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Attribute Semantics
Keys vs. Values (Tables) or Independent vs. Dependent (Fields)
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Tables
• Data organized by rows & columns 
- row ~ item (usually) 
- column ~ attribute 
- label ~ attribute name 

• Key: identifies each item (row) 
- Usually unique 
- Allows join of data from 2+ tables 
- Compound key: key split among multiple 

columns, e.g. (state, year) for population 
• Multidimensional: 
- Split compound key 
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Attributes

Attribute Types

Ordering Direction

Categorical Ordered

Ordinal Quantitative

Sequential Diverging Cyclic

Attribute Types
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[Munzner (ill. Maguire), 2014]
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24
1 = Quantitative
2 = Nominal
3 = Ordinal

 quantitative
 ordinal
 categorical

Categorial, Ordinal, and Quantitative

4



D. Koop, CSCI 490/680, Spring 2020

Semantics
• The meaning of the data
• Example: 94023, 90210, 02747, 60115

5
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Semantics
• The meaning of the data
• Example: 94023, 90210, 02747, 60115
- Attendance at college football games?
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Semantics
• The meaning of the data
• Example: 94023, 90210, 02747, 60115
- Attendance at college football games?
- Salaries?
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Semantics
• The meaning of the data
• Example: 94023, 90210, 02747, 60115
- Attendance at college football games?
- Salaries?
- Zip codes?

• Cannot always infer based on what the data looks like
• Often require semantics to better understand data
• Column names help with semantics
• May also include rules about data: a zip code is part of an address that 

uniquely identifies a residence
• Useful for asking good questions about the data

5
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Data Model vs. Conceptual Model
• Data Model: raw data that has a specific data type (e.g. floats):
- Temperature Example: [32.5, 54.0, -17.3] (floats)

• Conceptual Model: how we think about the data
- Includes semantics, reasoning
- Temperature Example:

• Quantitative: [32.50, 54.00, -17.30]

6
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Data Model vs. Conceptual Model
• Data Model: raw data that has a specific data type (e.g. floats):
- Temperature Example: [32.5, 54.0, -17.3] (floats)

• Conceptual Model: how we think about the data
- Includes semantics, reasoning
- Temperature Example:

• Quantitative: [32.50, 54.00, -17.30]
• Ordered: [warm, hot, cold]
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Data Model vs. Conceptual Model
• Data Model: raw data that has a specific data type (e.g. floats):
- Temperature Example: [32.5, 54.0, -17.3] (floats)

• Conceptual Model: how we think about the data
- Includes semantics, reasoning
- Temperature Example:

• Quantitative: [32.50, 54.00, -17.30]
• Ordered: [warm, hot, cold]
• Categorical: [not burned, burned, not burned]

6

[via A. Lex, 2015]
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Chicago Food Inspections Exploration
• Based on David Beazley's PyData Chicago talk 
• YouTube video: https://www.youtube.com/watch?v=j6VSAsKAj98 
• Our in-class exploration: 
- Python can give answers fairly quickly 
- Data analysis questions: 

• What is information is available 
• Questions are interesting about this dataset 
• How to decide on good follow-up questions 
• What the computations mean

7
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Assignment 2
• Similar to Assignment 1, now with pandas 
• Part 5: 
- CS 680 → Required 
- CS 490 → Extra Credit 

• Due Friday, Feb. 7

8
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pandas
• Contains high-level data structures and manipulation tools designed to make 

data analysis fast and easy in Python 
• Built on top of NumPy 
• Requirements: 
- Data structures with labeled axes (aligning data) 
- Time series data 
- Arithmetic operations that include metadata (labels) 
- Handle missing data 
- Merge and relational operations

9
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🎉 pandas 1.0.0 🎉

https://pandas.pydata.org/pandas-docs/version/1.0.0/whatsnew/v1.0.0.html
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Series
• A one-dimensional array (with a type) with an index 
• Index defaults to numbers but can also be text (like a dictionary) 
• Allows easier reference to specific items 
• obj = pd.Series([7,14,-2,1]) 

• Basically two arrays: obj.values and obj.index 
• Can specify the index explicitly and use strings 
• obj2 = pd.Series([4, 7, -5, 3],  
                 index=['d', 'b', 'a', 'c']) 

• Kind of like fixed-length, ordered dictionary + can create from a dictionary 
• obj3 = pd.Series({'Ohio': 35000, 'Texas': 71000, 
                  'Oregon': 16000, 'Utah': 5000})

11
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Series
• Indexing: s[1] or s['Oregon'] 
• Can check for missing data: pd.isnull(s) or pd.notnull(s) 
• Both index and values can have an associated name: 

- s.name = 'population'; s.index.name = 'state' 

• Addition and NumPy ops work as expected and preserve the index-value link 
• These operations align:

12

[W. McKinney, Python for Data Analysis]

:KHQ�RQO\�SDVVLQJ�D�GLFW��WKH�LQGH[�LQ�WKH�UHVXOWLQJ�6HULHV�ZLOO�KDYH�WKH�GLFW¦V�NH\V�LQ
VRUWHG�RUGHU�

In [22]: states = ['California', 'Ohio', 'Oregon', 'Texas']

In [23]: obj4 = Series(sdata, index=states)

In [24]: obj4
Out[24]: 
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
dtype: float64

,Q�WKLV�FDVH����YDOXHV�IRXQG�LQ�sdata�ZHUH�SODFHG�LQ�WKH�DSSURSULDWH�ORFDWLRQV��EXW�VLQFH
QR�YDOXH�IRU�'California'�ZDV�IRXQG��LW�DSSHDUV�DV�NaN��QRW�D�QXPEHU��ZKLFK�LV�FRQ�
VLGHUHG�LQ�SDQGDV�WR�PDUN�PLVVLQJ�RU�1$�YDOXHV��,�ZLOO�XVH�WKH�WHUPV�£PLVVLQJ¤�RU�£1$¤
WR�UHIHU�WR�PLVVLQJ�GDWD��7KH�isnull�DQG�notnull�IXQFWLRQV�LQ�SDQGDV�VKRXOG�EH�XVHG�WR
GHWHFW�PLVVLQJ�GDWD�

In [25]: pd.isnull(obj4)      In [26]: pd.notnull(obj4)
Out[25]:                      Out[26]:                 
California     True           California    False      
Ohio          False           Ohio           True      
Oregon        False           Oregon         True      
Texas         False           Texas          True      
dtype: bool                   dtype: bool 

6HULHV�DOVR�KDV�WKHVH�DV�LQVWDQFH�PHWKRGV�

In [27]: obj4.isnull()
Out[27]: 
California     True
Ohio          False
Oregon        False
Texas         False
dtype: bool

,�GLVFXVV�ZRUNLQJ�ZLWK�PLVVLQJ�GDWD�LQ�PRUH�GHWDLO�ODWHU�LQ�WKLV�FKDSWHU�

$�FULWLFDO�6HULHV�IHDWXUH�IRU�PDQ\�DSSOLFDWLRQV�LV�WKDW�LW�DXWRPDWLFDOO\�DOLJQV�GLIIHUHQWO\�
LQGH[HG�GDWD�LQ�DULWKPHWLF�RSHUDWLRQV�

In [28]: obj3          In [29]: obj4      
Out[28]:               Out[29]:           
Ohio      35000        California      NaN
Oregon    16000        Ohio          35000
Texas     71000        Oregon        16000
Utah       5000        Texas         71000
dtype: int64           dtype: float64     
                                          
In [30]: obj3 + obj4
Out[30]: 
California       NaN
Ohio           70000

110 | Chapter 5:ಗGetting Started with pandas
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In [22]: states = ['California', 'Ohio', 'Oregon', 'Texas']

In [23]: obj4 = Series(sdata, index=states)

In [24]: obj4
Out[24]: 
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
dtype: float64

,Q�WKLV�FDVH����YDOXHV�IRXQG�LQ�sdata�ZHUH�SODFHG�LQ�WKH�DSSURSULDWH�ORFDWLRQV��EXW�VLQFH
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VLGHUHG�LQ�SDQGDV�WR�PDUN�PLVVLQJ�RU�1$�YDOXHV��,�ZLOO�XVH�WKH�WHUPV�£PLVVLQJ¤�RU�£1$¤
WR�UHIHU�WR�PLVVLQJ�GDWD��7KH�isnull�DQG�notnull�IXQFWLRQV�LQ�SDQGDV�VKRXOG�EH�XVHG�WR
GHWHFW�PLVVLQJ�GDWD�

In [25]: pd.isnull(obj4)      In [26]: pd.notnull(obj4)
Out[25]:                      Out[26]:                 
California     True           California    False      
Ohio          False           Ohio           True      
Oregon        False           Oregon         True      
Texas         False           Texas          True      
dtype: bool                   dtype: bool 

6HULHV�DOVR�KDV�WKHVH�DV�LQVWDQFH�PHWKRGV�

In [27]: obj4.isnull()
Out[27]: 
California     True
Ohio          False
Oregon        False
Texas         False
dtype: bool

,�GLVFXVV�ZRUNLQJ�ZLWK�PLVVLQJ�GDWD�LQ�PRUH�GHWDLO�ODWHU�LQ�WKLV�FKDSWHU�

$�FULWLFDO�6HULHV�IHDWXUH�IRU�PDQ\�DSSOLFDWLRQV�LV�WKDW�LW�DXWRPDWLFDOO\�DOLJQV�GLIIHUHQWO\�
LQGH[HG�GDWD�LQ�DULWKPHWLF�RSHUDWLRQV�

In [28]: obj3          In [29]: obj4      
Out[28]:               Out[29]:           
Ohio      35000        California      NaN
Oregon    16000        Ohio          35000
Texas     71000        Oregon        16000
Utah       5000        Texas         71000
dtype: int64           dtype: float64     
                                          
In [30]: obj3 + obj4
Out[30]: 
California       NaN
Ohio           70000
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Oregon         32000
Texas         142000
Utah             NaN
dtype: float64

'DWD�DOLJQPHQW�IHDWXUHV�DUH�DGGUHVVHG�DV�D�VHSDUDWH�WRSLF�

%RWK�WKH�6HULHV�REMHFW�LWVHOI�DQG�LWV�LQGH[�KDYH�D�name�DWWULEXWH��ZKLFK�LQWHJUDWHV�ZLWK
RWKHU�NH\�DUHDV�RI�SDQGDV�IXQFWLRQDOLW\�

In [31]: obj4.name = 'population'

In [32]: obj4.index.name = 'state'

In [33]: obj4
Out[33]: 
state
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
Name: population, dtype: float64

$�6HULHV¦V�LQGH[�FDQ�EH�DOWHUHG�LQ�SODFH�E\�DVVLJQPHQW�

In [34]: obj.index = ['Bob', 'Steve', 'Jeff', 'Ryan']

In [35]: obj
Out[35]: 
Bob      4
Steve    7
Jeff    -5
Ryan     3
dtype: int64

DataFrame
$�'DWD)UDPH�UHSUHVHQWV�D�WDEXODU��VSUHDGVKHHW�OLNH�GDWD�VWUXFWXUH�FRQWDLQLQJ�DQ�RU�
GHUHG�FROOHFWLRQ�RI�FROXPQV��HDFK�RI�ZKLFK�FDQ�EH�D�GLIIHUHQW�YDOXH� W\SH� �QXPHULF�
VWULQJ��ERROHDQ��HWF����7KH�'DWD)UDPH�KDV�ERWK�D� URZ�DQG�FROXPQ� LQGH[�� LW� FDQ�EH
WKRXJKW�RI�DV�D�GLFW�RI�6HULHV��RQH�IRU�DOO�VKDULQJ�WKH�VDPH�LQGH[���&RPSDUHG�ZLWK�RWKHU
VXFK�'DWD)UDPH�OLNH�VWUXFWXUHV�\RX�PD\�KDYH�XVHG�EHIRUH��OLNH�5¦V�data.frame���URZ�
RULHQWHG�DQG�FROXPQ�RULHQWHG�RSHUDWLRQV�LQ�'DWD)UDPH�DUH�WUHDWHG�URXJKO\�V\PPHW�
ULFDOO\��8QGHU�WKH�KRRG��WKH�GDWD�LV�VWRUHG�DV�RQH�RU�PRUH�WZR�GLPHQVLRQDO�EORFNV�UDWKHU
WKDQ�D�OLVW��GLFW��RU�VRPH�RWKHU�FROOHFWLRQ�RI�RQH�GLPHQVLRQDO�DUUD\V��7KH�H[DFW�GHWDLOV
RI�'DWD)UDPH¦V�LQWHUQDOV�DUH�IDU�RXWVLGH�WKH�VFRSH�RI�WKLV�ERRN�

:KLOH�'DWD)UDPH�VWRUHV�WKH�GDWD�LQWHUQDOO\�LQ�D�WZR�GLPHQVLRQDO�IRU�
PDW��\RX�FDQ�HDVLO\�UHSUHVHQW�PXFK�KLJKHU�GLPHQVLRQDO�GDWD�LQ�D�WDEXODU
IRUPDW�XVLQJ�KLHUDUFKLFDO�LQGH[LQJ��D�VXEMHFW�RI�D�ODWHU�VHFWLRQ�DQG�D�NH\
LQJUHGLHQW�LQ�PDQ\�RI�WKH�PRUH�DGYDQFHG�GDWD�KDQGOLQJ�IHDWXUHV�LQ�SDQ�
GDV�

Introduction to pandas Data Structures | 111
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Data Frame
• A dictionary of Series (labels for each series) 
• A spreadsheet with column headers 
• Has an index shared with each series 
• Allows easy reference to any cell 
• df = DataFrame({'state': ['Ohio', 'Ohio', 'Ohio', 'Nevada'], 
                'year': [2000, 2001, 2002, 2001], 
                'pop': [1.5, 1.7, 3.6, 2.4]}) 

• Index is automatically assigned just as with a series but can be passed in as 
well via index kwarg 

• Can reassign column names by passing columns kwarg

13
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7DEOH������3RVVLEOH�GDWD�LQSXWV�WR�'DWD)UDPH�FRQVWUXFWRU

Type Notes

2D ndarray A matrix of data, passing optional row and column labels

dict of arrays, lists, or tuples Each sequence becomes a column in the DataFrame. All sequences must be the same length.

NumPy structured/record array Treated as the “dict of arrays” case

dict of Series Each value becomes a column. Indexes from each Series are unioned together to form the
result’s row index if no explicit index is passed.

dict of dicts Each inner dict becomes a column. Keys are unioned to form the row index as in the “dict of
Series” case.

list of dicts or Series Each item becomes a row in the DataFrame. Union of dict keys or Series indexes become the
DataFrame’s column labels

List of lists or tuples Treated as the “2D ndarray” case

Another DataFrame The DataFrame’s indexes are used unless different ones are passed

NumPy MaskedArray Like the “2D ndarray” case except masked values become NA/missing in the DataFrame result

Index Objects
SDQGDV¦V�,QGH[�REMHFWV�DUH�UHVSRQVLEOH�IRU�KROGLQJ�WKH�D[LV�ODEHOV�DQG�RWKHU�PHWDGDWD
�OLNH�WKH�D[LV�QDPH�RU�QDPHV���$Q\�DUUD\�RU�RWKHU�VHTXHQFH�RI�ODEHOV�XVHG�ZKHQ�FRQ�
VWUXFWLQJ�D�6HULHV�RU�'DWD)UDPH�LV�LQWHUQDOO\�FRQYHUWHG�WR�DQ�,QGH[�

In [67]: obj = Series(range(3), index=['a', 'b', 'c'])

In [68]: index = obj.index

In [69]: index
Out[69]: Index([u'a', u'b', u'c'], dtype='object')

In [70]: index[1:]
Out[70]: Index([u'b', u'c'], dtype='object')

,QGH[�REMHFWV�DUH�LPPXWDEOH�DQG�WKXV�FDQ¦W�EH�PRGLILHG�E\�WKH�XVHU�

In [71]: index[1] = 'd'
---------------------------------------------------------------------------
TypeError                                 Traceback (most recent call last)
<ipython-input-71-676fdeb26a68> in <module>()
----> 1 index[1] = 'd'
/home/phillip/miniconda3/envs/conda2/lib/python2.7/site-packages/pandas/core/
base.pyc in _disabled(self, *args, **kwargs)
    177         """This method will not function because object is immutable."""
    178         raise TypeError("'%s' does not support mutable operations." %
--> 179                         self.__class__)
    180 
    181     __setitem__ = __setslice__ = __delitem__ = __delslice__ = _disabled
TypeError: '<class 'pandas.core.index.Index'>' does not support mutable operations.

116 | Chapter 5:ಗGetting Started with pandas

DataFrame Constructor Inputs

14

[W. McKinney, Python for Data Analysis]
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DataFrame Access and Manipulation
• df.values → 2D NumPy array 

• Accessing a column: 
- df["<column>"] 

- df.<column> 

- Both return Series 
- Dot syntax only works when the column is a valid identifier 

• Assigning to a column: 
- df["<column>"] = <scalar> # all cells set to same value 

- df["<column>"] = <array>  # values set in order 

- df["<column>"] = <series> # values set according to match 
                          # between df and series indexes

15
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DataFrame Index
• Similar to index for Series 
• Immutable 
• Can be shared with multiple structures (DataFrames or Series) 
• in operator works with: 'Ohio' in df.index

16
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7DEOH������,QGH[�PHWKRGV�DQG�SURSHUWLHV

Method Description

append Concatenate with additional Index objects, producing a new Index

diff Compute set difference as an Index

intersection Compute set intersection

union Compute set union

isin Compute boolean array indicating whether each value is contained in the passed collection

delete Compute new Index with element at index i deleted

drop Compute new index by deleting passed values

insert Compute new Index by inserting element at index i

is_monotonic Returns True if each element is greater than or equal to the previous element

is_unique Returns True if the Index has no duplicate values

unique Compute the array of unique values in the Index

Essential Functionality
,Q�WKLV�VHFWLRQ��,¦OO�ZDON�\RX�WKURXJK�WKH�IXQGDPHQWDO�PHFKDQLFV�RI�LQWHUDFWLQJ�ZLWK
WKH�GDWD�FRQWDLQHG�LQ�D�6HULHV�RU�'DWD)UDPH��8SFRPLQJ�FKDSWHUV�ZLOO�GHOYH�PRUH�GHHSO\
LQWR�GDWD�DQDO\VLV�DQG�PDQLSXODWLRQ�WRSLFV�XVLQJ�SDQGDV��7KLV�ERRN�LV�QRW�LQWHQGHG�WR
VHUYH�DV�H[KDXVWLYH�GRFXPHQWDWLRQ�IRU�WKH�SDQGDV�OLEUDU\��,�LQVWHDG�IRFXV�RQ�WKH�PRVW
LPSRUWDQW�IHDWXUHV��OHDYLQJ�WKH�OHVV�FRPPRQ��WKDW�LV��PRUH�HVRWHULF��WKLQJV�IRU�\RX�WR
H[SORUH�RQ�\RXU�RZQ�

Reindexing
$�FULWLFDO�PHWKRG�RQ�SDQGDV�REMHFWV�LV�reindex��ZKLFK�PHDQV�WR�FUHDWH�D�QHZ�REMHFW
ZLWK�WKH�GDWD�FRQIRUPHG�WR�D�QHZ�LQGH[��&RQVLGHU�D�VLPSOH�H[DPSOH�IURP�DERYH�

In [78]: obj = Series([4.5, 7.2, -5.3, 3.6], index=['d', 'b', 'a', 'c'])

In [79]: obj
Out[79]: 
d    4.5
b    7.2
a   -5.3
c    3.6
dtype: float64

&DOOLQJ�reindex�RQ�WKLV�6HULHV�UHDUUDQJHV�WKH�GDWD�DFFRUGLQJ�WR�WKH�QHZ�LQGH[��LQWUR�
GXFLQJ�PLVVLQJ�YDOXHV�LI�DQ\�LQGH[�YDOXHV�ZHUH�QRW�DOUHDG\�SUHVHQW�

In [80]: obj2 = obj.reindex(['a', 'b', 'c', 'd', 'e'])

In [81]: obj2
Out[81]: 

118 | Chapter 5:ಗGetting Started with pandas

Index methods and properties

17

[W. McKinney, Python for Data Analysis]
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Reindexing
• reindex creates a new object with the data conformed to new index 
• obj2 = obj.reindex(['a', 'b', 'c', 'd', 'e']) 

• Missing values: handle with kwargs 
- fill_value: fill any missing value with a specific value 
- method='ffill': fill values forward 
- method='bfill': fill values backward 

• Data Frames: 
- reindex rows as with series 
- reindex columns using columns kwarg

18
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Dropping entries
• Can drop one or more entries 
• Series: 

- new_obj = obj.drop('c') 
- new_obj = obj.drop(['d', 'c']) 

• Data Frames: 
- axis keyword defines which axis to drop (default 0) 
- axis==0 → rows, axis==1→ columns 
- axis = 'columns'

19
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Indexing
• Same as with NumPy arrays but can use Series's index labels 
• Slicing with labels: NumPy is exclusive, Pandas is inclusive! 

- s = Series(np.arange(4)) 
s[0:2] # gives two values like numpy 

- s = Series(np.arange(4), index=['a', 'b', 'c', 'd']) 
s['a':'c'] # gives three values, not two! 

• Obtaining data subsets 
- []: get columns by label 
- loc: get rows/cols by label 
- iloc: get rows/cols by position (integer index) 

- For single cells (scalars), also have at and iat

20
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Indexing
• s = Series(np.arange(4.), index=[4,3,2,1]) 

• s[3] 

• s.loc[3] 

• s.iloc[3] 

• s2 = pd.Series(np.arange(4), index=['a','b','c','d']) 

• s2[3]

21
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Filtering
• Same as with numpy arrays but allows use of column-based criteria 

- data[data < 5] = 0 

- data[data['three'] > 5] 

- data < 5 → boolean data frame, can be used to select specific elements

22
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Arithmetic
• Add, subtract, multiply, and divide are element-wise like numpy 
• …but use labels to align 
• …and missing labels lead to NaN (not a number) values 

• also have .add, .subtract, … that allow fill_value argument 
• obj3.add(obj4, fill_value=0)

23

:KHQ�RQO\�SDVVLQJ�D�GLFW��WKH�LQGH[�LQ�WKH�UHVXOWLQJ�6HULHV�ZLOO�KDYH�WKH�GLFW¦V�NH\V�LQ
VRUWHG�RUGHU�

In [22]: states = ['California', 'Ohio', 'Oregon', 'Texas']

In [23]: obj4 = Series(sdata, index=states)

In [24]: obj4
Out[24]: 
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
dtype: float64

,Q�WKLV�FDVH����YDOXHV�IRXQG�LQ�sdata�ZHUH�SODFHG�LQ�WKH�DSSURSULDWH�ORFDWLRQV��EXW�VLQFH
QR�YDOXH�IRU�'California'�ZDV�IRXQG��LW�DSSHDUV�DV�NaN��QRW�D�QXPEHU��ZKLFK�LV�FRQ�
VLGHUHG�LQ�SDQGDV�WR�PDUN�PLVVLQJ�RU�1$�YDOXHV��,�ZLOO�XVH�WKH�WHUPV�£PLVVLQJ¤�RU�£1$¤
WR�UHIHU�WR�PLVVLQJ�GDWD��7KH�isnull�DQG�notnull�IXQFWLRQV�LQ�SDQGDV�VKRXOG�EH�XVHG�WR
GHWHFW�PLVVLQJ�GDWD�

In [25]: pd.isnull(obj4)      In [26]: pd.notnull(obj4)
Out[25]:                      Out[26]:                 
California     True           California    False      
Ohio          False           Ohio           True      
Oregon        False           Oregon         True      
Texas         False           Texas          True      
dtype: bool                   dtype: bool 

6HULHV�DOVR�KDV�WKHVH�DV�LQVWDQFH�PHWKRGV�

In [27]: obj4.isnull()
Out[27]: 
California     True
Ohio          False
Oregon        False
Texas         False
dtype: bool

,�GLVFXVV�ZRUNLQJ�ZLWK�PLVVLQJ�GDWD�LQ�PRUH�GHWDLO�ODWHU�LQ�WKLV�FKDSWHU�

$�FULWLFDO�6HULHV�IHDWXUH�IRU�PDQ\�DSSOLFDWLRQV�LV�WKDW�LW�DXWRPDWLFDOO\�DOLJQV�GLIIHUHQWO\�
LQGH[HG�GDWD�LQ�DULWKPHWLF�RSHUDWLRQV�

In [28]: obj3          In [29]: obj4      
Out[28]:               Out[29]:           
Ohio      35000        California      NaN
Oregon    16000        Ohio          35000
Texas     71000        Oregon        16000
Utah       5000        Texas         71000
dtype: int64           dtype: float64     
                                          
In [30]: obj3 + obj4
Out[30]: 
California       NaN
Ohio           70000
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:KHQ�RQO\�SDVVLQJ�D�GLFW��WKH�LQGH[�LQ�WKH�UHVXOWLQJ�6HULHV�ZLOO�KDYH�WKH�GLFW¦V�NH\V�LQ
VRUWHG�RUGHU�

In [22]: states = ['California', 'Ohio', 'Oregon', 'Texas']

In [23]: obj4 = Series(sdata, index=states)

In [24]: obj4
Out[24]: 
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
dtype: float64

,Q�WKLV�FDVH����YDOXHV�IRXQG�LQ�sdata�ZHUH�SODFHG�LQ�WKH�DSSURSULDWH�ORFDWLRQV��EXW�VLQFH
QR�YDOXH�IRU�'California'�ZDV�IRXQG��LW�DSSHDUV�DV�NaN��QRW�D�QXPEHU��ZKLFK�LV�FRQ�
VLGHUHG�LQ�SDQGDV�WR�PDUN�PLVVLQJ�RU�1$�YDOXHV��,�ZLOO�XVH�WKH�WHUPV�£PLVVLQJ¤�RU�£1$¤
WR�UHIHU�WR�PLVVLQJ�GDWD��7KH�isnull�DQG�notnull�IXQFWLRQV�LQ�SDQGDV�VKRXOG�EH�XVHG�WR
GHWHFW�PLVVLQJ�GDWD�

In [25]: pd.isnull(obj4)      In [26]: pd.notnull(obj4)
Out[25]:                      Out[26]:                 
California     True           California    False      
Ohio          False           Ohio           True      
Oregon        False           Oregon         True      
Texas         False           Texas          True      
dtype: bool                   dtype: bool 

6HULHV�DOVR�KDV�WKHVH�DV�LQVWDQFH�PHWKRGV�

In [27]: obj4.isnull()
Out[27]: 
California     True
Ohio          False
Oregon        False
Texas         False
dtype: bool

,�GLVFXVV�ZRUNLQJ�ZLWK�PLVVLQJ�GDWD�LQ�PRUH�GHWDLO�ODWHU�LQ�WKLV�FKDSWHU�

$�FULWLFDO�6HULHV�IHDWXUH�IRU�PDQ\�DSSOLFDWLRQV�LV�WKDW�LW�DXWRPDWLFDOO\�DOLJQV�GLIIHUHQWO\�
LQGH[HG�GDWD�LQ�DULWKPHWLF�RSHUDWLRQV�

In [28]: obj3          In [29]: obj4      
Out[28]:               Out[29]:           
Ohio      35000        California      NaN
Oregon    16000        Ohio          35000
Texas     71000        Oregon        16000
Utah       5000        Texas         71000
dtype: int64           dtype: float64     
                                          
In [30]: obj3 + obj4
Out[30]: 
California       NaN
Ohio           70000
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Oregon         32000
Texas         142000
Utah             NaN
dtype: float64

'DWD�DOLJQPHQW�IHDWXUHV�DUH�DGGUHVVHG�DV�D�VHSDUDWH�WRSLF�

%RWK�WKH�6HULHV�REMHFW�LWVHOI�DQG�LWV�LQGH[�KDYH�D�name�DWWULEXWH��ZKLFK�LQWHJUDWHV�ZLWK
RWKHU�NH\�DUHDV�RI�SDQGDV�IXQFWLRQDOLW\�

In [31]: obj4.name = 'population'

In [32]: obj4.index.name = 'state'

In [33]: obj4
Out[33]: 
state
California      NaN
Ohio          35000
Oregon        16000
Texas         71000
Name: population, dtype: float64

$�6HULHV¦V�LQGH[�FDQ�EH�DOWHUHG�LQ�SODFH�E\�DVVLJQPHQW�

In [34]: obj.index = ['Bob', 'Steve', 'Jeff', 'Ryan']

In [35]: obj
Out[35]: 
Bob      4
Steve    7
Jeff    -5
Ryan     3
dtype: int64

DataFrame
$�'DWD)UDPH�UHSUHVHQWV�D�WDEXODU��VSUHDGVKHHW�OLNH�GDWD�VWUXFWXUH�FRQWDLQLQJ�DQ�RU�
GHUHG�FROOHFWLRQ�RI�FROXPQV��HDFK�RI�ZKLFK�FDQ�EH�D�GLIIHUHQW�YDOXH� W\SH� �QXPHULF�
VWULQJ��ERROHDQ��HWF����7KH�'DWD)UDPH�KDV�ERWK�D� URZ�DQG�FROXPQ� LQGH[�� LW� FDQ�EH
WKRXJKW�RI�DV�D�GLFW�RI�6HULHV��RQH�IRU�DOO�VKDULQJ�WKH�VDPH�LQGH[���&RPSDUHG�ZLWK�RWKHU
VXFK�'DWD)UDPH�OLNH�VWUXFWXUHV�\RX�PD\�KDYH�XVHG�EHIRUH��OLNH�5¦V�data.frame���URZ�
RULHQWHG�DQG�FROXPQ�RULHQWHG�RSHUDWLRQV�LQ�'DWD)UDPH�DUH�WUHDWHG�URXJKO\�V\PPHW�
ULFDOO\��8QGHU�WKH�KRRG��WKH�GDWD�LV�VWRUHG�DV�RQH�RU�PRUH�WZR�GLPHQVLRQDO�EORFNV�UDWKHU
WKDQ�D�OLVW��GLFW��RU�VRPH�RWKHU�FROOHFWLRQ�RI�RQH�GLPHQVLRQDO�DUUD\V��7KH�H[DFW�GHWDLOV
RI�'DWD)UDPH¦V�LQWHUQDOV�DUH�IDU�RXWVLGH�WKH�VFRSH�RI�WKLV�ERRN�

:KLOH�'DWD)UDPH�VWRUHV�WKH�GDWD�LQWHUQDOO\�LQ�D�WZR�GLPHQVLRQDO�IRU�
PDW��\RX�FDQ�HDVLO\�UHSUHVHQW�PXFK�KLJKHU�GLPHQVLRQDO�GDWD�LQ�D�WDEXODU
IRUPDW�XVLQJ�KLHUDUFKLFDO�LQGH[LQJ��D�VXEMHFW�RI�D�ODWHU�VHFWLRQ�DQG�D�NH\
LQJUHGLHQW�LQ�PDQ\�RI�WKH�PRUH�DGYDQFHG�GDWD�KDQGOLQJ�IHDWXUHV�LQ�SDQ�
GDV�
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Arithmetic between DataFrames and Series
• Broadcasting: e.g. apply single row operation across all rows 
• Example: 

• To broadcast over columns, use methods (.add, …)

24

7DEOH������)OH[LEOH�DULWKPHWLF�PHWKRGV

Method Description

add Method for addition (+)

sub Method for subtraction (-)

div Method for division (/)

mul Method for multiplication (*)

Operations between DataFrame and Series
$V�ZLWK�1XP3\�DUUD\V��DULWKPHWLF�EHWZHHQ�'DWD)UDPH�DQG�6HULHV�LV�ZHOO�GHILQHG��)LUVW�
DV�D�PRWLYDWLQJ�H[DPSOH��FRQVLGHU�WKH�GLIIHUHQFH�EHWZHHQ�D��'�DUUD\�DQG�RQH�RI�LWV�URZV�

In [142]: arr = np.arange(12.).reshape((3, 4))

In [143]: arr
Out[143]: 
array([[  0.,   1.,   2.,   3.],
       [  4.,   5.,   6.,   7.],
       [  8.,   9.,  10.,  11.]])

In [144]: arr[0]
Out[144]: array([ 0.,  1.,  2.,  3.])

In [145]: arr - arr[0]
Out[145]: 
array([[ 0.,  0.,  0.,  0.],
       [ 4.,  4.,  4.,  4.],
       [ 8.,  8.,  8.,  8.]])

7KLV�LV�UHIHUUHG�WR�DV�EURDGFDVWLQJ�DQG�LV�H[SODLQHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU�����2S�
HUDWLRQV�EHWZHHQ�D�'DWD)UDPH�DQG�D�6HULHV�DUH�VLPLODU�

In [146]: frame = DataFrame(np.arange(12.).reshape((4, 3)), columns=list('bde'),
   .....:                   index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [147]: series = frame.ix[0]

In [148]: frame          In [149]: series          
Out[148]:                Out[149]:                 
        b   d   e        b    0                    
Utah    0   1   2        d    1                    
Ohio    3   4   5        e    2                    
Texas   6   7   8        Name: Utah, dtype: float64
Oregon  9  10  11                                  

%\�GHIDXOW��DULWKPHWLF�EHWZHHQ�'DWD)UDPH�DQG�6HULHV�PDWFKHV�WKH�LQGH[�RI�WKH�6HULHV
RQ�WKH�'DWD)UDPH
V�FROXPQV��EURDGFDVWLQJ�GRZQ�WKH�URZV�

In [150]: frame - series
Out[150]: 
        b  d  e
Utah    0  0  0
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Method Description

add Method for addition (+)

sub Method for subtraction (-)

div Method for division (/)

mul Method for multiplication (*)

Operations between DataFrame and Series
$V�ZLWK�1XP3\�DUUD\V��DULWKPHWLF�EHWZHHQ�'DWD)UDPH�DQG�6HULHV�LV�ZHOO�GHILQHG��)LUVW�
DV�D�PRWLYDWLQJ�H[DPSOH��FRQVLGHU�WKH�GLIIHUHQFH�EHWZHHQ�D��'�DUUD\�DQG�RQH�RI�LWV�URZV�

In [142]: arr = np.arange(12.).reshape((3, 4))

In [143]: arr
Out[143]: 
array([[  0.,   1.,   2.,   3.],
       [  4.,   5.,   6.,   7.],
       [  8.,   9.,  10.,  11.]])

In [144]: arr[0]
Out[144]: array([ 0.,  1.,  2.,  3.])

In [145]: arr - arr[0]
Out[145]: 
array([[ 0.,  0.,  0.,  0.],
       [ 4.,  4.,  4.,  4.],
       [ 8.,  8.,  8.,  8.]])

7KLV�LV�UHIHUUHG�WR�DV�EURDGFDVWLQJ�DQG�LV�H[SODLQHG�LQ�PRUH�GHWDLO�LQ�&KDSWHU�����2S�
HUDWLRQV�EHWZHHQ�D�'DWD)UDPH�DQG�D�6HULHV�DUH�VLPLODU�

In [146]: frame = DataFrame(np.arange(12.).reshape((4, 3)), columns=list('bde'),
   .....:                   index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [147]: series = frame.ix[0]

In [148]: frame          In [149]: series          
Out[148]:                Out[149]:                 
        b   d   e        b    0                    
Utah    0   1   2        d    1                    
Ohio    3   4   5        e    2                    
Texas   6   7   8        Name: Utah, dtype: float64
Oregon  9  10  11                                  

%\�GHIDXOW��DULWKPHWLF�EHWZHHQ�'DWD)UDPH�DQG�6HULHV�PDWFKHV�WKH�LQGH[�RI�WKH�6HULHV
RQ�WKH�'DWD)UDPH
V�FROXPQV��EURDGFDVWLQJ�GRZQ�WKH�URZV�

In [150]: frame - series
Out[150]: 
        b  d  e
Utah    0  0  0
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Ohio    3  3  3
Texas   6  6  6
Oregon  9  9  9

,I�DQ�LQGH[�YDOXH�LV�QRW�IRXQG�LQ�HLWKHU�WKH�'DWD)UDPH¦V�FROXPQV�RU�WKH�6HULHV¦V�LQGH[�
WKH�REMHFWV�ZLOO�EH�UHLQGH[HG�WR�IRUP�WKH�XQLRQ�

In [151]: series2 = Series(range(3), index=['b', 'e', 'f'])

In [152]: frame + series2
Out[152]: 
        b   d   e   f
Utah    0 NaN   3 NaN
Ohio    3 NaN   6 NaN
Texas   6 NaN   9 NaN
Oregon  9 NaN  12 NaN

,I�\RX�ZDQW�WR�LQVWHDG�EURDGFDVW�RYHU�WKH�FROXPQV��PDWFKLQJ�RQ�WKH�URZV��\RX�KDYH�WR
XVH�RQH�RI�WKH�DULWKPHWLF�PHWKRGV��)RU�H[DPSOH�

In [153]: series3 = frame['d']

In [154]: frame      In [155]: series3      
Out[154]:            Out[155]:              
        b   d   e    Utah       1           
Utah    0   1   2    Ohio       4           
Ohio    3   4   5    Texas      7           
Texas   6   7   8    Oregon    10           
Oregon  9  10  11    Name: d, dtype: float64
                                            
In [156]: frame.sub(series3, axis=0)
Out[156]: 
        b  d  e
Utah   -1  0  1
Ohio   -1  0  1
Texas  -1  0  1
Oregon -1  0  1

7KH�D[LV�QXPEHU�WKDW�\RX�SDVV�LV�WKH�D[LV�WR�PDWFK�RQ��,Q�WKLV�FDVH�ZH�PHDQ�WR�PDWFK
RQ�WKH�'DWD)UDPH¦V�URZ�LQGH[�DQG�EURDGFDVW�DFURVV�

Function application and mapping
1XP3\�XIXQFV��HOHPHQW�ZLVH�DUUD\�PHWKRGV��ZRUN�ILQH�ZLWK�SDQGDV�REMHFWV�

In [157]: frame = DataFrame(np.random.randn(4, 3), columns=list('bde'),
   .....:                   index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [158]: frame                           In [159]: np.abs(frame)             
Out[158]:                                 Out[159]:                           
               b         d         e                     b         d         e
Utah   -0.204708  0.478943 -0.519439      Utah    0.204708  0.478943  0.519439
Ohio   -0.555730  1.965781  1.393406      Ohio    0.555730  1.965781  1.393406
Texas   0.092908  0.281746  0.769023      Texas   0.092908  0.281746  0.769023
Oregon  1.246435  1.007189 -1.296221      Oregon  1.246435  1.007189  1.296221
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Ohio    3  3  3
Texas   6  6  6
Oregon  9  9  9
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In [157]: frame = DataFrame(np.random.randn(4, 3), columns=list('bde'),
   .....:                   index=['Utah', 'Ohio', 'Texas', 'Oregon'])

In [158]: frame                           In [159]: np.abs(frame)             
Out[158]:                                 Out[159]:                           
               b         d         e                     b         d         e
Utah   -0.204708  0.478943 -0.519439      Utah    0.204708  0.478943  0.519439
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        b   d   e    Utah       1           
Utah    0   1   2    Ohio       4           
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In [158]: frame                           In [159]: np.abs(frame)             
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Sorting by Index (sort_index)
• Sort by index (lexicographical): 

• DataFrame sorting: 

• axis controls sort rows (0) vs. sort columns (1)
25

Sorting and ranking
6RUWLQJ�D�GDWD�VHW�E\�VRPH�FULWHULRQ�LV�DQRWKHU�LPSRUWDQW�EXLOW�LQ�RSHUDWLRQ��7R�VRUW
OH[LFRJUDSKLFDOO\�E\�URZ�RU�FROXPQ�LQGH[��XVH�WKH�sort_index�PHWKRG��ZKLFK�UHWXUQV
D�QHZ��VRUWHG�REMHFW�

In [168]: obj = Series(range(4), index=['d', 'a', 'b', 'c'])

In [169]: obj.sort_index()
Out[169]: 
a    1
b    2
c    3
d    0
dtype: int64

:LWK�D�'DWD)UDPH��\RX�FDQ�VRUW�E\�LQGH[�RQ�HLWKHU�D[LV�

In [170]: frame = DataFrame(np.arange(8).reshape((2, 4)), index=['three', 'one'],
   .....:                   columns=['d', 'a', 'b', 'c'])

In [171]: frame.sort_index()        In [172]: frame.sort_index(axis=1)
Out[171]:                           Out[172]:                         
       d  a  b  c                          a  b  c  d                 
one    4  5  6  7                   three  1  2  3  0                 
three  0  1  2  3                   one    5  6  7  4

7KH�GDWD�LV�VRUWHG�LQ�DVFHQGLQJ�RUGHU�E\�GHIDXOW��EXW�FDQ�EH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�
WRR�

In [173]: frame.sort_index(axis=1, ascending=False)
Out[173]: 
       d  c  b  a
three  0  3  2  1
one    4  7  6  5

7R�VRUW�D�6HULHV�E\�LWV�YDOXHV��XVH�LWV�order�PHWKRG�

In [174]: obj = Series([4, 7, -3, 2])

In [175]: obj.order()
Out[175]: 
2   -3
3    2
0    4
1    7
dtype: int64

$Q\�PLVVLQJ�YDOXHV�DUH�VRUWHG�WR�WKH�HQG�RI�WKH�6HULHV�E\�GHIDXOW�

In [176]: obj = Series([4, np.nan, 7, np.nan, -3, 2])

In [177]: obj.order()
Out[177]: 
4    -3
5     2
0     4
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Sorting and ranking
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In [168]: obj = Series(range(4), index=['d', 'a', 'b', 'c'])

In [169]: obj.sort_index()
Out[169]: 
a    1
b    2
c    3
d    0
dtype: int64

:LWK�D�'DWD)UDPH��\RX�FDQ�VRUW�E\�LQGH[�RQ�HLWKHU�D[LV�

In [170]: frame = DataFrame(np.arange(8).reshape((2, 4)), index=['three', 'one'],
   .....:                   columns=['d', 'a', 'b', 'c'])

In [171]: frame.sort_index()        In [172]: frame.sort_index(axis=1)
Out[171]:                           Out[172]:                         
       d  a  b  c                          a  b  c  d                 
one    4  5  6  7                   three  1  2  3  0                 
three  0  1  2  3                   one    5  6  7  4

7KH�GDWD�LV�VRUWHG�LQ�DVFHQGLQJ�RUGHU�E\�GHIDXOW��EXW�FDQ�EH�VRUWHG�LQ�GHVFHQGLQJ�RUGHU�
WRR�

In [173]: frame.sort_index(axis=1, ascending=False)
Out[173]: 
       d  c  b  a
three  0  3  2  1
one    4  7  6  5

7R�VRUW�D�6HULHV�E\�LWV�YDOXHV��XVH�LWV�order�PHWKRG�

In [174]: obj = Series([4, 7, -3, 2])

In [175]: obj.order()
Out[175]: 
2   -3
3    2
0    4
1    7
dtype: int64

$Q\�PLVVLQJ�YDOXHV�DUH�VRUWHG�WR�WKH�HQG�RI�WKH�6HULHV�E\�GHIDXOW�

In [176]: obj = Series([4, np.nan, 7, np.nan, -3, 2])

In [177]: obj.order()
Out[177]: 
4    -3
5     2
0     4
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Sorting by Value (sort_values)
• sort_values method on series 

- obj.sort_values() 

• Missing values (NaN) are at the end by default (na_position controls, can be 
first) 

• sort_values on DataFrame: 
- df.sort_values(<list-of-columns>) 

- df.sort_values(by=['a', 'b']) 

- Can also use axis=1 to sort by index labels

26
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Ranking
• rank() method: 

• ascending and method  arguments: 

• Works on data frames, too

27

2     7
1   NaN
3   NaN
dtype: float64

2Q�'DWD)UDPH��\RX�PD\�ZDQW�WR�VRUW�E\�WKH�YDOXHV�LQ�RQH�RU�PRUH�FROXPQV��7R�GR�VR�
SDVV�RQH�RU�PRUH�FROXPQ�QDPHV�WR�WKH�by�RSWLRQ�

In [178]: frame = DataFrame({'b': [4, 7, -3, 2], 'a': [0, 1, 0, 1]})

In [179]: frame        In [180]: frame.sort_index(by='b')
Out[179]:              Out[180]:                         
   a  b                   a  b                           
0  0  4                2  0 -3                           
1  1  7                3  1  2                           
2  0 -3                0  0  4                           
3  1  2                1  1  7 

7R�VRUW�E\�PXOWLSOH�FROXPQV��SDVV�D�OLVW�RI�QDPHV�

In [181]: frame.sort_index(by=['a', 'b'])
Out[181]: 
   a  b
2  0 -3
0  0  4
3  1  2
1  1  7

5DQNLQJ�LV�FORVHO\�UHODWHG�WR�VRUWLQJ��DVVLJQLQJ�UDQNV�IURP�RQH�WKURXJK�WKH�QXPEHU�RI
YDOLG�GDWD�SRLQWV� LQ�DQ�DUUD\�� ,W� LV� VLPLODU� WR� WKH� LQGLUHFW� VRUW� LQGLFHV�SURGXFHG�E\�
numpy.argsort��H[FHSW�WKDW�WLHV�DUH�EURNHQ�DFFRUGLQJ�WR�D�UXOH��7KH�rank�PHWKRGV�IRU
6HULHV�DQG�'DWD)UDPH�DUH�WKH�SODFH�WR�ORRN��E\�GHIDXOW�rank�EUHDNV�WLHV�E\�DVVLJQLQJ
HDFK�JURXS�WKH�PHDQ�UDQN�

In [182]: obj = Series([7, -5, 7, 4, 2, 0, 4])

In [183]: obj.rank()
Out[183]: 
0    6.5
1    1.0
2    6.5
3    4.5
4    3.0
5    2.0
6    4.5
dtype: float64

5DQNV�FDQ�DOVR�EH�DVVLJQHG�DFFRUGLQJ�WR�WKH�RUGHU�WKH\¦UH�REVHUYHG�LQ�WKH�GDWD�

In [184]: obj.rank(method='first')
Out[184]: 
0    6
1    1
2    7
3    4
4    3
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5    2
6    5
dtype: float64

1DWXUDOO\��\RX�FDQ�UDQN�LQ�GHVFHQGLQJ�RUGHU��WRR�

In [185]: obj.rank(ascending=False, method='max')
Out[185]: 
0    2
1    7
2    2
3    4
4    5
5    6
6    4
dtype: float64

6HH�7DEOH�����IRU�D�OLVW�RI�WLH�EUHDNLQJ�PHWKRGV�DYDLODEOH��'DWD)UDPH�FDQ�FRPSXWH�UDQNV
RYHU�WKH�URZV�RU�WKH�FROXPQV�

In [186]: frame = DataFrame({'b': [4.3, 7, -3, 2], 'a': [0, 1, 0, 1],
   .....:                    'c': [-2, 5, 8, -2.5]})

In [187]: frame        In [188]: frame.rank(axis=1)
Out[187]:              Out[188]:                   
   a    b    c            a  b  c                  
0  0  4.3 -2.0         0  2  3  1                  
1  1  7.0  5.0         1  1  3  2                  
2  0 -3.0  8.0         2  2  1  3                  
3  1  2.0 -2.5         3  2  3  1

7DEOH������7LH�EUHDNLQJ�PHWKRGV�ZLWK�UDQN

Method Description

'average' Default: assign the average rank to each entry in the equal group.

'min' Use the minimum rank for the whole group.

'max' Use the maximum rank for the whole group.

'first' Assign ranks in the order the values appear in the data.

Axis indexes with duplicate values
8S�XQWLO�QRZ�DOO�RI�WKH�H[DPSOHV�,¦YH�VKRZHG�\RX�KDYH�KDG�XQLTXH�D[LV�ODEHOV��LQGH[
YDOXHV���:KLOH�PDQ\�SDQGDV�IXQFWLRQV��OLNH�reindex��UHTXLUH�WKDW�WKH�ODEHOV�EH�XQLTXH�
LW¦V�QRW�PDQGDWRU\��/HW¦V�FRQVLGHU�D�VPDOO�6HULHV�ZLWK�GXSOLFDWH�LQGLFHV�

In [189]: obj = Series(range(5), index=['a', 'a', 'b', 'b', 'c'])

In [190]: obj
Out[190]: 
a    0
a    1
b    2
b    3
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Statistics
• sum: column sums (axis=1 gives sums over rows) 
• missing values are excluded unless the whole slice is NaN 
• idxmax, idxmin are like argmax, argmin (return index) 
• describe: shortcut for easy stats!
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    one  two
a  1.40  NaN
b  8.50 -4.5
c   NaN  NaN
d  9.25 -5.8

$QRWKHU�W\SH�RI�PHWKRG�LV�QHLWKHU�D�UHGXFWLRQ�QRU�DQ�DFFXPXODWLRQ��describe�LV�RQH
VXFK�H[DPSOH��SURGXFLQJ�PXOWLSOH�VXPPDU\�VWDWLVWLFV�LQ�RQH�VKRW�

In [204]: df.describe()
Out[204]: 
            one       two
count  3.000000  2.000000
mean   3.083333 -2.900000
std    3.493685  2.262742
min    0.750000 -4.500000
25%    1.075000 -3.700000
50%    1.400000 -2.900000
75%    4.250000 -2.100000
max    7.100000 -1.300000

2Q�QRQ�QXPHULF�GDWD��describe�SURGXFHV�DOWHUQDWH�VXPPDU\�VWDWLVWLFV�

In [205]: obj = Series(['a', 'a', 'b', 'c'] * 4)

In [206]: obj.describe()
Out[206]: 
count     16
unique     3
top        a
freq       8
dtype: object

6HH�7DEOH������IRU�D�IXOO�OLVW�RI�VXPPDU\�VWDWLVWLFV�DQG�UHODWHG�PHWKRGV�

7DEOH�������'HVFULSWLYH�DQG�VXPPDU\�VWDWLVWLFV

Method Description

count Number of non-NA values

describe Compute set of summary statistics for Series or each DataFrame column

min, max Compute minimum and maximum values

argmin, argmax Compute index locations (integers) at which minimum or maximum value obtained, respectively

idxmin, idxmax Compute index values at which minimum or maximum value obtained, respectively

quantile Compute sample quantile ranging from 0 to 1

sum Sum of values

mean Mean of values

median Arithmetic median (50% quantile) of values

mad Mean absolute deviation from mean value

var Sample variance of values

std Sample standard deviation of values
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Statistics
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[W. McKinney, Python for Data Analysis]
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Method Description

count Number of non-NA values

describe Compute set of summary statistics for Series or each DataFrame column

min, max Compute minimum and maximum values

argmin, argmax Compute index locations (integers) at which minimum or maximum value obtained, respectively

idxmin, idxmax Compute index values at which minimum or maximum value obtained, respectively

quantile Compute sample quantile ranging from 0 to 1

sum Sum of values

mean Mean of values

median Arithmetic median (50% quantile) of values

mad Mean absolute deviation from mean value

var Sample variance of values

std Sample standard deviation of values
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Method Description

skew Sample skewness (3rd moment) of values

kurt Sample kurtosis (4th moment) of values

cumsum Cumulative sum of values

cummin, cummax Cumulative minimum or maximum of values, respectively

cumprod Cumulative product of values

diff Compute 1st arithmetic difference (useful for time series)

pct_change Compute percent changes

Correlation and Covariance
6RPH�VXPPDU\�VWDWLVWLFV��OLNH�FRUUHODWLRQ�DQG�FRYDULDQFH��DUH�FRPSXWHG�IURP�SDLUV�RI
DUJXPHQWV��/HW¦V�FRQVLGHU�VRPH�'DWD)UDPHV�RI�VWRFN�SULFHV�DQG�YROXPHV�REWDLQHG�IURP
<DKRR��)LQDQFH�

import pandas.io.data as web

all_data = {}
for ticker in ['AAPL', 'IBM', 'MSFT', 'GOOG']:
    all_data[ticker] = web.get_data_yahoo(ticker)

price = DataFrame({tic: data['Adj Close']
                   for tic, data in all_data.iteritems()})
volume = DataFrame({tic: data['Volume']
                    for tic, data in all_data.iteritems()})

,�QRZ�FRPSXWH�SHUFHQW�FKDQJHV�RI�WKH�SULFHV�

In [208]: returns = price.pct_change()

In [209]: returns.tail()
Out[209]: 
                AAPL      GOOG       IBM      MSFT
Date                                              
2014-07-07  0.020632 -0.004241 -0.002599  0.004545
2014-07-08 -0.006460 -0.019167 -0.004361 -0.005001
2014-07-09  0.000420  0.008738  0.006410 -0.002633
2014-07-10 -0.003669 -0.008645 -0.003821  0.000480
2014-07-11  0.001894  0.014148  0.001598  0.009595

7KH� corr� PHWKRG� RI� 6HULHV� FRPSXWHV� WKH� FRUUHODWLRQ� RI� WKH� RYHUODSSLQJ�� QRQ�1$�
DOLJQHG�E\�LQGH[�YDOXHV�LQ�WZR�6HULHV��5HODWHGO\��cov�FRPSXWHV�WKH�FRYDULDQFH�

In [210]: returns.MSFT.corr(returns.IBM)
Out[210]: 0.51360438136345077

In [211]: returns.MSFT.cov(returns.IBM)
Out[211]: 8.4825099973219876e-05

'DWD)UDPH¦V�corr� DQG�cov�PHWKRGV��RQ� WKH�RWKHU�KDQG�� UHWXUQ�D� IXOO� FRUUHODWLRQ�RU
FRYDULDQFH�PDWUL[�DV�D�'DWD)UDPH��UHVSHFWLYHO\�
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Unique Values and Value Counts
• unique returns an array with only the unique values (no index) 

- s = Series(['c','a','d','a','a','b','b','c','c']) 
s.unique() # array(['c', 'a', 'd', 'b']) 

• Data Frames use drop_duplicates 
• value_counts returns a Series with index frequencies: 

- s.value_counts() # Series({'c': 3,'a': 3,'b': 2,'d': 1})
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1    False
2     True
3    False
dtype: bool

,�GR�QRW�FODLP�WKDW�SDQGDV¦V�1$�UHSUHVHQWDWLRQ�LV�RSWLPDO��EXW�LW�LV�VLPSOH�DQG�UHDVRQ�
DEO\�FRQVLVWHQW��,W¦V�WKH�EHVW�VROXWLRQ��ZLWK�JRRG�DOO�DURXQG�SHUIRUPDQFH�FKDUDFWHULVWLFV
DQG�D�VLPSOH�$3,��WKDW�,�FRXOG�FRQFRFW�LQ�WKH�DEVHQFH�RI�D�WUXH�1$�GDWD�W\SH�RU�ELW
SDWWHUQ�LQ�1XP3\¦V�GDWD�W\SHV��2QJRLQJ�GHYHORSPHQW�ZRUN�LQ�1XP3\�PD\�FKDQJH�WKLV
LQ�WKH�IXWXUH�

7DEOH�������1$�KDQGOLQJ�PHWKRGV

Argument Description

dropna Filter axis labels based on whether values for each label have missing data, with varying thresholds for how much
missing data to tolerate.

fillna Fill in missing data with some value or using an interpolation method such as 'ffill' or 'bfill'.

isnull Return like-type object containing boolean values indicating which values are missing / NA.

notnull Negation of isnull.

Filtering Out Missing Data
<RX�KDYH�D�QXPEHU�RI�RSWLRQV�IRU�ILOWHULQJ�RXW�PLVVLQJ�GDWD��:KLOH�GRLQJ�LW�E\�KDQG�LV
DOZD\V�DQ�RSWLRQ��dropna�FDQ�EH�YHU\�KHOSIXO��2Q�D�6HULHV��LW�UHWXUQV�WKH�6HULHV�ZLWK�RQO\
WKH�QRQ�QXOO�GDWD�DQG�LQGH[�YDOXHV�

In [233]: from numpy import nan as NA

In [234]: data = Series([1, NA, 3.5, NA, 7])

In [235]: data.dropna()
Out[235]: 
0    1.0
2    3.5
4    7.0
dtype: float64

1DWXUDOO\��\RX�FRXOG�KDYH�FRPSXWHG�WKLV�\RXUVHOI�E\�ERROHDQ�LQGH[LQJ�

In [236]: data[data.notnull()]
Out[236]: 
0    1.0
2    3.5
4    7.0
dtype: float64

:LWK�'DWD)UDPH�REMHFWV��WKHVH�DUH�D�ELW�PRUH�FRPSOH[��<RX�PD\�ZDQW�WR�GURS�URZV
RU�FROXPQV�ZKLFK�DUH�DOO�1$�RU�MXVW�WKRVH�FRQWDLQLQJ�DQ\�1$V��dropna�E\�GHIDXOW�GURSV
DQ\�URZ�FRQWDLQLQJ�D�PLVVLQJ�YDOXH�
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Back to the Food Inspections Example
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Reading & Writing Data
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Reading Data in Python
• Use the open() method to open a file for reading 

- f = open('huck-finn.txt') 

• Usually, add an 'r' as the second parameter to indicate "read" 
• Can iterate through the file (think of the file as a collection of lines): 

- f = open('huck-finn.txt', 'r') 
for line in f: 
    if 'Huckleberry' in line: 
        print(line.strip()) 

• Using line.strip() because the read includes the newline, and print 
writes a newline so we would have double-spaced text 

• Closing the file: f.close()
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With Statement: Improved File Handling
• With statement does "enter" and "exit" handling (similar to the finally clause): 
• In the previous example, we need to remember to call f.close() 
• Using a with statement, this is done automatically: 

- with open('huck-finn.txt', 'r') as f: 
    for line in f: 
        if 'Huckleberry' in line: 
            print(line.strip()) 

• This is more important for writing files! 
- with open('output.txt', 'w') as f: 
    for k, v in counts.items(): 
        f.write(k + ': ' + v + '\n') 

• Without with, we need f.close()
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