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Classes and Objects

* |Imperative programming manipulates the state of memory
 Breaks up tasks through procedures and functions

* QObject Oriented Programming
e Creates objects that interact with each other

 Objects are defined with a user-defined data type



Classes and Objects

e Each object maintains its own state

e Objects manipulate themselves and other objects
through methods



Classes and Objects

* Running Example:
e Complex Numbers
e Complex numbers live in the complex plane
 Two canonical way of representing them:
* Via coordinates (the real and the imaginary part)

* Via length and angle to x-axis



Complex Numbers

Im(X) ---------------- T

Re (x)

e Complex numbers are poiqts in the Gaussian plane

e Can be represented as pairs (a,b)

* ais called the real part, b is called the imaginary part

e Written as a+ib, the “algebraic notation”



Complex Numbers

r 1s the length
a 1s the phase 1n
radians

a

 Polar form
e Given by angle @ with x-axis and a length r

e Writtenas r - e'?¢



40

%= § Complex Numbers

e Complex numbers allow various operations such as
addition, multiplication, exponentiation,

* The have a length, a real part, and imaginary part, and a
phase

* They have a transpose

e And so much more



OOP in Python

 We define the type of an object as a class
 QObjects have fields and methods
 Fields are like variables

e Methods are like functions

e A complex number has two fields: the real and the imaginary
part

A method would be the calculation of the length

 Another standard method would be a string describing the
number



OOP in Python

* There are two types of fields and methods:
* Those that belong to the class:
e (Class variables (aka Class fields), Class methods

* And those that belong to an object

e Object variables, Object methods



OOP in Python

* To create an object of type class, “instantiation”: we
define and use an initializer called  init ()

* The initializer can have arguments.

e |f we create object variables and methods, we use the
(quasi-)keyword self to refer to the object.



OOP in Python

The double underscore before and after
make this a reserved method name.

class Complex:

def 1nit (self, real, imaginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1f name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)

They are called dunder methods.




OOP in Python

The “self” is required. It renders this is an
instance method

class Complex () :

def 1nit (self, real, imaginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)



OOP in Python

class Complex () :
def init

1f

(self,

self.re
self.im
def str

return

name

= real

= 1lmaglnary

(self) :

The real and imaginary are parameters

real, 1maginary) :

"{}+1{}".format (self.re, self.im)

" main

a = Complex (-2, 3)
b = Complex (1, 2)

print (a,

D)

" .



OOP in Python

class Complex () :

def 1nit (self, real, imaginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2) This is the creation of an instance of the
print (a, b) class. “self” is hidden, -2 is real and 3 is
Imaginary




OOP in Python

This defines an instance field called “re”

class Complex () :

def 1nit (self, 1eal, imaginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)



OOP in Python

This defines an instance field called “im”

class Complex () :

def 1nit (self, real, 1maginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)



OOP in Python

Assigning self.whatever anywhere in the
definition of the class will create an
iInstance object

class Complex () :

def 1nit (self. Leal, 1maginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)



OOP in Python

class Complex () :
def init

1f

self.re
self.im
def str

return

name

(self, recal,
= Ye ..
= 1maglnary
(self) :

The two underscores before and after
denotes str as areserved name.

imaglinary) :

"{}+1{}".format (self.re, self.im)

" main

a = Complex (-2, 3)
b = Complex (1, 2)

print (a,

D)

" .



OOP in Python

str__ takes the instance and creates a
string. The string should reflect the
contents of the object.

class Complex () :

def 1nit (self, real, imaginary):
self.re = real
self.im = 1maglnary

def str (self) :

return "{}+1{}".format (self.re, self.im)

1if name == " main ":
a = Complex (-2, 3)
b = Complex (1, 2)

print (a, b)



OOP in Python

When print is called on objects of type complex,
then Python looks first for a __str method and then
fora_ _repr__ method. The _ repr__ method is
supposed to give more details for debugging.

class Complex () :

def 1nit (self, real, imaginary):
self.re = real
self.im = 1maglnary

def str (self):
return "{}+1{}".format (self.re, self.im)

a = Complex (-2, 3)
b = Complex (1, 2)
print (a, b)



OOP in Python

 Adding Methods

 Every complex number has a length:

la+ bi| =Va? + b?

* Jo create a method calculating the length:

 \We need one argument: the object (the complex
number) itself

e Thisargumentis called self



class Complex () :
def init (self, real, 1maginary) :

self.re = real The one argument is self
self.im = 1maginary -
def  str (self):
1f self.re==0 and self.im==0:
return "0O" il
1f self.re==0 and self.im>0;y}f"
return "i{}".format(seiffim)
if self.re==0 and self.im<0:
return "-i{}".format (-self.im)
if self.im<0: e
return "{}—i{bﬁ
if self.im>0: ”rfx
return "{}+i{}".format (self.re, self.im)
return str(self.re)
def length (self):
return math.sqrt (self.re*self.re+self.im*self.im)

 format (self.re, -self.im)

1f name == " main ":

a = Complex (-2, 3)
print(a.length())



class Complex () :
def 1nit (self, real, 1magilnary):
self.re = real
self.im = 1maginary
def  str (self):
1f self.re==0 and self.im==0:
return "0O"
1f self.re==0 and self.im>0:
return "i{}".format (self.im)
1f self.re==0 and self.im<O0:
return "-i{}".format (-self.im)
1f self.im<0:
return "{}-1{}".format(self.re, -self.im)
1f self.im>0:
return "{}+i{}".format(self.re, self.im)
return str(self.re)
def length(self):

return math.sqrt (self.re*self.re+self.im*self.im)

1f __name == "__main__": T — :
a = Complex (-2, 3) Here is how this function is '
print(a.length()) ... called: The object is followed

by a period



class Complex () :
def 1nit (self, real, 1magilnary):
self.re = real
self.im = 1maginary
def  str (self):
1f self.re==0 and self.im==0:
return "0O"
1f self.re==0 and self.im>0:
return "i{}".format (self.im)
1f self.re==0 and self.im<O0:
return "-i{}".format (-self.im)
1f self.im<0:
return "{}-1{}".format(self.re, -self.im)
1f self.im>0:
return "{}+i{}".format(self.re, self.im)
return str(self.re)
def length(self):

return math.sqrt (self.re*self.re+self.im*self.im)

1f __name == "__main__": T — :
a = Complex (-2, 3) So, this method is really a '
print(a.length()) ... function of one argument,

even if it does not look like it.



class Complex () :
def 1nit (self, real, 1magilnary):
self.re = real
self.im = 1maginary
def  str (self):
1f self.re==0 and self.im==0:
return "0O"
1f self.re==0 and self.im>0:
return "i{}".format (self.im)
1f self.re==0 and self.im<O0:
return "-i{}".format (-self.im)
1f self.im<0:
return "{}-1{}".format(self.re, -self.im)
1f self.im>0:
return "{}+i{}".format(self.re, self.im)
return str(self.re)
def length(self):

return math.sqrt (self.re*self.re+self.im*self.im)

1f name == " mailn ". . T

2 = Complex (-2, 3) Here we are referring to an
print(a.length()) iinstance field.



Self Test:

Stop the presentation and fire up IDLE

* The phase of a complex number is defined by

arctan(%) ifa>0
arctan(%) +7 ifa<O0and b >0

arctan(%) —n ifa<O0Oand b <0

% ifa=0and b >0

—% ifa=0and b <0

undefined ifx=0andb=0

arg(a + bi) =

* Raise a ValueError in the last case, the arctan in the math library is
called atan.



class Compl
def arg

1f

1f

1f

1f

1f

1f

if name

a = Complex (0
)

print (a

ex () :
(self) :
self.re

== (0 and self.im == O0:

ralse ValueError

self.re
return
self.re
return
self.re
return
self.re
return
self.re
return

> 0
math.atan(self.im/self.re)
< 0 and self.im >= 0O:

math.atan(self.im/self.re)+math.pi

< 0 and self.im < O:
math.atan(self.im/self.re)
== (0 and self.im > O:
math.pi/2

== (0 and self.im < O:
-math.pi/2

== " main ":

)

.arg (

0)

- math.pi



OOP in Python

e Methods can of course return other objects

 The conjugate of a complex number is obtained by
reflecting around the y-axis

a+ bi = a— bi




OOP in Python

class Complex () :
def conjugate (self) :
return Complex(self.re, —-self.im)

1f name == " mailin ":

a = Complex (2, 3)
print (a.conjugate())



