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Introducing Pandas Objects

Pandas &\ fundamental data structure (Q)gj:(¢620p5 (0) Series , (j) DataFrame &¢ (Q) Index o3
2e[308:03 qE:[gaon00p5n Dictionary qp: 1 list gp: | NumPy array qp: §G DataFrame gp:@) indexing
206020006108 §2:00p5 060e0la56S 3E:(03:0005H

ocoe8:g> NumPy &¢ Pandas o3 import coSaoaSu

In [1]: import numpy as np
import pandas as pd

Pandas 03¢ series a300pS¢n one-dimensional array 0369 [66o0pSi 00 p5:30:(0¢ data qp:03 index
apS00n:00p5 one-dimensional array 0269 (¢6o0pSi Data g3 index cpSoon:o0pS s8oopSen eaornqp:
ogézsoé:ooo:oaé:%q)o% 39030500(? eﬂoc;g%cc:q$ 3a<foo$sgoao:@[(index 0?500'.): )0?5000:@53 @ogooéu

list 0269 0360705 array 036 series 0069 (0|p68Ea0pSi pd.Series () (¢ series 0369 [0|r6o03
639’.)(78(788 GOS@(DO:OD@Q”

In [2]: data = pd.Series([0.25, 0.5, 0.75, 1.0])

data
Out[2]: 0 0.25
1 0.50
2 0.75
3 1.00

dtype: floatéb4

Pandas series 03¢ values &¢ index 0paop) attribute §oqj:(6d0pSI values 20pS ezoxogp:e
U)$$:Qp:@§mé" index :Dé (I%GGO’)OU)$($:Q{P: Ogéﬁmé:m:wéG?qD(y%

33?0539030:@[@0:03&?6?6}) @OSODéII

Befoné series oz sequence of values 0363 &¢ sequence of indices 06 §oopdi values
gp:020loCoopd 088:3208 (sequence of values 0369)a0pS NumPy array (g60opSi

data.values @5 Pandas series 39035:9 saoooqp:cr% access oaﬁ%éoaéu @éﬁ%ém Si

In [3]: data.values

Out[3]: array([0.25, 0.5 , 0.75, 1. 1)

index 20p5 array-like object of type 02699205 pd. Index

In [4]: data.index

Out[4]: RangeIndex(start=0, stop=4, step=1)
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NumPy array gp:oda30é Pandas series 3203¢:¢ caonngp:a3 [ 1 Python square-bracket notation (¢
access cp68Eo0p5i

datal1l] @5 data U.EGSTODé Pandas series 3908&9 qo%wc;@o&isaooo or% access C\?Sméu

0006 @005 6302005 index [0] (gSo0pSH

In [5]: datal[l]

Out[5]: 0.5

In [6]: data[l:3]

Out[6]: 1 0.50
2 0.75
dtype: floatéb4

Pandas Series o0pS one-dimensional NumPy array cood 3¢) cuoopoqeogaopdin 8¢) [0Eaged
e[ga8:cguS[gd00pSi (more general and flexible than the one-dimensional NumPy array)

Series as generalized NumPy array

Series object ¢ one-dimensional NumPy array (6603 copd:eomé: one-dimensional NumPy array ss(gde
Series object 32(96a3 B(0§32c08 c[ooc:0d 8605 (basically interchangeable )

og:@o:ooé @@o:qtﬁ@o index qp: ﬁ@é:@éméu Gsoooqp:sﬁ oo$cc§:qp: (values)or% access oaﬁoaésaeﬂ
Numpy Array &\ integer index qp:03 implicitly defined [g|coSaon:(8: Series @ integer index gp:od
explicitly defined @lc\?(c)ooo:ooéu

Explicit indexing (96[gS:e(030§ series object gp:opé sanioongiodgp: (additional capabilities) §oopSi
puen - series object qp:ogé index qp:oaé integer qpo: @ogcﬁ eo%o']u eéooé: 399?{:39@0:@9(3 (values
of any desired type) index qp: 39@03 oaorgcfo%%éoaéu

6390(73085 809039@03 string qp:rfi index 39[;95 of?:%cc:oaén

In [7]: data = pd.Series([0.25, 0.5, 0.75, 1.07],
index=['a', 'b', 'c', 'd'l)

data
Out[7]: a 0.25
b 0.50
c 0.75
d 1.00

dtype: floatéb4

Series 303C:¢ item q:03 6300503¢ [goonio0pd 303¢: access apS&EaopSI
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In [8]: data['b']

Out[8]: 0.5

We can even use non-contiguous or non-sequential indices:

In [9]: data = pd.Series([0.25, 0.5, 0.75, 1.07],
index=[2, 5, 3, 71)

data
outf[9]: 2 0.25
5 0.50
3 0.75
7 1.00

dtype: floatéb4

In [10]: datal[5]

Out[10]: 0.5

Series as specialized dictionary
Pandas Series gp:03 Python dictionary o264 3(e6c0pS: aso§SaopSi

Python dictionary s3a0pS¢o arbitrary keys gp: ¢ a set of arbitrary values qp: 09S03000:0093 (map
apSoon:a0p3) data structure oo6q)j:[gda0pSu

series 00pd structure which maps typed keys & set of typed values 00§ 03000:00p5 (Map cpSco:2003)
data structure o84]j:[da0p5

NumPy array o3¢ Python list o00d 00g],600 cpbesondgqp: (certain operations)ogé
(césmocc::oaé:sgqjog(more efficient)qpo: ﬁopaéu

series 03¢ Python list o005 00g],e000 cpSesoniegqp: (certain operations)ozc
(césmocc::oaé:sgqjog(more efficient)qpo: ﬁopaéu

Python dictionary ¢ Series object :39@(5 03(73%(73@@05:(\5%5&)@"

In [11]: population_dict = {'California': 38332521,
'Texas': 26448193,
'New York': 19651127,
'Florida': 19552860,
'Illinois': 12882135}
population = pd.Series (population_dict)

population

Out[11l]: cCalifornia 38332521
Texas 26448193
New York 19651127
Florida 19552860
Illinois 12882135

dtype: inté64
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co¢

Q9$m:@§(by default) sorted keys qp:or% index 39@903 oao%cfogﬂ Series qp:&?) ooéseoooo§co']oa@u

ca00503¢ typical dictionary-style item o3 access coGoopS §p5:03 cwS[goon:00pS 1

In [12]: population['California']

Out[12]: 38332521

Python dictionary §¢ eopoopdaagaden Series qp:a3 slicing @a0pj array-style operations gp:(sG access

co¢Q <
C\?O.%COD&II
In [13]: population['California':'Illinois"']
Out[13]: cCalifornia 38332521

Texas 26448193

New York 19651127

Florida 19552860

Illinois 12882135

dtype: int64

Constructing Series objects

saooorgogé Pandas Series qp: E)lcxgﬁ§é:<7c§ eo%@@: @éooéu

6[0]0pSa3 (from scratch)

BpS:gp: 300d:8N G660 6300501303 (6S0RSH

>>> pd.Series (data, index=index)

. <, o¢ Q <,
orlJL.opL@c. e30m3Ce woouPL@c.

index oaé optional argument méq@éméu 9@5 ©cs ooéeo:q@é argument ooogeg eo?ogo']u

data oaé ogéxaoé:c\%oaésgqj(ﬁqp: 395?059 ooogeee? @9 oagu one of many entities)

< <

poen data 2098 listo8ewr05 NumPy array 069 (968&Ea0pSi index 20p5 des30:(6¢ (by default)

integer sequence oo$[gd8Eo0pSI

In [14]: pd.Series([2, 4, 61])

Oout[1l4]: 0 2
1 4
2 6

dtype: into64

data o0pS scalar [68Sa0p5u

data can be a scalar, which is repeated to fill the specified index:

N C <
CONCI00MNS
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In [15]: pd.Series (5, index=[100, 200, 3001])

Out [15]: 100 5
200 5
300 5

dtype: into64

data o0pS dictionary 0369c0pS: [(96&Eo0pS adasl index 20pS Ge§30:(9¢ (by default) sorted dictionary
keys oaéu

data can be adictionary, in which index defaults to the sorted dictionary keys:

In [16]: pd.Series({2:'a', 1l:'b', 3:'c'})

Out[l6]: 2 a
1 b
3 c

dtype: obiject

(o]

3200050] pLe” (J)eﬁ[:d?:ogcc: index qp:cr% 8803030% o%oocqjtxu(explicitly) moﬁ@o%so:%éoaéu

In each case, the index can be explicitly set if a different result is preferred:

In [17]: pd.Series({2:'a', 1l:'b'", 3:'c'}, index=[3, 2])

Oout[1l7]: 3 c
2 a
dtype: obiject

Notice that in this case, the Series is populated only with the explicitly identified keys.

The Pandas DataFrame Object

Pandas &\ fundamental structure e§o050064j|:¢> DataFrame [96a0p51 3000503¢ §E:(03(8:0008
Series 03230 DataFrame 03 generalize apScon:a0pd NumPy array 0069 0360705 specialize
apSc0n:a0p5 Python dictionary as(gé coo5eo5ursodoopdi
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DataFrame as a generalized NumPy array (Generalize c\?f)ooo:oap_ﬁ‘ NumPy
array)

Series 0269 20pS analog of a one-dimensional array with flexible indices (@®o0pSi DataFrame 0369
20pS analog of a two-dimensional array 0369 (95(8: flexible row indices & flexible column names uvyg)

.§\o§q|°l:®0°?: o']ejopaéu

Just as you might think of a two-dimensional array as an ordered sequence of aligned one-dimensional
columns, you can think of a DataFrame as a sequence of aligned Series objects.

"aligned" 8300p5¢0 03nS00pS index q:a3 s3c3o0pSi (they share the same index.) aee§me
@é§(ﬁ(3)§<7% Series sgoaogooogee ooéc;aooorg@: poen 39@903 Gc\?coo@qssgoé

In [18]: area_dict = {'California': 423967, 'Texas': 695662, 'New York': 1412

97,
'Florida': 170312, 'Illinois': 149995}
area = pd.Series (area_dict)
area
Out[18]: California 423967
Texas 695662
New York 141297
Florida 170312
Illinois 149995

dtype: int64

o c (N [N [o XY c Q o . . N < [N < C
(IEE)8§(D({P:(78C G?(IEC@OD& C\?B:GGI(V? populatlon SeI’IeS 39@90) O’)&G@O’.)(DOD@II area ?g
population &bqj:cloops dictionary o263 (single two-dimensional object dictionary) ¢ DataFrame
02p56502052005 I

{'population': population, 'area': area} ooé single two-dimensional object dictionary
@ogoaéu pd.DataFrame () & () 05035 dictionary ooéej DataFrame ooésaooorgoaéu

In [19]: states = pd.DataFrame ({'population': population,
'area': area}l)
states

Out[1l9]:
population area

California 38332521 423967
Texas 26448193 695662
New York 19651127 141297
Florida 19552860 170312
lllinois 12882135 149995

series object a0 DataFrame o3¢ index labels qp:03 access pSq$ index attribute §oopSu

ea0m03¢ states.index (9§ index labels gp:03 access pSHa3 cwdgoonionpdi
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In [20]: states.index

Out [20]: Index(['California', 'Texas', 'New York', 'Florida', 'Illinois'],
dtype="'obiject"')

Additionally, the DataFrame hasa columns attribute, whichis an Index object holding the column
labels:

In [21]: states.columns

Out [21]: Index(['population', 'area'], dtype='object')

DataFrame 20p5 generalization cpScon:oop two-dimensional NumPy array 0269(gda0p5i Row &
column sd90cd:03¢ data gp:03 access apbe§ generalized index qp:§oopSi

DataFrame as specialized dictionary (specialize cx;&ooo:ooé Python
dictionary)

DataFrame 20p5 specialize coSaoo:00p3 Python dictionary o26g(sdo0pS dictionary s3oopSen key
qp:&¢ value gp:03 0y503 (maps a key to a value)ao:apS 6307 936:50p5:0 X6q]|:[gS0RSH
DataFrame op¢ column name &¢ Series of column data qp: 0pSop (Mmap)oos:oopdi

poeo 'area' attribute 0% cse:cgjé area csm&ﬁea@ocﬁﬁ cssoooe:uo::aso:cx’g:o*cf> Series ooogq 39@5
e&i@eo:c@éeéu

In [22]: states['area']

Out[22]: cCalifornia 423967
Texas 695662
New York 141297
Florida 170312
Illinois 149995

Name: area, dtype: inté64

two-dimesnional NumPy array opé data[0] 20p5 ocoesd:a00§: (first row) ($a0pSi DataFrame opé
data['col0'] :)0@c oooea"?:em&\') @éooéu o%e@oé DataFrame orcé generalized array 07
ooo&?ogeé »oo: generalized dictionary 39@903 oooge_?orgoaéu

Constructing DataFrame objects

Pandas o3¢ DataFrame 00p56800050003 §p5:4p:g0 §o0p51 00690 Series object co65(6¢
DataFrame ooéeaooorSQOr% G@’S@)Géll
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From a single Series object

DataFrame oaé Series objects Qeo:e§wé saspooogqcoé: @ogoaéu Series oooSQE:scf co7503
< < < < coc(e . C C o C <
0209200 cﬂoag DataFrame ooo:szoogeaoom‘?c[g: Series qp:go@q Cm50S qp:gO ohlocoog
DataFrame méqméemcﬁ%éwéu

In [23]: pd.DataFrame (population, columns=['population'])

Oout[23]:
population

California 38332521
Texas 26448193
New York 19651127
Florida 19552860

Illinois 12882135

From a list of dicts

dictionary qp:o%coé: DataFrame 39@5 @[Q?&%éooéu

In [24]: data = [{'a': i, 'b': 2 * i}
for i in range(3)]
pd.DataFrame (data)

Oout[24]:

~ N o o

DataFrame @[0?56§qj$035 dictionary 0903?035 ooeﬁLc;oao key qp: sqp(rgc;{?cgjésoa%mé:emoé:l
o§ag|Eean5c0pS:60m0E: (Missing) soSeeqagiEeordcopdiennd: Pandas a0pS NaN (i.e., "not a number")
values 366 (6pdgadaopdagéieo:aopdil

In [25]: pd.DataFrame([{'a': 1, 'b': 2}, {'b': 3, 'c': 41}1)

out [25]:
ab c

0 1.0 2 NaN
1 NaN 3 4.0
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From a dictionary of Series objects

Dictionary of Series objects 03699c0p5: DataFrame 05p56800058C00pSH @ DataFrame can be

constructed from a dictionary of Series objects as well:

In [26]: pd.DataFrame ({'population': population,
'area': area}l)

out[26]:
population area

California 38332521 423967
Texas 26448193 695662
New York 19651127 141297
Florida 19552860 170312
lllinois 12882135 149995

From a two-dimensional NumPy array

two-dimensional NumPy array oooegg;co@ 88320380005 cmnSad§06epS (column name)sé index §oepd
eo.cj DataFrame mgemm§cw§u ssoooog DataFrame oogcsaoooocsq,qﬁogé 88390%?103@5
sm&\')..y)eé(column name).§\c§ index ..r?oeé weo:olo integer index 39@03 ooé:so éeéu

In [27]: pd.DataFrame (np.random.rand (3, 2),
columns=["'foo', 'bar'],
index=['a', 'b', 'c'])

out[27]:
foo bar

a 0.304631 0.055655
b 0.610860 0.208457
c 0.309992 0.902059

From a NumPy structured array

structured array o>69903 Pandas DataFrame 3(gdc0pS: 0opSes00058Ea0pSH [Structured Data:
NumPy's Structured Arrays] qp:a6(30E:03 0o(80: 39§:03E §E:[g000:(8: [8S0pSH

np.zeros() (8¢ numpy.ndarray 0>$90>p5@8000520051I

In [28]: = np.zeros (3, dtype=[('A', 'i8'), ('B', 'f8")1])

A
A
Out[28]: array([(0, 0.), (O, 0.), (0, 0.)], dtype=[('A', '<i8'), ('B', '<f8

1)

numpy.ndarray orcé pd.DataFrame (A) @5 DataFrame ooogqooéeaoocﬁooéu
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In [29]: pd.DataFrame (A)

Out[29]:
A B
0 0 0.0
1 0 0.0
2 0 00

The Pandas Index Object

Series and DataFrame objects §6qj:09:03E §ega0p3 caorqp:03 reference codqses c3oocl
s@oc‘f:cﬁ%éq&modify og&ﬁ) explicit index qp: ﬁoaéu Index oObject qp:oaé @éﬂ s@oé:ﬂ eq%éoaé
immutable array (§6o0pS1 ordered set (technically a multi-set) copS:(¢600pS 1 Index objects gp:opé
03§:0069 936105 §96p500690p5 cdslaodsl cloces&Eanpdi (repeated values)

o33 Index objects 03§:0069 coSsloodsl ol§es&E[gE:a(03¢ 8050 @nioapemmnt:aponpdi eaanndogé
p0eo3a(ud list of integers @ Index 39S 0|83 caeo(mold

In [30]: ind = pd.Index([2, 3, 5, 7, 111)

ind

Out [30]: Int64Index([2, 3, 5, 7, 11], dtype='int64")

Index as immutable array (Index 205 [4Eg) ¢[goé:q) eq&oopd immutable
array §620p3)

Index 03¢ array 0690333 6eoncgndeo:§Eannl m3gqpigndoopdi poen value gp:of retrieve cvSes
2360705 slices apbe§ standard Python indexing notation o3 209:(0&Ea0pS1

In [31]: ind[1]

Out[31]: 3
In [32]: ind[::2]
Out [32]: Int64Index([2, 5, 11], dtype='int64')
. C C Co C Q < . [o] <
Index objectogc NumPy array 32000090¢&¢ oppooopy attribute qp:go §o0pdt

In [33]: print(ind.size, ind.shape, ind.ndim, ind.dtype)

5 (5,) 1 inte4
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<

o,

Index objects ¢ NumPy array o3el 3800 ogo(g0:q/05¢5 index qp:a0pS (0€g) e0ac:g) eq&Ead
immutable array [gsogoaéu @ésj e@oé:sj eqo?ac%spogé C\?5e§@§é:qp:§é @lc\?&j @q%é[éé:or%

3c300pS1 (they cannot be modified via the normal means)

9:390<730g8 Index :39035:4]9 CDOS?(TOB G[gné:cﬁa)é: 33| TypeError: Index does not support
. C o O C c
mutable operations @@GOT(L)O? GGO@OOO:OD@II

In [34]: ind[1] = 0

TypeError Traceback (most recent c
all last)

<ipython—-input-34-906a9fal424c> in <module>

———=> 1 ind[1] = O

~\AppData\Local\Continuum\anaconda3\lib\site-packages\pandas\core\

indexes\base.py in __setitem__ (self, key, value)

3936

3937 def _ setitem__ (self, key, value):
-> 3938 raise TypeError ("Index does not support mutable op
erations")

3939

3940 def _ getitem__ (self, key):

TypeError: Index does not support mutable operations

gﬁor‘)of?) E:)cc:ej e@oé:ej eq@é:(immutability) s@oé DataFrame qp: §(§ array qp: :ara@o:ogcc: index qp:opf
BOROIOR GaPEsn 93:§00p3 33| 805g)q0pSI 39S 36058 index qp:a3 eqpSgos 93 ggac:ad 8[gS: 4

cOo¢C
o[s6&Eeomeol

Index as ordered set

<

Pandas object qp:a0p5 datasetqy: colé:oS[g¢: (join) Python's built-in set  data structure gp:(g600pS
unions cpS[g¢:1 intersections coS(g¢: differences cpS[gE: waopS operation qp: (g|oS&Eesaaé

00¢C < <
GC?CZC\?O(DO:ODQII

In [35]: indA = pd.Index([1, 3, 5, 7, 91)
indB pd.Index([2, 3, 5, 7, 111)

indA &¢ indB o3 intersection coSaopSi

In [36]: indA & indB # intersection

Out [36]: Int64Index([3, 5, 7], dtype='int64')

indA &¢ indB o3 union coSaopS1i
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In [37]: indA | indB # union

Out[37]: Inté64Index([1, 2, 3, 5, 7, 9, 11], dtype='int64')
. [ (o] . . < <

indA ¢ indB o symmetric difference cpooopdi

In [38]: indA »~ indB # symmetric difference

Out [38]: Int64Index([1l, 2, 9, 11], dtype='inte4')

object methods 091? :)f?:e'jcoé: @pgf)%éoaéu pO®> indA.intersection (indB) .

In [39]: indA.intersection (indB)

Out [39]: Int64Index([3, 5, 7], dtype='int64")

N c_ .S
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