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+ learn how to factor code tharks to inheritance
+ learn how to override constructors and methods

» learn about subclassing, subtyping '3 polymor phism
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catalog of books £ vinyls ¢

class Book:
def __init_ (self, title, author):
self.title = title
self.author = author
self.rating = -1

def rate(self, rating):
self.rating = rating

def printInfo(self):
rating = "?"
if self.rating >= 0:
rating = ""
for i in range(@, self.rating):
rating = rating + "x"

print("Book[title: {0} | author: {1} | rating: {2}]"
.format(self.title, self.author, rating))

class Vinyl:
def __init_ (self, title, artist, duration):
self.title = title
self.artist = artist
self.duration = duration
self.rating = -1

def rate(self, rating):
self.rating = rating

def printInfo(self):
rating = "?"
if self.rating >= 0:
rating = ""
for i in range(@, self.rating):
rating = rating + "x"

print("Vinyl[title: {0} | artist: {1} | duration: {2} minutes | rating: {3}]"
.format(self.title, self.artist, self.duration, rating))

L ——— =



catalog of books 3 vinyls

class Catalog:

def __init_ (self):
self.books = []
self.vinyls = []

def addBook(self, book):

| self.books.append(book) c = Catalog()
T def addVinyl(self, vinyl): bl = Book("Bible", "God")
self.vinyls.append(viny1l) bl.rate(3)

b2 = Book("Hamlet", "Shakespeare'")
def listInfo(self):

print("BOOKS") c.addBook(b1)
for b in self.books: c.addBook(b2)

b.printInfo()
print("-————- ") vl = Vinyl("Abbey Road", "Beatles", 47)
print("VINYLS") v2 = Vinyl("Synchronicity", "Police", 40)
for v in self.vinyls:

v.printInfo() c.addVinyl(v1l)

c.addVinyl(v2)

| — - ———

c.listInfo()

S — T

BOOKS
Book[title: Bible | author: God | rating: sx]
Book[title: Hamlet | author: Shakespeare | rating: ?]

VINYLS
Vinyl[title: Abbey Road | artist: Beatles | duration: 47 minutes | rating: ?]

Vinyl[title: Synchronicity | artist: Police | duration: 40 minutes | rating: ?]




catalog of books & vinyls 3

class Book {
let title: String
let author: String
var rating: Int

init(title: String, author: String) {
self.title = title
self.author = author
self.rating = -1

}

func rate(rating: Int) {
self.rating = rating

}

func printInfo() {
var rating = "?"

if (self.rating >= 0) {
rating = ""
for 1 in 1...self.rating {
rating = rating + "x"
+

}
print("Book[title: \(self.title) | author: \(self.author) | rating: \(rating)l]")




class Vinyl {

let title: String

let artist: String
let duration: Int

var rating: Int

}

init(title: String, artist: String, duration:

}

self.title = title
self.artist = artist
self.duration = duration
self.rating = -1

func rate(rating: Int) {

¥

self.rating = rating

func printInfo() {

}

var rating = "?"

if (self.rating >= 0) {
rating = ""
for i in 1...self.rating {
rating = rating + "x"
I3
¥

print("Vinyl[title: \(self.title) | artist: \(self.artist) | duration: \(self.duration) minutes | rating: \(rating)]")

catalog of books £ vinyls 3k

Int) {




of books £ vinyls 30

class Catalog { let ¢ = Catalog()

var books: [Book] = []

: : - _ let bl = Book(title:"Bible", author:"God")
var vinyls: [Vinyl] [] bl.rate(rating:3)
func addBook (book:Book) { let b2 = Book(title:"Hamlet", author:"Shakespeare')
,  books.append(book) c.addBook (book: b1)

c.addBook(book: b2)
func addVinyl(vinyl:Vinyl) {

nvls. invl let vl = Vinyl(title:"Abbey Road", artist:"Beatles", duration:47)
1 vinyls.append{vinyl) let v2 = Vinyl(title:"Synchronicity", artist:"Police", duration:40)
- c.addVinyl(vinyl: v1)
funcp}iﬁt%négé&sﬁ) c.addVinyl(vinyl: v2)
for b in books { .
b.printInfo() C.llStInfO()
} L — S
print("————- ")

print("VINYLS")
for v in vinyls {

v.printInfo()
¥

1 BOOKS
—n  BOOK [title: Bible | author: God | rating: sex]
Book[title: Hamlet | author: Shakespeare | rating: ?]

VINYLS
Vinyl[title: Abbey Road | artist: Beatles | duration: 47 minutes | rating: 7]
Vinyl[title: Synchronicity | artist: Police | duration: 40 minutes | rating: ?]




what's vurong? A

class Vinyl { class Book {

let title: String let title: String

let artist: String let author: String

let duration: Int var rating: Int

var rating: Int

init(title: String, artist: String, duration: Int) { init(title: String, author: String) {
self.title = title self.title = title
self.artist = artist self.author = author
self.duration = duration self.rating = -1
self.rating = -1

}

func rate(rating: Int) { func rate(rating: Int) {
self.rating = rating self.rating = rating

func printInfo() { func printInfo() {
var rating = "?" var rating = "?"
if (self.rating >= 0) { if (self.rating >= 0) {

rating = "" rating = ""
for 1 in 1...self.rating { for 1 in 1...self.rating {
rating = rating + "x" rating = rating + "x"
Iy ' s '
print("Vinyl[title: \(self.title) | artist: \(self.artist) | y print("Book[title: \(self.title) | author: \(self
s Iy

the vinyl and Book classes are very similar

——

code duplication




ﬁ‘ code duphcahon N

...also in the catalog class

class Catalog {
var books: [Book] = []
var vinyls: [Vinyl]l = []

func addBook(book:Book) {

books.append(book) = -
} maintenance is
f ddVinyl(vinyl:Vinyl) A - -
uncvainylir.]{a/pp\éﬁgx(/vin;q})/ made d‘f‘f‘cu\‘r
¥

e — —

func listInfo() {
print("BOOKS")
for b in books {
b.printInfo()
¥
print ("————— ") O‘f
print("VINYLS") grea“. dﬂhger
for v in vinyls {

} v.printInfo() ‘h"Od“C‘hg bugs
}
} when evolving

e — —

e — - R



great danger of ivmroducing
bugs when evo\vihg

assume we want to supporr games n v2.0

create a Game class with many similarities to
the Book and Vinyl classes

add a games field

w Catalog initialize it in the
constructor w Catalog

add an addGame ()
method in Catalog add a loop in the listInfo()

method of Catalog






nherttance

allows us to define one
class, the subclass, as
an extension of
another, the

superclass




nherttance

superc\ass

defines common attributes

subclasses

defines specific attributes

inherits all fields and
methods from its superclass




wnheritance

common attributes

title title
author artist
rating duration
.. rating
init
rate init
printInfo rate
printInfo




wnheritance

N

title
author
rating

init
rate
printInfo

superc\ass

create a

title
artist
duration
rating

init
rate
printInfo




wnheritance

auther promote durasion
init common [
attributes
to the

superc\ass




wnheritance

title
rating

init

rate .
printInfo V1ny1

PYBOMO“’Q 3::;:}.on
common
attributes init
to the

superc\ass

subclasses inherit common attributes from the
superclass and define their specific attributes




tance

' h
class Medium:

» def init  (self, title): =€
self.title = title
self.rating = -1

def rate(self, rating):
self.rating = rating

def printInfo(self):
rating = "?"
if self.rating >= 0:
rating = ""
for i in range(@, self.rating):
rating = rating + "x"

print("Medium[title: {0} | rating: {1}]".format(self.title, rating))

7~ 7T

class Book(Medium): class Vinyl(Medium):
def __init_ (self, title, author): def __init_ (self, title, artist, duration):
self.author = author self.artist = artist
1 super().__init__ (title) self.duration = duration

super().__init__(title) |

R — E—

class Catalog:
def _ _init_ (self): c = Catalog()
self.media = [] b = Book("Hamlet", '"Shakespeare")
v = Vinyl("Abbey Road", "Beatles", 47)
def addMedium(self, medium): b.rate(3)
self.media.append(medium)
c.addMedium(b)
def listInfo(self): c.addMedium(v)

print("MEDIA")
for m in self.media: c. listInfo()
m.printInfo()

R — e ——

S — T ———



class Medium {
let title: String

var rating: Int

mnheritance

— init(title: String) { <€
self.title = title

self.rating = -1

func rate(rating: Int) {
self.rating = rating

func printInfo() {
var rating = "?"

if (self.rating >= 0) {
rating = ""
for i in 1...self.rating {
rating = rating + "x"

}
print("Medium[title: \(self.title)

-

class Book : Medium {
let author: String

init(title: String, author: String) {
self.author = author
—| super.init(title: title)

s Class Catalog {
var media:

[]

[Medium] =

media.append(medium)

¥

func listInfo() {
print("MEDIA")
for m in media {
m.printInfo()

func addMedium(medium:Medium) {

| rating: \(rating)l]")

—7r

class Vinyl : Medium {
let artist: String
let duration: Int

init(title: String, artist: String, duration: Int) {
self.artist = artist
self.duration = duration
super.init(title: title) |

¥
e —
let ¢ = Catalog()
let b = Book(title:"Bible", author:"God")
let v = Vinyl(title:"Abbey Road", artist:"Beatles", duration:47)
b.rate(rating:3)

c.addMedium(medium: b)
c.addMedium(medium: v)

c.listInfo()

e —




ca\\ihg the superclass
constructor

A e _ e
7 _a—

/ ’j..' -,K X

/G 7 x

e

; i // &N

N 4 this is necessary to initialize

the fields inherited from
the superclass

e —




Sub‘l’jpihg 3

before after

class Catalog { class Catalog {
func addBook (book:Book) {...} func addMedium(medium:Medium) {...}

func addVinyl(vinyl:Vinyl) {...}

let ¢ = Catalog()
let b = Book(title:"Bible", author:"God")
let v = Vinyl(title:"Abbey Road", artist:"Beatles", duration:47)

c.addMedium(medium: b)
c.addMedium(medium: v)




classes define types

a person with a devotion
to something in a way
that places him or her
outside the mainstream*”

“wikipedia




subclasses define subﬂpes

APPLE GEEK COMICS GEEK

CODE GEEK



substitution principle

objed‘s of subtypes can
be used where objecrs
of supertypes are
required




poh,morphic variables

objed’ variables are
polymorphic because they
can hold objed‘s of more
than one type

they can hold objects of the declared
type (Medium), or of subtypes of the
declared type (Book, Vinyl)




var
var
var

X3 g%

T Jpe carﬁng

b = Book(title:"Hamlet", author:"Shakespeare")

v = Vinyl(title:"Abbey Road", artist:"Beatles", duration:47)
m : Medium

b

y the substitution principle

v oniy works... 0 N E

e —

; | WAY
I:'I:ib = m as! Book , | ﬂ _‘

A — e —



back to printing
books and vinyls

func listInfo() {

A

print("MEDIA") func printInfo() {
for m in media { var rating = "?"
m.printInfo()
} if (self.rating >= 0) {
¥ rating = ""
Catalog ’ for i in E...sglf.raltlllr]g {
rating = rating + "%
I3
I3

print("Medium[title: \(self.title) | rating: \(rating)]")

T. }

Medium[title: Bible | rating: ]

Medium[title: Synchronicity | rating: 7] ﬁ R
printInfo
& the printinfo method in

Medium only prints the
common fields

R




the problem

inheritance is a one-way
street: a subclass inherits
the superclass fields

-

the superclass knows
hc)‘l'hing about the fields
of its subclasses

S———




‘hr1 to

Ove printInfo
down to Book
and Vinyl



- - - ‘l Iy
~ A PYIW‘ lhg books f. V“'N § =

func listInfo() {

print ("MEDIA") func printInfo() {
for m in media { var rating = "?"
m.printInfo()
¥ if (self.rating >= 0) {
¥ rating = ""
— — for i in 1...self.rating {

rating = rating + "x"

I3
Catalog b
print("Medium[title: \(self.title) | rating: \(rating)]")

}

-

i

the catalog cannot ﬁ R
find a printInfo

method in Medium

printInfo printInfo




back to polymorphism &¢

stathic fjpe vs d\,hﬂMiC fjpe

what's the ype of variable b ?

var b : Book = Book(title:"Hamlet", author:'"Shakespeare")

what's the ype of variable m ?

var m : Medium = Book(title:"Hamlet", author:"Shakespeare")

——r

{ static type H dynamic type l




what's the Hype of variable m ?

var m : Medium = Book(title:"Hamlet", author:"Shakespeare")

func listInfo() {
_ print("MEDIA")

for m in media {
ﬂ R \ m.printInfo()

}

—

printInfo printInfo COMP“Q-‘ﬁW\Q
error!

I —




back to work




fry to
_ printInfo

"To Medium, Book
and Vinyl




DA prm‘hhg books

func listInfo() {
print ("MEDIA")
for m in media {
m.printInfo()

, ¥ if (self.rating >= 0) {
rating = ""
Catalog for i in 1...self.rating {

rating = rating + "x"
I3

Iy
print("Medium[title: \(self.title) | rating: \(rating)]")

func printInfo() {
var rating = "?"

T B rediun

printInfo

printInfo

override func printInfo() {
print("Vinyl[artist: \(self.artist) | Duration: \(self.duration)]")
s

Book
Book[author: Shakespearel

Vinyllartist: Beatles | Duration: 47]

-

printInfo
override func printInfo() { no ‘Ohger PY\h‘hhg
print("Book[author: \(self.author)]")

} . common fields




ii.l....'bfé’):.z

Zt

| the problem

when overndmg Q

method in a subclass this one
(BOOk oY Viny1), ‘the printInfo < is called
inherited method from A\
the super class is
hidden
T
func listInfo() { §
print ("MEDIA") RS
for m in media { S
m.printInfo() _ = .
1 ; T —{> :Book
— — title "Hamlet"

author |["Shakespeare"
rating % K %k




Zt

| the problem
when overriding a

method in a subclass

(BOOk oY Viny1), ‘the printInfo
inherited method from A\
the super class is
hidden
T
3 this one
func listInfo() { S .
print ("MEDIA") = printInfo < 1§ called
for m in media { S k
m.printInfo() _ =2 .
1 ! T —> :Book
— — title "Hamlet"

author |["Shakespeare"
rating % K %k




almost, there
I




____soluthon
call super




N | prm‘hhg books & wnj\s

func listInfo() {
print ("MEDIA")
for m in media {
m.printInfo()

, ¥ if (self.rating >= 0) {
rating = ""
Catalog for i in 1...self.rating {

rating = rating + "x"
I
Iy
print("Medium[title: \(self.title) | rating: \(rating)]")

T T
printInfo Vlnyl

printInfo

func printInfo() {
var rating = "?"

override func printInfo() {
super.printInfo()

print("Vinyl[artist: \(self.artist) | Duration: \(self.duration)]")
Book b

printInfo

Medium[title: Hamlet | rating: ?]
Book [author: Shakespeare]

override func printInfo() {
super.printInfo()
print("Book[author: \(self.author)]")
s

Medium[title: Abbey Road | rating: 7]
Vinyl[artist: Beatles | Duration: 47]

B



Af.

in most objed-orienfed lanquages, all classes
have an implicit superclass, the object class

the objecr superclass

so methods in Object are inherited by all classes
and can be overridden b~, any subclasses

for example in Python and in Scala, all
objects, inherit from a method to represent
ignemse\ves as strings and can override it

class Medium: class Medium A
def  str_(self): override def toString: String = {"I am a Medium"}

return "I am a Medium" }
——— - —— —— L — - N
-




@ back to prinﬁng
books and vinyls 3
ot one last fime

rating = "7?"
if self.rating >= 0:
rating = ""
for i in range(@, self.rating):
rating = rating + "x"

return "title: {0} | rating: {1}".format(self.title, rating) ‘ r b
promisc O,

def printInfo(self):
print(str(self))

| —

class Book(Medium):

def __ str__ (self):
return "Book[author: {0} | {1}]".format(self.author, super().__str_ ())

class Vinyl(Medium):

e —

def __str__ (self):
return "Vinyl[artist: {0} | duration: {1} minutes | {2}]".format(self.artist, self.duration, super().__str_ ())

Book[author: God | title: Bible | rating: sokxk]

Book [author: Shakespeare | title: Hamlet | rating: ?]

Vinyl[artist: Beatles | duration: 47 minutes | title: Abbey Road | rating: ?]
Vinyl[artist: Police | duration: 40 minutes | title: Synchronicity | rating: 7]

-

e —



