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pandas is a Python package providing fast, flexible, and expressive data structures designed to make working with
“relational” or “labeled” data both easy and intuitive. It aims to be the fundamental high-level building block for doing
practical, real world data analysis in Python. Additionally, it has the broader goal of becoming the most powerful
and flexible open source data analysis / manipulation tool available in any language. It is already well on its way
toward this goal.

pandas is well suited for many different kinds of data:
 Tabular data with heterogeneously-typed columns, as in an SQL table or Excel spreadsheet
* Ordered and unordered (not necessarily fixed-frequency) time series data.
* Arbitrary matrix data (homogeneously typed or heterogeneous) with row and column labels

* Any other form of observational / statistical data sets. The data actually need not be labeled at all to be placed
into a pandas data structure

The two primary data structures of pandas, Series (I-dimensional) and DataFrame (2-dimensional), handle the
vast majority of typical use cases in finance, statistics, social science, and many areas of engineering. For R users,
DataFrame provides everything that R’s data . frame provides and much more. pandas is built on top of NumPy
and is intended to integrate well within a scientific computing environment with many other 3rd party libraries.

Here are just a few of the things that pandas does well:
 Easy handling of missing data (represented as NaN) in floating point as well as non-floating point data
* Size mutability: columns can be inserted and deleted from DataFrame and higher dimensional objects

* Automatic and explicit data alignment: objects can be explicitly aligned to a set of labels, or the user can
simply ignore the labels and let Series, DataFrame, etc. automatically align the data for you in computations

» Powerful, flexible group by functionality to perform split-apply-combine operations on data sets, for both ag-
gregating and transforming data

* Make it easy to convert ragged, differently-indexed data in other Python and NumPy data structures into
DataFrame objects

* Intelligent label-based slicing, fancy indexing, and subsetting of large data sets
¢ Intuitive merging and joining data sets

* Flexible reshaping and pivoting of data sets

 Hierarchical labeling of axes (possible to have multiple labels per tick)

* Robust IO tools for loading data from flat files (CSV and delimited), Excel files, databases, and saving / loading
data from the ultrafast HDF5 format

» Time series-specific functionality: date range generation and frequency conversion, moving window statistics,
moving window linear regressions, date shifting and lagging, etc.
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Many of these principles are here to address the shortcomings frequently experienced using other languages / scientific
research environments. For data scientists, working with data is typically divided into multiple stages: munging and
cleaning data, analyzing / modeling it, then organizing the results of the analysis into a form suitable for plotting or
tabular display. pandas is the ideal tool for all of these tasks.

Some other notes

* pandas is fast. Many of the low-level algorithmic bits have been extensively tweaked in Cython code. However,
as with anything else generalization usually sacrifices performance. So if you focus on one feature for your
application you may be able to create a faster specialized tool.

* pandas is a dependency of statsmodels, making it an important part of the statistical computing ecosystem in
Python.

 pandas has been used extensively in production in financial applications.

Note: This documentation assumes general familiarity with NumPy. If you haven’t used NumPy much or at all, do
invest some time in learning about NumPy first.

See the package overview for more detail about what’s in the library.

2 CONTENTS
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http://docs.scipy.org

CHAPTER
ONE

WHAT’'S NEW

These are new features and improvements of note in each release.

1.1

v0.13.1 (February 3, 2014)

This is a minor release from 0.13.0 and includes a small number of API changes, several new features, enhancements,
and performance improvements along with a large number of bug fixes. We recommend that all users upgrade to this
version.

Highlights include:

Added infer_datetime_format keyword to read_csv/to_datetime to allow speedups for homo-
geneously formatted datetimes.

Will intelligently limit display precision for datetime/timedelta formats.

Enhanced Panel apply () method.

Suggested tutorials in new Tuforials section.

Our pandas ecosystem is growing, We now feature related projects in a new Pandas Ecosystem section.
Much work has been taking place on improving the docs, and a new Contributing section has been added.

Even though it may only be of interest to devs, we <3 our new CI status page: ScatterCI.
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Warning: 0.13.1 fixes a bug that was caused by a combination of having numpy < 1.8, and doing chained
assignment on a string-like array. Please review the docs, chained indexing can have unexpected results and should
generally be avoided.

This would previously segfault:

In [1]: df = DataFrame (dict (A np.array ([’ foo’,’bar’, " bah’,"foo’, " bar’]1)))

In [2]: df[’A’].iloc[0] = np.nan
In [3]: df
Oout [3]:
A
0 NaN
1 Dbar
2  bah
3 foo
4 bar

[5 rows x 1 columns]

The recommended way to do this type of assignment is:

In [4]: df = DataFrame(dict (A = np.array ([’ foo’,’bar’,’"bah’,’ foo’, " bar’1)))

In [5]: df.ix[0,’A’] = np.nan
In [6]: df
Oout [6]:
A
0 NaN
1 bar
2 bah
3 foo
4 bar

[5 rows x 1 columns]

1.1.1 Output Formatting Enhancements

* df.info() view now display dtype info per column (GH5682)
¢ df.info() now honors the option max_info_rows, to disable null counts for large frames (GH5974)

In [7]: max_info_rows = pd.get_option('max_info_rows’)

In [8]: df = DataFrame (dict (A = np.random.randn (10),
: B = np.random.randn(10),
C = date_range (720130101",periods=10)))

In [9]: df.iloc[3:6,[0,2]]

np.nan

# set to not display the null counts
In [10]: pd.set_option(’max_info_rows’,0)

In [11]: df.info()
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<class ’'pandas.core.frame.DataFrame’>
Int64Index: 10 entries, 0 to 9
Data columns (total 3 columns) :

A floato4
B floato4
C datetime64 [ns]

dtypes: datetime64[ns] (1), float64(2)

# this 1is the default (same as in 0.13.0)
In [12]: pd.set_option('max_info_rows’,max_info_rows)

In [13]: df.info()

<class ’'pandas.core.frame.DataFrame’>
Int64Index: 10 entries, 0 to 9

Data columns (total 3 columns) :

A 7 non-null floaté64
B 10 non-null floaté64
C 7 non-null datetime64[ns]

dtypes: datetime64[ns] (1), float64(2)

* Add show_dimensions display option for the new DataFrame repr to control whether the dimensions print.

In [14]: df = DataFrame([[1, 2], [3, 411)
In [15]: pd.set_option(’show_dimensions’, False)

In [16]: df
Oout[1l6]:

0 1
0o 1 2
1 3 4

In [17]: pd.set_option(’show_dimensions’, True)

In [18]: df
Out[18]:

0 1
0o 1 2
1 3 4

[2 rows x 2 columns]

e The ArrayFormatter for datetime and timedelta64 now intelligently limit precision based on the
values in the array (GH3401)

Previously output might look like:

age today diff
0 2001-01-01 00:00:00 2013-04-19 00:00:00 4491 days, 00:00:00
1 2004-06-01 00:00:00 2013-04-19 00:00:00 3244 days, 00:00:00

Now the output looks like:

In [19]: df = DataFrame ([ Timestamp (’20010101"),
et Timestamp (" 200406017) ], columns=[’'age’])

In [20]: df[’today’] = Timestamp (/20130419")
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In [21]: df[’diff’] = df[’today’]-df[’age’]

In [22]: df
out[22]:

age today diff
0 2001-01-01 2013-04-19 4491 days
1 2004-06-01 2013-04-19 3244 days

[2 rows x 3 columns]

1.1.2 API changes

¢ Add -NaN and —nan to the default set of NA values (GH5952). See NA Values.

* Added Series.str.get_dummies vectorized string method (GH6021), to extract dummy/indicator vari-
ables for separated string columns:

In [23]: s = Series([’a’, '"alb’, np.nan, ’"alc’])

In [24]: s.str.get_dummies (sep="1")
Oout[24]
b
0
1
0
0

w N R o
= B S )
o o on

[4 rows X 3 columns]

¢ Added the NDFrame . equals () method to compare if two NDFrames are equal have equal axes, dtypes, and
values. Added the array_equivalent function to compare if two ndarrays are equal. NaNs in identical
locations are treated as equal. (GH5283) See also the docs for a motivating example.

In [25]: df = DataFrame({’col’:[’foo’, 0, np.nan]}) .sort()
In [26]: df2 = DataFrame ({’col’:[np.nan, 0, "foo’]}, index=[2,1,0])

In [27]: df.equals (df)
Oout[27]: True

In [28]: import pandas.core.common as com

In [29]: com.array_equivalent (np.array ([0, np.nan]), np.array ([0, np.nan]))
Out [29]: True

In [30]: np.array_equal (np.array ([0, np.nan]), np.array ([0, np.nan]))
Out [30]: False

* DataFrame.apply will use the reduce argument to determine whether a Series or a DataFrame
should be returned when the DataFrame is empty (GH6007).

Previously, calling DataFrame.apply an empty DataFrame would return either a DataFrame if there
were no columns, or the function being applied would be called with an empty Series to guess whether a
Series or DataFrame should be returned:

In [31]: def applied_func(col):
et print "Apply function being called with:", col
e return col.sum()
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In [32]: empty = DataFrame (columns=['a’, 'b’])

In [33]: empty.apply(applied_func)
Apply function being called with: Series([], dtype: float64)

Oout [33]:
a NaN
b NaN

dtype: floaté64

Now, when apply is called on an empty DataFrame: if the reduce argument is True a Series will
returned, if it is False a DataFrame will be returned, and if it is None (the default) the function being
applied will be called with an empty series to try and guess the return type.

In [34]: empty.apply(applied_func, reduce=True)

Out [34]:
a NaN
b NaN

dtype: floaté64

In [35]: empty.apply(applied_func, reduce=False)

Out [35]:
Empty DataFrame
Columns: [a, Db]
Index: []

[0 rows X 2 columns]

1.1.3 Prior Version Deprecations/Changes

There are no announced changes in 0.13 or prior that are taking effect as of 0.13.1

1.1.4 Deprecations

There are no deprecations of prior behavior in 0.13.1

1.1.5 Enhancements

* pd.read_csvandpd.to_datetimelearnedanew infer_datetime_format keyword which greatly
improves parsing perf in many cases. Thanks to @lexual for suggesting and @danbirken for rapidly implement-
ing. (GH5490, GH6021)

If parse_dates is enabled and this flag is set, pandas will attempt to infer the format of the datetime strings
in the columns, and if it can be inferred, switch to a faster method of parsing them. In some cases this can
increase the parsing speed by ~5-10x.

# Try to infer the format for the index column
df = pd.read_csv (' foo.csv’, index_col=0, parse_dates=True,
infer_datetime_format=True)

* date_format and datetime_format keywords can now be specified when writing to excel files
(GH4133)

1.1. v0.13.1 (February 3, 2014) 7


https://github.com/pydata/pandas/issues/5490
https://github.com/pydata/pandas/issues/6021
https://github.com/pydata/pandas/issues/4133

pandas: powerful Python data analysis toolkit, Release 0.13.1

* MultiIndex.from_product convenience function for creating a Multilndex from the cartesian product of
a set of iterables (GH6055):

In [36]: shades = [’light’, ’'dark’]
In [37]: colors = ['red’, 'green’, ’'blue’]

In [38]: MultiIndex.from_product ([shades, colors], names=[’shade’, 'color’])
out [38]:
MultiIndex (levels=[[u’dark’, u’light’], [u’blue’, u’green’, u’red’']],
labels=[[1, 1, 1, 0, O, 0], [2, 1, O, 2, 1, 011,
names=[u’ shade’, u’color’])

e Panel apply () will work on non-ufuncs. See the docs.

In [39]: import pandas.util.testing as tm
In [40]: panel = tm.makePanel (5)

In [41]: panel

Oout[41]:

<class ’pandas.core.panel.Panel’>

Dimensions: 3 (items) x 5 (major_axis) x 4 (minor_axis)
Items axis: ItemA to ItemC

Major_axis axis: 2000-01-03 00:00:00 to 2000-01-07 00:00:00
Minor_axis axis: A to D

In [42]: panel[’ItemA’]

out[42]:

A B C D
2000-01-03 -0.700262 -0.159861 -0.178315 1.495435
2000-01-04 -0.237922 0.286230 0.386127 1.785587
2000-01-05 0.803216 -0.311358 0.309259 1.135875
2000-01-06 0.323302 1.144951 -0.328860 0.699592
2000-01-07 -0.419578 -0.726740 0.056344 0.245373

[5 rows x 4 columns]

Specifying an apply that operates on a Series (to return a single element)

In [43]: panel.apply(lambda x: x.dtype, axis='items’)
Out [43]:

A B C D
2000-01-03 float64 float6d4 float6d floato4d
2000-01-04 float64 float64 float6d floato4d
2000-01-05 float64 float64 float6d float64d
2000-01-06 float64 float6d4 float6d floato4d
2000-01-07 float64 float64 float64d floato4d

[5 rows x 4 columns]

A similar reduction type operation

In [44]: panel.apply(lambda x: x.sum(), axis='major_axis’)

Oout[44]:

ItemA ItemB ItemC
A -0.231243 1.074220 0.542019
B 0.233222 0.968872 -4.067618
C 0.244554 2.925382 -1.702876
D 5.361861 -0.725465 -2.106863
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[4 rows x 3 columns]

This is equivalent to

In [45]: panel.sum(’'ma

Oout [45]:

ItemA ItemB
A -0.231243 1.074220
B 0.233222 0.968872
C 0.244554 2.925382
D 5.361861 -0.725465

[4 rows x 3 columns]

A transformation operation th:

In [46]: result = pane

jor_axis’)

ItemC
0.542019
-4.067618
-1.702876
-2.106863

at returns a Panel, but is computing the z-score across the major_axis

1l.apply(

..... lambda x: (x-x.mean())/x.std(),

e e e ax

In [47]: result
out[47]:

<class ’'pandas.core.pa
Dimensions: 3 (items)
Items axis: ItemA to I
Major_axis axis: 2000-
Minor_axis axis: A to

In [48]: result[’ItemA
out [48]:

A
2000-01-03 -1.081788 -
2000-01-04 -0.317043
2000-01-05 1.405080 -
2000-01-06 0.611265
2000-01-07 -0.617515 -

[5 rows x 4 columns]

e Panel apply () operating on

In [49]: f = lambda x:
In [50]: result = pane

In [51]: result
Out [51]:

is="major_axis’)

nel.Panel’ >

x 5 (major_axis) x 4 (minor_axis)
temC

01-03 00:00:00 to 2000-01-07 00:00:00
D

"]

B C D
0.289691 -0.741235 0.687524
0.336096 1.100033 1.159054
0.502213 0.849282 0.103199
1.540729 -1.232327 -0.605810
1.084921 0.024246 —-1.343967

cross-sectional slabs. (GH1148)

((x.T-x.mean (1)) /x.std(1)).T

l.apply(f, axis = ['items’,’major_axis’])

<class ’pandas.core.panel.Panel’>

Dimensions: 4 (items) x 5 (major_axis) x 3 (minor_axis)

Items axis: A to D
Major_axis axis: 2000-
Minor_axis axis: ItemA

In [52]: result.loc|:,
Oout [52]:

A
2000-01-03 -0.842839
2000-01-04 -1.013312 -

01-03 00:00:00 to 2000-01-07 00:00:00
to ItemC

:, " ITtemA’ ]
B ¢} D

0.453596 -0.199453 0.822702
1.058639 0.769984 0.974988
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2000-01-05 1.140828 0.267052 -0.593754 1.121503
2000-01-06 0.630766 1.073118 -0.687542 1.008418
2000-01-07 -0.895065 -0.181779 -0.162569 -0.052844

[5 rows x 4 columns]

This is equivalent to the following

In [53]: result = Panel (dict ([ (ax,f(panel.loc[:,:,ax]))
R for ax in panel .minor_axis 1))

In [54]: result

Oout[54]:

<class ’'pandas.core.panel.Panel’>

Dimensions: 4 (items) x 5 (major_axis) x 3 (minor_axis)
Items axis: A to D

Major_axis axis: 2000-01-03 00:00:00 to 2000-01-07 00:00:00
Minor_axis axis: ItemA to ItemC

In [55]: result.loc[:,:,  ItemA’]
Out [55]:

A B C D
2000-01-03 -0.842839 0.453596 -0.199453 0.822702
2000-01-04 -1.013312 -1.058639 0.769984 0.974988
2000-01-05 1.140828 0.267052 -0.593754 1.121503
2000-01-06 0.630766 1.073118 -0.687542 1.008418
2000-01-07 -0.895065 -0.181779 -0.162569 -0.052844

[5 rows x 4 columns]

1.1.6 Performance

Performance improvements for 0.13.1

Series datetime/timedelta binary operations (GH5801)
DataFrame count /dropna for axis=1

Series.str.contains now has a regex=False keyword which can be faster for plain (non-regex) string patterns.
(GH5879)

Series.str.extract (GH5944)

dtypes/ ftypes methods (GH5968)
indexing with object dtypes (GH5968)
DataFrame.apply (GH6013)
Regression in JSON 10 (GH5765)

Index construction from Series (GH6150)

1.1.7 Experimental

There are no experimental changes in 0.13.1
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1.1.8 Bug Fixes

See V0.13.1 Bug Fixes for an extensive list of bugs that have been fixed in 0.13.1.

See the full release notes or issue tracker on GitHub for a complete list of all API changes, Enhancements and Bug
Fixes.

1.2 v0.13.0 (January 3, 2014)

This is a major release from 0.12.0 and includes a number of API changes, several new features and enhancements
along with a large number of bug fixes.

Highlights include:
* support for a new index type Float 64 Index, and other Indexing enhancements
* HDFStore has a new string based syntax for query specification
* support for new methods of interpolation
 updated t imedelta operations
* anew string manipulation method extract
» Nanosecond support for Offsets
e isin for DataFrames
Several experimental features are added, including:
* new eval/query methods for expression evaluation
* support for msgpack serialization
* an i/o interface to Google’s BigQuery
Their are several new or updated docs sections including:
» Comparison with SQL, which should be useful for those familiar with SQL but still learning pandas.
* Comparison with R, idiom translations from R to pandas.

e Enhancing Performance, ways to enhance pandas performance with eval/query.

Warning: In 0.13.0 Series has internally been refactored to no longer sub-class ndarray but instead subclass
NDF rame, similar to the rest of the pandas containers. This should be a transparent change with only very limited
API implications. See Internal Refactoring

1.2.1 API changes

* read_excel now supports an integer in its sheetname argument giving the index of the sheet to read in
(GH4301).

» Text parser now treats anything that reads like inf (“inf”, “Inf”, “-Inf”, “iNf”, etc.) as infinity. (GH4220,
GH4219), affecting read_table, read_csv, etc.

* pandas now is Python 2/3 compatible without the need for 2to3 thanks to @jtratner. As a result, pandas now
uses iterators more extensively. This also led to the introduction of substantive parts of the Benjamin Peterson’s
six library into compat. (GH4384, GH4375, GH4372)
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e pandas.util.compat and pandas.util.py3compat have been merged into pandas.compat.
pandas.compat now includes many functions allowing 2/3 compatibility. It contains both list and itera-
tor versions of range, filter, map and zip, plus other necessary elements for Python 3 compatibility. lmap,
lzip, lrange and 1filter all produce lists instead of iterators, for compatibility with numpy, subscripting
and pandas constructors.(GH4384, GH4375, GH4372)

* Series.get with negative indexers now returns the same as [ ] (GH4390)

Changes to how Index and MultiIndex handle metadata (levels, labels, and names) (GH4039):

# previously, you would have set levels or labels directly
index.levels = [[1, 2, 3, 41, [1, 2, 4, 4]1]

# now, you use the set_levels or set_labels methods
index = index.set_levels([[1, 2, 3, 41, [1, 2, 4, 411)

# similarly, for names, you can rename the object
# but setting names 1is not deprecated

index = index.set_names (["bob", "cranberry"])

# and all methods take an inplace kwarg - but return None
index.set_names (["bob", "cranberry"], inplace=True)

 All division with NDF rame objects is now truedivision, regardless of the future import. This means that operat-
ing on pandas objects will by default use floating point division, and return a floating point dtype. You can use
// and £loordiv to do integer division.

Integer division

In [3]: arr = np.array([1l, 2, 3, 41)
In [4]: arr2 = np.array([5, 3, 2, 11)

In [5]: arr / arr2
Oout[5]: array ([0, O, 1, 41)

Series(arr) // Series(arr?2)

dtype: int64

True Division

In [7]: pd.Series(arr) / pd.Series(arr2) # no future import required
out[7]:

0 0.200000

1 0.666667

2 1.500000

3 4.000000

dtype: floaté64

¢ Infer and downcast dtype if downcast='infer’ ispassedto fillna/ffill/bfill (GH4604)

e _ nonzero___ for all NDFrame objects, will now raise a ValueError, this reverts back to (GHI1073,

GH4633) behavior. See gotchas for a more detailed discussion.

This prevents doing boolean comparison on entire pandas objects, which is inherently ambiguous. These all
will raise a ValueError.
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if df:

dfl and df2

sl and s2

Added the .bool () method to NDF rame objects to facilitate evaluating of single-element boolean Series:

In [1]: Series([True]) .bool ()
Out[1l]: True

In [2]: Series([False]) .bool ()
Out [2]: False

In [3]: DataFrame ([[True]]) .bool ()
Out [3]: True

In [4]: DataFrame ([[False]]) .bool ()
Out[4]: False

¢ All non-Index NDFrames (Series, DataFrame, Panel, Panel4D, SparsePanel, etc.), now support the
entire set of arithmetic operators and arithmetic flex methods (add, sub, mul, etc.). SparsePanel does not
support pow or mod with non-scalars. (GH3765)

* Series and DataFrame now have a mode () method to calculate the statistical mode(s) by axis/Series.
(GH5367)

* Chained assignment will now by default warn if the user is assigning to a copy. This can be changed with the
option mode . chained_assignment, allowed options are raise/warn/None. See the docs.

In [5]: dfc = DataFrame ({’'A’:["aaa’,’bbb’,’ccc’],’'B":[1,2,31})
In [6]: pd.set_option(’chained_assignment’,’warn’)

The following warning / exception will show if this is attempted.
In [7]: dfc.loc[O]["'A"] = 1111
Traceback (most recent call last)
SetéiégWithCopyWarning:
A value 1is trying to be set on a copy of a slice from a DataFrame.

Try using .loc[row_index,col_indexer] = value instead

Here is the correct method of assignment.

In [8]: dfc.loc[0,’A’] = 11

In [9]: dfc

Oout[9]:

A B
0 11 1
1 bbb 2
2 ccc 3

[3 rows X 2 columns]

* Panel.reindex has the following call signature Panel . reindex (items=None, major_axis=None, minor_a:
to conform with other NDF rame objects. See Internal Refactoring for more information.

* Series.argmin and Series.argmax are now aliased to Series.idxmin and Series.idxmax. These return the i
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min or max element respectively. Prior to 0.13.0 these would return the position of the min / max element.
(GH6214)

1.2.2 Prior Version Deprecations/Changes

These were announced changes in 0.12 or prior that are taking effect as of 0.13.0

Remove deprecated Factor (GH3650)
Remove deprecated set_printoptions/reset_printoptions (GH3046)
Remove deprecated _verbose_info (GH3215)

Remove deprecated read_clipboard/to_clipboard/ExcelFile/ExcelWriter from
pandas.io.parsers (GH3717) These are available as functions in the main pandas namespace (e.g.
pd.read_clipboard)

default for tupleize_cols is now False for both to_csv and read_csv. Fair warning in 0.12
(GH3604)

99 9

default for display.max_seq_len is now 100 rather then None. This activates truncated display (”...”) of long
sequences in various places. (GH3391)

1.2.3 Deprecations

Deprecated in 0.13.0

deprecated iterkv, which will be removed in a future release (this was an alias of iteritems used to bypass
2to3‘s changes). (GH4384, GH4375, GH4372)

deprecated the string method match, whose role is now performed more idiomatically by extract. In a
future release, the default behavior of match will change to become analogous to contains, which returns
a boolean indexer. (Their distinction is strictness: match relies on re.match while contains relies on
re.search.) In this release, the deprecated behavior is the default, but the new behavior is available through
the keyword argument as_indexer=True.

1.2.4 Indexing APl Changes

Prior to 0.13, it was impossible to use a label indexer (. loc/ . ix) to set a value that was not contained in the index
of a particular axis. (GH2578). See the docs

In the Series case this is effectively an appending operation

In [10]: s = Series([1,2,3])

In [11]: s
Out[11]:

0 1

1 2

2 3

dtype: int64

In [12]: s[5] = 5.

In [13]: s

Out [13]:

0 1
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1 2
2 3
5 5

dtype: floaté64

In [14]: dfi = DataFrame (np.arange (6) .reshape(3,2),
et columns=["A","'B"])

In [15]: dfi

Oout [15]:

A B
0 0 1
1 2 3
2 4 5

[3 rows x 2 columns]

This would previously KeyError

In [16]: dfi.loc[:,’C’] = dfi.loc[:,"A"]

In [17]: dfi

Out [17]

A B C
0 0 1 O
1 2 3 2
2 4 5 4

[3 rows x 3 columns]

This is like an append operation.

In [18]: dfi.loc[3] = 5

In [19]: dfi
out [

19]
B
1
3
5
5

w N P o
(S N N T =]
g N O 0N

[4 rows x 3 columns]

A Panel setting operation on an arbitrary axis aligns the input to the Panel

In [20]: p = pd.Panel (np.arange(16) .reshape(2,4,2),
et items=[’Iteml’,’Item2’],
e major_axis=pd.date_range ('2001/1/12" ,periods=4),
e minor_axis=[’A’,’B’],dtype="float64’)

In [21]: p

Oout [21]:

<class ’'pandas.core.panel.Panel’>

Dimensions: 2 (items) x 4 (major_axis) x 2 (minor_axis)
Items axis: Iteml to Item?2

Major_axis axis: 2001-01-12 00:00:00 to 2001-01-15 00:00:00
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Minor_axis axis: A to B

In [22]: p.loc[:,:,’C’"] = Series([30,32],1index=p.items)
In [23]: p
out [23]:

<class ’'pandas.core.panel.Panel’>

Dimensions: 2 (items) x 4 (major_axis) x 3 (minor_axis)
Items axis: Iteml to Item2

Major_axis axis: 2001-01-12 00:00:00 to 2001-01-15 00:00:00
Minor_axis axis: A to C

In [24]: p.loc[:,:,'C"]

Oout [24]:

Iteml Item2
2001-01-12 30 32
2001-01-13 30 32
2001-01-14 30 32
2001-01-15 30 32

[4 rows x 2 columns]

1.2.5 Float64Index API Change

¢ Added a new index type, Float 64 Index. This will be automatically created when passing floating values in
index creation. This enables a pure label-based slicing paradigm that makes [], ix, loc for scalar indexing
and slicing work exactly the same. See the docs, (GH263)

Construction is by default for floating type values.

In [25]: index = Index([1.5, 2, 3, 4.5, 5])

In [26]: index
Out[26]: Float64Index([1.5, 2.0, 3.0, 4.5, 5.0], dtype=’'object’)

In [27]: s = Series(range(5),index=index)
In [28]: s

out [28]:
.5

b w N
o O O
w N = O

.0
dtype: int64

Scalar selection for [], .ix, . loc will always be label based. An integer will match an equal float index (e.g.
3is equivalent to 3.0)

In [29]: s[3]
out[29]: 2

In [30]: s.ix[3]

Out [301: 2
In [31]: s.loc([3]
Oout([31]: 2
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The only positional indexing is via 1 1oc

In [32]: s.iloc[3]
Oout[32]: 3

A scalar index that is not found will raise KeyError
Slicing is ALWAYS on the values of the index, for [], ix, 1oc and ALWAYS positional with 1 1oc

In [33]: s[2:4]

Out [331]:
2 1
3 2

dtype: int64

In [34]: s.ix[2:4]

Out [34]:
2 1
3 2

dtype: int64

In [35]: s.loc[2:4]

Out [35]:
2 1
3 2

dtype: int64

In [36]: s.iloc[2:4]

Out [36]:
3.0 2
4.5 3

dtype: int64

In float indexes, slicing using floats are allowed

In [37]: s[2.1:4.6]

out[37]:
3.0 2
4.5 3

dtype: int64

In [38]: s.loc[2.1:4.6]

out [38]:
3.0 2
4.5 3

dtype: int64
* Indexing on other index types are preserved (and positional fallback for [ ], ix), with the exception, that floating
point slicing on indexes on non Float 64Index will now raise a TypeError.

In [1]: Series(range(5))[3.5]
TypeError: the label [3.5] is not a proper indexer for this index type (Inté64Index)

In [1]: Series(range(5))[3.5:4.5]
TypeError: the slice start [3.5] is not a proper indexer for this index type (Int64Index)
Using a scalar float indexer will be deprecated in a future version, but is allowed for now.

In [3]: Series(range(5))[3.0]
Oout[3]: 3
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1.2.6 HDFStore API Changes

* Query Format Changes. A much more string-like query format is now supported. See the docs.

In [39]: path = "test.hb’

In [40]: dfg = DataFrame (randn(10,4),
ce columns=1list ("ABCD"),
et index=date_range (' 20130101’ ,periods=10))

In [41]: dfg.to_hdf (path,’dfqg’, format="table’,data_columns=True)

Use boolean expressions, with in-line function evaluation.

In [42]: read_hdf (path,’dfqg’,
e where="index>Timestamp ('20130104") & columns=["A’, 'B’"]")

A B
2013-01-05 -0.063353 -1.719595
2013-01-06 1.018307 -1.423334
2013-01-07 0.602286 0.935929
2013-01-08 0.329999 0.894066
2013-01-09 -0.933857 -0.030896
2013-01-10 -0.012390 0.253387

[6 rows x 2 columns]

Use an inline column reference

In [43]: read_hdf (path,’dfqg’,
e where="A>0 or C>0")

Out [43]

A B C D
2013-01-01 0.066932 -0.929963 0.304346 0.790176
2013-01-02 0.518267 0.530211 0.289180 1.356091
2013-01-03 0.287746 1.371943 -0.284844 0.866407
2013-01-04 0.229041 0.797449 0.153394 1.250650
2013-01-05 -0.063353 -1.719595 1.078142 -1.157042
2013-01-06 1.018307 -1.423334 0.600642 2.202617
2013-01-07 0.602286 0.935929 -0.091967 -1.086482
2013-01-08 0.329999 0.894066 0.196023 1.355471
2013-01-09 -0.933857 -0.030896 1.850906 -0.402282
2013-01-10 -0.012390 0.253387 0.862390 -0.054772

[10 rows x 4 columns]

e the format keyword now replaces the table keyword; allowed values are fixed (f) or table (t) the
same defaults as prior < 0.13.0 remain, e.g. put implies fixed format and append implies table format.
This default format can be set as an option by setting io.hdf.default_format.

In [44]: path = 'test.hb’
In [45]: df = DataFrame (randn(10,2))

In [46]: df.to_hdf (path,’df_table’, format="table’)
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In [47]: df.to_hdf (path,’df _table2’,append=True)
In [48]: df.to_hdf (path,’df fixed’)

In [49]: with get_store(path) as store:
e print (store)

<class ’'pandas.io.pytables.HDFStore’>

File path: test.hb

/df_fixed frame (shape->[10,21])
/df_table frame_table (typ—>appendable, nrows->10,ncols->2, indexers—>[index])
/df_table2 frame_table (typ—>appendable, nrows—>10,ncols—>2, indexers—>[index])

* Significant table writing performance improvements
* handle a passed Series in table format (GH4330)
* can now serialize a timedelta64 [ns] dtype in a table (GH3577), See the docs.

* added an is_open property to indicate if the underlying file handle is_open; a closed store will now report
‘CLOSED’ when viewing the store (rather than raising an error) (GH4409)

* aclose of a HDFStore now will close that instance of the HDFStore but will only close the actual file if
the ref count (by PyTables) w.r.t. all of the open handles are 0. Essentially you have a local instance of
HDFStore referenced by a variable. Once you close it, it will report closed. Other references (to the same
file) will continue to operate until they themselves are closed. Performing an action on a closed file will raise
ClosedFileError

In [50]: path = "test.hb5’

In [51]: df = DataFrame (randn(10,2))
In [52]: storel = HDFStore (path)

In [53]: store2 = HDFStore (path)

In [54]: storel.append(’df’,df)

In [55]: store2.append(’df2’,df)

In [56]: storel

Out [56]:

<class ’'pandas.io.pytables.HDFStore’>

File path: test.hb

/df frame_table (typ—>appendable, nrows—->10,ncols->2, indexers—>[index])
/df2 frame_table (typ—>appendable, nrows->10,ncols->2, indexers—>[index])

In [57]: store2

Oout [57]:

<class ’'pandas.io.pytables.HDFStore’>

File path: test.hb

/df frame_table (typ—>appendable, nrows->10,ncols->2, indexers—>[index])
/df2 frame_table (typ—>appendable, nrows->10,ncols->2, indexers->[index])

In [58]: storel.close()
In [59]: store2

Out [59]:
<class ’'pandas.io.pytables.HDFStore’>
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File path: test.hb
/df frame_table (typ—>appendable, nrows->10,ncols->2, indexers—>[index])
/df2 frame_table (typ—>appendable, nrows—->10,ncols—>2, indexers—>[index])

In [60]: store2.close()

In [61]: store?2

Out [61]:

<class ’'pandas.io.pytables.HDFStore’>
File path: test.hb

File is CLOSED

removed the _quiet attribute, replace by a DuplicateWarning if retrieving duplicate rows from a table
(GH4367)

removed the warn argument from open. Instead a PossibleDataLossError exception will be raised if
you try to use mode="'w’ with an OPEN file handle (GH4367)

allow a passed locations array or mask as a where condition (GH4467). See the docs for an example.

add the keyword dropna=True to append to change whether ALL nan rows are not written to the store
(default is True, ALL nan rows are NOT written), also settable via the option io.hdf.dropna_table
(GH4625)

pass thru store creation arguments; can be used to support in-memory stores

1.2.7 DataFrame repr Changes

The HTML and plain text representations of DataFrame now show a truncated view of the table once it exceeds
a certain size, rather than switching to the short info view (GH4886, GH5550). This makes the representation more
consistent as small DataFrames get larger.

2010-03-29 (13.70 |13.88 [13.39|13.57 | 158225000 | 12.98

2010-03-30 (13,55 |13.64 (13,18 |13.28 | 142055200 | 12.70

771 rows = 6 columns

To get the info view, call DataFrame.info (). If you prefer the info view as the repr for large DataFrames, you
can set this by running set_option(’display.large_repr’, ’'info’).

1.2.8 Enhancements

df.to_clipboard () learned a new excel keyword that let’s you paste df data directly into excel (enabled
by default). (GH5070).

read_html now raises a URLError instead of catching and raising a ValueErr