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Basic	Tools	to	Get	Started
• Available	with	Anaconda	Environment	(available	for	free):

– Python,	we	will	use	version	2.7,	pre-requisite	to	class
– NumPy,	array	processing	for	numbers,	strings,	records,	and	objects
– Pandas,	Powerful	data	structures	and	data	analysis	tools	
– SciPy,	 Scientific	Library	for	Python	
– Matplotlib,	Python	2D	plotting	library
– Ipython - Productive	Interactive	Computing

• Environment	includes:
– Jupyter – Interactive	web	based	python
– Spyder – code	development	environment	with	editor

• Data-X:	This	class	will	help	you	combine	math	and	data	concepts	
• Not	Data-X:	This	class	is	not	a	big	data	class.
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Reminder:	Python	Basics

Where	do	we	keep	data	in	Python?

A		lot	of	this	first	part	is	Review	from	UC	Berkeley	Data	8.		
You	probably	know	this	already.

If	you	are	not	familiar	with	these	ideas,	please	review	at:
https://docs.python.org/3/tutorial/introduction.html
See	section	3	to	understand	strings	and	list
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Text and Strings
A	string value	is	a	snippet	of	text	of	any	length
• 'a'
• 'word'
• "there can be 2 sentences. Here's the second!"

Strings	that	contain	numbers	can	be	converted	to	numbers
• int('12')
• float('1.2')

Any	value	can	be	converted	to	a	string
• str(5)

From	Data	8
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Slicing of Strings
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If you want to concatenate variables or a variable and a literal, use +:

This feature is particularly useful when you want to break long strings:

Strings can be indexed (subscripted), with the first character having index 0. There is no
separate character type; a character is simply a string of size one:

Indices may also be negative numbers, to start counting from the right:

Note that since -0 is the same as 0, negative indices start from -1.

In addition to indexing, slicing is also supported. While indexing is used to obtain
individual characters, slicing allows you to obtain substring:

>>> prefix = 'Py'
>>> prefix 'thon'  # can't concatenate a variable and a string literal
  ...
SyntaxError: invalid syntax
>>> ('un' * 3) 'ium'
  ...
SyntaxError: invalid syntax

>>>

>>> prefix + 'thon'
'Python'

>>>

>>> text = ('Put several strings within parentheses '
...         'to have them joined together.')
>>> text
'Put several strings within parentheses to have them joined together.'

>>>

>>> word = 'Python'
>>> word[0]  # character in position 0
'P'
>>> word[5]  # character in position 5
'n'

>>>

>>> word[-1]  # last character
'n'
>>> word[-2]  # second-last character
'o'
>>> word[-6]
'P'

>>>

>>> word[0:2]  # characters from position 0 (included) to 2 (excluded)
'Py'
>>> word[2:5]  # characters from position 2 (included) to 5 (excluded)
'tho'

>>>
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Note how the start is always included, and the end always excluded. This makes sure
that s[:i] + s[i:] is always equal to s:

Slice indices have useful defaults; an omitted first index defaults to zero, an omitted
second index defaults to the size of the string being sliced.

One way to remember how slices work is to think of the indices as pointing between
characters, with the left edge of the first character numbered 0. Then the right edge of
the last character of a string of n characters has index n, for example:

The first row of numbers gives the position of the indices 0...6 in the string; the second
row gives the corresponding negative indices. The slice from i to j consists of all
characters between the edges labeled i and j, respectively.

For non-negative indices, the length of a slice is the difference of the indices, if both are
within bounds. For example, the length of word[1:3] is 2.

Attempting to use an index that is too large will result in an error:

However, out of range slice indexes are handled gracefully when used for slicing:

>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

>>>

>>> word[:2]   # character from the beginning to position 2 (excluded)
'Py'
>>> word[4:]   # characters from position 4 (included) to the end
'on'
>>> word[-2:]  # characters from the second-last (included) to the end
'on'

>>>

 +---+---+---+---+---+---+
 | P | y | t | h | o | n |
 +---+---+---+---+---+---+
 0   1   2   3   4   5   6
-6  -5  -4  -3  -2  -1

>>> word[42]  # the word only has 6 characters
Traceback (most recent call last):
  File "<stdin>", line 1, in <module>
IndexError: string index out of range

>>>

>>> word[4:42]
'on'
>>> word[42:]
''

>>>
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Lists & Tuples
A	sequence	is	a	value	that	contains	other	values	in	order

• A	name	can	be	assigned	to	a	whole	collection	of	values

• Square	brackets	define	lists
s = [3, 4, 5] (mutable)

• Parentheses define	tuples
t = (6, 7, 8) (immutable)

• Functions	can	take	whole	lists	(or	tuples)	as	arguments
sum(t) From	Data	8
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Lists
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Like strings (and all other built-in sequence type), lists can be indexed and sliced:

All slice operations return a new list containing the requested elements. This means that
the following slice returns a new (shallow) copy of the list:

Lists also support operations like concatenation:

Unlike strings, which are immutable, lists are a mutable type, i.e. it is possible to change
their content:

You can also add new items at the end of the list, by using the append() method (we
will see more about methods later):

Assignment to slices is also possible, and this can even change the size of the list or
clear it entirely:

>>> squares = [1, 4, 9, 16, 25]
>>> squares
[1, 4, 9, 16, 25]

>>>

>>> squares[0]  # indexing returns the item
1
>>> squares[-1]
25
>>> squares[-3:]  # slicing returns a new list
[9, 16, 25]

>>>

>>> squares[:]
[1, 4, 9, 16, 25]

>>>

>>> squares + [36, 49, 64, 81, 100]
[1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

>>>

>>> cubes = [1, 8, 27, 65, 125]  # something's wrong here
>>> 4 ** 3  # the cube of 4 is 64, not 65!
64
>>> cubes[3] = 64  # replace the wrong value
>>> cubes
[1, 8, 27, 64, 125]

>>>

>>> cubes.append(216)  # add the cube of 6
>>> cubes.append(7 ** 3)  # and the cube of 7
>>> cubes
[1, 8, 27, 64, 125, 216, 343]

>>>

>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g']
>>> letters
['a', 'b', 'c', 'd', 'e', 'f', 'g']
>>> # replace some values

>>>
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Shallow	Slide	is	a	copy	of	the	original	list

Lists	are	mutable,	stings	are	not:
Squares[2]	=	10	will	assign	the	value	currently	9.
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Lists

Helpful hints:	

Do	you know what this line does?	
a	=	[	x*2	for	x	in	range(10,20)]
It	creates a	list	a	with the	numbers from	10	to	19,	but doubled

Also note	the	argument	that can follow a	second	colon	(ie step):	
a[	x	:	y	:	step]
If	step	is	+2,	it	means every other element
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Lists
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The built-in function len() also applies to lists:

It is possible to nest lists (create lists containing other lists), for example:

3.2. First Steps Towards Programming
Of course, we can use Python for more complicated tasks than adding two and two
together. For instance, we can write an initial sub-sequence of the Fibonacci series as
follows:

>>> letters[2:5] = ['C', 'D', 'E']
>>> letters
['a', 'b', 'C', 'D', 'E', 'f', 'g']
>>> # now remove them
>>> letters[2:5] = []
>>> letters
['a', 'b', 'f', 'g']
>>> # clear the list by replacing all the elements with an empty list
>>> letters[:] = []
>>> letters
[]

>>> letters = ['a', 'b', 'c', 'd']
>>> len(letters)
4

>>>

>>> a = ['a', 'b', 'c']
>>> n = [1, 2, 3]
>>> x = [a, n]
>>> x
[['a', 'b', 'c'], [1, 2, 3]]
>>> x[0]
['a', 'b', 'c']
>>> x[0][1]
'b'

>>>

>>> # Fibonacci series:
... # the sum of two elements defines the next
... a, b = 0, 1
>>> while b < 10:
...     print(b)
...     a, b = b, a+b
...
1
1
2
3
5
8

>>>
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Dictionaries
A Dictionary is	a	hash table	structure that maps key:value pairs
• d = {}

• d = {key1: value1, key2:value2,...}

• keys can be	any immutable type

• values can be	of any type (like	in	lists)

*	source:	https://developers.google.com/edu/python/dict-files
*
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Dictionaries
Add key:value pairs	to	a	dictionary
• d[’name’] = ’alex’

Check	if key exists in	dictionary,	and	print	value
• ’name’ in d returns True

• d.get(’name’, default=None) returns value of name if the	
key exists,	otherwise it	returns the	second	argument	(default	None)

Print	or	extract keys and	values of dictionary
• for key in d: print key prints keys in	dictionary

• d.keys(), d.values() tuple of keys and	values as	lists
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Dictionaries
Delete dictionary entry
• del d[’name’]

Create dictionary from	key:value expressions
• cubes = {x: x**3 for x in (1, 2, 3)}

would store	{1: 1, 2: 8, 3: 27} in	cubes

Print	key:value pairs
• for k, v in d.items():

print(k, v)

Merge two dictionaries
• d2 = {’the number two’:2}

• d.update(d2)
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Dictionaries
Simple	counting characters in	a	string	example
count = {}

for char in ”data-x":

count[char] = count.get(char, 0) + 1

print count

Result {'a': 2, 'x': 1, '-': 1, 'd': 1, 't': 1}
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End of Section


