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lperosop?

e type(b'abcd')
<class 'bytes'>
e b'abser'

# SyntaxError: bytes can only contain ASCII literal characters



lperosop!

e isinstance(3, int)

i True

e isinstance(3, object)
i True

e isinstance(3, str)
i# False

e isinstance(int, type)
i True

e isinstance(3, type)
i# False

e isinstance('hello', str)
i True



Mperosop?

e issubclass(int, object)

i True

e issubclass(object, int)
i# False

e issubclass(int, int)
i True

e issubclass(3, int)

# TypeExrror: [...] must be a class
e issubclass(int, type)

i# False



Mperosop?!?1?1?!

e isinstance(type, type)

# True
e issubclass(type, type)
# True
e isinstance(object, object)
# True
e issubclass(object, object)
# True
e isinstance(type, object)
# True
e issubclass(type, object)
# True
e isinstance(object, type)
# True
e issubclass(object, type)
i False



Knacose

e Bcnuko B [1aiTbH e 06eKT, BKIKUYNTENHO U K1acoBeTe
e Bcekun obekT e NMHCTaHUWA Ha HAKaKbB K/1aC, BKAKYUTE/THO N K/1aCOBEeTe



isintance usobpaseH

e issubclass(t, t) == True (BCeKM Knac e noaksaac Ha cebe cn)
e B ocrtaHanute cnyyam issubclass obxoxpa __bases__ v Tbpcn cbBNageHme
e isinstance(x, t) == issubclass(x._ _class , *t)
3 - int
object type

"hello' ~ Str




MeTtaknac

KnacbT Ha K1acoBeTe c/ MMa creumnasHo nme - MeTakiac

type e MeTaknacbT Ha TOKY-LLO pasrnegaHnTe Tunose (int, str, object)
type e CbLLO Taka MeTaknacbT Ha type

... UMa n gpyru.



KakBo BCbLHOCT e type?

Bes apryMeHTn e NpocCTo KNachT type

C aprymMeHTV e KOHCTPYKTOP

[Mpumep 3a __new__ Marus

C egnH aprymeHT type (x) BpbLUa TUMA Ha X

C Tpw aprymeHTa ce KOHCTpyvrpa NHCTaHUmMA Ha type:
type(name, bases, dict)



Mpumep 3a type(name, bases, dict)

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

def say_hi(self):
print(£'Hi, My name is {self.name}')

Person = type('Person', (), 3%
' dinit__ __init__,
'say_hi': say_hi,

£)

Person('Geoxrge').say_hi()



CuHTaKTMYHA 3aXap

class Person:
def init_ (self, name):
self.name = name

def say_hi(self):
print(f'Hi, My name is 3self.namet')

Person('Geoxrge').say_hi()



0606weHue

e (b3aaBaMe kKnacoBe CbC CMHTakcKca class Something
® .. WINTUCb3jaBaMe C KOHCTpykKTopa type

® BTOpOTO H NMo3BOJ/1IiBa ANHAMWYHI.

O WMEeHa Ha TUnoBe
o oJieTa Ha Knaca
o 6a3o0Bu TUMOBE

o ..khoue!

e [lporpama KOATO Cb34aBa HOBMU TUMOBe A0KATo paboTun!
e [Iporpama kodaTo ce nuwe/aonmncea camal?!



Metanporpamupaxe

e [lo-cneundunyHo:
[porpamum, KOUTO NMULLAT NPOrpamm.

e [lo-06L0:
TexHuKa, NpU KOSTO Nporpamu TpetTmpar Apyrn NporpaMmm KaTo AaHHWY;
(UeTeHe; MHTPOCMNEKUMS; MaHUMYNALWS; TEHEPUPAHE).



MeTtanporpaMupaHe - npumepu

Lisp n npuarenu

macros

template metaprogramming
reflection



MeTtanporpamupaHe - macros

#ifdef X

#include <smthng>

int x = X;
ffelse

#fdefine X 42

#include <smthng_else>
f#fendif

/* vma if-else ycnosBua; 6m morno pa uma [pocTa rnaynosaTtal] pekypcusa */
/* yWaceH npumep; B OPYrv e3uuu uMma no-agekBaTHM MakKpocu */



MetanporpamupaHe - template metaprogramming

template <int N> int fib() 3§ return fib<N-1>() + fib<N-2>(); %
template <> int fib<0>() 3 return 0; %

template <> int fib<1>() { return 1; }

// fib<10> we reHepupa thyHkumn fib<2> .. £ib<10> no BpemMe Ha KoMNUIaAUUS
// ycnoBusa nopn topmaTa Ha pattern matching; wuma pekypcus



Metanporpamupate - reflection

public interface Foo {
Object bar(Object obj) throws BazException;

: “lUn BK nba

AKaBaTta,
CbCUMaxTe ro T'ea
nporpamunpaHe”

public class FooImpl implements Foo {
Object bar(Object obj) throws BazException {
/] ...
¥
3

public class DebugProxy implements java.lang.reflect.InvocationHandler {
private Object obj;

public static Object newInstance(Object obj) {
return java.lang.reflect.Proxy.newProxyInstance(
obj.getClass().getClassLoader(),
obj.getClass().getInterfaces(),
new DebugProxy(obj));
¥

private DebugProxy(Object obj) {
this.obj = obj;
¥

public Object invoke(Object proxy, Method m, Object[] args)
throws Throwable
i
Object result;
try {
System.out.println("before method " + m.getName());
result = m.invoke(obj, args);
} catch (InvocationTargetException e) {
throw e.getTargetException();
1 catch (Exception e) {
throw new RuntimeException("unexpected invocation exception:
e.getMessage());

.
1 finally {

System.out.println("after method " + m.getName());
¥

return result;



Metanporpamupane - lisp u npugarenu

(1 2 3) * CMUCBK C uyucna

(+ 1 2) ;142

(foo x) : foo(x)

"(+ 1 2) ; CMUCBK C (PYHKUMATa + M yucnata 1 u 2

; KogbT n paHHuTe cnogenaTt obuw dopmat!



MeTtanporpamupaHe - He-npumMepu

TexHMUYecku NnorneaHaTo U3non3BaT TeXHUKN/Uaen oT MeTanporpaMmpaHeTo, Ho TEPMUHOJIOTUYHO
He ca MeTanporpamMpaHe...

ONTUMM3MPALLN KOMMUNATOPN
Linters (Hanp. pycodestyle/pep8)
NHTepnpeTaTtopu

Emynatopwu



Bb3MOXHOCTM...

[o kbae Moxe aa cturHe Python?



HacnepgasaHe ot type

class metacls(type):
def _new__ (cls, name, bases, attr dict):

attr_dict['say_bye'] = lambda self: print('bye')
return type.__new__(cls, name, bases, attr_dict)

Person = metacls('Person', (), 1
' __dinit__': init_person,
'say_hi': say_hi,

£)

Person('George') .say_bye()



metacls nsobpaseH

3 'hello' Person('George')

[
>

object type - metacls

O




CuHTaKTMYHA 3aXap

class
X

y

Foo(A, B, C, metaclass=Bar):
=1
=2

#f e 3axap 3a:

Foo =

Bar('Foo', (A, B, C), 3+'x"':



CuHtakTHyHa 3axap (2)

class Person(metaclass=metacls):
def init_ (self, name):
self.name = name

def say_hi(self):
print(f'Hi, My name is 3self.namet')

Person('Geoxrge').say_bye() # bye

e Heusrnexaa tuna Person pfawvma say_bye
e lI3rnexaa kato marus!



Mpumep - enum

e B Python HAMa cnHTakcKc 3a eHyMepauuy
® ...HO MOXeM Ja C/ HanuLiem Hall ¢ MeTanporpamMmmpaHe
® .. WAV Aa n3nonssame rotoeus!

>>> from enum import Enum

>>> type (Enum)

<class 'enum.EnumType'>

>>> b AANANANANNANN meTaKnac !
>>> enum.EnumType.__bases__
(<class 'type'>,)



Mpumep - enum (2)

>>> class Weekday (Enum):

MONDAY = 1
TUESDAY =

WEDNESDAY

THURSDAY =
FRIDAY = 5
SATURDAY =
SUNDAY = 7

;;; type (Weekday)

<class 'enum.EnumType'>

>>> Weekday.MONDAY
<Weekday.MONDAY: 1>
>>> Weekday (3)

<Weekday.WEDNESDAY: 3>
>>> Weekday.MONDAY.name

'MONDAY'

2

4

6

3

i

i

i

>>> Weekday.MONDAY.value #

1

noslyuBsaMe MeTakflaC M HSAKOJKO
CTaHOApPTHO Mofi3BaHe

TbpCeHe No CTOMHOCT

MMETO KaTO HU3

CTOUHOCT

Hewa HaroToBO



Mpumep - enum (3)

>>> Weekday.MONDAY in Weekday

True

>>> "Something" in Weekday

False

>>> 3 1in Weekday

True

>>> 8 in Weekday

False

>>> for day in Weekday:
print(day)

Weekday.MONDAY
Weekday.TUESDAY
Weekday .WEDNESDAY
Weekday.THURSDAY
Weekday.FRIDAY
Weekday.SATURDAY
Weekday .SUNDAY



Ha koro My TpsibBa cuHTaKCuC?

e B python HAMa cnHTaKkcuc 3a:

o O O O O O O

o O O O O O

properties

CTaTUYHU MEeTOAN
abCTpakTHN MeToANn
enum

CTaTU4YHa TUNKM3aums
generics

... noule Hewla

.. NOCTnraT ce 4vpes KOM6I/IHaLI,I/IFI oT.

JekopaTopu
MeTak/iacose

__getattr__ v npuartenn
AeckpunTopu

APYrv Hela B MeTaobeKTHUSA MPOTOKO/
aHoTauum



[TunoBu] aHOTaLMK

def split_names(full _name: str) -> tuplel[str, str] | tuple[str, str, str]:
names = full_name.split()
if 2 <= len(names) <= 3:
return tuple(names)
raise ValueError(f"Invalid name '$full namet'")

split_names("Michael Trent Reznor") # ('Michael', 'Trent', 'Reznor')
split_names("David Robert Jones") # ('David', 'Robert', 'Jones')

HamMa TakoBa HeLlo KaTo KOMMNUAaLNOHHW rpeLlku (o4eBnaHo)
[MpoBepKa € BbHLUHW NHCTPYMeHTU (Hanp. MyPy, Pytype, Pyright, Pyre)
Nnwn nbk IDE (Hanp. vscode)

(]
([
([
e Pa3HW MHCTPYMEHTW OYaKBAT TOBA Aa ca TUNoBe; Python He BY 3a4b/1KaBa



Neckpuntopu

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



Neckpuntopu: Teopus

def

def
def

get__(self, instance, owner):
__set_ _(self, instance, value):
__delete__(self, instance):

BukaT ce Bbpxy 06€eKT, KOWTO 6MBa AOCTbMNBAH KaTo aTpUOyT Ha Apyr ObekT.

MopfobHa Ha __*xattr__ meToAmTe, HO 3@ HeLoTO BAACHO OT ToYKaTa.

Ako KnacbT A ma aTpmbyT £00, CbC CTOMHOCT 06eKT OT TN B, gocTbnBankn A. foo e ce
n3Buka __get__ Ha B.

OnunTBankun ce ga ro npegedvHMpame, yapsame __set

[Mo3HanTe KakBO CTaBa ako onMTamMe Aa ro nstpuem 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 Kell)

e Npu CNeABaLLO AOCTbMNBAHE Ce 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'

>>> victor = Lecturer("Victor")
>>> victor.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__
>>> list(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'



AGcTpakTHM KnacoBe/mMeToam

from abc import ABC, abstractmethod

class Animal (ABC):
@abstractmethod
def vocalize(self):
pass

class Dog(Animal):
def vocalize(self):
print("Woof!")

class EricBurdon(Animal):
def vocalize(self):
print("There is a house in New Orleans, they caaall..")

Dog () .vocalize() # Woof!
Animal () # TypeError: Can't instantiate abstract class Animal [...]



AbcTpakTHM Knacose/meTtoam (2)

>>> type(Animal)

abc.ABCMeta

>>> abc.ABCMeta._ _bases
(type,)

>>> Animal._ _abstractmethods_ _
frozenset (3 'vocalize'})



Selfless python

def without_ego(func):

def wrapped(self, xargs, xxkwargs):
old_self = func.__globals__.get('self"')
func.__globals__['self'] = self
result = func(xargs, *xkwargs)
func.__globals__['self'] = old_self
return result

wrapped.__name__ = func.__name__

return wrapped

class selfless(type):
def __new__(cls, name, bases, attrs):
for key, value in attrs.items():
if hasattr(value, ' call '):

attrs[key] = without_ego(value)
return type.__new__(cls, name, bases, attrs)



beskopucTHa HUHAXKa!

class Person(metaclass=selfless):
def init__(name):
self.name = name

def say_hi():
print(f'Hi, I am {self.name}')

Person("Z&E") .say_hi()



python.exe

NHTepnpeTatopbT Ha Python e nporpama, KoaTo (rpy6o KasaHo):

YeTe KOABT Ha BallaTta nporpama

[MpeBpblLUa 4 B JaHHU

Kewwnpa rn kato __pycache__/*.pyc Bbpxy ¢dannoBara cmcrema

OueHsaBa (M3umncnaBa) JaHHHUTE

Ma ouakBaHWMA kbM __dunder__ aTpmnbyTmnTe 1 rm NoA3Ba rno no-cneumanHmn HaumHM



Bunpocu?




