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[peroBop: aTpubyTH

dir(foo) -> foo. _dict _

getattr(foo, 'x') -> foo.__getattribute__('x") -> foo.__getattr__('x")

setattr(foo, 'x', 'y') -> foo._ _setattr_ _('x"', 'y')

del foo.x -> delattr(foo, 'x') -> foo.__delattr__('x")



MeTta

e META/MEe.td/ (TpbLKN)
MpeacTaBka 3a NoONOXeHMe 33, Npes, cnes Uam OTBbA HeLLo
e meta/ meta/ (QaHINNCKIN)
OTHacsW, ce Ao cebe M NN YCNOBHOCTUTE Ha XaHpa cu; camopedepeHTeH
e MeTaobekTun
O6eKkTn, KOUTO OnmcBaT 06eKTU
e [lpyru npumMmepu: MeTagaHHU, MeTa-nHGopMaLVs, MeTa-xyMop, MeTanporpamMmmpaHe
(3@ NOCNefHOTO LLe pa3kaxeMm noseye cieABallys MbT)



lpoTokon

(0T dpeHcku: protocole; oT naTuHckK: protocollum; oT cTaporpbLKKM: TIPWTOKOAAO) Hal-06L0
npeAcTaB/isABa ornpejeseHo MHOXECTBO OT NMpaBwu/ia B yrotpebaeHne npu JaZileHn o6CTosTeNCTBa.

(o1 Wikipedia)



MeTtaobeKkTeH npoToKoN

Objects are Python’s abstraction for data. All data in a Python program is represented by objects or
by relations between objects. (In a sense, and in conformance to Von Neumann’s model of a “stored

program computer”, code is also represented by objects.)

(n3 https://docs.python.org/3/reference/datamodel.html)



https://docs.python.org/3/reference/datamodel.html

MeTaobekTeH npotokon (2)

e Python B3anmcTBa ngen ot Lisp

e [IpeaMMCTBO: He e HYXKHO a 3Haell Python, 3a ga yetew Python

e HejocTaTbK: IMMNCBA KOHCUCTEHTHOCTTA B pernpeseHTaumaTa Ha Koa/AaHHN
e [Ipuanya Ha NpPOCT HauuH 3a reflection

e Moxe garo cpewyHete kato “MOP”



__dunders__

MpeacTaBnABaT (rosigsMa YacT OT) MeTAa0beKTHUA NPOTOKON
MoraT fa 6b4aT YeTeHU /N NNCaHn n/nnv npegePrHpaHy
... H/ MO3BO/IABAT fla NHTPOCMeKTpamMe 06eKkTy

... NN NbK ga "BMbKHEM” Hall KO Ha pPa3HM MecCTa B e31Ka



__dunders__(2)

Heka:

e [lperoBopymM NosHaTuTe
e Pasrnesame HAKoW OT HEMO3HATUTE
e lIrHopuvpame rno-anokpmneHuTe



KactoBe

__bool_ _(self)
__float_ (self)
__int__(self)
__str_  (self)



Kacrose (2)

class Scotsman:
def __bool__(self):
print('Converting to bool..."')
return True

if Scotsman():
print('A True Scotsman!')

Converting to bool...
A True Scotsman!


https://en.wikipedia.org/wiki/True_Scotsman

Penpe3eHnTtauus

e  repr__(self)
e  str_ (self)
e  doc__

e  dir_(self)



ApuTMeTHKa

__add__(self, a)
__sub__(self, a)
__mul_(self, a)
__div__(self, a)
__floordiv__(self, a)
__truediv__(self, a)
__divmod__ (self, a)
__pow__(self, a)
__matmul_(self, a)



Monumopdusbm

e Kog, KOMTO Ce AbPXN PasINYHO CNPAMO (TUNa Ha) NapameTpuTe cu
[Mprimepun OoT Apyrv e3nun:
o  generics,
o overloading;
o multiple dispatch (multimethods);
o BUPTYaJIHN MeToAu
e MeToauTe B Python CMHTaKTUYHO MMAT Camo MocsiegHOTO
O  ...HO He ro Hapmnyame Taka;
o noAMMopdmn3BbLM CaMo Mo NbPBUA aprymeHT (self);
o a.k.a.single dispatch
e OnepaTopuTe nmat Hewo kaTo double dispatch



AputmeTuka (2)

“necHn” BapmaHT:

__radd__(self, a)
__rsub__(self, a)
__rmul__(self, a)
__rdiv__(self, a)
__rfloordiv__(self, a)
__rtruediv__(self, a)
__rdivmod__(self, a)
__rpow__(self, a)
__rmatmul__(self, a)
NotImplemented



Aputmetuka (3)

>>> class X:
pass
>>> x = X()
>>> 1 + X
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: unsupported operand type(s) for +: 'int' and 'X'
>>> (1)._ _add__(x)
NotImplemented



AputmeTtuka (4)

>>> class X:
def __radd__(self, other):
print(f'called with self=3{self}, other={other}')
return self
>>> x = X()
>>> 1 + X

called with self=<__main__.X object at Ox7fe4be931070>, other=1
<__main__.X object at 0x7fed4be931070>



AputmeTuka (5)

“in-place” BapmaHTu:

__dadd__(self, a)
__isub__(self, a)
__imul__(self, a)
__idiv__(self, a)
__ifloordiv__(self, a)
__itruediv__(self, a)
__idivmod__(self, a)
__ipow__(self, a)
__dimatmul__(self, a)



YHapHa apuTMeTHUKA

e  abs_ (self)
e _ pos__(self)
e _ neg__(self)



butoBa apuTmMeTHKa

_and__ / __rand__ / __iand__(self, a)

__ror__ / ior__(self, a)

__xor__ / __rxor__ / __ixor__ (self, a)
__rshift _ / __rrshift _ / __dirshift__(self, n)
__1shift  / __rlshift / __ilshift (self, n)
__invert__(self)



PaBeHCTBO 1 XewupaHe

e _eq__(self, a)
e ne_ (self, a)
e  hash__(self)



PaBeHCTBO M XewmpaHe (2)

imaT BrpazeHo nosejeHue:

e X ==y # x 1s y
e X !=vy # not (x ==vy)
e hash(x) # HakakBa_tyHkunsa (id(x))

0  KbM MOMeHTa Ha 64 6utoB OS: id(x) // 16
0 He pasumTanTe NOBEAEHMETO Ha NOC/IeAHOTO Aa ce 3ana3u!



CpaBHeHus

1t (self,
__le__(self,
__gt__(self,
__ge__(self,



CpaBHeHus (2)

>>> class Python:
def __gt _(self, other):
print('Greatest!")

return True

>>> Python() > 'Java'
Greatest!
True



CpaBHeHus (3)

Double dispatch!

HAMaMe JeceH BapvaHT Ha __1t__

BMeCTO Hero ce non3ea __gt__
... M 0BPATHOTO
aHanornyHo 3a __ge__/__1le



CpaBHeHusa (4)

>>> class Python:
def __gt _(self, other):
print('Greatest!")

return True

>>> 'Java' < Python()

Greatest!

True

>>> 'Java'.__1t__(Python())
NotImplemented



with

e  enter (self)
e _ _exit__(self, type, value, traceback)



Atpubytu

_dir_(self)
__getattribute__(self, name)
__getattr__(self, name)
__setattr_ (self, name, value)
__delattr_ (self, name)



Konekuuu

__len__(self)
__contains__(self, item)
__getitem__(self, 1)
__setitem_ (self, i, value)
__delitem_ (self, i)



Utepatopu

e  iter (self)
e  next (self)



MeTaatpubyTu

__dict__
__slots__
__class__
__globals__
__name__



(OYHKuMM

e _ code_ _
e _ call__(self, %args, *xkwargs)



UmnopTtupaHe Ha Moaynu

import module
...CbOTBEeTCTBa Ha...

module = __dimport__('module")



KoHcTpyupaHe

° _new__(cls, *args, xxkwargs)

e _ _init__(self, xargs, *xkwargs)



new

new__ e NCTUHCKUAT KOHCTPYKTOP Ha BawuTe obekTu. __init__ e caMo nHuumanmsaTop.

class Vector(tuple):
def __new__(klass, x, y):
return tuple._ _new__(klass, (x, vy))

def add__(self, other):
if not isinstance(other, Vector):
return NotImplemented
return Vector(self[0] + other[0], self[1l] + other[1])



PekoHcTpyupaHe

e _ reduce__(self)
e _ reduce_ex__(self, protocol)



Method resolution order

PeabT 3a 06x0X/4aHe Ha 6a30BU K/lacoBe

class A(int): pass
class B: pass
class C(A, B, int): pass

C._mro__ 4 wam C.mxro()
# <class ' main__.C'>, <class '__main__.A'>, <class
# <class 'int'>, <class 'object'>

1 1

__main__.B'>,



Method resolution order (2)

e lM3non3Ba anropntbM HapedeH C3 linearization
e https://en.wikipedia.org/wiki/C3 linearization
e https://dl.acm.org/doi/pdf/10.1145/236337.236343



https://en.wikipedia.org/wiki/C3_linearization
https://dl.acm.org/doi/pdf/10.1145/236337.236343

Lpyru (6e3 KOHKpeTeH pen)

__sizeof _
__weakrefoffset _
__base__
__bases__
__basicsize__
__module__
__package__
__all__
__builtins__
__sSubclasses__
__subclasshook__
__subclasscheck__
__file_ _
__format__
__loader__
Ellipsis/...



Neckpuntopu

e _ get (self, instance, owner)
e _ set__(self, instance, value)
e _ delete__(self, instance)



Neckpuntopu: Teopus

def __get__(self, instance, owner):
def set (self, instance, value):
def delete_ (self, instance):

e BuKaT ce BbpXy 06eKT, KOUTO 61Ba A4OCTBMNBAH KaTO aTPMUBYT Ha ApYyr 06eKT.

e AkO KnacweT A nma atpubyT £00, CbC CTOMHOCT 06eKT OT TUM B, gocTbnBanky A.foo e ce
n3Bmka __get__ Ha B.

e OnutBainku ce ga ro npegedurHvpame, yapame __set__
[losHaWTe KakBO CTaBa aKo onuTaMme ga ro matpuem c del.



Oeckpuntopu: MpakTuka

class B:
def __get__(self, instance, owner):
return "You came to the wrong neighborhood, motherflower!"

def __set__(self, instance, value):
print("What!? You think you can change my personality just like that!?")

def __delete__(self, instance):
print(“Can't touch me!")

class A:

foo = B()
a = A()
print(a.foo)
a.foo = 'bar'
del a.foo



Mpumep - cached_property

from functools import cached_property

class Lecturer:
def __init__(self, name):
self.name = name

@cached_property
def greet(self):
print("Thinking what to say..")
return f£"Hello, my name is {self.namet"

e PV NbPBO A0CTbMNBAaHE KOABLT Ce N3Mb/IHABA
e rpecMeTHaTaTa CTOMHOCT Ce Kellnpa B MHCTaHUMATA
(BCSIKa MHCTaHUMSA MMa HyXAa OT COBCTBEH Kelll)

e Npu CNeABalLo AOCTbMNBAHE Cce B3MMa OT Kella



Mpumep - cached property (2)

>>> joan = Lecturer("Joan")
>>> joan.greeting

Thinking what to say..

'‘Hello, my name 1s Joan'

>>> joan.greeting

'‘Hello, my name 1s Joan'

>>> joro = Lecturer("Victor")
>>> joro.greeting

Thinking what to say..

‘Hello, my name 1s Victor'



Mpumep - cached_property (3)

OpurMHanHaTa MnaeMeHTaumMsa Moxe ga 6bae HanMcaHa v Taka:

def greeting(self):
print("Thinking what to say..")
return f"Hello, my name is 3self.namet"

class Lecturer:
def init__(self, name):
self.name = name

greeting = cached_property(greeting)



[pocra umnaemenTauma Ha cached property

class cached_property:
def init_ (self, function):
self.function = function

def __get_ (self, obj, type=None) -> object:
result = self.function(obj)
setattr(obj, self.function.__name__, result)
return result



Bound methods

>>> increment = (1).__add__
>>> map(increment, [0, 1, 2, 3])
[1I 2’ 3’ 4]

e '"3akaua" MHCTaHUWA 3a MeTOo/
e [Ipuanya Ha YaCTUYHO nMpwuaaraHe Ha GyHKLUMS
e EanHcTBeHO self moxe ga 6b4e NpuioxeH



Bound methods: lpocta uMnnemeHTauus!

class MyMethod:

def init_ (self, func):
self.func = func

def __get__(self, instance, owner):
if instance:
return lambda: self.func(instance)
else:
return lambda explicit_instance: self.func(explicit_instance)

class Python:
name = 'Monty'
greet = MyMethod(lambda self: 'My name issss %s' % self.name)



Bound methods: lpocta uMnnemeHTauus!

snake = Python()

snake.greet() # 'My name issss Monty'

snake.name = 'Nagini'

Python.greet() # TypeError: <lambda>() takes exactly 1 argument (0 given)
Python.greet(snake) # 'My name issss Nagini'



Bunpocu?




