îáðàçîì:
C.__dict__['a'].__get__(c, C).



Èíòåðôåéñ äåñêðèïòîðà

Åñëè ó îáúåêòà åñòü ìåòîäû __get()__ è, âîçìîæíî,
__set()__ è __delete()__, òî ãîâîðÿò, ÷òî òàêîé îáúåêò
ðåàëèçóåò èíòåðôåéñ äåñêðèïòîðà.

Ïðèìåð ðåàëèçàöèè èíòåðôåéñà äåñêðèïòîðà

class Desc(object):

def __get__(self , obj , cls=None):

pass

def __set__(self , obj , val):

pass

def __delete__(self , obj):

pass



Äâà òèïà äåñêðèïòîðîâ

¾Ñëàáûé¿ äåñêðèïòîð

>>> class Weak(object):
... def __get__(self, obj, cls):
... return "WeakValue"

>>> class A(object):
... a = Weak()

>>> i = A()
>>> print i.a
WeakValue
>>> i.a = "NewValue"
>>> print i.a
NewValue

¾Ñèëüíûé¿ äåñêðèïòîð

>>> class Strong(object):
... def __get__(self, obj, cls):
... return "StrongValue"
...
... def __set__(self, obj, cls):
... pass

>>> class A(object):
... a = Weak()

>>> i = A()
>>> print i.a
StrongValue
>>> i.a = "NewValue"
>>> print i.a
StrongValue

Âûâîä

¾Ñèëüíûé¿ äåñêðèïòîð ïîëíîñòüþ èçìåíÿåò ïîâåäåíèå
ñâÿçàííîãî ñ íèì àòðèáóòà.



Äåñêðèïòîð property

Ìîäóëü __builtins__ ñîäåðæèò êëàññ property, ïîçâîëÿþùèé
ñîçäàâàòü àòðèáóòû, îáëàäàþùèå ïðèâû÷íûì ïîâåäåíèåì
ñâîéñòâ.

Ïðèìåð èñïîëüçîâàíèÿ

Áåç äåêîðàòîðà

class C(object):

def getx(self):

return self._x

def setx(self , value):

self._x = value

Ñ äåêîðàòîðîì

class C(object):

@property

def x(self):

return self._x

@x.setter

def x(self , value):

self._x = value



Äåñêðèïòîð staticmethod

Àòðèáóò, ÿâëÿþùèéñÿ ýêçåìïëÿðîì äåñêðèïòîðà staticmethod,
âåäåò ñåáÿ êàê ñòàòè÷åñêèé ìåòîä òàêèõ ÿçûêîâ, êàê Ñ++ èëè
Java.

Ïðèìåð

class C(object):

@staticmethod

def f(arg1 , arg2 , ...): ...

Äåñêðèïòîð staticmethod íå ïåðåäàåò îáåðíóòîìó ìåòîäó
ññûëêó íà âûçûâàþùèé îáúåêò â êà÷åñòâå ïåðâîãî àðãóìåíòà.



Äåñêðèïòîð super

Äåñêðèïòîð super ïðåäíàçíà÷åí äëÿ ðåàëèçàöèè
ïðåäîòâðàùåíèÿ âûçîâà ïåðåîïðåäåëåííîãî ìåòîäà áàçîâîãî
êëàññà, êîòîðûé â èåðàðõèè íàñëåäîâàíèÿ âñòðå÷àåòñÿ áîëåå
îäíîãî ðàçà.



Ïðèìåð èñïîëüçîâàíèÿ super

class A(object):

def foo():

print "In class A"

class B(A):

def foo():

super(B, self).foo()

print "In class B"

class C(A):

def foo():

super(C, self).foo()

print "In class C"

class D(B, C):

def foo():

super(D, self).foo()

print "In class D"



Ïðèìåð èñïîëüçîâàíèÿ super

Ïðîòåñòèðóåì ïðèìåð:

>>> d = D()

>>> d.foo()

In class A

In class C

In class B

In class D



Îäíàêî...
Òàêîé êîä íå ðàáîòàåò:

class A(object):

def foo():

print "In class A"

class B(object):

def foo():

print "In class B"

class C(A, B):

def foo():

super(C, self).foo()

print "In class C"

Äåéñòâèòåëüíî

>>> c = C()

>>> c.foo()

In class A

In class C



Çàïðåò ìîäèôèêàöèè îáúåêòîâ-êëàññîâ è èõ ýêçåìïëÿðîâ

Â Python'å êëàññû ìîãóò âåñòè ñåáÿ êàê êëàññû â ÿçûêàõ ñî
ñòàòè÷åñêîé òèïèçàöèåé � ïðîãðàììèñò ìîæåò ÿâíî çàïðåòèòü
ìîäèôèêàöèþ îáúåêòîâ-êëàññîâ. Äëÿ ýòîãî â êëàññå
äîñòàòî÷íî îáúÿâèòü àòðèáóò __slots__, êîòîðûé çàìåíèò
__dict__ â îáúåêòå-êëàññå è âñåõ åãî ýêçåìïëÿðàõ. Aòðèáóò
__slots__ ïðåäñòàâëÿåò ñîáîé ñïèñîê èìåí ïîëüçîâàòåëüñêèõ
àòðèáóòîâ êëàññà.



Øàáëîíû

ïðîåêòèðîâàíèÿ â

ÿçûêå Python



Øàáëîí Factory

Ôàáðèêà àáñòðàãèðóåò îò äåòàëåé ñîçäàíèÿ ýêçåìïëÿðà
îáúåêòà. Âûçûâàþùàÿ ôóíêöèÿ â ðåçóëüòàòå äàæå íå çíàåò òèï
ñîçäàâàåìîãî îáúåêòà.
Áëàãîäàðÿ äèíàìè÷åñêîé òèïèçàöèè, ôàáðèêè â Python'å íå
òðåáóþò ñïåöèàëüíîãî ñèíòàêñè÷åñêîãî îôîðìëåíèÿ.

import random

def listOfRandom(n):

return [random.random () for i in range(n)]



Èíòåðìåööî � Duck typing



Øàáëîí Borg

Áûë ïðèäóìàí äëÿ ïðåîäîëåíèÿ ïðîáëåì øàáëîíà Singleton.

Ïðèìåð

class Borg:

__shared_state = {}

def __init__(self):

self.__dict__ = self.__shared_state



Ôaáðèêà ñèíãëòîíîâ (Flyweight)

Èñïîëüçóåòñÿ â òîì ñëó÷àå, êîãäà íóæíî ìíîãî ýêçåìïëÿðîâ
êëàññà, íî íå âñå îíè äîëæíû áûòü ðàçíûìè.

Ïðèìåð

import weakref

class Instrument(object):

_InstrumentPool = weakref.WeakValueDictionary ()

def __new__(cls , name):

obj = Instrument._InstrumentPool.get(name , None)

if not obj:

print "new",name

obj = object.__new__(cls)

Instrument._InstrumentPool[name] = obj

return obj



Ôaáðèêà ñèíãëòîíîâ (Flyweight)

class Instrument(object):

def __init__(self , name):

'''Complete object construction '''

self.name = name

print "New instrument @%04x , %s"

% (id(self), name)



Èòåðàòîð
Îáåñïå÷èâàåò ïðîçðà÷íûé ïîñëåäîâàòåëüíûé äîñòóï ê
ýëåìåíòàì ñîñòàâíîãî îáúåêòà.

Ïðèìåð

class NodeIterator:

def __init__(self , node):

self.stack = [node]

def __iter__(self):

return self

def next(self):

if not self.stack:

raise StopIteration

node = self.stack.pop(-1)

while isinstance(node , Node):

self.stack.append(node.right)

node = node.left

return node



Èòåðàòîð

class Node(object):

def __init__(self , left , right):

self.left = left

self.right = right

def __iter__(self):

return Node.NodeIterator(self)



Ãåíåðàòîð

Ãåíåðàòîð � ýòî àíàëîã èòåðàòîðà, â êîòîðîì íå íóæíî ÿâíî
õðàíèòü âíóòðåííåå ñîñòîÿíèå. Ëþáàÿ ôóíêöèÿ, â òåëå êîòîðîé
âñòðå÷àåòñÿ îïåðàòîð yield, ÿâëÿåòñÿ èòåðàòîðîì.

Ïðèìåð

class Node(object):

def __iter__(self):

if (isinstance(self.left , Node)):

for n in self.left:

yield n

else:

yield self.left

if (isinstance(self.right , Node)):

for n in self.right:

yield n

else:

yield self.right



Ìèêñèíû

Ìèêñèí � êëàññ, ðåàëèçóþùèé îïðåäåëåííóþ ÷àñòü
ôóíêöèîíàëüíîñòè, ïðåäíàçíà÷åííîé òîëüêî äëÿ ïðîèçâîäíûõ
êëàññîâ.

Ïðèìåð

class CursorWarningMixIn:

class CursorStoreResultMixIn:

class CursorUseResultMixIn

class CursorTupleRowsMixIn:

class CursorDictRowsMixIn(CursorTupleRowsMixIn):

conn = MySQLdb.connection (cursorclass=MySQLdb.DictCursor)



Ïðèìåð ìèêñèíà

class NamedValueAccessible:

def valueForKey(self , key , default=_NoDefault):

klass = self.__class__

attr = None

method = getattr(klass , key , None)

if not method:

method = getattr(klass , '_' + key , None)

if not method:

attr = getattr(self , key , None)

if not attr:

attr = getattr(self , '_' + key , None)

if not attr:

if default!=_NoDefault:

return default

else:

raise NamedValueError , key

if method:

return method(self)

if attr:

return attr



Ïðåäñòàâëåíèå òèïîâ

â èíòåðïðåòàòîðå

ÿçûêà Python



Ñòðóêòóðà èíòåðïðåòàòîðà

I Èñïîëíèòåëüíàÿ ÷àñòü CPython ïðåäñòàâëÿåò ñîáîé
ñòåêîâóþ âèðòóàëüíóþ ìàøèíó.

I Ïðè çàãðóçêå ìîäóëÿ îí êîìïèëèðóåòñÿ â áàéò-êîä äëÿ
ýòîé âèðòóàëüíîé ìàøèíû.

I Ïðè ðàáîòå â èíòåðàêòèâíîì ðåæèìå èíòåðïðåòàòîð
Python'à êîìïèëèðóåò ââîäèìûå êîìàíäû è èñïîëíÿåò èõ
íà âèðòóàëüíîé ìàøèíå.



Âèðòóàëüíàÿ ìàøèíà CPython'à

Êîìàíäû âèðòóàëüíîé ìàøèíû (ôàéë Include/opcode.h):

I îïåðàöèè ñî ñòåêîì,

I óíàðíûå îïåðàöèè,

I áèíàðíûå îïåðàöèè, íå ìîäèôèöèðóþùèå îïåðàíäû,

I áèíàðíûå îïåðàöèè, ìîäèôèöèðóþùèå îïåðàíäû,

I êîìàíäû âûâîäà íà êîíñîëü,

I êîìàíäû óïðàâëåíèÿ ïîòîêîì èñïîëíåíèÿ (ïåðåõîäû,
öèêëû, âûçîâ ôóíêöèè, îáðàáîòêà èñêëþ÷åíèé),

I îïåðàöèè ñî âñòðîåííûìè àãðåãàòíûìè òèïàìè (ñïèñêàìè,
êîðòåæàìè, ñëîâàðÿìè, êëàññàìè),

I êîìàíäû îáðàùåíèÿ ê ïåðåìåííûì ëîêàëüíîé è
ãëîáàëüíîé îáëàñòè âèäèìîñòè.



Òèï PyObject � îñíîâà CPython'à

Ëþáîé îáúåêò Python'à â ðåàëèçàöèè CPython âíóòðè
èíòåðïðåòàòîðà ïðåäñòàâëåí îáúåêòîì òèïà PyObject

(Include/object.h).

typedef s t ruc t _object {
s t ruct _object ∗_ob_next ;
s t ruct _object ∗_ob_prev ;

Py_ssize_t ob_re fcnt ;
s t ruct _typeob j ec t ∗ob_type ;

} PyObject ;



Ïðåäñòàâëåíèå òèïà int

Ðåàëèçàöèÿ òèïà int äîâîëüíî î÷åâèäíà
(Include/intobject.h):

typedef s t ruc t {
PyObject_HEAD

long ob_iva l ;
} Py In tOb j e c t ;



Ïðåäñòàâëåíèå òèïà int

Ïðè âûïîëíåíèè îïåðàöèé íàä öåëûìè ÷èñëàìè ìåòîäû
PyIntObject íå âûçûâàþòñÿ: (Python/ceval.c):

ca s e BINARY_ADD:
w = POP( ) ;
v = TOP( ) ;

i f ( PyInt_CheckExact ( v ) && PyInt_CheckExact (w) ) {
/∗ INLINE : i n t + i n t ∗/
r e g i s t e r l o ng a , b , i ;
a = PyInt_AS_LONG( v ) ;
b = PyInt_AS_LONG(w) ;
/∗ c a s t to avo i d unde f i n ed behav i ou r

on o v e r f l ow ∗/
i = ( l o n g ) ( ( un s i g n ed l o ng ) a + b ) ;
i f ( ( i ^a ) < 0 && ( i ^b ) < 0)

goto slow_add ;
x = PyInt_FromLong ( i ) ;

SET_TOP( x ) ;
}



Ïðåäñòàâëåíèå òèïà float

Òèï float òàêæå ïðåäñòàâëÿåòñÿ äîâîëüíî ïðîñòî
(Include/floatobject.h):

t y p e d e f s t r u c t {
PyObject_HEAD

doub l e ob_fva l ;
} PyF loa tOb jec t ;

Ôóíêöèÿ ñëîæåíèÿ ÷èñåë ñ ïëàâàþùåé çàïÿòîé
Python/floatobject.c):

s t a t i c PyObject ∗
f l oa t_add ( PyObject ∗v , PyObject ∗w)
{

doub l e a , b ;
CONVERT_TO_DOUBLE( v , a ) ;
CONVERT_TO_DOUBLE(w, b ) ;
PyFPE_START_PROTECT( "add" , r e t u r n 0)
a = a + b ;
PyFPE_END_PROTECT( a )
r e t u r n PyFloat_FromDouble ( a ) ;

}



Ïðåäñòàâëåíèå òèïà list

Ñïèñîê â CPython'å åñòü ìàññèâ óêàçàòåëåé íà PyObject:

typedef s t ruc t {
PyObject_HEAD

PyObject ∗∗ob_item ;
Py_ssize_t a l l o c a t e d ;

} PyL i s tOb j e c t ;



Ïðåäñòàâëåíèå òèïà list
Ïðîöåäóðà ñîçäàíèÿ ñïèñêà:
PyObject ∗
PyList_New ( Py_ssize_t s i z e )
{

PyL i s tOb j e c t ∗op ;
s i z e_t nby t e s ;

nby t e s = s i z e ∗ s i z e o f ( PyObject ∗ ) ;
i f ( numfree ) {

numfree−−;
op = f r e e _ l i s t [ numfree ] ;
_Py_NewReference ( ( PyObject ∗) op ) ;

} e l s e {
op = PyObject_GC_New( PyL i s tOb j ec t , &PyList_Type ) ;
i f ( op == NULL)

r e t u r n NULL ;
}
i f ( s i z e <= 0)

op−>ob_item = NULL ;
e l s e {

op−>ob_item = ( PyObject ∗∗) PyMem_MALLOC( nby t e s ) ;
i f ( op−>ob_item == NULL) {

Py_DECREF( op ) ;
r e t u r n PyErr_NoMemory ( ) ;

}
memset ( op−>ob_item , 0 , nby t e s ) ;

}
Py_SIZE( op ) = s i z e ;
op−>a l l o c a t e d = s i z e ;
_PyObject_GC_TRACK( op ) ;
r e t u r n ( PyObject ∗) op ;

}



Ïðåäñòàâëåíèå òèïà list

Ïðîöåäóðà îáðàùåíèÿ ê ýëåìåíòó ñïèñêà ïî öåëîìó èíäåêñó:

case BINARY_SUBSCR:
w = POP( ) ;
v = TOP( ) ;
i f ( PyList_CheckExact ( v ) && PyInt_CheckExact (w) ) {

Py_ssize_t i = PyInt_AsSs ize_t (w) ;
i f ( i < 0)

i += PyList_GET_SIZE ( v ) ;
i f ( i >= 0 && i < PyList_GET_SIZE ( v ) ) {
x = PyList_GET_ITEM(v , i ) ;
Py_INCREF( x ) ;

}
e l s e

goto s low_get ;
}
e l s e

s low_get :
x = PyObject_GetItem ( v , w) ;



Ïðåäñòàâëåíèå ôóíêöèé

t y p ed e f s t r u c t {
PyObject_HEAD
PyObject ∗ func_code ;
PyObject ∗ f un c_g l oba l s ;
PyObject ∗ f u n c_de f au l t s ;
PyObject ∗ f unc_c l o su r e ;
PyObject ∗ func_doc ;
PyObject ∗ func_name ;
PyObject ∗ f unc_d ic t ;
PyObject ∗ f u n c_we a k r e f l i s t ;
PyObject ∗ func_module ;

} PyFunct ionObjec t ;



Ïðåäñòàâëåíèå òèïîâ
Îïèñàíèå òèïà _typeobject (Include/object.h):

t y p e d e f s t r u c t _typeob j ec t {
PyObject_VAR_HEAD
c on s t cha r ∗tp_name ; /∗ For p r i n t i n g , i n fo rmat "<module>.<name>" ∗/
Py_ssize_t t p_ba s i c s i z e , t p_ i t ems i z e ; /∗ For a l l o c a t i o n ∗/

d e s t r u c t o r t p_dea l l o c ;
p r i n t f u n c tp_pr i n t ;
g e t a t t r f u n c tp_ge ta t t r ;
s e t a t t r f u n c t p_s e t a t t r ;
cmpfunc tp_compare ;
r e p r f u n c tp_repr ;

PyNumberMethods ∗tp_as_number ;
PySequenceMethods ∗ tp_as_sequence ;
PyMappingMethods ∗tp_as_mapping ;

l o n g t p_ f l a g s ;

c on s t cha r ∗tp_doc ; /∗ Documentat ion s t r i n g ∗/

g e t i t e r f u n c t p_ i t e r ;
i t e r n e x t f u n c t p_ i t e r n e x t ;

s t r u c t PyMethodDef ∗tp_methods ;
s t r u c t PyMemberDef ∗tp_members ;
s t r u c t PyGetSetDef ∗ tp_get se t ;
s t r u c t _typeob j ec t ∗ tp_base ;
PyObject ∗ tp_d ic t ;

} PyTypeObject ;



Òàê ÷òî æå òàêîå type

Âûïîëíèì êîìàíäó

>>> type(type)

â èíòåðïðåòàòîðå, ðàáîòàþùåì ïîä îòëàä÷èêîì, â êîòîðîì
ñòîèò òî÷êà îñòàíîâà íà ôóíêöèè PyEval_EvalCodeEx

(Python/ceval.c)
Ïåðâàÿ êîìàíäà ñêîìïèëèðîâàííîé ïðîãðàììû èùåò èìÿ type

(êàê àðãóìåíò ôóíêöèè type). Ýòî èìÿ ÿâëÿåòñÿ ãëîáàëüíûì,
ïîýòîìó ìû ñìîæåì ïîëó÷èòü óêàçàòåëü íà ýòîò îáúåêò ïîñëå
âûïîëíåíèÿ ñòðî÷êè

x = PyDict_GetItem(f->f_globals, w);



×òî æå òàêîå type

Ïîñìîòðèì ñîäåðæèìîå ïåðåìåííîé w:

(gdb) p x

$98 = (PyObject *) 0x81e1160

(gdb) p p *x->ob_type

$99 = {_ob_next = 0x81dc5e0, _ob_prev = 0x81e1420,

ob_refcnt = 40, ob_type = 0x81e1160, ...}

Âûâîä

Ïîëå ob_type îáúåêòà type óêàçûâàåò íà ñàì îáúåêò type.
Ýòèì êàê ðàç è îáúÿñíÿþòñÿ ðåçóëüòàòû ýêñïåðèìåíòîâ,
îïèñàííûõ â ïåðâîé ÷àñòè.




