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Êëàññû â Python'å: îòëè÷èå îò C++

Äëÿ ïðîãðàììèñòîâ, ïðèâûêøèì ê îáúåêòíî îðèåíòèðîâàííûì ÿçûêàì

ñî ñòàòè÷åñêîé òèïèçàöèåé, òàêèì êàê C++ èëè Java, êëàññû â

Python'å ïðè ïåðâîì çíàêîìñòâå êàæóòñÿ î÷åíü íåïðèâû÷íûìè.

Ãëàâíîå îòëè÷èå:

â ÿçûêå C++ îïèñàíèå êëàññà � ýòî êàê áû ÷åðòåæ îáúåêòà,

âêëþ÷àþùèé îïèñàíèå åãî ñîñòàâëÿþùèõ ýëåìåíòîâ

(äàííûå-÷ëåíû êëàññà) è ìåòîäîâ äëÿ ðàáîòû ñ íèìè. Âñå

ñîçäàâàåìûå ïîòîì îáúåêòû êëàññà èìåþò îäèíàêîâîå óñòðîéñòâî,

ñîîòâåòñòâóþùåå åãî îïèñàíèþ;

â Python'å îïèñàíèå êëàññà âîîáùå íå ñîäåðæèò îïèñàíèé

äàííûõ-÷ëåíîâ êëàññà. Äàííûå-÷ëåíû êëàññà ñîçäàþòñÿ ïðè

âûçîâå åãî ìåòîäîâ, ïðè÷åì ðàçíûå îáúåêòû êëàññà ìîãóò

ñîäåðæàòü ðàçíûå äàííûå-÷ëåíû, ò.å. èìåòü ðàçëè÷íîå óñòðîéñòâî.

Ýòî ðàçëè÷èå îòðàæàåò ãëàâíóþ îñîáåííîñòü Python'à êàê ÿçûêà ñ

äèíàìè÷åñêîé òèïèçàöèåé � òèïû îáúåêòîâ è âûðàæåíèé

îïðåäåëÿþòñÿ â îáùåì ñëó÷àå òîëüêî â ïðîöåññå ðàáîòû ïðîãðàììû.



Çàäàíèå ìåòîäîâ êëàññà, àðãóìåíò self

Êëàññû â Python'å çàäàþòñÿ ñ ïîìîùüþ êëþ÷åâîãî ñëîâà class. Ìîæíî

óêàçàòü, èç êàêîãî êëàññà íàñëåäóåòñÿ îïèñûâàåìûé êëàññ:

class A(B):

. . .

Çàäàí êëàññ A, êîòîðûé íàñëåäóåò âñå ìåòîäû áàçîâîãî êëàññà B . Åñëè

áàçîâûé êëàññ íå óêàçàí (íåò ÷àñòè â ñêîáêàõ), òî ïî óìîë÷àíèþ âñå

êëàññû íàñëåäóþòñÿ èç áàçîâîãî êëàññà object.

Âàæíî! Ó âñåõ ìåòîäîâ êëàññà (îáû÷íûõ, íå ñòàòè÷åñêèõ) ïåðâûì

àðãóìåíòîì ÿâëÿåòñÿ ññëûëêà íà îáúåêò, ê êîòîðîìó ìåòîä

ïðèìåíÿåòñÿ. Ïî ñîãëàøåíèþ ìåæäó âñåìè ïðîãðàììèñòàìè ýòîò

àðãóìåíò íàçûâàåòñÿ self, õîòÿ ýòî ïðàâèëî íå ôîðìàëüíîå. Îáúåêò

êëàññà ñîçäàåòñÿ ñ ïîìîùüþ êîíñòðóêòîðà, êîòîðûé â Python'å

íàçûâàåòñÿ __init__:



class R2Vector:

def __init__(self, x = 0, y = 0):

self.x = x

self.y = y

Çäåñü ìû îïèñûâàåì êëàññ R2Vector, ïðåäñòàâëÿþùèé âåêòîð íà

ïëîñêîñòè R2. Ïðè âûïîëíåíèè êîíñòðóêòîðà âíóòðè îáúåêòà

ñîçäàþòñÿ äâå ïåðåìåííûå x , y , êîòîðûì ïðèñâàèâàþòñÿ çíà÷åíèÿ,

ïåðåäàííûå êàê ïàðàìåòðû êîíñòðóêòîðó.

Ïåðåìåííàÿ self â Python'e âûïîëíÿåò òó æå ðîëü, ÷òî è this â C++,

íî, â îòëè÷èå îò C++, äîëæíà óêàçûâàòüñÿ ÿâíî êàê ïåðâûé ïàðàìåòð

ëþáîãî ìåòîäà. Íàïðèìåð, îïðåäåëèì åâêëèäîâó íîðìó âåêòîðà (åãî

äëèíó) êàê ìåòîä norm:

class R2Vector:

. . .

def norm(self):

return (self.x*self.x + self.y*self.y) ** 0.5



Âûçîâ îáû÷íûõ ìåòîäîâ äëÿ îáúåêòîâ êëàññà

Ìåòîäû â Python'å âûçûâàþòñÿ òî÷íî òàê æå, êàê è â äðóãèõ îáúåêòíî

îðèåíòèðîâàííûõ ÿçûêàõ: óêàçûâàåòñÿ èìÿ îáúåêòà, çàòåì òî÷êà è èìÿ

ìåòîäà, ïîñëå ÷åãî â ñêîáêàõ óêàçûâàåòñÿ ñïèñîê ïàðàìåòðîâ, êîòîðûé

ìîæåò áûòü è ïóñòûì � íî ñêîáêè îáÿçàòåëüíû! Ïàðàìåòð self ïðè

âûçîâå íå óêàçûâàåòñÿ. Íàïðèìåð, â èíòåðïðåòàòîðå Python'à ìîæíî

íàáðàòü ñëåäóþùèå êîìàíäû:

>>> v = R2Vector(1, 1)

>>> n = v.norm()

>>> print(n)

1.4142135623730951

Çäåñü â âûðàæåíèè v.norm() ìû ïðèìåíÿåì ìåòîä norm êëàññà R2Vector ê
îáúåêòó v, â êà÷åñòâå àðãóìåíòà self ïåðåäàåòñÿ ññûëêà íà v.
Êñòàòè, è òàêîé âûçîâ äîïóñòèì (íî òàê íèêòî íå äåëàåò):

>>> R2Vector.norm(v)

1.4142135623730951



Ïîëèìîðôèçì

Âåðíåìñÿ ê îïðåäåëåíèþ êîíñòðóêòîðà êëàññà R2Vector.

def __init__(self, x = 0, y = 0):

self.x = x; self.y = y

Íåäîñòàòîê òàêîãî ðåøåíèÿ â òîì, ÷òî ìû îïðåäåëèëè òîëüêî êîíñòðóêòîð
ïî äâóì êîîðäèíàòàì âåêòîðà, êîòîðûå çàäàíû êàê äâà îòäåëüíûõ àðãóìåíòà.
Íî õîòåëîñü áû èìåòü òàêæå è êîíñòðóêòîð ïî îäíîìó àðãóìåíòó, êîòîðûé
ÿâëÿåòñÿ ëèáî ñïèñêîì, ëèáî êîðòåæåì (tuple), ñîäåðæàùèì ïàðó ÷èñåë. Â
C++ ìîæíî çàäàòü íåñêîëüêî êîíñòðóêòîðîâ ñ ðàçíûìè íàáîðàìè
àðãóìåíòîâ, ýòî íàçûâàåòñÿ ïîëèìîðôèçìîì. Â Python'å ïîëèìîðôèçìà íåò,
íî îí è íå íóæåí, ïîñêîëüêó ïðè âûïîëíåíèè ìîæíî îïðåäåëèòü òèï
àðãóìåíòà ñ ïîìîùüþ âñòðîåííîé ôóíêöèè type:

def __init__(self, x = 0, y = 0):

if type(x) == tuple or type(x) == list:

self.x = x[0]; self.y = x[1]

else:

self.x = x; self.y = y



Òåïåðü ìîæíî ñîçäàâàòü âåêòîðû ðàçíûìè ñïîñîáàìè:

>>> u = R2Vector(1, 1)

>>> v = R2Vector((1, 2))

>>> w = R2Vector([3, 4])

Ïîäîáíûé �ïîëèìîðôèçì� âîçìîæåí íå òîëüêî â ñëó÷àå êîíñòðóêòîðà, íî è
äëÿ ëþáûõ äðóãèõ ìåòîäîâ êëàññà. Íàïðèìåð, êîãäà ìû óìíîæàåì äâà
âåêòîðà íà ïëîñêîñòè, âûïîëíÿåòñÿ îïåðàöèÿ ñêàëÿðíîãî ïðîèçâåäåíèÿ
âåêòîðîâ, ðåçóëüòàòîì êîòîðîé ÿâëÿåòñÿ ÷èñëî; íî òàêæå ìîæíî óìíîæèòü
âåêòîð íà ÷èñëî, â ðåçóëüòàòå ïîëó÷àåòñÿ âåêòîð. Îïåðàöèÿ óìíîæåíèÿ *

ðåàëèçóåòñÿ ñ ïîìîùüþ ìåòîäà __mul__, â êîòîðîì ìû ðàññìàòðèâàåì
äâà ðàçíûõ ñëó÷àÿ ïî òèïó âòîðîãî îïåðàíäà:

def __mul__(self, v):

if type(v) == R2Vector:

# Scalar product of 2 vectors

return self.x * v.x + self.y * v.y

else:

# Multiply a vector by a number

return R2Vector(self.x * v, self.y * v)



Ðåàëèçàöèÿ àðèôìåòè÷åñêèõ îïåðàöèé äëÿ êëàññà

×åòûðå àðèôìåòè÷åñêèå îïåðàöèè +, −, *, / ðåàëèçóþòñÿ ñ ïîìîùüþ
ìåòîäîâ __add__, __sub__, __mul__, __div__. Íàïðèìåð,

def __add__(self, v):

return R2Vector(self.x + v.x, self.y + v.y)

Â ðåçóëüòàòå âûïîëíåíèÿ îïåðàöèè ñëîæåíèÿ äâóõ âåêòîðîâ ïîëó÷àåòñÿ
òðåòèé âåêòîð, ðàâíûé èõ ñóììå:

>>> u = R2Vector(1, 2); v = R2Vector(3, 4)

>>> w = u + v

>>> print(u, v, w)

(1, 2) (3, 4) (4, 6)

Íî, ïîìèìî îïåðàöèè ñëîæåíèÿ äâóõ âåêòîðîâ, åñòü åùå îïåðàöèÿ
óâåëè÷åíèÿ ïåðâîãî âåêòîðà íà âòîðîé +=, êîòîðàÿ ðåàëèçóåòñÿ ñ ïîìîùüþ
ìåòîäà __iadd__ (áóêâà i îò ñëîâ in-place). Â ðåçóëüòàòå íå ñîçäàåòñÿ
íîâûé îáúåêò, ðàâíûé ñóììå äâóõ âåêòîðîâ, à èçìåíÿåòñÿ ïåðâûé àðãóìåíò
ñëîæåíèÿ:

def __iadd__(self, v):

self.x += v.x; self.y += v.y



Ïðèìåð ïðèìåíåíèÿ ìåòîäà __iadd__:

>>> u = R2Vector(1, 2); v = R2Vector(3, 4)

>>> u += v

>>> print(u)

(4, 6)

Òàêèì îáðàçîì, äëÿ îïðåäåëåíèÿ ÷åòûðåõ àðèôìåòè÷åñêèõ îïåðàöèé

äëÿ êëàññà íàäî ðåàëèçîâàòü 8 ìåòîäîâ, ïî 2 äëÿ êàæäîé îïåðàöèè:

__add__ è __iadd__ äëÿ îïåðàöèè ñëîæåíèÿ (addition),

__sub__ è __isub__ äëÿ âû÷èòàíèÿ (subtraction) è ò.ä.



Äðóãèå ñòàíäàðòíûå ìåòîäû

Ïîìèìî àðèôìåòè÷åñêèõ îïåðàöèé, îáû÷íî íóæíî ðåàëèçîâàòü è äðóãèå
ñòàíäàðòíûå ìåòîäû. Ðàññìîòðèì èõ íà ïðèìåðå êëàññà R2Vector.

Ïðåîáðàçîâàíèå ê òåêñòîâîé ôîðìå. Ìåòîä íàçûâàåòñÿ __str__,
îí ïðèìåíÿåòñÿ ê îáúåêòó v êàê ôóíêöèÿ str(v).

def __str__(self):

return "(" + str(self.x) + ", " + str(self.y) + ")"

Êðîìå ôóíêöèè str(v), íàäî ðåàëèçîâàòü åùå ôóíêöèþ repr(v) (îò
representation � ïðåäñòàâëåíèå):

def __repr__(self):

return "R2Vector("+repr(self.x)+", "+repr(self.y)+")"

Ïðèìåð ïðèìåíåíèÿ:

>>> v = R2Vector(3, 4)

>>> str(v)

'(3, 4)'

>>> repr(v)

'R2Vector(3, 4)'



Ðàáîòà ñ îáúåêòîì êëàññà êàê ñ ìàññèâîì. Ê êîîðäèíàòàì x ,

y âåêòîðà v ìîæíî îáðàùàòüñÿ êàê v [0], v [1]. Äëÿ ýòîãî íàäî

ðåàëèçîâàòü äâà ìåòîäà __getitem__ è __setitem__,

âûïîëíÿþùèå ÷òåíèå è çàïèñü ýëåìåíòà ìàññèâà ñ çàäàííûì

èíäåêñîì:

def __getitem__(self, idx):

if i == 0:

return self.x

else:

return self.y

def __setitem__(self, idx, value):

if i == 0:

self.x = value

else:

self.y = value



Ñðàâíåíèå îáúåêòîâ êëàññà. Äëÿ âîçìîæíîñòè ñðàâíåíèÿ îáúåêòîâ
íàäî ðåàëèçîâàòü 6 ìåòîäîâ <, ≤, >, ≥, =, 6=. Â Python'å îíè
íàçûâàþòñÿ __lt__, __le__, __gt__, __ge__, __eq__,
__ne__ (îò ñëîâ greater than, greater or equal, less than, less or equal,
equal, not equal).

def __lt__(self, v):

return self.x < v.x or (

self.x == v.x and self.y < v.y)

def __le__(self, v):

return self.x < v.x or (

self.x == v.x and self.y <= v.y)

def __gt__(self, v):

return not self <= v

def __ge__(self, v):

return not self < v

def __eq__(self, v):

return self.x == v.x and self.y == v.y

def __ne__(self, v):

return not self == v



Îòìåòèì, ÷òî, åñëè äëÿ êëàññà îïðåäåëåíû îïåðàòîðû == è !=, òî îáúåêòû
ñðàâíèâàþòñÿ ïî çíà÷åíèþ, à íå ïî ññûëêå, ò.å. ýòî ìîãóò áûòü ðàçíûå
îáúåêòû, ñîäåðæàùèå îäíî è òî æå çíà÷åíèå. Åñëè íóæíî ñðàâíèòü ññûëêè,
òî âìåñòî îïåðàòîðà == ñëåäóåò èñïîëüçîâàòü êëþ÷åâîå ñëîâî is:

>>> u = R2Vector(3, 5)

>>> v = R2Vector(3, 5)

>>> id(u)

139785146657144

>>> id(v)

139785146657200

>>> u == v

True

>>> u is v

False



Ñîäåðæàòåëüíûå ìåòîäû êëàññà R2Vector

Ðåàëèçóåì ðÿä ñîäåðæàòåëüíûõ ìåòîäîâ êëàññà R2Vector. Îíè íàì

ïîíàäîáÿòñÿ äëÿ ðåøåíèÿ ñàìûõ ðàçíûõ ãåîìåòðè÷åñêèõ çàäà÷ íà

ïëîñêîñòè.

Íîðìàëü ê âåêòîðó. Ìåòîä normal âîçâðàùàåò âåêòîð,

ïåðïåíäèêóëÿðíûé äàííîìó, èìåþùèé òàêóþ æå äëèíó è

ïîëó÷àþùèéñÿ èç äàííîãî âåêòîðà ïîâîðîòîì íà 90
◦ ïðîòèâ

÷àñîâîé ñòðåëêè:

def normal(self):

return R2Vector(-self.y, self.x)

v

v.normal()



Íîðìàëèçàöèÿ âåêòîðà. Ìåòîä normalize äåëàåò äëèíó âåêòîðà

ðàâíîé åäèíèöå, ñîõðàíÿÿ åãî íàïðàâëåíèå:
def normalize(self):

n = self.norm()

if n > 0:

self.x /= n

self.y /= n
v

v.normalize()

Â îòëè÷èå îò ìåòîäà normalize, ìåòîä v.normalized() îñòàâëÿåò

âåêòîð v íåòðîíóòûì, âîçâðàùàÿ äðóãîé íîðìàëèçîâàííûé âåêòîð

åäèíè÷íîé äëèíû, ïî íàïðàâëåíèþ ñîâïàäàþùèé ñ v :

def normalized(self):

n = self.norm()

if n > 0.:

return R2Vector(self.x/n, self.y/n)

else

return R2Vector(self.x, self.y)



Ñêàëÿðíîå ïðîèçâåäåíèå âåêòîðîâ. Îïåðàòîð óìíîæåíèÿ *

ðåàëèçóåò êàê ñêàëÿðíîå ïðîèçâåäåíèå äâóõ âåêòîðîâ, òàê è

óìíîæåíèå âåêòîðà íà ÷èñëî:

def __mul__(self, v):

if type(v) == R2Vector:

# Scalar product of 2 vectors

return self.x * v.x + self.y * v.y

else:

# Multiply a vector by a number

return R2Vector(self.x*v, self.y*v)

Ìåòîä âîçâðàùàåò ëèáî ÷èñëî (ñêàëÿðíîå ïðîèçâåäåíèå), ëèáî íîâûé
âåêòîð:

>>> u = R2Vector(3, 1)

>>> v = R2Vector(1, -1)

>>> u*v

2

>>> u*0.5

R2Vector(1.5, 0.5)



Êëàññ R2Point

Êëàññ R2Vector îïðåäåëåí â ìîäóëå R2Graph, çàäàííûì â ôàéëå
�R2Graph.py�. Ïîìèìî êëàññà R2Vector, ýòîò ìîäóëü ñîäåðæèò òàêæå
îïðåäåëåíèå êëàññà R2Point, êîòîðûé ïðåäñòàâëÿåò òî÷êó íà ïëîñêîñòè R2. Â
öåëîì îïèñàíèå ýòîãî êëàññà ïîõîæå íà êëàññ R2Vector. Îòìåòèì âàæíûå
îòëè÷èÿ:

îïåðàöèÿ ñëîæåíèÿ òî÷åê íå îïðåäåëåíà � ãåîìåòðè÷åñêè ñëîæåíèå
êîîðäèíàò òî÷åê áåññìûñëåííî, ò.ê. ðåçóëüòàò çàâèñèò îò âûáîðà íà÷àëà
êîîðäèíàò;

îäíàêî ðàçíîñòü äâóõ òî÷åê q − p èìååò ñìûñë � ýòî âåêòîð,
íàïðàâëåííûé îò òî÷êè p ê òî÷êå q. Òàêæå ê òî÷êå ìîæíî ïðèáàâèòü
èëè îòíÿòü âåêòîð:

class R2Point:

def __sub__(self, p):

if type(p) == R2Point:

return R2Vector(self.x - p.x, self.y - p.y)

else:

assert type(p) == R2Vector

return R2Point(self.x - p.x, self.y - p.y)



def __add__(self, v):

assert type(v) == R2Vector

return R2Point(self.x + v.x, self.y + v.y)

q − p

p

q


