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Overview

-

# Basic Python
» Numpy

PYTHON
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What is Python?
-

nython plays a key role in our production pipeline. Without it
a project the size of Star Wars: Episode Il would have been
very difficult to pull off. From crowd rendering to batch
processing to compositing, Python binds all things together.

Tommy Burnette, Senior Technical Director, Industrial Light
& Magic.
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Conditionals

-

If-statements:

I f x <O0:

print "negative"
elif x = 0:

print "zero"
el se

print "positive"

Logic-ops:

if y=0o0r x=1. ...
if y=0and x == 1. ...
if not x =1: ...

Note: Python use indentation delimit blocks not { and } .

o |
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Flow control
fFor-loops.:

for aninal in['cat’,’dog,’ bat’, ow’]:
print ani nal

Using r ange( )

>>> for i inrange(4):
>>> print i

w N B O

You (almost) never use:

>>> for i inrange(len(list)):

L >>> print list[i] J
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More on functions

fDoc-strings: T

>>> def fac( n):
"""conputes the factorial of n
If nis negative then fac(n) == 1"""
If n<=0:
return 1
return nxfac(n-1)

>>> fac(2)
2
>>> hel p(f ac)

Help on function fac in nodule  nmain_:

f ac(n)
conputes the factorial of n

if nis negative then fac(n) ==
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More on functions

-

Default arguments:

>>> def nyfac(n=10): return fac(n)
>>> nyf ac()
3628800

Keyword-arguments:

>>> def f( n=10, n¥20, k=3.1415) .
return (n, mk)

>>> f()

(10, 20, 3.1415000000000002)
>>> f (k=6)

(10, 20, 6)

o |
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Numbers
fIntegers: T

>>> 2
2

Floating point number:

>>> 3. 14159
3. 1415899999999999

Complex numbers:

>>> 3, 1+4. 5

(3. 1000000000000001+4. 5j )
>>> conpl ex(3. 1, 4. 5)

(3. 1000000000000001+4. 5j )

o |
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Basic Python - Numbers
x

asic arithmetic:
>>> 243
S
>>> 243. 5
5.5
>>> 243+
(5+4))
>>> 2% 3
6
>>> 2000000000+ 20000
40000000000000L
>>> 2002/ 25
80
>>> 2002/ 25. 0
80. 079999999999998

o |
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Strings
-

Different ways to do strings:

>>> ' Python test!\n

>>> "Python test!\n"
>>> """Python test!\n"""
'Python test!\n’

>>> "\ "Python test\""
>>> " "Python test"’
'"Python test"’

Concatenation:

>>>"Hello +'\Worl d
"Hel | oVor | d
>>> 'test’ x4

"testtesttesttest’

o |

Python —An Introduction — p. 10



Strings
-

Length of a string:

>>> | en(str)
13

Slicing:

>>> str =’ Along string
>>> str[ 1]

' long string

>>> str[: 3]

¥NE

>>> str[:-1]

"Along strin

o |
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Functions

-

A simple factorial function. Computes n! for any integer n.

-

def fac( n):
I f n<=0:
return 1
return nfac(n- 1)

o |
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Lists

L N

Ists work like strings but may contain just about anything.
>>> glist =[123, 'test’, 3.14159 "world"' ]
>>> ali st O]
123
>>> ali st 2:]

[ 3. 1415899999999999, "wor | d ]

Operations on lists:

>>> ali st. append( ' 54321 )

>>> alli st

[123, 'test’, 3.1415899999999999 'world , ' 54321 ]
>>> gli st.renove( 'test’ )

>>> alli st

[ 123, 3.1415899999999999, 'world , ' 54321 ]

o |
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Tuples
A

tuple is written as:
>>> gluple = ("first’, 2)
>>> aTupl g O]

'first’

>>> aTupl € 1]

2

Also support tuples without parenthesis:

>>>a b =12
>>> a b =Dbha
>>> a

2
>>> b
1

o |
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Dictionaries

-

Native support for dictionaries.

>>>abct ={ "pi’': 3.14159 }
>>> ab ct[’ pi’ ]

3. 1415899999999999

>>> alb ct. keys()

["pi’]

>>> alb ct.val ues()

[ 3. 1415899999999999]

>>> abct.itens()

[("pi’, 3.1415899999999999) ]

Not limited to string keys.

>>> aStrangeDct ={ "pi’: 3.14159, 4325 : 1.02030 }
>>> aS rangeD ct[ 4325]
1. 0203

o |
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Functional programming

-

Higher-order functions:

>>> def fac(n):
If n<=1. return 1
return nxfac(n- 1)

>>> fac(4)

24

>>>f =fac #f is nowfac
>>> f(4)

24

Enables us to define functions which take functions as
arguments.

o |
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Functional programming

K

| | t er —remove elements from list:

>>> def even(n): return n¥2==0
>>> filter( even, range(0, 20))
[0, 2, 4, 6, 8, 10, 12, 14, 16, 1§]

map — apply function to all elements in a list:

>>> map(abs, range(- 10, 10))
[10, 9, 8, 7, 6, 5, 4, 3, 2,1, 0, 1, 2 3, 4,5 6, 7, 8 9]

o |
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Functional programming

-

Anonymous functions, A-forms

>>> addFour = | anbda x: x+4
>>> addFour ( 7)
11

Same as

>>> def addFour(n): return n+4
>>> addFour (7)
11

Commonly used for small functions

>>> filter( |anbda x: abs(x) < 5, range(-100, 100) )
[-4, -3, -2, -1, 0, 1, 2, 3, 4]

o |
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Functional programming

List comprehensions

>>> [x*x for x i1n range(5)]
[0,1,4,9,16]

>>> [x*x for x 1In range(5) i1t x%2]

[1.9]
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Modules

-

Various ways of importing a module:

>>> | nport os
>>> hel p(0s. open)
Hel p on bui | t-i n function open:

open(...)
open(filenane, flag [, node=0777]) -> fd
Qen afile (for lowlevel 1Q.

>>> fromos i nport =
>>> hel p(open)
Hel p on bui | t-i n function open:

open(...)
open(filenane, flag [, node=0777]) -> fd

\— Qpen a file (for lowlevel 1Q. J
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Classes
A

simple class:

cl ass A(obj ect):
a=4
b=>5

def add(self): return self.atself.b

Some code using this class.

>>> a = A)
>>> print a add()
9

>>> a.a =14
>>> print a add()
19
>>> a. add
L <bound nethod A add of < main_.Ainstance at 0x809d14c>> J
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Classes

-

Contructors
class A
def init_ (self):
self.a=4
self.b =5

def add(self): return self.atself.b

Inheritance

class B(A:
def init_(self):
A_init_ (self)
self.b =15

>>> b = )

>>> print b.add()
19
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Extra: Exceptions

ry-except statement

>>> | i st = range(l, 6)
>>> | j st[ 8]
Traceback (nost recent call |ast):
Hle "sstdin", linel, in?
| ndexError: list index out of range
>>> try:
list =range(l, 6)
| ist[8]
. except I ndexEror, e:
print 't exception:’, e
Got exception: |ist index out of range

The catch-all exception is called Except i on.

. except Exception e:
print "Exception’ 9% caught!" %/(e)
Exception 'list index out of range caught!

|
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The gl obal statement
-

gl obal — What does this code do? T

>>> 1 = 2

>>> def f(x): t =x

>>> f(3)

>>> print t ## shoul d give 37
2

Since Python implicitly creates a local variable we need:

>>> def f(X):
gl obal t
t =X

>>> f(3)
>>> print t ## does return 3
e .
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Arbitrary arguments

f Anonymous arguments:

>>> def T(*args):
>>> print args
>>> (1,7,4)
(1,7,4)

>>> def g(**keywords):
>>> print keywords

>>> g(a=3, b="x", y=23423)
{"a": 3, "b": "x", "y":23423}

ar gs is a tuple, keywords is a dict

o
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Numpy
-

Fast numerical routines for Python.

>>> fromnunpy i nport =
>>>a =array( (1,2 3) )
>>> matrix = array( [[10,0], [0, 1 0], [0,01]] )

>>> a

array([1, 2, 3])

>>> natri X

array([[1, O, 0],
[0, 1, O],
[0, O, 1]])

Shape
>>> a. shape
(3,)

>>> nat ri X. shape

s N
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-

C

o

reating filled in arrays

>>> zeros( (3, 3))
array([[0, O, 0],
[0, O, O],

[0, O O]])
>>> ones((3,4))
array([[1 1, 1, 1],

[1, 1, 1, 1],

[1, 1, 1, 1]])
>>> arrayrange( 0, 10)

Numpy

array([0, 1, 2, 3, 4, 5 6, 7, 8 9])
>>> j dentity(4)

array([[1, O,
[0, 1,
[0, O,
[0, O,

0,
0, 0],
1,

0, 1]]

0],

0],

|
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Numpy
-

Simple operations

>>>a =array( [1,2 3] )

>>> gx 3

array([3, 6, 9])

>>> a+3

array([4, 5, 6])

>>> b =array( [2 3 4] )

>>> axb

array([ 2, 6, 12])

>>>p =array( [2.0,3.0,4.0] )
>>> alb

array([ 0.5 , 0.66666667, O0.75 1)

o |
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Broadcasting

-

How does Numerics handle operations on arrays of
different dimensionality.

-

Simple example:

>>>a =array( [[12], [34]] )
>>> b =array( [1] )

>>> print atb

[[2 3]

[4 5]]

Shapes don’t agree so how can we add these arrays?

o |
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Broadcasting
A

nother example:
>>>a =array( [[1 2 3], [4,5,6]] )
>>> b =array( [1,2 3] )
>>> print atb
[[2 4 6]
[579]]

with shapes

>>> print a.shape
(2, 3)
>>> print b.shape

(3)

o |
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Broadcasting
fThe algorithm: T

# Compare the length of each axis starting from the right.
Replicate as many times as needed.

# If one of axis compared have length 1 then
broadcasting also occur.

Example:

>>>z =array( [1,2] )
>>> v =array( [[3],[4],[5]] )
>>> print z.shape, v.shape
(2) (3 1
>>> print z+v
[[4 9]
[5 6]
L [6 7]] J
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Numpy
-

Universal functions - functions operating per-element on
arrays.

>>> a =array( [pi, pi/2 pil4, pi/8] )
>>> print sin(a)
[ 1.22460635e-16 1. 00000000e+00 7.07106781e-01 3. 82683432e- 01]

This works for most standard functions such as

add (+) subtract (-) multiply (*) di vide (/)
remai nder (% power (*x) ar ccos arcsin

COS sin tan sqrt

maxi mum greater (>) equal (== not equal (!=)

o |
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Numpy
N

educe — reduce on arrays with ufuncs
>>>a =array( [1 2 3,4] )
>>> print add.reduce(a)
10

>>> print mul tiply.reduce(a)
24

Works for 2d-arrays as well

>>> b =array( [ [10,0], [0,20], [0,0,3] ])
>>> print add. reduce(b)
[12 3]

o |
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Numpy
R

eshaping

>>> a = arrayrange( 1, 10)
>>> a.shape=(3, 3) ## n-pl ace reshape
>>> a
array([[1 2, 3],
[4, 5, 6],
[7, 8 9]])
>>> p = reshape(a, (3,3)) ## copyi ng reshape
>>> print b
array([[1 2, 3],
[4, 5, 6],
[7. 8 9]])

o |
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Numpy
A

lgebraic operations

>>> t r anspose( a)
array([[1, 4, 7],
[2, 5 8],
[3, 6, 9])
>>> dot( array([1,2 3]), array([1,0,2]))
7
>>> m=array( [[1,0,0], [0,0,1], [0,1,0]] )
>>> dot(marray([1 2 3]))
array([1, 3, 2])

o |
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Numpy
o -

ome linear algebra.
>>> from numpy. linalg i nport =*
>>>m=array( [[1,2 3], [321], [547]] )
>>> | nver se(n)
array([[-0.625 0.125 0.25],
[ 1. , 0.5, -0.5 ],
[-0.125 -0.375 0.25]])

o |
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w

o

Numpy

ulti-dimensional slicing

>>> a = arange( 1, 10) . reshape( (3, 3))

>>> g[ 0]
array([1, 2, 3])
>>> print g 0: 2]
[[1 2 3],

[4, 5, 6]]

>>> g[ 0, 2]

3

>>> o[ 0] [ 2]

3

>>> print a0: 2 2]
[3 6]

>>> print a0: 2 0: 2]
[[12]

[4 5]]

|

Python —An Introduction — p. 38



Numpy
R

eindexing an array

>>>a =array( [1,2 3 4] )
>>> i =array( [1,3] )
>>> print afi]

[2 4]

>>> b = arange( 1, 10)

>>> pb.shape = 3,3

>>> print b

[[123]

[4 5 6]

[7 8 9]]

>>> print blarray([0 1])]
[[123]

[45 6]

Lalso possible to use method t ake J
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Numpy
-

Filter indices for arrays

>>>a=array( [[1 23], [456], [7,89]] )
>>> b = array( [True, True, False] )
>>> print b[ a]
[[1 2 3]
[4 5 6]]

o |
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Numpy
N

epeat — replicate array elements
>>>a =array( [0,6,-7] )
>>> print a.repeat(2)
[0 0 6 6-7-7]
>>> b =identity(2)
>>> print b.repeat (3, axi s=0)
[[10]
[10]
[10]
[0 1]
[0 1]
[0 1]]

o |
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Numpy
-

concat enat e — as for lists

>>>a=array( [[1,23], [456], [7,89]] )
>>> concat enat ([ a, a )

>>> print concatenate([a, al)
[[12 3]

[4 5 6]

[7 8 9]

[12 3]

[4 5 6]

[7 8 9]]

>>> print concatenate([a, al, 1)
[[123123]

[456 45 6]

[789 7 89]]

o |
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Links

- N

# Python
http://ww. pyt hon. org/

o Tutorial
http://ww. pyt hon. org/doc/current/tut. htmn

® Numpy
http://ww. pfdubol s.com nunpy/

o |
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