Objects 2

Week 3, day |




What are objects!?

A way to create new basic datatypes

A way to group related data and functions
that operate on that data

A way to separate interface from
implementation

A way to hide detail and achieve
encapsulation




What are objects (in
Python)?

e Declared with class

e Usually need
~_init  method

e When an object is
constructed, it is
copied from call and
init method called

e All methods and
members need self

class TaxaDbEntry:
“Entry in taxonomy database.”
def 1init (self, gen='"', spp='"',
subsp='"):

self.sub species = “”
self.species = "
self.genera = “"
self.abundance = 0

def linneanName (self):
theNames = [self.genera,
self.species]
i1f (self.subspecies):
theNames.append(self.subspecies)
return ‘ ’.join (theNames)




Magic methods

e Double underscore class TaxaDbEntry:
“Entry in taxonomy database.”

names endow object Gef it \(selthl gen="" Spp=lit:

with particular , TUbSI]F' ")

behaviour self.abundance = 0

° Lifecycle: init def add (self, other):
- - theNewTaxa = TaxaDbEntry (...)
& del theNewTaxa.abundance = \

self.abundance + other.abundance
e List- and &dict-like: return theNewTaxa

len , >>> x = TaxaDbEntry (“Crocuta”,
getitem etc. crocuta’)
S — >>> vy =x + 5

>>> y.abundance

e Math: add etc. 5




Access control

e In Python, access control is weak, and most policy. But:
e In modules, underscores enforce access (from x import *)

e In objects, flanking double underscores / magic methods
cannot be called directly from outside

len (myList) Vv
myList. 1len X

e self signals data is an object and not class member




Interface vs
implementation

® The outside of the object / what the public
sees and uses / interface / APl versus Innner
workings / implementation

® |f the implementation is well hidden, it can
change and improve without changing
interface

® Don’t expose design decisions & detail




Example: graphs

® Networks, grids,
trees, maps ...

® (Consist of:

® V,a set of nodes e

® FE asetof edges
connecting those
nodes

| | V= {A, B, C, D, E}
® 3 implementations E ={(C,A), (AB),..}




Graph implementation
2

N




Graph class

class Graph:
def 1nit  (self):
[oo.]

def addNode (self):
def delNode (self):
def addEdge (self, nodel, node2):
def delEdge (self, nodel, node2):
def listNeighbours (self, node):




Graph: adjacency list

class Graph:
“Nodes are given unique ids.”
def init  (self):
self.lastNodelId =
self.nodeDict = {}

0

def newNodeId (self):
self.lastNodeId += 1
return self.lastNodeId

def addNode (self):
newld = self. newNodeId
self.nodeDict[newId] = []
return newld

def addEdge (self, nl, n2):
self.nodeDict[nl] = self.nodeDict[nl] + [n2]
self.nodeDict[n2] = self.nodeDict[n2] + [nl]




Graph: Table-based

class Graph:
“mrAssumes Table class.”””
def init  (self):
self.lastNodeld += 1
self.nodeTable = Table()

def addNode (self):
newld = self. newNodeld
self.nodeTable.addRow ()
for col in self.nodeTables.columns()
self.nodeTable[newId-1][col] = 0

def addEdge (self, nl, n2):
self.nodeTable[nl][n2] = self.nodeTable[nl][n2] + 1




Nested classes

® (Can sit classes
inside of
others.

® Mainly for
internal use.

class Graph:
class Node:
def 1nit  (self):
self.lastNodelId += 1
self.nodeTable = Table()

def newNode (self):
return Node()




Inheritance

® A subclass inherits all the attributes of its
superclass (that it doesn’t override)

® Build a hierarchy of more & more
specialized classes

® Polymorphism

® Another reason for separating interface
from implementation




Inheritance

* Class def’n gives class Graph:
name(s) of parent def  init  (self):

class [ ]
def size (self):

* When a method is Leoo]
def countEdges (self):

used, walk up [oo.]

inheritance tree
class Tree (Graph):

* Must call super def _ init  (self):
init Graph. 1nit  (self)
— — def size (self):

e New obiject e




Case study: matrices

® Several types of matrices

® Several types of implementation
® Regular (rectangular)
® T[riangular

® Sparse




Abstract base classes

AbstractMatrix

® “Incomplete” /
classes, purely for

subclassing RegularMatrix

® Just like any other

SparseMatrix
other class.

\4
TriangularMatrix




Builtin ABCs

® UserlList
® UserString

® UserDict




Class design

Can place “required” classes in ABC
Accessors / mutators (getters & setters)
“isA” versus “hasA”

Subclass should fulfill all promises of
superclass




Interrogating classes

® Functions to ask about classes &
functionality

* 1ssubclass (sub, super)
* 1sinstance (obj, cls)

* type (obj) (if you inherit from object)




