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» # Function to calculate area of circle

What we have been i s
return 3.14 * radius * radius
: # Function to calculate perimeter of circle
OI ng SO a r . def calculate_circle_perimeter(radius):

i return 2 * 3.14 * padius

I # Function to calculate the distance between two points in a 2D plane.
i def distance(pointl, point2):

) x1l, yl = pointl

X2, y2 = point2

return math.sgrt((x2 - x1)**2 + (y2 - yl)**2)

- # Function to calculate area of triangle
Main . def calculate_triangle_area(sidel, side2, side3):
i sidel = distance(vertices[9Q], vertices[1])
Program L side2 = distance(vertices[1], vertices[2])
I side3 = distance(vertices[2], vertices[9])
i s = (sidel + side2 + side3) / 2 # Semi-perimeter
) area = math.sqgrt(s * (s - sidel) * (s - side2) * (s - side3))

circle_area ' ' return area

b # Function to calculate perimeter of tirangle
| def calculate_triangle_perimeter(vertices):

triangle_perimeter circle_perimeter

i sidel = distance(vertices[©@], vertices[1])
| side2 = distance(vertices[1], vertices[2])
; side3 = distance(vertices[2], vertices[9])
; perimeter = sidel + side2 + side3

) return perimeter

} # Main Program
I circle_perimeter = calculate_circle_perimeter(3)
| circle_area = calculate _circle_area(3)

distance

! vertices = [(9, ©), (3, 4), (6, 0)]
i triangle_area = calculate_triangle_area(vertices) W
i triangle_perimeter = calculate_triangle perimeter(vertices) '

ar



An Alternative Approach

Main

circle_area ' ' triangle_area vertexl
radius vertex2

vertex3

triangle_perimeter circle_perimeter
area() area()
perimeter() perimeter()
distance
A agdyglag gl =i oy
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An Alternative Approach

Your program is divided into parts

Functions
Classes
Main

circle_area 7 ' triangle_area vertexl
radius vertex2

vertex3

triangle_perimeter circle_perimeter
area() area()
perimeter() perimeter()
distance
A yslag il =inaly
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Object Oriented Programming
(OOP) Approach

i -
Il I
I L9

Photo Credit

Base Class
; Dog
Properties Methods
Color Sit
Eye Color Lay Down
Height Shake
Length Come
Weight

o igdyglagy il =i oLy
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Classes VS Objects/Instances

r -
.-f.'J I .
P ’ : Create instance
_ Dog : —- Bobby
Properties Methods Property Values Methods
Color Sit Color: Yellow Sit
Eye Color Lery Down Eye Color: Brown Lay Down
Height Shake Height: 17 in shake
Length Come Length: 35 in Come
Weight Weight: 24 pounds

Photo Credit
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Classes Objects/Instances

Objectl
Dog class )
Properties:
Breec
Age Object2
Object3

Acts as a template for
a generic object.
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Instances
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https://towardsdatascience.com/explaining-python-classes-in-a-simple-way-e3742827c8b5

D1dou

Knew

you have already been using OOP

111111111111



You have been using Built-in Objects in

Python
Class Object/Instance
str > “Hello”
nt 5
list > [1,2,3,4]

o igdyglagy il =i oLy
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You have been using Built-in Objects in
Python

Class Object/Instance

(are also Types) (values of a given class or type)

str | > “Hello” An instance of type str
>>> type("Hello") == str
True

>>> isinstance("Hello", str)
True

INnt | > 5 An instance of type int

>>> type(5) == int
True
>>> isinstance(5, int)

True
list , N [1 ,2,3,4] An instance of type list
>>> type([1,2,3,4])== list
True
>>> isinstance([1,2,3,4], list) e i yplag gl =i 2y
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You have been calling methods on
these objects

s = 'This could be any string!’
We call methods using s.method()...

print(s.upper()) #upperisa string method, called using the . Notation
# we say that we "call the method upper on the string s"

print(s.replace('could’', 'may')) #some methods take additional
arguments

... rather than function(s):
print(len(s)) #lenisa function

o igdyglagy il =i oLy
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Functions Versus Methods

f(_) is a Function obj.m(_) is a Method
len(L) s.upper()
sorted(L) l.append(x)
max(n1, n2, n3..) d.clear()
abs(n) |.count(x)
range(n) s1.update(s2) We use the dot
sum(L) .sort() notion to call a

method on an
object

12 5 T "
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Jow ewn,
Objects
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Creating Your Own Objects

* Properties?
* What data defines your Object?

* Methods?

* How do you plan to use the object in your code?

Carnegie Mellon University Qatar



Properties

15 5 : o
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Creating Empty Class & Instances

# Create your own class:
class Dog(object):
# define properties and methods of a generic dog here

# a class must have a body, even if it does nothing, so we will
# use 'pass’ for now...
pass

# Create instances of our class:
dl = Dog()
d2 = Dog()

# Verify the type of these instances:
print(type(dl)) # Dog (actually, class' main_ .Dog’)
print(isinstance(d2, Dog)) # True

e Carnegie Mellon University Qatar



# Create your own class:
class Dog(object):

# define properties and methods of a
generic dog here

# a class must have a body, even if it does nothing, so we .
il Properties

# use 'pass’ for now...

pass Setting and Getting
# Create instances of our class: | N Sta NCES P fo. pe rtleS

dl = Dog()
d2 = Dog()

# Set and get properties (aka 'fields' or 'attributes’) of these instances:
dl.name = 'Dot’

dl.age = 4

d2.name = 'E1f’

d2.age = 3

print(dl.name, dl.age) #Dot4

print(d2.name, d2.age) #Elf3 Amdgdelag gl =i ey

17 : ———
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def coM:r(dog, name, age):
pre-load the dog instance with the given name and age:

dog.name = name
dog.age = age

def _init_%\name, age): PrO pe rties

# pre-l0ad tThe dog instance with the given name and age:

dog.name = name Preloading Instances
0g.age = age .
biect) w/ Properties
class Dog(object): .

def __init__ (self, name, age): ( usin g COnStrUCtO rS)

# pre-load the dog instance with the given name and age:
self.name = name
self.age = age

d1 = Dog('fred’, 4) # now d1 is a Dog instance with name 'fred' and age 4
d2 = Dog('Elf', 3)
print(dl.name, d1.age) # Dot 4
print(d2.name, d2.age) # EIf 3
g el gl =i oy
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Methods

19 5 : o
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class Dog(object):

def __init__(self, name, age):
RS Methods
1) Start with a Function

# Here is a function we will turn into a method:
def sayHi(dog):

print(f'Hi, my name is {dog.name} and I
am {dog.age} years old!”’)

dl = Dog('Dot', 4)

d2 = Dog('E1f"', 3)

sayHi(d1) # Hi, my name is Dot and | am 4 years old!
sayHi(d2) # Hi, my name is Elf and | am 3 years old!

o igdyglagy il =i oLy
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Methods
class Dog(object): 2) Turn 1t Into I\/Iethod

def __init__(self, name, age):
self.name = name
self.age = age

# Now it is a method (simply by indenting it inside the class!)
def sayHi(dog):
print(f'Hi, my name is {dog.name} and I am {dog.age} years old!”’)

dl
d2

Dog('Dot', 4)
Dog('ELf', 3)

# Notice how we change the function calls into method calls:
dl.sayHi() # Hi, my name is Dot and | am 4 years old!
d2.sayHi() # Hi, my name is Elf and | am 3 years old!

2 Carnegie Mellon University Qatar



Methods
class Dog(object): 2) Turn 1t Into I\/Iethod

def __init__(self, name, age):
self.name = name
self.age = age

# Now it is a method (simply by indenting it inside the class!)
def sayHi( :
print(f'Hi, my name is {dog.name} and I am {dog.age} years old!”’)

dl
d2

Dog('Dot', 4)
Dog('ELf', 3)

# Notice how we change the function calls into method calls:
dl.sayHi() # Hi, my name is Dot and | am 4 years old!
d2.sayHi() # Hi, my name is Elf and | am 3 years old!
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Methods
class Dog(object): 2) Turn 1t Into MEthOd

def __init__(self, name, age):
self.name = name
self.age = age

# Use self keyword to represent the current instance
def sayHi(self):
print(f'Hi, my name is {dog.name} and I am {dog.age} years old!”’)

dl
d2

Dog('Dot', 4)
Dog('ELf', 3)

dl.sayHi() # Hi, my name is Dot and | am 4 years old!
d2.sayHi() # Hi, my name is Elf and | am 3 years old!

23 E s TR
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class Dog(object): More MEthOdS

def __init__(self, name, age):
self.name = name
self.age = age
self.woofCount = © # We initialize the property in the constructor!

def sayHi(self):
print(f'Hi, my name is {dog.name} and I am {dog.age} years old!”’)

# This method takes a second parameter -- times
def bark(self, times):
print(f'{self.name} says: {"woof!"™ * times}")
self.woofCount += times # Then we can set and get the property in this method

d = Dog('Dot', 4)

d.sayHi() # Hi, my name is Dot and | am 4 years old!
d.bark(1l) # Dot says: woof!
d.bark(4) # Dot says: woof!woof!woof!woof! LAY T T

24 E s TR
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Practice

Write the class SpiderMan to pass the test cases shown below.

Do not hardcode against the testcase values, though you can assume ‘
the testcases and comments cover the needed functlonallty

s = SpiderMan("Peter")
assert(s.shootWeb() == "Peter shoots a web")

assert(s.takeDamage(25) == "Peter gets hit for 25 hp")

\What does the constructor take?
* What properties?

What methods is the code expecting you to implement ?
* What properties are these methods getting and setting/modifying?

S\ \ 1l| :ﬁ_ab_
Carnegie M(ll(m University Qatar
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Advantages
of Classes

and
Methods
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Data Methods «—— @ ——— Data Members
o Photo Credit

Encapsulation

eOrganizes code

A class includes the data and methods for that class.
ePromotes intuitive design

Well-designed classes should be intuitive, so the data and methods in the class match
commonsense expectations.
eRestricts access

«len is a function, so we can call 1en(True) (which crashes)

«upper is a method on strings but not booleans, so we cannot even call True.upper()

Carnegie Mellon University Qatar


https://www.simplilearn.com/tutorials/java-tutorial/java-encapsulation
https://www.simplilearn.com/tutorials/java-tutorial/java-encapsulation

Polymorphism

The same method name can run different code based on type.

class Dog(object):
def speak(self):
print('woof!’)
class Cat(object):
def speak(self):
print( 'meow!”’)

for animal in [ Dog(), Cat() ]:
animal.speak() #same method name, but one

, woofs and one meows!
Speak();

Photo Credit 28
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https://codegym.cc/groups/posts/polymorphism-in-java
https://codegym.cc/groups/posts/polymorphism-in-java

More
|SPECIAL |
Methods

Sgslagr gl =i o ay
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Equality Testing

class A(object):
def __init_ (self, Xx):
self.x = X
al = A(5)
a2 = A(5)
print(al == a2)

Shouldn’t al=a2??

Carnegie Mellon University Qatar



__€q__
Equality Testing

The _ eq__ Method:

* Returns True if the object is equal to another object (other)
* Python uses it for testing equality of two objects

class A(object):
def __init_ (self, x):
self.x = x
def __eq_ (self, other):

return (self.x == other.x)
al = A(5)
a2 = A(5)

print(al == a2)
print(al == 99)

Carnegie Mellon University Qatar
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__€q__
Equality Testing

class A(object):
def init_ (self, x):
self.x = X
def __eq_ (self, other):

return (isinstance(other, A) and (self.x == other.x))
al = A(5)
a2 = A(5)

print(al == a2)
print(al == 99)

Here we don't crash on unexpected types of other

Carnegie Mellon University Qatar



Converting to String

" Object RN string

class A(object):
def __init__ (self, x):
self.x = x
a = A(5)
print(a) # prints <__main__.A object at 0x102916128> (yuck!ﬂ

o igdyglagy il =i oLy
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Converting to String
o str

class A(object):
def init_  (self, x):
self.x = x
def _str_(self):
return f'A(x={self.x})’
a = A(5)
print(a)
print([a])

The __str__ method tells Python how to convert the object to a string,
but it is not used in some cases (such as when the object is in a list):

Carnegie Mellon University Qatar



Converting to String
__repr__

The ___repr___ method is used inside lists (and other places)

class A(object):
def _init_ (self, x):
self.x = X
def _ repr__ (self):
return f'A(x={self.x})"’

Uvi B W N =

5 a = A(5)
/ print(a)
& print([a]) |

Carnegie Mellon University Qatar



Recap: Some Special Methods

e init_ :constructor, initializer
* Define initial values for the properties when an object is created
* It does NOT return any meaningful value

* ¢  repr__:
* Returns a string
* Python uses it to convert an object to a string

« E.g,print
e o eg__:comparator

* Returns True if the object is equal to another object
* Python uses it for testing equality

Carnegie Mellon University Qatar



Practice

Write the classes SpiderMan to pass the test cases shown below.

Do not hardcode against the testcase values, though you can
assume the testcases and comments cover the needed functionality.

s = SpiderMan("Peter")
assert(str(s) == "SpiderMan(Peter) with 100 hp")

assert(s == SpiderMan("Peter"))

assert(s != SpiderMan("Bob"))

assert(s != 42)

assert(s != "SpiderMan(Peter) with 100 hp")

assert(s.shootlWeb() == "Peter shoots a web")

assert(s.takeDamage(25) == "Peter gets hit for 25 hp")
assert(str(s) == "SpiderMan(Peter) with 75 hp")

assert(s == SpiderMan("Peter")ﬂ

What special methods is the code expecting you to implement ?
 What is the expected behavior or outcome of these methods?

J=h§$39+LJ$&4—9J455iJLJLl

Carnegie Mellon University Qatar
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Recap

* Class = Properties + Methods

Class vs Object
Functions vs Methods
How to define a class

How to instantiate a class
e Using constructor (__init_ ) to preload instances with attribute values

How to set/get properties of instances
How to create and call methods on instances

Special methods
e eq__ (self, other)
e repr__(self)
 hash_ (self)

s [P W) T LN

Carnegie Mellon University Qatar



Lists VS Sets Operations
Efficiency - Review

o igdyglagy il =i oLy
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Inserting Elements in a List

LIST

@ @ Insert 39 24 1 74 16 4

0 Carnegie Mellon University Qatar



Inserting Elements in Sets
& Hashing

Insertion Steps: BUCKETS

1) Hash (find the bucket)

2) Once in the bucket, perform 0
Equality Testing | o222
* Compare the elementtoeach ([ _f-TTTTTTTTTTTmTmmTmmTmmmmmmm T
existing element in the bucket 1
* Ifit doesn’t exist, add it ettt
Hash Function 2
3 |
return n%10 4 :
5
6
7
8
9

o igdyglagy il =i oLy
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If | try to Insert a duplicate

Insertion Steps:

1) Hash (find the bucket)

2) Once in the bucket, perform BUCKETS
Equality Testing

Compare the elementtoeach | [ [T |
existing element in the bucket 0

1
If it doesn’t exist,addit | . e e e e T T T T

Hash Function 18
S Kl SRS S
OIVGIONN i

________________

Mlw][| N

e e e e === — ———

O[O0 | N[O || Ul

o igdyglagy il =i oLy
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Looking Up an Element in a List

LIST

@ Lookup 39 24 1 74 16 4

Equality Testing
Compare the value to each
existing element in the list.

If it found, return it

o igdyglagy il =i oLy
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Looking Up an Element in a Set

Lookup Steps:

1) Hash (find the bucket)

2) Once in the bucket, perform BUCKETS
Equality Testing
Compare thevaluetoeach | [ T |
existing element in the bucket 0 !
If found, return it Pttt
Hash Function L N
2 i
@ Lookup def myHash(no) ) 3 1
return n%10 \ S e T PR
EOIOIONNS

e e e e === — ———

O[O0 | N[O || Ul
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Lookup

Looking Up in Lists Vs Sets
(Search Space)

39

24

74

16

SET

24

74

All Elements

Elements Inside the bucket
with the same hash value

45
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Looking Up in Lists Vs Sets
(As Input Size Increases)

# computations

é‘, Constant - O(1) SET

Input Size n e s lisnie il
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Sets & Bad Hash Functions

BUCKETS

0
1
Hash Function 2
def myHash(n): 3
return 4 | | 4

>\

O

S

Carnegie Mellon University Qatar



Sets & Bad Hash Functions

Lookup Steps:
1) Hash (find the bucket)

2) Once in the bucket, perform
Equality Testing

Compare the value to each
existing element in the bucket

If found, return it

Hash Function

©

Lookup

def myHash(n):
return 4

I

This is as
inefficient
as Lists...

O (|00 || Y]] O [|WwWU

48

BUCKETS

o igdyglagy il =i oLy
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Using Objects w/ Sets &
Dictionaries

o igdyglagy il =i oLy
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Using Objects w/ Sets & Dictionaries

class A(object):
def __init_ (self, x):
self.x = X

s = set()
s.add(A(5))
print(A(5) in s)

d = dict()
d[A(5)] = 42
print(d[A(5)])

P ® WoK~NOUT D WN R

B

Objects do not seem to hash right by default
(5)
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Using Objects w/ Sets & Dictionaries
~hash  and eq

The __hash__ method tells Python how to hash the object.

The properties you choose to hash on should be immutable types and
should never change (so hash(obj) is immutable).

1 class A(object):
For sets and 2 def __init__ (self, x):
_ . 3 self.x = x
dictionaries towork 4, def _ hash_ (self):
properly, whenever 5 return hash(self.x)
you add hash, you 6 def __eq__(self, other):
need to add eq ; return (isinstance(other, A) and (self.x == other.x))
method 9 s = set()
10 s.add(A(5))
11 print(A(5) in s)
12
13 d = dict()
14 d[A(5)] = 42 e dgdyglagy gl aaly
15 print(d[A(5)]) Carnegie Mellon University Qatar



Using Objects w/ Sets & Dictionaries
A better (more generalized) approach

You can define the method getHashables that packages the things you want to hash into a tuple,
and then you can use a more generic approach to __hash__

1

2

3

4

5

6 class A(object):

7 def __init__ (self, x):

8 self.x = x

9 def getHashables(self):
10 return (self.x, )
11 def __hash__(self):
12 return hash(self.getHashables())
13 def __eq__ (self, other):
14 return (isinstance(other, A) and (self.x == other.x))
15
16 s = set()
17 s.add(A(5))
18 print(A(5) in s)
19
20 d = dict()
21 d[A(5)] = 42
22 print(d[A(5)]) e agdyglagy gl =i oy
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Hash attributes that will not
change later in your program

Obj1
“Freddie”
X
HASH (
(name, age)
)
Y
. Ao dgdyglagy gl =i oy
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Obj1

Obj1

“Freddie”

v

Obj1.name=
“Cookie”

name=
“Cookie”

age=5

i

Hash attributes that will not
change later in your program

HASH (
(name, age)

)

@

Obj1 is not in
the set !!!!

o igdyglagy il =i oLy
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Fraction Class Demo

Ao agdyglagy gl =i o dly
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GCD

The greatest common divisor is the largest

Find GCF or GCD using the Euclid Algorith et ge s .
" or using the tuclidean Algorithm number that will divide evenly into both the

Example: numerator and denominator.
Find GCD of 12 and 30 Find GCD of 123 and 36
30 + 1? =2 remaindn:;"rﬁﬁ 123 + 36 = 3 remainder 15 ¢ ng ( 123, 36) #X, y
S g * return gcd(36, 15) #y, x%y
1e T= 2 remainder O 36 + 15 = 2 remainder 6 R d
GCD R return gcd(15, 6)
The GCD of 12 and 30 is 6 15+ 6= 2 remainder 3 * return ged(6, 3)
¥ e * return gcd(3, 0) # y=0
6 +|3 = 2 remainder 0
remainaer * return 3 # x
GCD

The GCD of 123 and 36is 3

56 5 : o
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Practice- Simplified Fraction Class

Write the class Fraction so
that the test code runs as
specified. Do not hardcode
against the values used in
the testcases, though you
can assume that the
testcases cover the needed
functionality. You must use
proper OOP design

//Note: You don’t need to
deal with O or negatives for
now

You will need to reduce
fractions (using gcd)
upon creation

def testFractionClass():

print('Testing Fraction class...', end="")
assert(str(Fraction(2, 3)) == '2/3")
assert(str([Fraction(2, 3)]) == '[2/3]")

assert(Fraction(2,3) == Fraction(4,6))
assert(Fraction(2,3) != Fraction(2,5))

assert(Fraction(2,3) != "Don't crash here!")
assert(Fraction(2,3).times(Fraction(3,4)) == Fraction(1,2))
assert(Fraction(2,3).times(5) == Fraction(10,3))

s = set()
assert(Fraction(1, 2) not in s)
s.add(Fraction(1, 2))
assert(Fraction(1, 2) in s)
s.remove(Fraction(1, 2))
assert(Fraction(1l, 2) not in s)
print('Passed.")

if (__ name_ == "' main__ '):
testFractionClass()

57
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