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What are they? Why should I care?




Recall: The Python Model
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with other objects.
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Data Container

2]

[3]:
[4]:
[5]:
ICHE

in [#]:
Out[7]:
array([0.63136228, 0.52197144,

0.53274021, 0.55630111,

In [8]: x.radii

Out[8]:

array([1.06055823, 1.9124843 ,
0.76955582, 0.09024124,

In [9]: x.luminosities

Out[9]:

array([1.6057846 , 0.03445241,
0.63525491, 0.08993064,

import numpy as np

class container:

container()
abs(np.random.normal(size

abs(np.random.normal(size

.luminosities

abs(np.random.normal(size

0.08581841,
1.62357898,

.3795803
.37011049,

0.84339752,
1.46008861,

.08461345,
.24039583,

0.0756965
0.307223

“?2222222222557*'

.47629528,
.0490746

.95837668,
.898842277)

.2870194 ,
.624264557])

.58423559,
.071607347])



An Example Object: A Dog
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Dogs in Python class dog:

rHHH
Implements a dog 1In python

NN

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

. Spot = dog("Spot”, "Dalmatian™)

'W'

- Spot.breed
'Dalmatian’

. Snoopy = dog("'Snoopy”, "Beagle")

. Snoopy . name
OSW!

. Snoopy.breed
'Beagle’
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Dogs 1n Python
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class dog:

NN
Y

Implements a dog iIn python

NN

fj//

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

21 Spot = dog("Spot”, "Dalmatian™)

3]
3
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'W'

Spot.breed
'Dalmatian’

Snoopy = dog('Snoopy”, "Beagle™)

Snoopy . name
OSW!

Snoopy .breed
'Beagle’



R

class dog:

Dogs in Python

Implements a dog iIn python

NN

o ) def __init__(self, name, breed):
self.name = name
self.breed ~ breed

v

. Snoopy = dog("'Snoopy”, "Beagle")

. Snoopy . name
6  'Snoopy'

7. Snoopy.breed
7 = 'Beagle'

'8 : Snoopy.name = °
'91: Snoopy.breed = [, *, 7]

10 : Snoopy.name
19 : 3

0 [11]: Snoopy.breed
o1l [, 3, 7

G
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class dog:

r NN
Implements a dog in python

NN

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

Dogs 1n Python i

@property

def name(self):
r NN
Type : str

The name of the dog

NN

return self._nanel

@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)))

@property
def breed(self):
r NN

Type : str

The breed of the dog

NN

return self._breed

@breed.setter
def breed(self, value):
if isinstance(value, str):
self._breed = value
else:
raise TypeError("Attribute 'breed' must be a string. Got: %s" % (
type(value)))




In [2]: Snoopy = dog("Snoopy”, "Beagle")

In [37: Snoopy.name

Dogs 1n Python s

TypeError Traceback (most recent call last)
<ipython-input-5-88ab4b918e8c in <module>
~---> 1 Snoopy name 3

~/Work/Teaching/0SUAstroSURP2020/examples/classes/dog.py in name

T RS

27 else

28 raise TypeError(“Attribute 'name' must be a string. Got: %s" % (
-==> 29 type(value)))

30

31

Typebrror: Attribute 'name' must be a string. Got: <class 'int'>

1n [6]: Snoopy.breed = [0, 7, 7]

TypeError Traceback (most recent call last)
<ipython-input-6-abbb@c87354e> in <module>
----> 1 Snoopy breed 0,37

~/Work/Teaching/0SUAstroSURP2020/examples/classes/dog.py in breed

45 else

46 raise TypeError(“Attribute 'breed' must be a string. Got: ¥s" % (
-—=> 47 type(value)))

48

49

Typebrror: Attribute 'breed’ must be a string. Got: <class 'list'>




class example:

def __init__(self, value):
self._value = value

A Quick Note: Property vs. Stored Data e Value(sele):

return self._value

@property
def onemore(self):
return self._value + 1

@aproperty
def twomore(self):
return self._value + 2

In [2]: = example(4)

In [3]: x.value
§ Out[3]:

o In '4]: x.onemore
Out|[4]:

In [5]: x.twomore
Out[5]:
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Dogs 1n Python

In [1]: from dog import dog

def speak(self): In [2]: snoopy = dog("Snoopy", "
rUHH
Makes the dog bark when you tell It to speak. | In [3]: snoopy.speak()

Snoopy says "Woof!"
print("%s says \"Woof!\"" % (self.name))

In [4]: dog.speak(snoopy)
o?S"OODV says "Woof!"

,///

o / / ) to doé speak as self.



Static Methods




Dogs 1n Python

from dog import dog
In [2]: dog.is_puppy(l)

True

In 13 dog.is_puppy(-)
False

@staticmethod
def is_puppy(age):

rfl NN
Determine if a dog is a puppy.

Signature: dog.1s_puppy(age)

Parameters
age :@ int
The age of the dog, 1In years

Returns
puppy : bool
True if age < 2 years, otherwise False.
if isinstance(age, int):
return age < 2
else:

raise TypeError("Must be an integer. Got: %s" % (type(age)))




Class Methods



Dogs 1n Python

@classmethod
def snoopy(cls):
r NNN
Returns Snoopy.

NN

return cls("Snoopy"”, "Beagle")

: from dog import dog

. snoopy = dog.snoopy()

© sShoopy . hame

.SW'

. snoopy.breed

'Beagle’




re readable

Syntactic Sugar
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Syntactic Sugar

Can be used to emulate array-like indexing, item assignment, calling, and more

X.__getitem__(0)
x.__call__(0)

X.__setitem__(0, 1)
X._ str__()and x.__repr__()

There are many other forms of syntactic sugar — here is a reference on many of the
magic methods you can implement: https://www.tutorialsteacher.com/python/magic-
methods-1n-python



https://www.tutorialsteacher.com/python/magic-methods-in-python
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class polynomial:

A Polynomial Object

rﬂ NN
N-th degree mathematical polynomial functions f(x)

Parameters

coeffs : array-like
The coefficients of the polynomial. See attribute below.
Must be either a list, tuple, or numpy array.

Attributes

coeffs : numpy array
The coefficients of the polynomial, iIn order of increasing exponent on
the independent variable x.

order : int
The order of the polynomial.

NN

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

@property
def coeffs(self):
r NN
Type : numpy array

The numerical coefficients of the polynomial, In order of increasing
exponent on x

NNWN

return self._coeffs

acoeffs.setter
def coeffs(self, value):
if isinstance(value, list) or isinstance(value, tuple):
if all([isinstance(i, numbers.Number) for i in value]):
self._coeffs = np.array(value)
else:
raise TypeErroxr("Non-numerical value in coefficients.")
elif isinstance(value, np.ndarray):
if all([isinstance(i, numbers.Number) for i in value]):
self._coeffs = value[:]
else:
raise TypeErroxr("Non-numerical value in coefficients.")
else:
raise TypeErroxr("""Attribute 'coeffs' must be either a list, )\

tuple, or numpy array. Got: %s""" % (type(value)))

@aproperty

def order(self):
r L
Type : int

The order of the polynomial

L

return len(self._coeffs) - 1

7



A Polynomial Object

def __getitem__(self, index):
if isinstance(index, int):
# Don't need any more error handling - self. coeffs is a numpy
# array and will raise errors for us
return self._coeffs[index]
else:
raise IndexErroxr("Index must be an integer.")

,,// 7
7
| 7]

takes any number of ete
) /////////////// | r of parameters

ynomia
def __call__(self, x):
result = @
for 1 in range(len(self._coeffs)):
result += x**i * self._coeffs[i]
return result



A Polynomial Object

def __setitem__(self, index, value):
if isinstance(index, int):
if @ <= index <= self.order:
if disinstance(value, numbers.Number):
self._coeffs[index] = value
else:
raise TypeError("Must be a numerical value. Got: %s" % (
type(value)))
else:
raise IndexErroxr("Index out of bounds.")
else:



A Polynomial Object

7
iz " ///////////%
__repr__(self):
rep = ""

for 1 in range(self.order + 1):
i 413

if self._coeffs[i] > 6:
rep += "+ %.2fxA%d " % (self._coeffs[i], 1)
elif self._coeffs[i] < @:
rep += "- %.2fxA%d " % (-self._coeffs[i], 1)
else:
# don't print if the coefficient is zero
pass
else:
if self._coeffs[i] > 6:
rep += "%.2f " % (self._coeffs[i])

elif self._coeffs[i] < @:
rep += "-%.2f " % (-self._coeffs[1i])
else:
# don't print if the coefficient 1Is zero
pass

return rep

def __str__(self):
return self.__repr__()



A Polynomial Object

In

In

81

[9]:
9

1107 :
10

11
11

127:
12

o from mypkg.mathlib import polynomial
. example = polynomial([', -, -1, 7, =°])

. example

1.00 + 2.00xA1 - 1.00xAZ2 + 3.00xA3 - 3.00x\4

. example[]

1

. example[']

2

. example(’)

1

. example( )

-164
example['] = °

example( )
322

example.coeffs
array([ 1, 2: -1, 3: 3])

example.order
4

example
1.00 + 2.00xA1 - 1.00xA2 + 3.00xA3 + 3.00x"\4



Emulating Numeric Types

Another application of
syntactic sugar
X.__add__(y)
X.__radd__(y)
There is also  rsub  for -=, T
__rmul for*=, rdiv for
/=, etc., but unless otherwise x.—mul_(y)
specified these lines will call X._div__(y)
the corresponding function x.__floordiv__(y)

without the 7 in the name.

X.__mod__(y)




Emulating Numeric Types: A Polynomial

Extend the polynomial object to allow
addition, subtraction, and equivalence
comparison with other polynomials

Some extra useful syntactic sugar
elements in doing so:




Emulating Numeric Types: A Polynomial

__pos__(self):
return self

def __neg__(self):
return polynomial([-1 for 1 in self._coeffs])

7

//“need to specifically create a

///w// _ automatically, so in theory you
)y isn’t this required for pos ?



Emulating Numeric Types: A Polynomial

def __add__(self, other):
if isinstance(other, polynomial):
new_coeffs = (max(other.order, self.order) + 1) * [0.]
for 1 in range(len(new_coeffs)):
if 1 <= self.order: new_coeffs[i] += self[i]
if 1 <= other.order: new_coeffs[i] += other[i]
return polynomial(new_coeffs)
else:

raise TypeErroxr("Must be a polynomial object. Got: %s" % (
type(other)))



Emulating Numeric Types: A Polynomial

def __sub__(self, other):
if isinstance(other, polynomial):
# The same as "return self + -other”
return self.__add__(other.__neg__()) |
else:
raise TypeErroxr("Must be a polynomial object. Got: %s" % (

type(other)))



Emulating Numeric Types: A Polynomial

__eq__(self, other):
if isinstance(other, polynomial):
if self.order == other.order:
# The numpy array does component-wise comparison here, hence
# the usage of all
return all(self.coeffs == other.coeffs)
else:
return False
else:
return False

def __ne__(self, other):
return not self.__eq__(other)

T
v
7

ary If you write an _eq  method, the
vice: If you ever override that, you



Emulating Numeric Types: A Polynomial

In [11: from mypkg.mathlib import polynomial

in[21: x = polynomial([’, =, “1) //

in [31: y = polynomial([’, *, 1)

n 4 . x+y
4  2.00 + 5.00xA1 + 7.00xA2

S X=Yy
5 False

X I=y
True

X =y
- 1.00xA1 - 1.00xA2

- x+yC)
80.0

- x =y
-2.0




Recall: Lists vs. Arrays




