Inheritance & Composition

des by: James W. Johnson




What Are They?

, or is some kind

have its own



Inheritance
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Inheritance: Students and Professors

class person:

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

@property
def name(self):
r NN
Type : str

The person's name.
NN
return self._name

@name.setter
def name(self, value):
if isinstance(value, str):
# Capitalize first letter of their name
self._name = value.capitalize()
else:
raise TypeError("Attribute 'nmame' must be a string. Got: %s" % (

type(value))) |



Inheritance: Students and Professors

class student(person):

def

_.init__(self, name):
super().__init__(name)

. peggy.name

7

: from people import student
- mike = student("mike")
- peggy = student("peagy”)

- mike.name

'Mike'

Peggy'

: from people import person

. isinstance(mike, person)

True

- isinstance(mike, student)
True



Inheritance: Students and Professors

. Trom people import person, student

in [2]: mike = student("mike")

In 13 peggy = person( pegay”)

n 4 mike.work(Q)
Mike is working on the assignment.

class student(person):

def __init__(self, name): .
super().__init__(name) i [51: peggy.workQ)

def work(self): AttributeError Traceback (mos
BV S <ipython-input-5-8bcdb@ceea2l> in <module>

Prints a message saying the student 1s working on their assignment.

NN ———— ] m VDl‘k

print("%s is working on the assignment." % (self.name))
Attributebrror: 'person’ object has no attribute ‘work’

-




Inheritance: Students and Professors

In [1]: from people import student professor
In 12 : mike = student("mike™)

In 131 peggy = professor(‘pegay”)
class professor(person): In (4. mike.work()

def __init__(self, name): Mike is working on the assignment.

supex().__init__(name)

17 (5] peggy.work()
def work(self) / Peggy is grading the assignments.

Prints a message saying the professor 1s grading the assignments. % 0

print("%s is grading the assignments." % (self.name))



Inheritance: Students and Professors

In [1]:

in [2]: mike = student(‘mike")

class person:

In [3]: peggy = professor(‘peggy”)

7 EE{Jf‘fziigsglrf:;n:me): in (4] kelly = person( kelly")
def work(self): é n [5]: mike.work()

r” NN - ° - -
Prints a message saying the person 1s on the clock earning a paycheck. é Mike is working on the assignment.

nNenN

print("%s is on the clock earning a paycheck." % (self.name)) é In 16 : peggy.work(Q)

. Peggy is grading the assignments.

n 17 : kelly.work(Q)
~ Kelly is on the clock earning a paycheck.

///

from people import person, student, professo
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Inheritance: Subclassing Built-Ins

ST TSI TSI TSI

class simple_array(list):

def __init__(self, *args, **kwargs):
if "dtype" in kwargs.keys():
self._dtype = kwargs["dtype"]
del kwargs["dtype"]
else:
self._dtype = object

if all([isinstance(l, self._dtype) for 1 in args[@]]):
super().__init__(*args, **kwargs)
else:

raise TypeErrox("All elements must be of the specified data type."i

def __setitem__(self, key, value):
if isinstance(value, self.dtype):
super().__setitem__(key, value)
else:
raise TypeError("Must be of type %s. Got: %s" % (self.dtype,
type(value)))

aproperty
def dtype(self):
rH NN

Type : type

The data type of the elements.

NN

return self._dtype
777777/




Inheritance: Subclassing Built-Ins

T

class simple_array(list):

def __init__(self, *args, **kwargs):
if "dtype" in kwargs.keys():
self._dtype = kwargs["dtype"]
del kwargs["dtype"]
else:
self._dtype = object

if all([isinstance(l, self._dtype) for 1 in args[@]]):
super().__init__(*args, **kwargs)
else:

raise TypeError("All elements must be of the specified data type.")

def __setitem__(self, key, value):
if isinstance(value, self.dtype):
super().__setitem__(key, value)
AR H

raise TypeError("Must be of type %s. Got: %s" % (self.dtype,
type(value)))

aproperty
def dtype(self):
r NN

Type : type

The data type of the elements.

NN

return self._dtype
/777777777777




Inheritance: Subclassing Built-Ins

'2]: example = simple_array([?, 1, 2], dtype = int)

[3]: example
3 [0, 1, 2]

'4]: example[“]
4 0

'5]: example[©]

[6]: example
6 [1, 1, 2]

In [7]: example[@]

TypeError Traceback (most recent
<ipython-input-7-21£f8ac3b2c15> in <module>

----> 1 example 0 1.1

~/Work/Teaching/0OSUAstroSURP2020/examples/classes/simple_array.py

26 else
27 raise TypeError("Must be of type

type(value)))
29

30 property

Typebrror: Must be of type <class 'int'>. Got: <class 'float'>




This Includes Exceptions and Warnings

In [1]: import warnings

In [2]: class CustomError(Exception):
- pass

In [3]: class Customiarning(Warning):
ceul pass

In [4]: raise CustomError(“My custom error class.”)

CustomError Traceback (most recent call last)
<ipython-input-4-5dab39228a42> in <module>
«w==>» 1 raise CustomError

Custombrror: My custom error class.

In 5 : warnings.warn('My custom warning class.”, CustomWarning)
/Users/astrobeard/anaconda3/bin/ipython:1: Customiarning: My custom warning class.
#1/Users/astrobeard/anaconda3/bin/python
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Inheritance: Subclassing Built-Ins
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class positive(int):

A positive definite integer.

__new__(cls, value, *args, *¥kwargs):
if value <+ @: raise ValueError("Must be non-negative and non-zero.")
return super().__new__(cls, value, *args, **kwargs)

__add__(self, other):

return self.__class__(super().__add__(other))
__sub__(self, other):

return self.__class__(super().__sub__(other))
__mul__(self, other):

return self._ _class__(super().__mul__(other))

__div__(self, other):

return self.__class__(super().__div__(other))

gty (self):
"%d" % (int(self))

return

__repr__(self):
return "positive(%d)" % (int(self))



Inheritance: Subclassing Built-Ins

In [1]: from positive lmport positive
In (2] example = positive(:)

In [3]: example
3 positive(3)

In (4] example +
4 positive(7)

In 5] example - 5
ValueError Traceback (most recent call last)
<ipython-input-5-b6c@a2daceee> in <module>

~---> 1 example 5

~/Work/Teaching/PythonBootcamp/examples/classes/positive.py in __sub__

14
15 def __sub__ self other
--=> 16 return self __class__ super __sub__ other
17
18 def _mul__ self other

~/Work/Teaching/PythonBootcamp/examples/classes/positive.py in __new__

7
8 def __new__ cls value args kwargs
-===>9 if value @ raise ValueError
10 return super __new__ cls value args kwargs
11

Voluebrror: Must be non-negative and non-zero.




Recall: The Python Model

: isinstance(3, object)

True

: isinstance("some string"”, object)

True

: import numpy

coisinstanceCoumpy, obect)

True

: isinstance([0, 1, 2], object)

True




Composition




Composition

Solar System




Composition: A Solar System

class body:

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

@property

def name(self):
r L
Type : str

The name of the star

newN

return self._name

@name.setter
def name(self, value):
if isinstance(value, str):
self._name = value
else:

raise TypeError("Attribute 'name' must be a string. Got: %s" % (
type(value)))

@aproperty
def mass(self):
r NN

Type : float

The mass of the star in solar masses

newN

return self._mass

@amass.setter
def mass(self, value):

if isinstance(value, numbers.Number):

self. _mass = float(value)
else:

raise TypeError("Attribute 'mass' must be a real number. Got: %s" % (
type(value)))

0

N



Composition: A Solar System

class star(body):
pass



class satellite(body):

def __init__(self, name, mass, semimajor_axis, eccentricity = 8):
super().__init__(name, mass)
self.semimajor_axis = semimajor_axis
self.eccentricity = eccentricity

Composition: A Solar System &% o

r NN
Type : float

The semimajor axis of the satellite's orbit in AU

NN

return self._semimajor_axis

@semimajor_axis.setter
def semimajor_axis(self, value):
if isinstance(value, numbers.Number):
if value > @:
self._semimajor_axis = value
else:
raise ValueErrox("""Attribute 'semimajor_axis' must be \
positive. Got: %f""" % (value))
else:

raise TypeErrox("""Attribute 'semimajor_axis' must be a real \
number. Got: %s""" % (type(value)))

@property

def eccentricity(self):
r NN
Type : float

The eccentricity of the satellite's orbit

NN

return self._eccentricity

@eccentricity.setter
def eccentricity(self, value):
if disinstance(value, numbers.Number):
if @ <= value <= 1:
self._eccentricity = value
else:
raise ValueErrox("""Attribute 'eccentricity' must be between
@ and 1. Got: %£""" % (value))
else:

raise TypeErrox("""Attribute 'eccentricity' must be a real )\
number. Got: %s""" % (type(value)))




Composition: A Solar System




class planetary_system:

» S e
Composition: A Solar System =™ wen

@property
def planet(self):

nuwn
r

Type : planet

The central planet

NN

return self._planet

@planet.setter
def planet(self, value):
if isinstance(value, planet):
self._planet = value
else:

raise TypeErrox("""Attribute 'planet' must be of type planet. )\
Got: %s""" % (type(value)))

@property

def moons(self):
r NN
Type : list

A list of moon objects which orbit the planet

nNn

return self._moons

@amoons.setter
def moons(self, value):
if isinstance(value, list):
if all([isinstance(i, moon) for i in value]):
self. _moons = value[:]
else:

raise TypeError("All moons must be of type moon.")
else:

raise TypeErrox("""Attribute 'moons' must be of type list. )\
Got: %s""" % (type(value)))




Composition: A Solar System

class solar_system:

def __init__(self, star, planets, asteroids, comets):

self.star = star
self.planets = planets
self.asteroids = asteroids
self.comets = comets

@property
def star(self):
rH NN

Type :@: star

The central star of the solar system.

NN

return self._star

@star.setter
def star(self, value):
if isinstance(value, star):
self._star = value
else:
raise TypeError("Attribute 'star'

must be of type star. Got: %s" % (



Composition: A Solar System

def planets(self):
rH NN
Type : list

A list of planetary system objects which orbit the central star.

NN

return self._planets

@planets.setter
def planets(self, value):
if isinstance(value, list):
if all([isinstance(i, planetary_system) for i in value]):
self._planets = value
else:
raise TypeError("All planets must be of type planetary_system.")
else:
raise TypeErroxr("""Attribute 'planets' must be of type list. )\
Got: %s""" % (type(value)))



Composition: A Solar System

—

. our_solar_system = solar_system.solar_system(sun, [earth_system, mars_system], [, [1)

In [117: our_solar_system.star.name
11 = 'sun’

In [12]: our_solar_system.planets["].planet.name

In [1]: import solar_system 12 ‘earth’
In 2. sun = solar_system.star("'sun”, 1) In [131: our_solar_system.planets[’].moons["].name
13 = 'luna’

In [3]: earth = solar_system.planet(‘carth”, . -6, 1)
In [14]: our_solar_system.planets[!].planet.name
In [4]: moon = solar_system.moon("luna”, 3. c-%, ,003) 14): ‘mars’

In [15]: our_solar_system.planets[1].moons["].name

In [S]: mars = solar_system.planet(‘mars”, . ¢-7, 1.5) 151 *phobos’
In (6 : phobos = solar_system.moon( phobos™, 5. Je-15, 6. 3e-5) In [16]: our_solar_system.planets[!].moons[’].name
16 = 'deimos’

In [7: deimos = solar_system.moon( deimos”, 7. 4c-16, 1.6e-4)
In [17]: our_solar_system.asteroids
In [8: earth_system = solar_system.planetary_system(earth, [moon]) 70

In [18]: our_solar_system.comets
In 19 mars_system = solar_system.planetary_system(mars, [phobos, deimos]) 18 0O
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Composition vs. Aggregation
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