Python For Data Science Cheat Sheet

. >>> a = 'is' Import libraries A
Python Basics - st por pandas il @l
>>> b = 'nice >>> import numpy Data analysis Machine learning
Learn More Python for Data Science at www.datacamp.com >>> my list = ['my', 'list', a, Db] >>> import numpy as np
>>> my_list2 = [[4,5,6,7], [3,4,5,6]] Selective import gNumPy % matplotlib

>>> from math import pi Scientific computing

Install Python

2D plotting

Selecting List Elements Index starts at 0

Subset

Variables and Data Types
Variable Assignment

>>> my list[1] Select item at index 1 - . UJ
iii x=5 >>> my list[-3] Select 3rd last item »,‘; AW / N
. - B
g * Slice N Jjupyter
>>> my list[1:3] Select items at index 1and 2 o
Calculations With Variables >>> my list[1:] Select items after index 0 ANACONDA spyder °
N >>> my list[:3] Select items before index 3 Leading open data science platform Free IDE that is included Create and share
>>> x+2 Sum of two variables -

>>> my list[:] Copy my list powered by Python with Anaconda documents with live code,
7 . - visualizations, text, ...

Subset Lists of Lists

>>> x-2 Subtraction of two variables o>> my 1ist2[1] [0] my._listlist][itemOfList] ;
3 o> my 1ist2([1][:2] Numpy Arrays Also see Lists
>>> x*2 Multiplication of two variables - .
i i >>> my list = [1, 2, 3, 4]
10 . . List Operations - _ -
>>> x* kD Exponentiation of a variable >>> my_array = np.array(my_list)
25 >>> my list + my list >>> my 2darray = np.array([[1,2,3],[4,5,6]1)
>>> %52 Remainder of a variable Lt THESET ity ndeet, iyt TSR, ety et Selecting Numpy Array Elements Index starts at 0
1 >>> my list * 2
>>> X/ﬂoat(Z) Division of a variable ['my', 'list', 'is', 'nice', 'my', 'list', 'is', 'nice'] Subset
2.5 >>> my list2 > 4 >>> my array[1l] Select item at index 1
2
lI'rue
Types and Type Conversion Tt Method Slice
str () '5', '3.45', 'Truc’ | Variables to strings ISt Viethods >>> my array[0:2] Select items at index 0 and 1
>>> my list.index(a) Get the index of an item array([1, 21)
! . ) 14 i Subset 2D Numpy arrays
int () 5, 3,1 Variables to integers >>> my_ list.count(a) Count an item
Y g >>> my list.append('!") Append an item at a time >>> my_ 2darrayl[:,0] my_2darray[rows, columns]
float () 5.0, 1.0 Variables to floats >>> my_list.remove('!") Remove an item array([1, 41)
>>> del (my list[0:1]) Remove an item Numpy Array Operations
bool () True, True, True | Variables to booleans >>> my list.reverse () Reverse the list >>> my array >3
>>> my list.extend('!") Append an item array ([False, False, False, True], dtype=bool)
>>> my_l}st.}?op(—l) Remove an item >>> my array * 2
>>> mY_l:ILSt-lnsert(Or ) Insert an item array([2, 4, 6, 8])
>>> help (str) >>> my_list.sort() Sort the list >>> my array + np.array([5, 6, 7, 8])

array([6, 8, 10,

Numpy Array Functions

12])

Strings
>>> my_string = String Operations Index starts at o

'thisStringIsAwesome'

>>> my_string >>> my array.shape Get the dimensions of the array
'thisStringIsAwesome' >>> my string[3] >>> np.append (other array) Append items to an array
. . >>> my string[4:9] >>> np.insert (my array, 1, 5)| Insertitemsinanarray
= >>> np.delete (my array, [1]) Delete items in an array
> my string * 2 >>> np.mean (my array) Mean of the array
‘thisSIringIsAwesomethisStringIsAwesome' >>> my string.upper () String to uppercase >>> np.median (my_array) Median of the array
>>> my string + 'Innit' >>> my string.lower () String to lowercase >>> my_array.corrcoef () Correlation coefficient
‘thisSIringIsAwesomeInnit' >>> my string.count ('w') Count String elements >>> np.std(my array) Standard deviation
>>> 'm' in my string >>> my string.replace('e', 'i') | Replace String elements
Learn Python for Data Science Interactively
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(integer, float, boolean, string, bytes ( ordered sequences, fast index access, repeatable values

int 783 0 -192 0b010 00642 OxF3 list [1,5,9] "x",11,8.9] ["mot"] [

Float 5.5 gy " e (tuple (1,59 11yl74 Cmett O

bool True False ?1/(?,/ Non m&z’zﬁable values (immutables) g expression with only comas —tuple
. . str bytes (ordered sequences of chars /bytes) m
str "One\nTwo" Multiline string: . . L b
escaped new line nn R\ LY\t Z = key containers, no a priori order, fast key access, each key is unique
'IN'm' 1\t2)e3nme dictionary dict {"key":"value"} dict (a=3,b=4,k="v" {}
escaped ' escaped tab (key/value associations) {1:"one",3:"three",2:"two",3.14:"n"

bytes b"toto&(f_ej\ljj" collection set {"keyl", "key2"} {1,9,3,0} set Q

L hexadecimal octal ol immutables) L ¢ keys=hashable values (base types, immutables...) frozenset immutable set empty y

4 . .
for variables, functions,
modules, classes... names

a..zA..Z_ followed by a..zA...Z_0...9

o language keywords forbidden
o lower/UPPER case discrimination

© a toto x7 y_max BigOne
® 8y and for

o diacritics allowed but should be avoided

( .
int ("15") — 15 type (expression)

int ("3£f",16) — 63 can specify integer number base in 2™ parameter
int (15.56) — 15 truncate decimal part

float ("-11.24e8") — -1124000000.0

round (15.56,1)— 15.6

Variables assignment

bool (x) False for null x, empty container x , None or False X ; True for other x
)| str(x)— ".." representation string of x for display (cf. formatting on the back)
chr(64)—>'Q@' ord('@')—64 code < char

repr (x)— ".." literal representation string of x

bytes([72,9,64]) — b'H\tQ@'

list ("abe") — ['a','b','c']

dict ([ (3, "three"), (1,"one")]) — {1l:'one',3:'three'}

# assignment < binding of a name with a value
1) evaluation of right side expression value
2) assignment in order with left side names

x=1.2+4+8+sin(y)

Conversions

rounding to 1 decimal (0 decimal — integer number)

a=b=c=0

v,2,¥r=9.2,-7.6,0 muliple assignments

assignment to same value

set (["one", "two"]) — {'one', 'two'}

separator str and sequence of str — assembled str

a,b=b,a values swap ':'".jJoin(['toto', '12', 'pswd']) — 'toto:12:pswd'

a, *b=seq | unpacking of sequence in str splitted on whitespaces — 1ist of str

*a,b=seq [ item and list "words with spaces".split() — ['words', 'with', 'spaces']
x+=3 increment < x=x+3 inf str splitted on separator str — list of str

x—=2 decrement < R=x—2 ; "1,4,8,2".Split(",") N [|11,|4|,|8|,|2|]

x=None «undefined » constant value %= || sequence of one type — list of another type (via list comprehension)

\del X remove name x L [int (x) for x in ('1','29','-3")] — [1,29,-3]

J

1lst[:-1]-[10,20,30,40]
1st[1:-1]-[20,30,40]
1st[::2]-[10,30,50]

Sequence Containers Indexing

Access to sub-sequences via 1st [start slice : end slice : step]

1st[::-1]-[50,40,30,20,10]
1lst[::-2]-[50,30,10]

negative index -5 -4 -3 =2 -1 Items count Individual access to items via 1st [index]

posiiveindex 0 1 i 2 3 . 4 ' len(lst)-o5  1st[0]-10 = fisrone 1st[1]1-20
lSt=[10,§ 20r 30r 40: 50] . 1st[-1]1-50 = lastone 1st[-2]—>40

positive slice 0 1 2 3 4 3 ¢ index from 0 On mutable sequences (1ist), remove with

negative slice =5 —4 - =2 -1 (here from 0 to 4) del 1st[3] and modify with assignment

1st[4]=25

1st[1:3]-[20,30]
1lst[-3:-1]-[30,40]

1st[:]1-[10,20,30,40, 50] shallow copy of sequence

Missing slice indication — from start / up to end.
On mutable sequences (1ist), remove with del 1st [3:5] and modify with assignment 1st [1:4]=[15,25]

1st[:3]-[10,20,30]
1st[3:]-[40,50]

J/

Y4

Comparisons : < > <= >= 1=
(boolean results) < 2 *

a and Db logical and both simulta-
-neously

one or other
or both

g pitfall : and and orx return value of a or
of b (under shortcut evaluation).

= ensure that a and b are booleans.

not a

a or b logical or

logical not

True

False } True and False constants
N\

Boolean Logic

Statements Blocks

parent statement .
statement block 1...

parent statement :
statement block?...

indentation ! ,‘,

next statement after block 1

@ configure editor to insert 4 spaces in
L place of an indentation tab.

/ J

(" . .
9 floating numbers... approximated values

Operators: + — * / [/ % **
x+ o4 o4

integer + <+ remainder
eQ— matrix X python3.5+numpy

(1+5.3)*2-12.6

abs (-3.2)-3.2
round(3.57,1)-»3.6
pow(4,3)-»64.0

8 usual order of operations

Priority (...)

-

decimal, fractions, numpy, efc. (¢f. doc) )

from math import sin,pi..
sin(pi/4)-0.707..

cos (2*pi/3)-»>-0.4999..
sqrt (81)-9.0 v

log (e**2)-2.0

ceil (12.5)-13
floor(12.5)-»12

modules math, statistics, random,

angles in radians

-
module truc &file truc. py

Modules/Names Imports

from monmod import noml,nom2 as fct
—direct access to names, renaming with as

import monmod —gccess via monmod. noml ...

\_ & modules and packages searched in python path (cf sys.path)

J/

(‘statement block executed only

if a condition is true
if logical condition :
——] statements block

final else. Only the block of first true
condition is executed.

g with a var x:
if bool (x)==True:

Can go with several elif, elif... and only one

& if x:
\if bool (x)==False: & if not x:

Conditional Statement

yes é no yes

if age<=18:
state="Kid"

elif age>65:
state="Retired"

else:
state="Active"

no

J/

fSignaling an error:
raise ExcClass(...)
Errors processing:
try:
——|normal procesising block
except Exception as e:

\_——] error processing block

Exceptions on Errors

)
normal
raise X(
processing

v
g £inally block for final processing
in_all cases.

J




~N

statements block executed as long as  EELeUIIEINHTT R ENCTHTTN]

condition is true
while logical condition:
7-| statements block

yes

no break

Loop Control
immediate exit
continue next iteration

statements block executed for each (QUGLELAE XTI RSIENE I

item of a container or iterator
I finish

for var in sequence:
——]| statements block

# beware of infinite loops!

v
items to display : literal values, variables, expressi(lns
print options:
osep=" " items separator, default space
oend="\n" end of print, default new line
o file=sys.stdout print to file, default standard output

s = input ("Instructions:") m
g input always returns a string, convert it to required type
L (cf. boxed Conversions on the other side). )

flen (c) — items count

Generic Operations on Containers

min(c) max (C) sum(c) Note: For dictionaries and sets, these
sorted (c)— list sorted copy operations use keys.

val in c — boolean, membership operator in (absence not in)
enumerate (c) — iferator on (index, value)

zip (cl, c2...) — iterator on tuples containing ¢, items at same index

all (c¢) — True if all ¢ items evaluated to true, else False

any (c) — True if at least one item of c evaluated true, else False

Specific to ordered sequences containers (lists, tuples, strings, bytes...)

s = 0} initializations before the loop g else block for normal Go over sequence’s values
i = 1) ondition with a least one variable value (here i) loop exit Zn: "nge tGXt'}initializations before the loop
. ; Algo: . =
while i <= 100: =100 loop, variable, assignment managed by for statement
s = s + i**2 _Z -2 for '@ in s
i=i+1 8 make condition variable change ! S= l if ¢ == "e": Algo: count
\_ print("sum:",s) =1 ) cnt = ent + 1 number of e
- print ("found",cnt,"'e'") in the string.
print ("v=",3,"cm :",x,",",y+4) DIETIEVE | 1oop on dict/set < loop on keys sequences
* A A A use slices to loop on a subset of a sequence

\for idx,val in enumerate(lst):

Go over sequence's index
o modify item at index
o access items around index (before / after)

1st = [11,18,9,12,23,4,17]

lost = [] o

for idx in range(len(lst)): Algo: limit values greater
val = lst[idx] than 15, memorizing

g good habit : don't modify loop variable

if val > 15:
lost.append(val)
1st[idx] 15
print ("modif:",1lst, "-lost:", lost)

of lost values.

Go simultaneously over sequence's index and values:
J

&

range ([start, ] end [,step]) Integer Sequences

# start default 0, end not included in sequence, step signed, default 1
range(5)—> 01234 range(2,12,3)—> 25811
range(3,8)—> 34567 range (20,5,-5)— 201510
range (len (seq) ) — sequence of index of values in seq

g range provides an immutable sequence of int constructed as needed )

reversed (c) — inversed iterator  ¢*5— duplicate c+c2— concatenate

c.index (val) — position c.count (val) — events count
import copy

copy . copy (¢) — shallow copy of container

\ copy - deepcopy (c) — deep copy of container

-~

Te=]]

function name (identifier)
named parameters

def fot (x,y,2):

% """documentation"""

(‘¢ modify original list (o] TICU TN LWNRRILY | — | # statements block, res computation, etc.

1st .append (val) add item at end return res-<— result value of the call, if no computed

1st.extend (seq) add sequence of items at end # parameters and all result to return: return None

1st.insert (idx, val) insert item at index variables of this block exist only in the block and during the function

1st.remove (val) remove first item with value val call (think of a “black box”)

1st.pop ([idx]) »value  remove & return item at index idx (default last) Advanced: def fct (x,y, z, *args,a=3,b=5, **kwargs) :
(Ist.sort() 1lst.reverse() sort / reverse liste in place ) *args variable positional arguments (— tuple), default values,

0 " Dicti - ) " Set **kwargs variable named arguments (—dict)
Darations nliClbHatGs ramed arg _
d[key] =value d.clear () Operators: , r = fct(3,1i+42,2%1) Function Call
del d[key] | — union (vertical bar char) storage/use of one argument per

d[keyl — value e Y & — intersection returned value parameter

d.update (d2) :Si)act;/t ?gﬂs - ~ — difference/symmetric diff. 4 this is the use of function Advanced:- II
d.keys () ass ' < <= > >= — inclusion relations name with parentheses *Sequence.

d.values () [ iterable views on. Operators also exist as methods. which does the call s ict

d.items () J keys/values/associations 52) 0 \_ )
d. popiteym ( )f_) (key, value) s.add (key) s.remove (key) s. start;w:.th (prefix(,start[,end]]) peratlons on St”ngs
d.get (key[,default]y — value s.discard (key) s.clear() s.endswith (suffix/,start[,end]]) s.strip ([chars])
\d.setdefault (key/,default]) —value ) L s.pop () ) s.count (subf,start[,end]]) s.partition (sep)— (before,sep,after)
- s.index (sub[,start[,end]]) s.£ind (sub[,start{,end]])

storing data on disk, and reading it back s.is..() tests on chars categories (ex. s.isalpha())

f = open("file.txt","w", encoding="utf8") s.upper () s.lower(). §.title() s.swapc;se()

A /4 s.casefold() s.capitalize () s.center ([width,fill])
file variable name of file opening mode encoding of s.ljust ([width fill]) s.rjust ([width fill]) s.z£ill ([width])
for operations  on disk o 'r' read chars for text s .encode (encoding) s.split ([sep]) s.join (seq)

(+path...) o 'w' write files:
M o 'a' append utf8 ascii formating directives values to format m
cf. modules os, os.pathand pathlibo  '+' 'x' 'b' 't' latinl
P P Z x b t arin "modele{} {} {}".format(x,y,r) »str
writing ¥ read empty string if end of file reading || {selection : formatting ! conversion} "
f.write ("coucou") |£f.read(/n]) — next chars L ’
£.writelines (list of lines) if n not specified, read up to end ! o Selection : "{:42.3f}".format (45.72793)
f.readlines ([/n]) — list of nextlines 2 & | »'+45.728"
f.readline () — next line nom E‘ "{1:>10s}".format (8, "toto")
g text mode t by default (read/write strx), possible binary 2 .[:cem] g |- toto'
mode b (read/write bytes). Convert from/to required type ! 0[2] ¥ A | "yx!r}", format (x="I'm")
f.close() g dont forget to close the file after use ! = Formatting —'""I\'m""
£.flush () write cache f.truncate ([size]) resize fill char @nment sign mini width . precision~maxwidth  type
reading/writing progress sequentially in the file, modlﬁab.le. with: o <>~Z 4 —gpace 0 at start for ﬁ]lin% with 0
£.tell () —position £ . seek (position],origin]) integer: b binary, c char, d decimal (default), o octal, x or X hexa
Very RS .opening With a guarded b!OCk with open(..) as £: float: e or E exponential, £ or F fixed point, g or G appropriate (default),
(automatic closing) and reading loop on lines for line in f string: s ... % percent
\Of a text file: # processing of 1ine _)\_o Conversion : s (readable text) or r (literal representation) )
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KEY BASICS, PRINTING AND GETTING HELP

This cheat sheet assumes you are familiar with the content of our Python Basics Cheat Sheet

s - A Python string variable
i- A Python integer variable
f - A Python float variable

LISTS

1.pop(3) - Returns the fourth item from 1 and
deletes it from the list

1.remove(x) - Removes the first item in 1 that is
equal to x

1.reverse() - Reverses the order of the items in 1

1[1::2] - Returns every second item from 1,
commencing from the 1st item

1[-5:] - Returns the last 5 items from 1 specific axis

1 - A Python list variable
d - A Python dictionary variable

len(my_set) - Returns the number of objects in
my_set (or, the number of unique values from 1)

a in my_set - Returns True if the value a exists in
my_set

STRINGS

s.lower() - Returns a lowercase version of s

s.title() - Returns s with the first letter of every
word capitalized

"23".zfill(4) - Returns "@023" by left-filling the
string with @'s to make it's length 4.

s.splitlines() - Returns a list by splitting the
string on any newline characters.

Python strings share some common methods with lists

s[:5] - Returns the first 5 characters of s

"fri" + "end" - Returns "friend"

"end" in s - Returns True if the substring "end"
is found in s

REGULAR EXPRESSIONS

import re - Import the Regular Expressions module

re.search("abc",s) - Returns a match object if
the regex "abc" is found in s, otherwise None

re.sub("abc","xyz",s) - Returns a string where
all instances matching regex "abc" are replaced

by "xyz"

Python - Intermediate

now - wks4 - Return a datetime object
representing the time 4 weeks prior to now
newyear_2020 = dt.datetime(year=2020,
month=12, day=31) - Assign a datetime
object representing December 25, 2020 to
newyear_2020
newyear_2020.strftime("%A, %b %d, %Y")
- Returns "Thursday, Dec 31, 2020"
dt.datetime.strptime('Dec 31, 2020',"%b
%d, %Y") -Return a datetime object
representing December 31, 2020

LIST COMPREHENSION

A one-line expression of a for loop

[i ** 2 for i in range(10)] - Returns a list of
the squares of values from @ to 9

[s.lower() for s in 1_strings] - Returns the
list 1_strings, with each item having had the
.lower() method applied

[i for i in 1_floats if i < @.5] - Returns
the items from 1_floats that are less than 8.5

RANDOM

import random - Import the random module

random.random() - Returns a random float
between @.0 and 1.0

random.randint(@,10) - Returns a random
integer between @ and 10

random.choice (1) - Returns a random item from
the list 1

RANGE

Range objects are useful for creating sequences of

integers for looping.

range(5) - Returns a sequence from @ to 4

range(2000,2018) - Returns a sequence from 2000
to 2017

range(0,11,2) - Returns a sequence from @ to 10,
with each item incrementing by 2

range (@, -10,-1) - Returns a sequence from @ to -9

list(range(5)) - Returns a list from @ to 4

DICTIONARIES

max(d, key=d.get) - Return the key that
corresponds to the largest value in d

min(d, key=d.get) - Return the key that
corresponds to the smallest value in d

FUNCTIONS FOR LOOPING
for i, value in enumerate(l):
print("The value of item {} is {}".
format(i,value))
- Iterate over the list 1, printing the index location
of each item and its value
for one, two in zip(1l_one,1_two):
print("one: {}, two: {}".format(one,two))
- Iterate over two lists, 1_one and 1_two and print
each value
while x < 10:
X += 1
- Run the code in the body of the loop until the
value of x is no longer less than 10

COUNTER

from collections import Counter - Import the
Counter class

c = Counter(l) - Assign a Counter (dict-like)
object with the counts of each unique item from
1,toc

c.most_common(3) - Return the 3 most common
items from 1

SETS
my_set = set(1l) - Return a set object containing
the unique values from 1

DATETIME

import datetime as dt - Import the datetime
module

now = dt.datetime.now() - Assign datetime
object representing the current time to now

wks4 = dt.datetime.timedelta(weeks=4)

- Assign a timedelta object representing a

timespan of 4 weeks to wks4

TRY/EXCEPT
Catch and deal with Errors
1_ints = [1, 2, 3, "", 5] -Assign a list of
integers with one missing value to 1_ints
1_floats = []
for i in 1_ints:
try:
1_floats.append(float(i))
except:
1_floats.append(i)
- Convert each value of 1_ints to a float, catching
and handling ValueError: could not convert
string to float: where values are missing.
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>>> help (pd.Series.loc)

Pandas Basics
Learn Python for Data Science at www.DataCamp.com

Pandas

The Pandas library is built on NumPy and provides easy-to-use
data structures and data analysis tools for the Python

programming language. T
pandas /Ry

Use the following import convention:
>>> import pandas as pd

Pandas Data Structures

A one-dimensional labeled array
capable of holding any data type

v

Index
>>> s = pd.Series([3, -5, 7, 4], index=['a', 'b', 'c', 'd'])
DataFrame
Columns

. [Comty] Capial JPopuiation] A two-dimensional labeled
data structure with columns
of potentially different types

Belgium || Brussels {f 11190846

India fNew Delhif§1303171035

Index

Brazil

Brasilia I 207847528

>>> data = {'Country': ['Belgium', 'India', 'Brazil'], S>> s[~(s > 1)] Series s where value is not >1 >>> s3 = pd.Series([7, -2, 3], index=['a', 'c', 'd'l])
'Capital': ['Brussels', 'New Delhi', 'Brasilia'l, >>> s[(s < -1) | (s > 2)] s where valueis <-1or>2 >>> s + s3
"Population': [11190846, 1303171035, 207847528]} >>> df[df['Population’]>1200000000] | Use filter to adjust DataFrame a 10.0
. b NaN
>>> df = pd.DataFrame (data, Settu1g 5
. . c .
columns=['Country', 'Capital', 'Population']) >>> s['a'] = 6 Set index a of Series s to 6 q

7.0
Sl O e el T A e
Read and Write to CSV Read and Write to SQL Query or Database Table

Selection so see NumPy Arrays

Getting
>>> s['b']

-5
>>> df[1:]

Country Capital Population
1 India New Delhi 1303171035
2 Brazil Brasilia 207847528

Get one element

Get subset of a DataFrame

Selecting, Boolean Indexing & Setting

By Position
>>> df.iloc[[0],[0]]
'Belgium’
>>> df.iat ([0], [0])

'Belgium'

By Label
>>> df.loc[[0],
'Belgium'
>>> df.at ([0],
'Belgium'

By Label/Position
>>> df.ix[2]
Country
Capital
Population

['"Country']]

['"Country'])

Brazil
Brasilia
207847528

>>> df.ix[:, 'Capital']

0 Brussels
1 New Delhi
2 Brasilia

>>> df.ix[1, 'Capital']
'New Delhi'
Boolean Indexing

Select single value by row &
column

Select single value by row &
column labels

Select single row of
subset of rows

Select a single column of
subset of columns

Select rows and columns

>>> pd.read csv('file.csv', header=None, nrows=5)

>>> df.to_csv('myDataFrame.csv')

Read and Write to Excel

>>> pd.read _excel ('file.xlsx")
>>> pd.to_excel ('dir/myDataFrame.xlsx', sheet name='Sheetl')
Read multiple sheets from the same file

>>> xlsx = pd.ExcelFile('file.xls")
>>> df = pd.read excel(xlsx, 'Sheetl')

>>> from sglalchemy import create engine

>>> engine = create engine('sqglite:///:memory:")
>>> pd.read_sqgl ("SELECT * FROM my table;",
>>> pd.read sql table('my table', engine)
>>> pd.read_sqgl query ("SELECT * FROM my table;",

engine)

engine)

read sql query ()

read_sql () is a convenience wrapper around read_sgl table () and

>>> pd.to sql('myDf',

engine)

>>> s.drop(['a', 'c'])
>>> df.drop('Country"',

Drop values from rows (axis=0)
Drop values from columns(axis=1)

axis=1)

Sort & Rank

>>> df.sort index() Sort by labels along an axis
>>> df.sort values (by="'Country')| Sort by the values along an axis
>>> df.rank () Assign ranks to entries

Retrieving Series/DataFrame Information
Basic Information
df

>>> .shape (rows,columns)

>>> df.index Describe index

>>> df.columns Describe DataFrame columns
>>> df.info () Info on DataFrame

>>> df.count () Number of non-NA values

>>> df.sum()

>>> df.cumsum () Cummulative sum of values
>>> df.min () /df.max () Minimum/maximum values
>>> df.idxmin ()/df.idxmax () |Minimum/Maximum index value
>>> df.describe () Summary statistics

>>> df.mean () Mean of values

>>> df .median () Median of values

>>> f = lambda x: x*2
>>> df.apply (f)
>>> df.applymap (f)

Data Alignment

Sum of values

Apply function
Apply function element-wise

Internal Data Alignment

NA values are introduced in the indices that don’t overlap:

You can also do the internal data alignment yourself with
the help of the fill methods:

>>> s.add(s3, fill value=0)

a 10.0
b -5.0
c 5.0
d 7.0

>>> s.sub(s3, fill value=2)
>>> s.div(s3, fill value=4)
>>> s.mul (s3, fill value=3)

DataCamp
Learn Python for Data Science Interactively
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The NumPy library is the core library for scientific computing in
Python. It provides a high-performance multidimensional array

a.shape
>>> len(a)
>>> b.ndim
>>> e.size
>>> b.dtype
>>> b.dtype.name
>>> b.astype (int)

oo oo

Inspecting Your Array
>>>

Array dimensions

Length of array

Number of array dimensions
Number of array elements

Data type of array elements

Name of data type

Convert an array to a different type

>>> np.info (np.ndarray.dtype)

Subsetting

Also see Lists

Subsetting
>>> al2]
3

>>> b[l,2]

6.0

Slicing

>>> a[0:2]
array([1, 2])

>>> pb[0:2,1]
array([ 2., 5.])

Select the element at the 2nd index

Select the element at row 1 column 2
(equivalent to b[1][2])

Select items at index 0 and 1

Select items at rows 0 and 1in column 1

A g 8 H >>> b[:1] Select all items at row 0
object, and tools for working with these arrays. Array Mathematics reay (115 20 50 (equivalentto o1o:1, :1)
A A 5 H H H >>> PR 1,:,:
Use the following import convention: %NumPy Arithmetic Operations arfa[yl(m 3.1, o Same as | ]
>>> import numpy as np >>> g=a-b Subtraction [4., 5., 6.111)
array([[-0.5, 0., 0.1, >>> a[ @ :-1] Reversed array a
NumPy Arrays 3. s a0 arrlayus,j, i3
; Boolean Indexin
1D array 2D array 3D array . Ep;szbtracua’b) izl;?:?::on >>> ala<?] ¢ [> ]3] | Select elements from a less than 2
: axis 2 array([[ 2.5, 4., 6.1, array ([1])
HT~ axis 1 (5., 7., 9.1D) Fancy Indexing
o sfa)s N >>> np.add (b, a) Addition >>> b[[l, 0, 1, 0], [0, 1, 2, 0]] Select elements (1,0, (0,1), 1,2 and (©,0)
axiS O —p . 1 axis 0 —p S>> a /b Division array ([ 4. , 2., 6., 1.5])
array ([[ 0.66666667, 1. ;L. 1, >>> b[[1, 0, 1, 0]1(:,[0,1,2,0]] Select a subset of the matrix’s rows
r 0.4 ;0.5 IRy array ([[ 4. ,5. , 6., 4.1, and columns
. >>> np.divide (a,b) Division [1.5 2., 3., 1.5],
Creating Arrays >>> a * b Multiplication [4-5 3-8 100
array([[ 1.5, 4. , 9. 1,
>>> a = np.array([1,2,3]) [ 4., 10. , 18.11) . .
>>> b = np.array([(1.5,2,3), (4,5,6)], dtype = float) >>> np.multiply(a,b) Multiplication Array Mani pulation
>>> ¢ = np.array([[(1.5,2,3), (4,5,6)], [(3,2,1), (4,5,6)]1], >>> np.exp (b) Exponentiation .
dtype = float) >>> np.sqgrt (b) Square root Transposmg Array
oY >>> np.sin(a) Print sines of an array >>> 1 = np.transpose (b) Permute arraydimensions
Initial Placeholders >>> np.cos (b) Element-wise cosine >>> 1T Permute array dimensions
>>> np.log(a) Element-wise natural logarithm .
>>> np.zeros ((3,4)) Create an array of zeros NSNS el.)dot?f) Dot product 9 Changing Array Shape
>>> np.ones ((2,3,4),dtype=np.int16)| Createan array of ones array([[ 7., 7.1, >>> b.ravel () Flatten the array
>>> d = np.arange (10,25, 5) Create an array of evenly [ 7., 7.11) >>> g.reshape (3,-2) Reshape, but don’t change data

spaced values (step value) Adding/Removing Elements

>>> np.linspace (0,2, 9) Create an array of evenl omparison .
P P e spaced values};number ot)’lsamples) Comp >>> h.resize((2,6)) Return a new array with shape (2,6)
>>> e = np.full((2,2),7) Create a constant array >>> a == Element-wise comparison >>> np.append (h,g) Append items to an array
>>> £ = np.eye (2) Create a 2X2 identity matrix array ([[ B B 1, >>> np.insert(a, 1, 5) Insert |1.:ems Inan array
>>> np.random.random( (2,2)) Create an array with random values L ’ ’ 11, dtype=bool) . wi . >>> np.delete(a, [1]) Delete items from an array
>>> a < 2 ement-wise comparison e
>>> np.empty ((3,2)) Create an empty array S ) |, drypesbool) P Combining Arrays .
>>> np.array equal(a, b) Array-wise comparison >>> np.concatenate ((a,d),axis=0)| Concatenate arrays
. >>> np.vstack((a,b)) Stack arrays vertically (row-wise)
Saving & Loading On Disk Aggregate Functions array([[ 1. , 2., 3.1,
g oading Un Dis . [ 1.5, 2., 3.1,
>>> a.sum() Array-wise sum [ 4., 5., 6.11)
>>> np.save ( 'rfly,array' ’ 'a) >>> a.min () Array-wise minimum value >>> np.r [e, f] Stack arrays vertically (row-wise)
>>> np.savez'( array.npz', 3 b) >>> b.max (axis=0) Maximum value of an array row >>> np.hstack ((e, f)) Stack arrays horizontally (column-wise)
>>> np.load('my array.npy') >>> b.cumsum(axis=1) Cumulative sum of the elements array([[ 7., 7., 1., 0.1,
Savi & di T Fil >>> a.mean () Mean L7., 7., 0., 1.11) )
aving oading ext Files >>> b.median () Median >>> np.column_stack((a,d)) Create stacked column-wise arrays
>>> np. loadtxt ("myfile. txt") >>> a.corrcoef () Correlation coefficient array([{ % %g}
>>> np.genfromtxt ("my file.csv", delimiter=',') P>> np.std(b) Standard deviation [ 3, 2010) )
>>> np.savetxt ("myarray.txt", a, delimiter=" ") >>> np.c_[a,d] Create stacked column-wise arrays
Copying Arrays Splitting Arrays
Data Types >>> h = a.view() Create a view of the array with the same data >>[> “p'(h[sl?)llt(a’?iz]) (o) iSn[ﬂletXthe array horizontally at the 3rd
: - P >>> np. Create a copy of the arra array rarray rarray N . .
>>> np.int64 Signed 64-bit integer types . ip_COpy(a) Createad Py fthy >>> np.vsplit (c,2) Split the array vertically at the 2nd index
>>> np.float32 Standard double-precision floating point >>> h = a.copy() reate a deep copy of the array larray ([[[ 1.5, 2., 1.1,
>>> np.complex Complex numbers represented by 128 floats ! 43 . ; . 36]- 1
>>> np.object Python object type
>>> np.string Fixed-length string type >>> a.sort() Sort an array DataCam
>>> np.unicode Fixed-length unicode type >>> c.sort (axis=0) Sort the elements of an array's axis [y .
= Learn Python for Data Science Interactively
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Reshaping Data

Advanced Indexing Also see NumPy Arrays Combining Data

Selecting
>>> df3.loc[:, (df3>1) .any ()]
>>> df3.loc[:, (df3>1).all()]
>>> df3.loc[:,df3.isnull ().
>>> df3.loc[:,df3.notnull (
Indexing With isin
>>> df [ (df.Country.isin(df2.Type))
>>> df3.filter (items="a"”,”b"”])

any (
).all

Select cols with any vals >1
Select cols with vals > 1
Select cols with NaN
Select cols without NaN

] Find same elements
Filter on values

data1 data2
X1 X2 X1 X3
11.432 20.784
b 1.303 b NaN
c |199.906 d  ||20.784

PiVOt >>> df.select (lambda x: not x%5) Select specific elements
Where >>> pd.merge (datal, Al L |
>>> df3= df2.pivot(iniiex='Date', Spread rows into columns >>> s.where(s > 0) Subset the data data2, 2 |l11.432][20.784
columns="'Type', Quer how="left'
values='Value') y , ) , on="x1") ! b 1.303 || NaN
>>> df6.query('second > first') Query DataFrame 99.906 | NaN
[o] [2016-03-01][ a ][ 11432 Type 2 b c Setting/Resetting Index >>> pd.merge (datal, X1 J| x2 | X3
2016-03-02 [ b || 13.031 Date >>> df.set index('Country’') Set the index iz‘ii%;i . a_ | l11432][20.784
2016-03-01 || ¢ |[ 20784 _ [2016.03-01 |[11.432|] NaN |[20.784 >>> df4 = df.reset index() Reset the index Onf,Xl,‘)} ’ bl 1.303 || NaN
> >>> df = df.rename (index=str Rename DataFrame -~
2016-03-03 || a || 99.906 2016-03-02 || 1.303 || 13.031 || NaN (columns={",Country" "cntry", d NaN || 20.784
2016-03-02 1.303 "Capital":"cptl",
2 2016-03-03 |[99.906 || NaN || 20.784 "Bopulation”: "pplen"}) >>> pd.merge (datal, xt | x2 [ x3
2016-03-03 || ¢ |[ 20784 dataZ,
H H how='inner' 11.432 20.784
: Reindexin ey
BGEIGbIE onerx1 ) s
— ; T et gt rar gt
>>> df4 = pd.pivot table(df2, Spread rows into columns l>>> s2 = s.reindex(['a’,'c', "d', "e’, 'b']) ‘ x1 | x2 | X3
values='value', Forward Fillin Backward Fillin >>> pd.merge (datal,
index="'Date', - 9 - g data2, a 11.432 20.784
columns="'Type']) >>> df.reindex (range (4), . >>> s3 = s.reindex(range(5), how="outer"', b 1.303 || NaN
method="£ffill") method="bfill") on="%1")
Stack/ Unstack Country Capital  Population|| 0 3 | e I
0 Belgium Brussels 11190846 1 3 d NaN || 20.784
>>> stacked = df5.stack() Pivot a level of column labels 1 India New Delhi  1303171035|| 2 3
>>> stacked.unstack () Pivot a level of index labels 2  Brazil Brasilia 207847528 3 3 _
3 Brazil Brasilia 207847528 4 3
0 1 1[5][0][0.233482 >> datal.join(data2, how='right') |
Multilndexing Concatenate
2[[4]0.184713]0.237102 2|[4]{0]]0.184713
>>> arrays = [np.array([1,2,3]), Vertical
3]|3]]0.433522]| 0.429401 1{]0.237102 np.array ([5,4,3])] ertica ,
= i = >>> s.append(s2)
Unstacked ) >>> df5 pd.DgtaFrgme(np.random.rand(3, 2), index=arrays) B ‘
3)|3]|0]|0.433522 2SS tuples = list (zip(*arrays)) Horizontal/Vertical
11]0.429401 >>> index = pd.MultlIndex.fromﬁtuples(tuples,' ) . : . >>> pd.concat ([s,s2],axis=1, keys=['One', 'Two'])
Stacked names=['first', 'second']) >>> pd.concat ([datal, data2], axis=1, join='inner')
>>> df6 = pd.DataFrame (np.random.rand(3, 2), index=index)
Melt >>> df2.set index(["Date", "Type"])

>>> pd.melt (df2, Gather columns into rows
id vars=["Date"], Du » Iicate Data df2['Date']= pd.to datetime (df2['Date'])
value_vars=["Type", "Value"], df2['Date']= pd.daEe_range ('2000-1-1",
value_name="Observations") >>> s3.unique () Return unique values periods=6,
. ' ' . freg="'M")
Dt [(Variable | [Observations] >>> df2.duplicated('Type') Check duplicates dates = [datetime(2012,5,1), datetime(2012,5,2)]
D. pe] [ Val - : ' ' - ' ; 120 )y 12
[Date | [Type][Value ] o] [2ot6-03-01 ][ Type = >>> df2:drop_dupljl.cates( Type', keep='last') Dropd}Jpllcates : index pd.DatetimeIndex (dates)
E 2016-03-01| a || 11.432 1 1[Z016.05.02 Type 5 >>> df.index.duplicated() Check index duplicates index pd.date range (datetime(2012,2,1), end, freg='BM')
2016-03-02] b |] 13.031 Z 2016-03-01 | Type c G o )
2016-03-01 ]| ¢ || 20.784 _ [3[[2016:0303)] Type a rouping ata
P [4][2016-03-02][ Type a -
2016.03-03 1 a_|[BR 5] (20160505 ][ Type " Agg;efgzatlon N o . ., >>> import matplotlib.pyplot as plt ]
4]12016-03-02]| a 1.303 = >>> .groupby (by=["'Date Type .mean
[6][2016-05-01][ Value ][ 11432 S35 df4.groupby (1evel=0) .s{]m() >>> s.plot () >>> df2.plot ()
5][2016:03-03) c ||20.784 [7]12016-03-02]] Value || 13.031 | >>> df4.groupby (level=0) .agqg ({'a':lambda x:sum(x)/len (x), >>> plt.show () >>> plt.show ()
| 81]2016-03-01 || Value 20.784 ) 'b': np.sum}) =
[9][2016-03-03 |[ Value || 99.906 >'I>'r>a\nsfo€mastlon Lo (xix22) c o]
Ny customoum = am a X: x+x% 4
[10]]2016:03-02 | Value 0 >>> df4.groupby (level=0) .transform(customSum) 5 ”
11][2016-03-03 || Value || 20.784 . @

>>> df.dropna () N

>>> df3.fillna(df3.mean())
>>> df2.replace("a", "f")

Drop NaN values v < T 5 3 5

DataCamp

Learn Python fo

(Column-index, Series) pairs
(Row-index, Series) pairs

>>> df.iteritems ()
>>> df.iterrows ()

Fill NaN values with a predetermined value
Replace values with others

a Science Interactively




Python For Data Science Cheat Sheet

Plot Anatomy

M atp I Otl I b The basic steps to creating plots with matplotlib are:
Learn Python Interactively at www.DataCamp.com 1Preparedata 2 Createplot 3 Plot 4 Customizeplot 5 Saveplot © Show plot

>>> import matplotlib.pyplot as plt
>>> x = [1,2,3,4]
>>> vy = [10,20,25,30]
>>> fig = plt.figure () @SN
Figure >>> ax = fig.add_subplot (111) <ETEDN
>>> ax.plot(x, y, color='lightblue', linewidth=3)<@ESEEND
>>> ax.scatter([2,4,6],

[5,15,25],
color='darkgreen',
marker='"")

>>> ax.set_xlim(l, 6.5)

>>> plt. fig (' foo. '
p00+-C@ P savefig (' foo.png )

— >>> plt.show ()
0 Prepare The Data Also see Lists & NumPy E—
(4 ) Customize Plot
>>> import [Colors, ColorBars & ColorMaps ____________________ IMathtext |
3 s Tinopace (00 10, 100) Colors, Color Bars & Color Maps Mathtext

>>> y np.cqs(x) >>> plt.plot(x, x, x, x**2, x, X**3) [>>> plt.title(r'$sigma i=15$', fontsize=20) ]
>>> z np.sin(x) >>> ax.plot(x, y, alpha = 0.4) —

>>> ax.plot(x, y, c='k') Limits, Legends & Layouts
2D Data or Images >>>

fig.colorbar (im, orientation='horizontal')
>>> im = ax.imshow (im imi i
>>> data = 2 * np.random.random( (10, 10)) timg, L'm'tS&AUtoscalmg

 Matplotib ]
Matplotlib is a Python 2D plotting library which produces
publication-quality figures in a variety of hardcopy formats

and interactive environments across %(m atp | Otl | b

platforms.

>>> data2 = 3 * np.random.random( (10, 10)) cmap='seismic') >>> ax.margins(x=0.0,y=0.1) Add padding to a plot
e ' ArKers >>> ax.set (x1im=[0,10.5],ylim=[-1.5,1.5]) Set limits for x-and y-axis

SS> V = 1 4+ X - 2 >>> fig, ax = plt.subplots () >>> ax.set_x1im(0,10.5) Set limits for x-axis

>>> from matplotlib.cbook import get sample data >>> ax.scatter (x,y,marker=".") Legends .

>>> img = np.load(get_sample data('axes grid/bivariate normal.npy')) >>> ax.plot (x,y,marker="o") >>> ax.set(title='An Example Axes', Set a title and x-and y-axis labels

ylabel='Y-Axis"',

Linestyles xlabel='X-Axis"')
>>> ax.legend(loc='best'") No overlapping plot elements
9 Create PIOt >>> plt.plot (x,y,linewidth=4.0)

: Ticks
l>>> import matplotlib.pyplot as plt l ;;z gi}égigg g' §' izz:f?})ld' ) >>> ax.xaxis.set (ticks=range(1,5), Manually set x-ticks
. 1Y

ticklabels=[3,100,-12,"foo"])
Figure o Y >>> ax.tick params (axis='y', Make y-ticks longer and go in and out
>>> plt.setp(lines,color="'r',linewidth=4.0) — direction='inout'
>>> fig = plt.figure () !

5 length=10)
>>> fig2 = plt.figure (figsize=plt.figaspect (2.0)) Text & Annotations

Subplot Spacing

_ >>> ax.text (1, >>> fig3.subplots adjust (wspace=0.5, Adjust the spacing between subplots
2.1

. " .1, hspace=0.3,
All plotting is done with respect to an Axes. In most cases, a "Example Giapl?)' , left=0.125,
" q q style='italic right=0.9
subplot will fit your needs. A subplot is an axes on a grid system. 55> ax.annotate ("Sine", topa0.9,
>>> fig.add axes () xy=(8, O)_r' , ) ) bottom=0.1)
>>> axl = fig.add_subplot (221) # row-col-num ig]/ggiiis&odgtaoi >>> fig.tight_layout () Fit subplot(s) in to the figure area
>>> ax3 = fig.add subplot (212) textcoords='data, Axis Spines
>>> fig3, axes = plt.subplots(nrows=2,ncols=2) arrowprops=dict (arrowstyle="->", >>> axl.spines['top'].set visible(False) Make the top axis line for a plot invisible
>>> figd, axes2 = plt.subplots(ncols=3) connectionstyle="arc3"),) | >>> axl.spines['bottom'].set position(('outward',10)) Move the bottom axis line outward

9 Plotting Routines 6 Save Plot

1D Data Vector Fields 5"='Veli'-'gl”e'5lr (e ,
- >>> plt.savefig 00.png
>>> fig, ax = plt.subplots() N ) >>> axes[0,1].arrow(0,0,0.5,0.5) | Addanarrow to the axes Savet tfi
>>> lines = ax.plot(x,y) Draw points with lines or markers connecting them >>> axes[1,1].quiver (y,z) Plot a 2D field of arrows ave transparent ngures
>>> ax.scatter (x,y) Draw ungonnected points, scaled or colored >>> axes[0,1].streamplot (X,Y,U,V) | Plota2D field of arrows >>> plt.savefig('foo.png', transparent=Truc)
>>> axes[0,0].bar([1,2,3],13,4,5]) Plot vertical rectangles (constant width)
>>> axes[1,0].barh([0.5,1,2.5],[0,1,2]) | Plothoriontal rectangles (constant height)
>>> axes[1,1].axhline (0.45) Draw a horizontal line across axes Data Distributions
>>> axes[0,1].axvline (0.65) Draw a vertical line across axes >>> axl.hist (y) Plot a histogram >>> plt.show(
>>> ax.fill (x,y,color="blue"') Draw filled polygons >>> ax3.boxplot (y) Make a box and whisker plot | plt.show()
>>> ax.fill between (x,y,color="yellow') | Fill between y-valuesando >>> ax3.violinplot (z) Make a violin plot I I
2D Data or Images Close & Clear
- - >>> plt.cla() Clear an axis
>>> fig, ax = plt.subplots() >>> axes2[0].pcolor (data2) Pseudocolor plot of 2D array G4 i
19y . - - lt.clf Clear the entire figure
>>> im = ax.imshow(img, = t earth' Colormapped or RGB arrays >>> axes2[0].pcolormesh (data) Pseudocolor plot of 2D array 33 glt : glos(z)e 0 Close a window 9
e Tome  nearost >>> CS = plt.contour (Y,X,U) Plot contours
e ¢ >>> axes2[2].contourf (datal) Plot filled contours
oo >>> axes2[2]= ax.clabel (CS) Label a contour plot DataCamp
vmax=2) Learn Python for Data Science
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Bokeh

Learn Bokeh Interactively at www.DataCamp.com,
taught by Bryan Van de Ven, core contributor

Plotting With Bokeh

The Python interactive visualization library Bokeh
enables high-performance visual presentation of
large datasets in modern web browsers.

&

Bokeh’s mid-level general purpose bokeh.plotting
interface is centered around two main components: data
and glyphs.

| ]| ]
> °
> [ ] >
data glyphs plot

The basic steps to creating plots with the bokeh.plotting
interface are:

1. Prepare some data:
Python lists, NumPy arrays, Pandas DataFrames and other sequences of values

2. Create a new plot

3. Add renderers for your data, with visual customizations
4. Specify where to generate the output

5. Show or save the results

Glyphs

Scatter Markers

>>> pl.circle(np.array([(1,2,3]), np.array([3,2,1]),
mﬁﬂﬂﬂﬁmm fill _color='white')
>>> p2.square (np.array([1.5,3.5,5.5]), [1,4,3],
color="blue', size=1)
Line Glyphs
>>> pl.line([1,2,3,4], [3,4,5,6], line width=2)
mm”ﬂ”ﬂﬂﬂ] >>> p2.multi line(pd.DataFrame([[1,2,3],[5,6,711),
pd.DataFrame ([[3,4,5],(3,2,111),
color="blue")

Customized Glyphs Also see Data

Selection and Non-Selection Glyphs

>>> p = ﬁgure(tools:'box_select')

>>> p.circle('mpg', 'cyl', source=cds_df,
selection_color='red',
nonselection_alpha=0.1)

Hover Glyphs

z==p >>> from bokeh.models import HoverTool

>>> hover = HoverTool (tooltips=None, mode='vline')
>>> p3.add tools (hover)

Colormapping
>>> from bokeh.models import CategoricalColorMapper
>>> color mapper = CategoricalColorMapper (
factors=['US', 'Asia', 'Europe'],
palette=['blue', 'red', 'green']
>>> p3.circle('mpg', 'cyl', source=cds_df,
color=dict (fleld='origin',
transform=color mapper),
legend="'Origin'")

>>> from bokeh.plotting import figure

>>> from bokeh.io import output file, show

>>> x = [1, 2, 3, 4, 5]

>>>y = [6, 7, 2, 4, 5] <€D

>>> p = figure (title="simple line example", <@SETED
x_axis_label='x
y_axis_label='y")

>>> p.line(x, y, legend="Temp.", line width=2) <S50

>>> output_file("lines.html") <@SETED

>>> show (p) P

0 Data Also see Lists, NumPy & Pandas

Under the hood, your data is converted to Column Data

Sources. You can also do this manually:
>>> import numpy as np
>>> import pandas as pd
>>> df = pd.DataFrame (np.array([[33.9,4,65, 'US'],
[32.4,4,66, 'Asia'l,
[21.4,4,109, 'Europe']l)
columns=['mpg', 'cyl', 'hp', 'origin'
index=['Toyota', 'Fiat', 'Volvo'])

1,

>>> from bokeh.models import ColumnDataSource
>>> cds_df = ColumnDataSource (df)

>>> from bokeh.plotting import figure

>>> pl = figure(plot_width=300, tools='pan,box zoom')

>>> p2 = figure(plot_width=300, plot height=300,
x_range=(0, 8), y range=(0, 8))

>>> p3 = figure ()

Legend Location

Inside Plot Area
>>> p.legend.location = 'bottom left'

Outside Plot Area

>>> from bokeh.models import Legend
>>> rl = p2.asterisk(np.array([1l,2, 3]

>>> r2 = p2.line([1,2,3,4], [3,4,5,6])

>>> legend = Legend(items:[("One" ,[pl, rll), ("Two", [r2])1],
location=(0, -30))

>>> p.add_layout (legend, 'right')

Legend Orientation

>>> p.legend.orientation = "horizontal"
>>> p.legend.orientation = "vertical"

Legend Background & Border

>>> p.legend.border_ line color = "navy"
>>> p.legend.background fill color = "white"

Rows & Columns Layout

Rows
>>> from bokeh.layouts import row
>>> layout = row(pl,p2,p3)

Columns
>>> from bokeh.layouts import columns
>>> layout = column (pl,p2,p3)

Nesting Rows & Columns
>>>layout = row(column (pl,p2), p3)

, np.array([3,2,1])

Grid Layout

from bokeh.layouts import gridplot
>>> rowl = [pl,p2]
>>> row2 = [p3]
>>> layout = gridplot([[pl,p2],[p31])

Tabbed Layout

>>> from bokeh.models.widgets import Panel, Tabs
>>> tabl = Panel(child=pl, title="tabl")

>>> tab2 = Panel (child=p2, title="tab2")

>>> layout = Tabs (tabs=[tabl, tab2])

Linked Plots

Linked Axes
>>> p2.x_range = pl.x_range
>>> p2.y range = pl.y range
Linked Brushing
>>> p4 = figure (plot_width = 100,
tools='box_select,lasso_select')
>>> pd.circle('mpg', 'cyl', source=cds_df)
>>> p5 = figure (plot_width = 200,
tools='box_select,lasso_select')
>>> p5.circle ('mpg’, 'hp', source=cds_df)
>>> layout = row(p4,p5)

9 Output & Export

>>> from bokeh.io import output notebook, show
>>> output notebook ()

HTML

Standalone HTML

>>> from bokeh.embed import file html
>>> from bokeh.resources import CDN
>>> html = file html(p, CDN, "my plot")

>>> from bokeh.io import output file, show
>>> output file('my bar chart.html', mode='cdn'")

Components
>>> from bokeh.embed import components
>>> script, div = components (p)

PNG

>>> from bokeh.io import export png
>>> export_png(p, filename="plot.png")

SVG
>>> from bokeh.io import export svgs
>>> p.output_backend = "svg"

>>> export svgs (p, filename="plot.svg")

@ Show or Save Your Plots

>>> show (pl) >>> show (layout)

>>> save (pl) >>> save (layout)

DataCamp
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Seaborn

e Plotting With Seaborn

Learn Data Science

at www.DataCamp.com >>> g = sns.FacetGrid (titanic, Subplot grid for plotting conditional | >>> h = sns.PairGrid(iris) Subplot grid for plotting pairwise
col="survived", | relationships >>> h = h.map (plt.scatter) relationships
row="sex") >>> sns.pairplot (iris) Plot pairwise bivariate distributions
>>> g = g.map (plt.hist, "age") >>> i = sns.JointGrid (x="x", Grid for bivariate plot with marginal
>>> sns.factorplot (x="pclass", Draw a categorical plot onto a y="y", univariate plots
y="survived", Facetgrid data=data)
Statistical Data Visualization With Seaborn huesreest, T T plot(ens. reapiot,
data=titanic) sns.distplot)
The Python visualization Iibrary Seaborn is based on >>> sns.lmplot (x="sepal width", Plot data and regression model fits >>> sns.jointplot ("sepal length", | Plotbivariate distribution
. . . . . y="sepal length", across a FacetGrid "sepal width",
matplotlib and provides a high-level interface for drawing hue—"species”, data—iris,
attractive statistical graphics. data=iris) kind="kde")

Categorical Plots

‘ Scatterplot

Regression Plots

>>> sns.regplot (x="sepal width", Plot data and a linear regression
y="sepal length", model fit
data=iris,
ax=ax)

Distribution Plots

>>> plot = sns.distplot(data.y, Plot univariate distribution
kde=ralse,
color="b")

Matrix Plots

|>>> sns.heatmap (uniform data,vmin=0, vmax=1) ‘ Heatmap

Make use of the following aliases to import the libraries:

>>> import matplotlib.pyplot as plt

! >>> sns.stripplot (x="species",
>>> import seaborn as sns

y="petal length",
data=iris)

>>> sns.swarmplot (x="species",
y="petal length",
data=iris)

Scatterplot with one
categorical variable

The basic steps to creating plots with Seaborn are:
1. Prepare some data
2. Control figure aesthetics
3. Plot with Seaborn
4. Further customize your plot

Categorical scatterplot with
non-overlapping points

Bar Chart

>>> sns.barplot (x="sex",
y="survived",
hue="class",
data=titanic)

Show point estimates and
confidence intervals with
scatterplot glyphs

>>>

import matplotlib.pyplot as plt

Count Plot
:i ffgzri 2i2kﬁzdazaizzet O << >>> sns. countplotéx:"c_iiglé" . Show count of observations 9 Further Customizations Also see Matplotlib
>>> sns.set style("whitegrid") R Step 2 | lezt;;ﬁlgigéns an) - - -
>>> g = sns.lmplot (x="tip", R Step 3 | Point Plot P — Axisgrid Objects
ﬁatgiﬁiég?m ! >>> sns.pointplot (x="class", Show point estimates and >>> g.despine (left=Tr1c) Remove left spine
aspect=2) y="survived", confidence intervals as >>> g.set ylabels ("Survived") Set the labels of the y-axis
>>> g = (g.set_axis_labels("Tip","Total bill (USD)"). hue="sex", rectangular bars >>> g.set_xticklabels (rotation=45)| Setthe tick labels for x
set (xlim=(0,10),ylim=(0,100))) data=titanic, >>> g.set axis labels("Survived", | Setthe axislabels
>>> plt.title("title") = palette={"male":"g", "Sex™)
>>> plt.show(g) ¥ Ciens | "female":"m"}, >>> h.set (x1im=(0,5), Set the limit and ticks of the
markers=[""","o"], ylim=(0,5), x-and y-axis
linestyles=["-","--"]) xticks=[0,2.5,5],
" Boxplot yticks=[0,2.5,5])
“ Data Also see LIStS, NumPy & Pandas >>> sns.boxplot (x="alive", BOXplOt PI
Y=ragen,
iii ﬂggﬁ Ei;g;sazsngd 2::;3?‘;;&;@?16 ' >>> plt.title ("2 Title") ﬁgd pIo';titIIeb Lottt )
S : — - . . ! . . s >>> plt.ylabel ("Survived") just the label of the y-axis
> EZigoimﬁgéEZtanng&(ﬂ{lC‘liI}l: ;;ngr(;géejﬁi 101), >>.> .sns .boxplot (data=iris,orient="h") Boxplot with wide-form data o> plt.xlabel ("Sex") Adjust the label of the x-axis
'y':np.random.normal (0,4,100) }) Violinplot >>> plt.ylim(0,100) Adjust the limits of the y-axis
_ >>> sns.violinplot (x="age", Violin plot >>> plt.x1im(0,10) Adjust the limits of the x-axis
Seaborn also offers built-in data sets: y="sex", >>> plt.setp (ax,yticks=[0,5]) | Adjusta plot property
>>> titanic = sns.load dataset ("titanic") ‘ hue="survived", >>> plt.tight layout () Adjust subplot params

>>> iris = sns.load dataset("iris") data=titanic)

@ Show or Save Plot Also see Matplotlib

9 Figure Aesthetics Also see Matplotlib

>>> plt.show () Show the plot
Context Functions >>> plt.savefig ("foo.png") gave the plot as ag‘lgure
_ gsize— >>> plt. fig ("foo. " ave transparent figure
|>>> f, ax = plt.subplots (figsize=(5,6)) [ Create a figure and one subplot | [0~ "~ set_context ("talk") Set context to "talx" plt.savefig (trggsgggeét{ . P 9
>>> sns.set_context ("notebook", Set context to "notebook™,
Seaborn styles font_scale=1.5, scale font elements and -
S5>> sns Zet 0 (Re)set the seaborn default rc={"lines.linewidth":2.5}) override param mapping Close & Clear Also see Matplotlib
>>> sns.set style ("whitegrid") Set the matplotlib parameters Color Palette >>> plt.cla() Clear an axis
>>> sns.set style("ticks", Set the matplotlib parameters . . Define th | | >>> plt.clf () Clear an entire figure
{"xtick.major.size":8, >>> sns.set_palette("husl", 3) efine the color palette >>> plt.close () Close a window
nytick.major.size":8)) >>> sns.color_palette ("husl") Use with with to temporarily set palette
>>> sns.axes style ("whitegrid") Return a dict of params or use with| [>>> flatui = ["#9059b6", "43498db", "#95a5a6", "feTdc3c", "#34495¢e", "h2eccTl"] DataC
- with to temporarily set the style >>> sns.set_palette (flatui) Set your own color palette ataCamp
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. >>> file = 'urbanpop.xlsx' >>> import pickle
Importlng Data >>> data = pd.ExcelFile (file) >>> with open('pickled fruit.pkl', 'rb') as file:
. >>> df sheet2 = data.parse('1960-1966", pickled data = pickle.load (file)
Learn Python for data science at www.DataCamp.com - skiprows=[0]
'

names=["'Country',

'AAM: War (2002)'])
>>> df sheetl = data.parse(0,

o . parse_cols=[0],
Importing Data in Python skiprows=[0], >>> import hbpy
. X . . names=['Country']) >>> filename = 'H-H1 LOSC_4 v1-815411200-4096.hdf5"
Most of the time, you’ll use either NumPy or pandas to import >>> data = hSpy.File (filename, 'r')
your data: To access the sheet names, use the sheet names attribute:

>>> import numpy as np |>>> data.sheet names l
>>> import pandas as pd

Matlab Files

>>> filename = 'workspace.mat'
>>> from sas7bdat import SAS7BDAT >>> mat = scipy.io.loadmat (filename)
>>> with SAS7BDAT ('urbanpop.sas7bdat') as file:

df sas = file.to data frame()

- Exploring Dictionaries
Text Files . - .
Accessing Elements with Functions
Plaln TeXt FIleS l>>> data = pd.read_stata('urbanpop.dta')

>>> np.info(np.ndarray.dtype)
>>> help (pd.read_csv)

>>> print (mat.keys()) Print dictionary keys
>>> filename — 'huck finn.txt' >>> for key in data.keys(): Print dictionary keys
>>> file = open (filename, mode='r") Open the file for reading 5 print (key)
>>> text = file.read () Read a file’s contents Relational Databases meti.
>>> print (file.closed) Check whether file is closed :ltlaa%;y
>>> file.close () Close file >>> from sglalchemy import create engine rair L
i >>> engine = create engine('sqlite://Northwind.sqglite' >>> pickled data.values() Return dictionary values
>>> print (text) 9 _engine ('sq d ) >>> print (mat.items()) Returns items in list format of (key, value)
Usethe table names () method to fetch a list of table names: tuple pairs

Using the context manager with

>>> with open('huck finn.txt', 'r') as file: I>>> table names = engine.table names () l ACCGSSing Data Items Wlth KeyS

(
print (file.readline()) Read a single line A . -
print (file.readline ()) Querying Relational Databases >>> for key in data ['meta'].keys() Explore the HDFs structure
print (file.readline()) . .prlnt (key)
>>> con = engine.connect () Description
. >>> rs = con.execute ("SELECT * FROM Orders") DescriptionURL
Table Data: Flat Files >>> df = pd.DataFrame (rs.fetchall()) Detector
>>> df.columns = rs.keys() Duration
i i i >>> con.close () GPSstart
Importing Flat Files with numpy S
. : Using the context manager with Type
Files with one data type >>> with engine.connect() as con: UTCstart
iii giizarjen; lr;géiiét(ziename S = con.execute ("SELECT OrderID FROM Orders") >>> print (data['meta'] ['Description'].value)|Retrieve the value forakey
delimiter="', "', | String used to separate values df = pd.DataFrame (rs.fetchmany (size=5))

skiprows=2, Skip the first 2 lines df .columns = rs.keys () Navi 0 atin 0 Your Files Stem
usecols=[0,2], | Readthe 1st and 3rd column

dtype=str) The type of the resulting array Querying relational databases with pandas g QS mandE
Files with mixed data types I>>> df = pd.read sql query("SELECT * FROM Orders", engine) — - "
>>> filename = 'titanic.csv' 'ls Llstdlrectorycontent.sofﬁlesanddlrectones
>>> data = np.genfromtxt (filename, $cd .. Change current working directory

L . % king directory path
names="7rue, Look for column header Explo"n Your Data

dtypestione) NumPy Arrays os Library
I>>> data_array = np.recfromcsv (filename) l >>> data array.dtype Data type of array elements i>i im%olrt Oj e
e - H : >> pa = "/usr/tmp"
The default dtype of the np. recfromesv () function is None. i: TZET&?E?ZL?Z?? f;agytg'g}zrlzzns >>> wd = os.getcwd () Store the name of current directory in a string
5 5 5 - >>> os.listdir (wd) Output contents of the directory in a list
|mP0l'tlng Flat FIIeS Wlth Pandas >>> os.chdir (path) Change current working directory
: : : pandas DataFrames >>> os.rename("testl.txt", | Renameafile
>>> filename = 'winequality-red.csv' "test2.txt")
>>> data = pd.read csv (filename, >>> df.head() Return first DataFrame rows >>> os.remove ("testl.txt") | Deletean existing file
nrows=5, Number of rows of file to read >>> df.tail() Return last DataFrame rows > o3 .mkdir ("newdir") Create a new directory
header=None, Row number to use as col names >>> df.index Describe index .
sep="\t', Delimiter to use >>> df.columns Describe DataFrame columns
comment="#", Character to split comments >>> df.info () Info on DataFrame DataCam
na_values=[""]) | String to recognize as NA/NaN >>> data array = data.values Convert a DataFrame to an a NumPy array TR o B Irgeractively
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Jupyter Notebook

Learn More Python for Data Science

|G

Saving/Loading Notebooks

Create new notebook

"'+ New Notebook

File Edit View Insart

at www.DataCamp.com

Open an existing

Working with Different Programming Languages Widgets

Notebook widgets provide the ability to visualize and control changes

Kernels provide computation and communication with front-end interfaces

like the notebooks. There are three main kernels:

IPI:

IPython

R

IRkernel

TJle]

ulia

Installing Jupyter Notebook will automatically install the IPython kernel.

Restart kernel ..

Restart kernel & run
all cells s

Kemel  Widgets

Helg

Interrupt =1
" * Restart

Restart & Clear Output » *° "

Interrupt kernel

Interrupt kernel &
clear all output

in your data, often as a control like a slider, textbox, etc.

You can use them to build interactive GUIs for your notebooks or to
synchronize stateful and stateless information between Python and

JavaScript.

Download serialized
state of all widget
models in use

Widgets Help

Save notebook
with interactive

....... " - Restart & Run Al Connect back to a Save Notebook with Widgets - * widgets
Make a copy of the Open_ +eeett notebook Rlclesta"rt kernel &run O OURPIS Y SRPTE vl - . Download Widget State g
current notebook ... — allcells el - Shutgonn Embed Widgets - . Embed t
[ ke e ook .}..... Rename notebook Runotherinstalled L feeawesme L 1 13E) EUFER
Ronam. o e ae s e nness Change kermel pdeepeees widgets

kernels

-+ Save and Checkpoint

Save current notebook
and record checkpoint

Revert notebook to a
previous checkpoint

Revert to Checkpoint Foje e e ®* @o0e0

Command Mode:

. « Print Preview

Downoases . Download notebook as " Jupyter MyJupyterNotebook Last Checkpoint: a f nd d ch @ | Logout
Preview of the printed - IPython notebook ~ Jupy yJupyt st Checkpaint: a few seconds ago {unsaved changes) 15
notebook e :E!'I.trt‘/fl’_” File  Edit Wiew Inset  Cell  Kemel  Widgets  Help Trusted | Python 3 ©
Close notebook & stop ..k 2= - Markdown 13 14
: : . + = @ B¢ 0 B C| code =
running any scripts - rLZ_SI_;I'X
- PDE 1 2 3 4 5 6 7 8 9 10 1 12
Writing Code And Text In [ ]
ode and text are encapsulated by 3 basic cell types: markdown cells, code
Cod d text lated by 3 basic cell t kd Il d
cells, and raw NBConvert cells.
; Edit Mode: 1. Save and checkpoint 9. Interrupt kernel
Edit Cells 2. Insert cell below 10. Restart kernel
Copycesirom | |L=or
to clipboard . . . clipboard to current 5. Paste cell(s) below 13. Current kernel
cursor position . 6. Move cell up 14. Kernel status
PIE.x\S:I)e Ce(ljls Erom Executing Cells 7. Move cell down 15. Log out from notebook server
clipboard above . = Paste cells from 8. Run current cell
current cell - ,.EZ:C ‘IV ‘ ".v‘:‘". _ clipboard below Run selected cell(s) aR:g gg::;cneélvsvi?:gn
Paste cells from Copy Gels ** - current cell T [ea kema wages | poon Asking For Help
L ECE :z:z:::;: - - Delete current cells Run current cells down ~"f runcets 500%
of current cel *+ Paste Cells & Replace e and create anewone ... | Run Cells and Select Below * * Walk through 2 Ul tour
Revert “‘Delete Cells” Delete Gells o+ """ ; Salftears @@l Fram o — . :uni:lls aﬂiijft‘ﬂ"?’.‘ .B'E'lj":" ......... Run all cells
weEtEn O VU0 UpeeR current cursor Run all cells above the .. .|. o i A Run all cells below || e Uit ol besylbion
o mm ) position current cell Run Al Belowy -+ +e 07T the current cell Edit the built-in [rusermertac Tour Lo shortcuts
...... N .. Keyboard Shortcuts « +*
M.erge current cell . Merge Cell Below ool Merge current cell Change the cell type of ... ... celTwe v keyboard shortcuts ... | - Edit Keyboard Shortouts Notebook help topics
with the one above “** With the one below I toggle, toggle - o
| feruecarcn current ce Curment Outputs bloeeeene scrolling and clear Description of Noteboor e b
Move current cell up =™ | Meweeiomn ool Move current cell toggle, toggle ... -+ AllOutput ' current outputs markdown available --.... | « . Markdown @ Information on
Adjust metadata o of it Notabook Metadata down scrolling and clear in notebook Jupyter-cantrb .. unofficial Jupyter
o 000097 o nbextensions £ A
underlying the Findand Replace .ol !:md and replace Al e Python help topics .. NI E G EEE
current notebook . Cut Gl Attachmants in selected cells View Cells Tteebe Python @ IPython help topics
Remove cell ..--*"" ot . ..... Copy attachments of NumPy help topics ... r:«r:: E: ooy el ton
. Pasta Cot tachien Toggle display of Jupyter . ) ) ' soo0 ST MS[D UL
LIS o | v e ) ) lo gogand ﬁ’?er?lame Py Toggle display of toolbar Matplotlib help topics ... Seiy &
Paste attachments of AL E T TP RS .Insert Image in 8 el View Insert  Cell - R " Masolotii “ S SymPy help topics
current cell clledad s RE Se— Tog.gle'dlsplay of cell Pandas help topics ... SymPy L:
. . °** <. pandas =
[ — Toggle Tooas 4 ac??\lr;:]ceons. m _ About Jupyter Notebook
....... « « Toggle Line Numbers X _ Edit metadata About AR
Insert  Cel  Kemel i Gell Toaloar i - Raw cell format
Add new cell above the | " © | Add new cell below the r:%g:li""e numbers - Siideshow
............ -+ Insert ove g - Attachments
current one Insert Cell Below * * EIE S - Tags Datacamp
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Linear Algebra
You'll use the 1inalgand sparse modules. Note that scipy.1linalgcontains and expands on numpy.linalg.

M Matrix Functions

Python For Data Science Cheat Sheet
SciPy - Linear Algebra

at www.datacamp.com

|>>> from scipy import linalg, sparse

Learn More Python for Data Science

Creating Matrices Addition
>>> A = np.matrix (np.random.random((2,2))) o> np.ad.d (A,D) Addition
- - - >>> C = np.mat (np.random.random((10,5))) >>> np.subtract (A, D) Subtraction
The SciPy library is one of the core packages for >>> D = np.mat ([[3,4], [5,611) Division
scientific computing that provides mathematical i : : : >>> np.divide (a,D) Division
. puting ) P ) . SC|Py Basic Matrix Routines Multiplicati
algorithms and convenience functions built on the ultip 'Ci‘t',o'; o) Multiolicati
. >>> np.multiply (D, ultiplication
NumPy extension of Python. >|>“>Vir51e | >>> np.dot (2,D) Dot product
- - o 1inal inv(a) Izzz:zz >>> np.vdot (A, D) Vector dot product
Interacting With NumPy y | OO Tranpose matrix >>> np.inner (A, D) Inner product
i : . . >>> np.outer (A, D) Outer product
>>> import numpy as np >>> A.H Conjugate transposition >>> np.tensordot (&, D) Tensor dot product
>>> a = np.array([1,2, 3.] ) o o >>> np.trace (A) Trace >>> np.kron (A, D) Kronecker product
>>> b = np.array ([ (1+5j,23,33), (43,53,63)1) N ial :
>>> ¢ = np.array([[(1.5,2,3), (4,5,6)], [(3,2,1), (4,5,6)1]) orm Exponential Functions

Matrix exponential
Matrix exponential (Taylor Series)

Matrix exponential (eigenvalue
decomposition)

>>> linalg.expm (A)
>>> linalg.expm2 (A)
>>> linalg.expm3 (D)

Frobenius norm
L1 norm (max column sum)
L inf norm (max row sum)

>>> linalg.norm(A)

>>> linalg.norm (A, 1)

>>> linalg.norm(A,np.inf)
Rank

>>> np.linalg.matrix_rank(C)
Determinant

Index Tricks

>>> np.mgrid[0:5,0:5]

>>> np.ogrid[0:2,0:2]

>>> np.r [[3,[0]*5,-1:1:107]
>>> np.c_[b,c]

Create a dense meshgrid

Create an open meshgrid

Stack arrays vertically (row-wise)
Create stacked column-wise arrays

Logarithm Function
>>> linalg.logm(A)

Trigonometric Tunctions

Matrix rank Matrix logarithm

Shape Manipulation P>> linalg.det (A) Determinant >>> linalg.sinm(D) Matrix sine
Solving linear problems >>> linalg.cosm (D) Matrix cosine
>>> np.transpose (b) Permute array dimensions >>> linalg.solve (A,Db) Solver for dense matrices >>> linalg.tanm(A) Matrix tangent

Solver for dense matrices
Least-squares solution to linear matrix
equation

Flatten the array

((b,c)) Stack arrays horizontally (column-wise)
>>> np.vstack((a,b)) Stack arrays vertically (row-wise)
>>> np.hsplit(c,2) Split the array horizontally at the 2nd index
>>> np.vpslit(d,2) Split the array vertically at the 2nd index

Polynomials

>>> from numpy import polyld
>>> p = polyld([3,4,5])

>>> b.flatten ()
>>> np.hstack

>>> E = np.mat(a).T
>>> linalg.lstsqg(D,E)

Hyperbolic Trigonometric Functions
>>> linalg.sinhm(D)

>>> linalg.coshm(D)

>>> linalg.tanhm(A)

Matrix Sign Function

>>> np.sigm(A)

Matrix Square Root

>>> linalg.sqgrtm(A)

Arbitrary Functions

>>> linalg.funm (A, lambda x: xX*Xx)

Hypberbolic matrix sine
. . Hyperbolic matrix cosine
Generalized inverse Hyperbolic matrix tangent

>>> linalg.pinv(C)

Compute the pseudo-inverse of a matrix
(least-squares solver)

Compute the pseudo-inverse of a matrix
(SVD)

Creating Sparse Matrices

Matrix sign function
>>> linalg.pinv2 (C)

Matrix square root

‘ Create a polynomial object

Evaluate matrix function

Vectorizing Functions

S>> def myfunc(a): >>> F = np.eye(3, k=1) Create a 2X2 identity matrix
iyf a<0: >>> G = np.mat (np.identity (2))| Createa2x2 identity matrix DeCOITIpOSItIOI"IS
return a*?2 >>> C[C > 0.5] =0
else: >>> H = sparse.csr_matrix(C) Compressed Sparse Row matrix Eigenva|ues and Eigenvectors
retu.rn a/2 ) ) >>> I = sparse.csc matrix(D) Compressed Sparse Column matrix >>> la, v = linalg.eig(A) Solve ordinary or generalized
>>> np.vectorize (myfunc) Vectorize functions >>> J = sparse.dok matrix (A) Dictionary Of Keys matrix eigenvalue problem for square matrix
>>> E.todense () Sparse matrix to full matrix >>> 11, 12 = la Unpack eigenvalues
Type Handllng >>> sparse.isspmatrix csc(A) Identify sparse matrix >>> v[:,0] First eigenvector

>>> vi[:, 1] Second eigenvector

Vv

>> np.real (c)

>> np.imag(c)

>> np.real_if close(c,tol=1000)
>> np.cast['f'] (np.pi)

vV V V

Return the real part of the array elements
Return the imaginary part of the array elements
Return a real array if complex parts close to 0
Cast object to a data type

Other Useful Functions

v

>> np.angle (b, deg= )
>> g = np.linspace (0,np.pi, num=5)

v

Vv

>> g [3:] += np.pi

>> np.unwrap (g)

>> np.logspace (0,10, 3)
>> np.select ([c<4], [c*2])

vV vV VvV

v

>> misc.factorial (a)
>> misc.comb (10,3, exact= )
>> misc.central diff weights(3)

vV Vv

Return the angle of the complex argument
Create an array of evenly spaced values

(number of samples)

Unwrap

Create an array of evenly spaced values (og scale)
Return values from a list of arrays depending on
conditions

Factorial

Combine N things taken at k time

Weights for Np-point central derivative

Sparse Matrix Routines

Inverse
>>> sparse.linalg.inv (I)
Norm
>>> sparse.linalg.norm(I)
Solving linear problems

>>> sparse.linalg.spsolve (H, I)

Inverse

Norm

Solver for sparse matrices

>>> linalg.eigvals (A)

>>> M,N = B.shape

LU Decomposition
>>> P,L,U = linalg.lu(C)

Singular Value Decomposition
>>> U,s,Vh = linalg.svd(B)

>>> Sig = linalg.diagsvd(s,M,N) |Construct sigma matrix in SVD

Unpack eigenvalues

Singular Value Decomposition (SVD)

LU Decomposition

Sparse Matrix Functions

|>>> sparse.linalg.expm(I)

‘ Sparse matrix exponential

Sparse Matrix Decompositions

>>> sparse.linalg.svds (H,

>>> la, v = sparse.linalg.eigs(F,1)

Eigenvalues and eigenvectors

2) SVD

Asking For Help

DataCamp

Learn Python for Data Science Interactively

>>> help(scipy.linalg.diagsvd)
>>> np.info (np.matrix)

v

>> misc.derivative (myfunc,1.0) |Find the n-th derivative of a function at a point




Python For Data Science Cheat Sheet Evaluate Your Model’s Performance
Scikit-Learn

Learn Python for data science at www.DataCamp.com Linear Regression Accuracy Score ‘
>>> from sklearn.linear model import LinearRegression >>> knn.score (X_test, y_test) Estimator score method
>>> 1lr = LinearRegression(normalize= ) >>> from sklearn.metrics import accuracy score |Metricscoring functions
Support Vector Machines (SVM) >>> accuracy_score(y_test, y pred)

. . . >>> svc = SVC(kernel='linear') >>> from sklearn.metrics import classification report |Precision, recall, fi-score
Scikit-learn is an open source Python library that Naive Bayes >>> print(classification report (y test, y pred))|and support
implements a range of machine learning, >>> from sklearn.naive bayes import GaussianNB Confusion Matrix

a a g g o o | s> b=¢G . NB()_ >>> from sklearn.metrics import confusion matrix
preprocessing, cross-validation and visualization gnb = Gaussian 55 print (confusion matrix(y test, y pred))
algorithms using a unified interface. KNN - -

9 9 >>> from sklearn import neighbors Regression Metrics

A Basic Example >>> knn = neighbors.KNeighborsClassifier (n_neighbors=5)
Mean Absolute Error

>>> from sklearn.model selection import train_test_split Unsuper\"sed Learnlng EStImators >>> from sklearn.metrics import mean absolute error

>>> from sklearn.metrics import accuracy score >> y_true = [3, -0.5, 2]
. . . . . o>
5> iris - datasets.load_iris() Principal Component Analysis (PCA) >>> mean_absolute error(y true, y pred)
>>> X, y = iris.datal:, :2], iris.target >>> from sklearn.decomposition import PCA Mean Squared Error
>>> X train, X test, y train, y test=train test split(X, y, random state=33) >>> pca = PCA(n_ComponentS:O-95) >>> from sklearn.metrics import mean squared_error
>>> scaler = preprocessing.StandardScaler ().fit (X train) K Means >>> mean_squared_error (y_test, y pred)
>>> X train = ler.transform(X train . 2
SO Szieirtransfom(;{ Cest) ) >>> from sklearn.cluster import KMeans R?Score
— - . - = = = >>> from sklearn.metrics import r2 score
5> knn = neighbors.KNeighborsClassifier (n_neighbors=5) >>> k means KMeans (n_clusters=3, random_ state=0) om sklea etric P B

>>> r2 score(y true, y pred)

>>> knn.fit (X_train, y_train)

o2 by scoreiy sest, Y ne [ ModelFitting _____________________JLClustering Metrics
>>> accuracy_score(y_test, y_pred) U
Adjusted Rand Index
Loading The Data

Supervised learning
>>> 1r.fit (X, y)
>>> knn.fit (X_train, y_train)

Fit the model to the data >>> from sklearn.metrics import adjusted rand score
>>> adjusted_rand_score(y_true, y pred)

—

Your data needs to be numeric and stored as NumPy arrays or SciPy sparse >>> svc.fit (X_train, y train) Homogeneity o .
g q . . A >>> from sklearn.metrics import homogeneity score
matrices. Other types that are convertible to numeric arrays, such as Pandas Unsupervised Learning . S5> homogeneity score(y true, y pred) -
>>> k_means.fit (X_train) Fit the model to the data - - ~
DataFrame, are also acceptable. = _tral . ) . V-measure
>>> import numpy as np >>> pea_model = pea.fit_transform(x train) |Fitto data, then transform it >>> from sklearn.metrics import v_measure score

>>> X = np.random.random( (10,5)) >>> metrics.v _measure score(y true, y pred)
>>> y = np.array(['M','M','F','E','M',"F','M', '"M', "F','F', 'F'])

>>> X[X < 0.7] =0 Prediction Cross-Validation
. . >>> from sklearn.cross validation import cross_val score
° o Superwsed Estlmators dict label >>> print(cross val score(knn, X train, y train, cv=4))
Training And Test Data >>> y_pred = svc.predict (np. random. random((2,5)))|Predict labels >>> print (cross val score(lr, X, y, cv=2))
>>> y pred = lr.predict (X_test) Predict labels
>>> from sklearn.model selection import train_ test_split >>> y pred = knn.predict proba (X test) Estimate probability of a label _
>>> X train, X test, y train, y test = train test split ();,’ Unsupervised Estimators Tune Your MOdeI
random state=0) >>> y pred = k_means.predict (X_test) Predict labels in clustering algos Grid Search

>>> from sklearn.grid_search import GridSearchCV

. >>> params = {"n_neighbors": np.arange(1l,3),
PreproceSSIn U The Data "metric": ["euclidean", "cityblock"]}

>>> grid = GridSearchCV (estimator=knn,

Standardization Encoding Categorical Features . param_grid=params)

grid.fit (X train, y train)

>>> from sklearn.preprocessing import StandardScaler >>> from sklearn.preprocessing import LabelEncoder >>> print(grid.best score ) L ahb
>>> scaler = StandardScaler () .fit (X train) >>> enc = LabelEncoder () >>> print (grid.best_estimator_.n_neighbors)
>>> standardized X = scaler.transform(X_ train) S>> — enc.fit transform 5 e e n

5> standardized X_test = scaler.transform(X_test) Y — (y) Randomized Parameter Optimization

A A g ] >>> from sklearn.grid search import RandomizedSearchCV
Normalization Imputing Missing Values 222 on R s e
>>>

params = {"n neighbors": range(1,5),
i i i : : "weights": ["uniform", "distance"
from sklearn.pr?processllng 1mp<?rt Normalizer >>> from sklearn.preprocessing import Imputer s psearch — Randgmizedséarchcv(es”cimator:knn,]}
>>> scaler = Normalizer ().fit (X_train) >>> imp = Imputer (missing values=0, strategy='mean',6 axis=0) param distributions=params,
>>> normalized X = scaler.transform(X_ train) >>> imp.fit transform (X trgin) cv=4,
>>> normalized_X_test = scaler.transform(X_ test) — - n iter=8,

n . random_state=5)
Binarization Generatlng Polynomlal Features >>> rsearch.fit (X train, y train)

>>> print (rsearch.best score )

>>> from sklearn.preprocessing import Binarizer >>> from sklearn.preprocessing import PolynomialFeatures
>>> binarizer = Binarizer (threshold=0.0) .fit (X) >>> poly = PolynomialFeatures(5)

Learn Python for Data Science Interactively

>>> binary X = binarizer.transform(X) >>> poly.fit_transform(X) Datacamp




Python For Data Science Cheat Sheet SALLUERUEIIIAIC Lol (ol
H >>> del.output sh Model output shape
Ke ras Sequentlal MOdeI >>> ﬁgdgl . zgmﬁgr??) e Model summary representation
>>> from keras.models import Sequential >>> model.get_config () Model cor]ﬁguration .
Learn Python for data science at www.DataCamp.com >>> model = Sequential () >>> model.get_weights () List all weight tensors in the model

>>> model2 = Sequential ()

>>> model3 = Sequential () Compile Model
(Keras — —JRraverFeenton CLE) > moter conpie (op
>>> model.compile (optimizer="adam',

Binary Classification

Keras is a powerful and easy-to-use deep learning library for >>> from keras.layers import Dense e ey
Theano and TensorFlow that provides a high-level neural >>> model.add (bense (12, . MLP: Multi-Class Classification

. input dim=8, >>> model.compile (optimizer="'rmsprop',
networks API to develop and evaluate deep Iearnlng models. kernel initializer='uniform', loss='categorical crossentropy',

5 activation='relu')) . . metrics=["'accuracy'])
A BaS|C Example >>> model.add (Dense (8, kernel initializer='uniform',activation='relu')) MLP: Regressmn

SRR s ' : P A >>> model.compile (optimizer="rmsprop"',
S>> import numpy as np >>> model.add (Dense (1, kernel initializer='uniform',activation='sigmoid')) loss="mse',

>>> from keras.models import Sequential Multi-Class Classification metrics=['mae'])
>>> from keras.layers import Dense >>> from keras.layers import Dropout Recurrent Neural Network
>>> data = np.random.random((1000,100)) >>> model.add (Dense (512, activation="relu', input shape=(784,))) ) e ,
>>> labels = np.random.randint (2,size=(1000,1)) >>> model.add (Dropout (0.2)) >>> mOdel3-COmplle(égii;i};é;i{fgagé?sSthIOPy ,
- i . . i ' - ’
>>> model = Sequential () >>> model.add (Dense (512,activation="relu')) metrics=['accuracy'])
>>> model.add (Dense (32, >>> model.add (Dropout (0.2))
activation='relu', >>> model.add (Dense (10, activation="'softmax"')) d |
input_dim=100)) i Model Training
>>> model.add (Dense (1, activation='sigmoid')) Regresswn L

>>> model.compile (optimizer="'rmsprop', |>>> model.add (Dense (64, activation="relu',input dim=train data.shape[1])) >>> model3.fit (x_traind,
loss='binary crossentropy', >>> model.add (Dense (1)) y traind,

i batch size=32
Labele,pochonio, bats =15,
>>> model.fit (data, labels, epochs=10,batch_size=32) CO"VOIUtlonaI Neural NEtwork (CNN) epochs=15,

. . . verbose=1,
>>> predictions = model.predict (data) >>> from keras.layers import Activation,Conv2D,MaxPooling2D,Flatten validation data=(x testd,y testd))

>>> model2.add (Conv2D(32, (3, 3) ,padding="same', input shape=x train.shape[l:]))

Data )| [ moderz-add(fetivation(xeiu) Evaluate Your Model's Performance

(
Your data needs to be stored as NumPy arrays or as a list of NumPy arrays. Ide- | [>>> model2.add (Activation('relu')) o)) >>> score = model3.evaluate (x_test,
. . .. . . Pooling2D (pool size=(2,2)) y test,
hich Do >>> model2.add (Max _ _ )
ally, you split the data in training and test sets, for which you can also resort 5> model?.add (Dropout (0.25) ) batch size=32)
tothetrain test split moduleof sklearn.cross validation. )
— — >>> model2.add(Conv2D (64, (3,3), padding='same')) n =
Keras Data Sets >>> model2.add (Activation('relu')) Pred]ct'on
>>> model2.add(Conv2D (64, (3, 3))) ;
>>> from keras.datasets import boston_housing, >>> model?.add (Activation ('relu')) >>> model3.predict (x_testd4, batch size=32)
mr}ist, >>> model2.add (MaxPooling2D (pool size=(2,2))) >>> model3.predict_classes(x_test4d,batch_size=32)
i;ﬁgrlof >>> model2.add (Dropout (0.25))
>>> (x train,y train), (x_test,y test) = mnist.load data() >>> model2.add (Flatten ()) Save/ Reload Models
>>> (x_train2,y train2), (x_test2,y test2) = boston housing.load data() >>> model2.add (Dense (512))
>>> (x_train3,y train3), (x_test3,y test3) = cifarl0.load data() >>> model?2.add (Activation ('relu')) >>> from keras.models import load model
b tamind . Eraind (s 1Ssta,y et = . load cotamr oris=20000) | | 33 000 S (bropont (0.5)) D e g e e et hs ')
= >>> model2.add (Dense (num_classes)) Y = Y .
(

Model Fine-tuning
>>> from urllib.request import urlopen Recurrent Neural NEtwork (RNN) —— s
>>> data = np.loadtxt (urlopen ("http://archive.ics.uci.edu/ S>> from keras.klayers import Embedding, LSTM Optlmlzatlon Parameters
ml/machine-learning-databases/pima-indians-diabetes/ y . !
lpima-indians-diabetes.data"),delimiter=",") >>> model3.add (Embedding (20000,128)) >>> from keras.optimizers import RMSprop
>>> X = datal:,0:8] >>> model3.add (LSTM(128,dropout=0.2, recurrent dropout=0.2)) >>> opt = RMSprop(lr=0.0001, decay=le-6)
>>> y = data [:,8] >>> model3.add(Dense(l,activation="'sigmoid')) >>> model2.compile(loss='categorical crossentropy',
optimizer=opt, o

Pre rOCESSin metrics=['accuracy'])
» 0

_ Paddi _ —L Early Stopping

equence = Ing Gl = = >>> from keras.callbacks import EarlyStopping

>>> from keras.preprocessing import sequence >>> from sklearn.model selection import train_test_split >>> early stopping monitor = EarlyStopping(patience=2)
>>> x_train4 = sequence.pad_sequences (x_train4,maxlen=80) >>> X train5,X test5,y train5,y test5 = train test_split (X, >>> model3.fit (x_train4,
>>> x test4 = sequence.pad sequences (x testd4,maxlen=80) %:/ést size=0.33 y traind,

_ _ - =0.33, —

one HOt Encoding random_state=42) batch_size=32,
= 5 5 = = epochs=15,
>>> from keras.utils import to_categorical Standardlzatlon/NOrmal|Zat|0n validation_data=(x_test4,y testd),

>>> Y_train = to_categorical (y_train, num_classes) >>> from sklearn.preprocessing import StandardScaler callbacks=[early_stopping monitor])
>>> Y test = to_categorical (y_test, num_classes) >>> scaler = StandardScaler () .fit (x_train2)

>>> Y train3 = to categorical(y train3, num classes) >>> standardized X = scaler.transform(x train2) DataCamp
>>> Y test3 = to categorical (y test3, num classes) >>> standardized X test = scaler.transform(x_ test2) Peam Python orDatas cience Interaetvely




