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Introduction to Blaze CONTI;\_JL:!UM

In this tutorial we'll leam how 10 use Blaze to discover, migrate, and
query data living in other databases. Generally this tutonal will have the following format

1. odo - Move data to database
2. blaze - Query data in database

Install

This tutorial uses many different libraries that are all available with the Anaconda Distnbytion, Once
you have Anaconda Install, please run these commands from a terminal:

$ conda install -y blaze

$ conda install -y bokeh

$ conda install -y odo

$ conda install -y into # required because of recent renaming of in
to that collides inside blaze

The last command Is there because of an issue with odo which was recently renamed (formerty
into).
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Introduction to Blaze CONTINUUM

A N ALY TIC
In this tutonal we'll leam how to use Blaze to discover, migrate, and
query data living in other databases. Generally this tutorial will have the following format

1. odo - Move data o database
2. blaze - Query gata n database

Install

This tutorial uses many different (ibranes that are all available with the Anaconas Dstnbution. Once
you have Anaconda install, please run these commands from a terminal:

$ conda install -y blaze

$ conda install -y bokeh

$ conda install -y odo

$ conda install -y into # required because of recent renaming of in
to that collides inside blaze

The last command s there because of an issue with odo which was recently renamed (formerly
into).

Goal: Accessible, Interactive, Analytic Queries

NumPy and Pandas provide accessible, interactive, analytic guenes; this is valuable.
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Goal: Accessible, Interactive, Analytic Queries

NumPy and Pandas provide accessible, interactive, analytic quenes; this |s valuable.

import pandas as pd

df = pd.read csv( iris.csv )
df.head()

Unnamed: 0| SepalLength | SepaiWidth | PetalLength | PetalWidth | Species |
01 5.1 3.5 1.4 0.2 setosa I
1|2 4.9 3.0 1.4 0.2 satosa |
2|3 4.7 3.2 1.3 0.2 setosa |
3|4 4.6 3.1 1.5 0.2 setcsa
45 5.0 3.6 1.4 0.2 setosa

df.groupby(df.Speciaes).Petallength.mean( )

Species
setosa
versicolor
virginica

1.462
4.260
5.552

Name: Petallangth, dtype: floath4

F Avarage petal l(ength par spacl

But as gata grows and systems become more complex. moving data and guerying data become |
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NumPy and Pangas provide accessibDie, mteractive. anaiytic quenes; mis s vawuatie

isport pandas sa pd

df = pd.read cev( Lris.cav |
df .headi )
Unnamecd: 0 | Sepailength a-plnl!unTFihitlnguiIﬁnlnlkln]!niuun
0! 5.1 39 1.4 02 setosa
112 4.9 3.0 1.4 02 SAfcs]
2|3 4.7 32 1.3 0.2 | setosa
3 4 4.6 31 - 02 setcsa
4|5 5.0 3.8 1.4 02 S@1053
df.groupby(df.Spaciss ).Petallangth.mean() #F Avarage pwts. lsngth Ser

Species

setosa 1.462
reicolor §.260

virginica 3.552

Kame: Petallangth, dtype: !loathd

S

Butl as dsta grows and systems become more comoex. moymg cats and guerying gats become
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Goal: Accessible, Interactive, Analytic Queries

NumPy and Pandas provide accessible, interactive, analytic quenes; this |s valuable.

In [*]: Aimport pandas as pd
df = pd.read csv( iris.csv )
df .head()

n [2): df.groupby(df.Species).Petallength.mean() # Average petal [ength per speci
Cut|2): Species

setosa 1.462
versicolor 4.260
virginica 5.552

Name: Petallength, dtype: floaté64

4L

1. You have an inconvenent amount of data
2. That aata shouid live someniace other than your computer
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In [2]:
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Goal: Accessible, Interactive, Analytic Queries

NumPy and Pandas provide accessible, interactive, analytic quenes; this s valuable.

import pandas as pd
df = pd.read csv( iris.csv )

df.head()
Unnamed: 0| SepalLength | SepalWidth PetalLength | PetalWidth | Species
0|1 5.1 3.5 1.4 0.2 setosa |
112 49 3.0 1.4 0.2 setosa
2|3 4.7 3.2 1.3 0.2 setosa
34 4.6 3.1 1.5 0.2 setosa
4|5 5.0 38 1.4 0.2 setosa

df.groupoy(df.Species).Petallength.mean()

Species

setosa 1.462
versicolor 4.260
virginica 5.552

Name: Petallength, dtype: floaté4

# Average petal length par speci

But as data grows and systems become more complex. moving data and querying data become
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But as data grows and systems become more compiéx, maving data and querying data become
more difficult. Python aiready has excellent toois for data that fits ;m memory, but we want to hook
up to data that s mconvenent.

From now on, we're going to assume one of the following:

1. You have an inconvenient amount of data
2. That gata shouid live someplace other than your computer

N

Databases and Python

When in-memary arrays/dataframes cease 10 be an option, we tum 10 databases. These live
outside of the Python process and so might be less convenient. The ocpen source Python
ecosystem includes libranes to interact with these databases and with foreign data in general.

Examples:

» Hive/Cassandra - pyhive
« Impaia - impyla
RedShift - redshift-sglalchemy

« MongoOB - pymongo

P W | . e B i e P I s o
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Databases and Python

When in-memory arrays/dataframes cease 10 De an option, we turn 1o catabases. These ve
outsice of the Python process and sc might be less conveniant. The open source Python
ecosystem Includes ibranes 1o iNteract with these gatabases and with foreign data in general

Examples:

« SAL - gglalchemy
* Hive/Cassandra - pyhive
« Impala - {mpyla
. hmn-:mu:-mm:m
MongoDB - pymongo
HBase - happybase
Spark - pyspark
SSH - paramiko
HOFS - pywebhdfs
« Amazon S3 - poto

L]

L]

Today we're going to use some of these ingirectly with odo (was Lnto) and Blaze. We'll try to point
out these libraries as we automate tham so that, If you'd like, you can use them incependently.

o8-
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### Examples
JLtn moves data into a target from a source |
" “python
>>> odo(source, target) |
The target and source can be either a Python object or a string URI. The
following are all valid calls to into |
" python
>>> odo( 'iris.csv’', pd.Dataframe) # Load CSV file intc new DataFrame
>>> odo(my_df, 'iris.json’) # Write Dataframe into JSON file
>>> odo( iris.csv', 'iris.json’') # Migrate data from CSV to JSON
<hr/>
Excerise
Use intotolcad the iris.csv file into a Python list, a np.ndarray, and a pd.DataFrame
In [3]: from odo impo

rt odo
import numpy as np
import pandas as pd
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Examples

Odo moves data into a target from a source

>>> odo(source .ktﬂqﬂ'ﬁ )

The target and source can be aither a Python object or a stnng URL The following are all valid calls
10 into

>>> odo( 'iris.csv’', pd.DataFrame) # Load CSV file into new Datafra

me
>>»> odo(my df, 'iris.json’) # Nrite DataFrame i1nto JSON file
>>> odo('iris.csv', 'iris. json’') # Migrate data from C5V to JSON

Use intotolocad the iris.csv file into a Python list, A np.ndarray, and a pd.DataFrame

from 0do import odo
import numpy as np
import pandas as pd

O
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Excerise
Use invo to load the iris.csv file nto a Python 1ist, a np.ndarray, and a pd.DataFrame

from odo import odo
import numpy as np
import pandas as pd

URI Strings

Odo refers to foreign data ether with a Python object ike a sglalchemy.Table object for a SQL
tabie, or with a string URI, like postgresgl://hostname: :tablename.

URI's often take on the following form
protocol://path-to-resource: :path-within-resource

Where path-to-resocurce might point to a file. 2 catabase hosiname, etc. while path-within-
resource might refer tc a datapath or table name. Note the two main separators

e 1:// separates the protocol on the ieft (sqglite, mongodb, sah, hdfs hive, )
- :: Separates the path within the database on the right (e.g. tablename)

000 JOCS On un stnngs
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>>> odo( 'iris.csv’', pd.DataFrame) # Load CSV file into newv [DatafFra

ma
>>> odo(my_df, 'iris,json’) # Nrite DataFrame 1nto JSON file
>>> odo( 'iris.cav’', 'iris.json’) # Migrate data from CSV to JSON

Use into toload the iris.csv file into a Python list, a np.ndarray, and a2 pd.DataFrane

from odo import odo
import numpy as np
import pandas as pd

o

BokehJS successfully lcaded.

URI Strings

Odo refers to foreign data either with a Python object like a sqlalchemy.Table object for a SQL
table, or with a stnng URI, like postgreagl://hostname: :tablenamne.



Pvthon2 O

Edit View Insert Kermel
0 |1 51 3.8 1.4 0.2 setosa
1 |2 45 3.0 1.4 0.2 setosa
8 |8 4.7 3.2 1.3 0.2 setosa
3 (4 46 3.1 1.5 0.2 setosa
4 |5 50 3.3 1.4 0.2 setosa
8 |b 5.4 3.9 1.2 0.4 setosa
9 7 48 3.4 1.4 02 setosa
clc;m-;ulm@;:;ﬂﬂmnm e 14 02 pastce
8 |@ | 4.4 2.9 1.4 02 setosa
P |10 a8 3.4 1.5 0.1 setosa
10 " 5.4 3. 1.5 0.2 setosa
1 |12 a8 3.4 1.8 0.2 setosa
12 |13 48 3.0 14 0.1 setosa
13 (4 43 3.0 1.1 0.4 setosa
4 |15 5.5 4.0 1.2 0.2 setosa
18 |16 57 4.4 13 0.2 setosa
18 (17 S.e 3.3 1.3 03 setosa
17 |18 30 .5 1.4 0.3 setosa
18 |12 5.7 3.8 1.7 0.2 setosa
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URI Strings

Odo refers to foreign data ether with a Python object like a sglalchemy. Table obect for a SQL |
table, or with a string URI, like postgresgl: //hostname: :tablename. |

URI's often take on the following form ‘
protocol://path-to-resource: :path-within-resocurce

Where path-to- rasaukrca might point to a file, a database hostname, etc. whileé path-within- |
resource might refer to a gatapath or table name. Note the two mamn separators

« :// separates the protocol on the left (sglite, mongodb, ssh, hdfs, hive, ...) |
= :: separates the path within the database on the right (e.g. tablename)

000 JOcs an un stnngs

Examples

Here are some exampie URIs

myfile.json

myfiles.v.csv
postgrasgl://hostnama::tablename
monagodb s / 'hostname /db: *col  act™ 100
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### Examples

Here are some example URIs

myfile.json
| myfilasy*.cav'’
| postgresql://hostname::tablename
' mongodb: //hostname /db::collection
ash://userfhost:/path/te/myfile.cav
hdfs://userfhost:/path/ta/v.cav

<hr />

Exercise

Migrate your CSV file into a table named iris in a new SQLite database at sqlite:///my.db.
Remember to use the : : separator and to separate your database name from your table name.

odo docs on SQL

In [4): odo("iris.csv”, "sqlite:///my.db::iris”)

Out[4]: Table( 'iris’, MetaData(bind=Engine(sglite:///my.db)), Column( 'Unnamed: 0°,
Biginteceri), table=<iris>., nullable=False)., Column( 'Sepallangth'. Float(
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Exercise

Migrate your CSV file into a table named iris in a new SQLite database at sglite:///my.db. ‘
Remember to use the : : separator and to separate your database name from your table name.

odo docs on SQL |

In [S]: odol“iris.csv”, “sglite:///my.dbr:iris” ‘

Out[{S): Table('iris’', MetaData(bind=Engine(sglite:///my.db)), Column( Unnamed: 0',
BIGINT(), table=<iris>, nullable=False), Column( 'Sepallength’', FLOAT(), t
able=<iris>), Column( SepalWidth', FLOAT(), table=<iris>), Column( Petalle
ngth’, FLOAT(), table=<iris>), Column( PetalWidth',6K FLOAT(), table=<iris>)
, Column( ' 'Species’', TEXT(), table=<iris>), achema=None)

What kind of object did you get recewve as cutput? Call type on your result.

In [S]): type(_ )
Qut[5]: sqlalchemy.sql.schema.Table

How it works '

QOdo is a network of fast pairwise conversions between pars of formats. We when we migrate
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odo(“iris.cav’, ‘sqglita:///my.dbriiris”)

Table( iris’', MetaData(bind=Engine(sqlite:///ay.ddb)), Column( Unnamed: Q0°, ‘
BIGINT(), table=<iris>, nullable=False), Column( Sepallength , FLOAT(), ¢
able=<iris>), Column( SepalWidth' , FLOAT(), table=<iris>), Column( Petalle
ngth', FLOAT(), table=<iris>), Column( PetalWidth , FLOAT(), table=<iris>) |
, Column( Species’ , TEXT(), table=<iris>), schema=None) |

What kind of object did you get receive as output? Call type 0N your resut. |

In [6]):

Oue(6]:

wpml_r
sglalchemy.sqgl.schema.Table

How it works

Odo is a network of fast pairwise conversions between pars of formats. We when we migrate
between two formats we traverse a path of parwise Conversions.

We visualize that network below:

(ovmed )
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formats. Red nodes support larger-than-memory data.

A single call 1o into may traverse several ntermediate formats calling on several Conversion
funcuons. For exampie, we when migrate a CSV file to a Mongo gatabase we mignt take the

followng route:

« Load intoa DataFrame (pandas.read csv)

« Convert to np.recarray (DataFrame.to_records)
« Then to a Python Iterator (np.ndarray.tolist)
 Finally to Mongo (pymongo.Collection. insert)

Alternatively we could write a spacial functicn that uses MongoDB's native CSV loader and
shortcut this entire process with a direct edge C5V -> Mongo.

These functions are chosen because they are fast, often far faster than converting through a central
senalization format.

This picture is actually from an olger version of odo, when the graph was stili smail enough o
visualize pleasantly. See ogo gocs for a more updated version.

Remote Data
We can interact with remote data in three locations

1. On Amazon's S3 (this will be quick)
2. On a remote machine via ssh

3. On the Hadoop File System (HDFS)

L)
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We can interact with remote data in three locations

1. On Amazon's S3 (this will be quick)
2. On a remote machine via ssh

3. On the Hadoop File System (HDFS)

For most of this we'll wait until we've seen Blaze, briefly we'll use S3. |

S3 |
For now, we gquickly grab a file from Amazon's S3. |

This example depends on boto 10 intéract with S3.

conda install boto

odo('sid://nygqpug/tips.csv’', pd.DataFrame)

ERROR:boto:Caught exception reading instance data
Traceback (most recent call last):
File "/Users/aterrel/anaconda/lib/python2.7/site-packages/boto/utils.py” |
s line 214, in retry url
r = opener.open(req)
File "/users/aterrel/anaconda/lib/python2.7/urllib2.py”, line 431, in op |
en
response = gself. cpen(reg, data)
File "/Users/aterrel/anaconda/lib/python2.7/urllib2.py”, line 449, in o
pen
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Blaze example

In [9]:

import blaze as bz

d = bz.pltil iris.cav')

d.head(5)
OuELFT: | | Unnamed: 0| SepaiLength | SepalWidth | PetalLength | PetalWidth
0|1 5.1 3.5 1.4 0.2
1|2 4.9 3.0 1.4 0.2
2|3 4.7 3.2 1.3 0.2
3 4 4.6 3.1 1.5 0.2
45 5.0 3.6 1.4 0.2
In (10]: d.Species.distinct()

Outf{10]:

Species

0| setosa

1| versicolor

2| virginica
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Foreign Data
Blaze does aifferent things under-the-hood on different kinas of cata

« CSV files: Pancas DataFrames (or iterators of DataFrames)
« SQL tables: SOLAIChay,

« Mongo collections: PyMaongo

e ~

SQL

We |l play with SQL a lot dunng thes tutonal. Blaze transiates your gquery to SQLAIchemy.
SQLAIchemy then transiates to the SQL dialect of your database. your database then executes that
query intedfligently.

« Blaze — SQLAIchemy — SQL — Database computanon

This transiation process lets analysts interact with a familiar interface while leveraging a potentially
powerful gatabase.

To keep things lccal we'll use SQLite, but this works with any database with a SQLAIchemy dialect.
Examples in this section use the iris datasetl. Exercises use the Lahman Saseball statistics
database, year 2013

If you have not downicaded this dataset you could 0o so here -
Mics./QaNul. conviknecii/Dasebail- arotive- sQlitey ravw/masten labmarQ 1 3 sqite.
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Section(_intro.ipynb iris.csv
Sectionl-1l ipython.ipynb iris.aglitel
Sectionl-2 matplotlib.ipynb lahman20l3.sqlite
SectionZ_ numpy scipy_pandas.ipynb my.db
Sectionli-1_blaze.ipynb python.png
Sectioni-Z_bokeh.ipynb
Examples
Lets dive into Blaze Syntax. For simple quenes it looks and feels similar to Pandas

In [11]: db = bz.Data('sglite:///my.db')
db.iris I
/Users/aterrel/anaconda/lib/python2.7/site-packages/IPython/core/formatter
s.py:239: Formatterwarning: Exception in text/html formatter: invalid lite |
ral for long() with base 10: "' '

FormatterWarning,

Out(1l]: <repr(<blaze.expr.expressions.Field at 0x1124036d8>) failed: ValueError: i
nvalid literal for long() with base 10: ''>

In [12]: db.iris.Species.distinct()

Out(l2]: Species
0| Species
1| setosa
2| versicolor
1 # 1 . slaanlanldess
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Section0_intro.ipynb iris.csv
Sectionl-l ipython.ipynb iris.sqlitel
Sectionl-2 matplotlib.ipynb lahman2013.sqlite
SectionZ_numpy scipy_pandas.ipynb my.db
Sectioni-1_blaze.lpynb python.png

Sectioni-2_bokeh.ipynb

Examples
Lets dive into Blaze Syntax. For simple quenes it looks and feels similar to Pandas
In [11]: db = bz.Data( 'sglite:///my.db’)
db.iris|
valueError Traceback (most recent call last

)
/Users/aterrel/anaconda/lib/python2.7/site-packages/IPython/core/forzatter |

s.pyc in call (self, obi)

693 Lype pprinters=self.type printars,

694 daeferred pprintars=salf.deferred printars)
-=> 695 printer.pretty{obj)

696 printer.flush()

697 return stream.getvalue()

/Users/aterrel/anaconda/lib/pythoni.7/site-packages/IPython/lib/pretty.pyc |
in pretty(self, obil)

399 1f callabla(meth):
400 return meth(cbj, self, cycilia) '
--> 401 return default pprint(obj, self, cycie)

| AR Edmal Vape
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In [11): db = bz.Data( 'sqlite:///my.db')

#db. iris

ValueError Traceback (most recent call 1llt!
)
/Users/aterrel/anaconda/lib/python2.7/site-packages/IPython/core/formatter |
s.pyc in _ call (self, obi)

633 type_pprintersegelf.type printers,

694 defarred pprinters=self.deferrad printars)
-=> 695 printer.pretty(obj)

696 printaer.flush()

697 return stream.getvalue()

fu:arufnterrel!unlcnndn!lih!pythnnz.?f:ite-puck:qeu!lrythnn!lihfpretty.pyci
in pretcty(self, obj)

399 if callable(meth):

400 return meth(obj, self, cycle)
-=> 401 return default pprint(obi, self, cycle)

402 finally:

403 self.end group()

In [12]: db.iris.Species.distinct()

Out({l2):;

Species
0| Species
setosa
versicolor




In [12]:

™n [12]:

Out|l2):

in [13]):

out[13]:

Yierw

db.iris.Species.distinct()

inaent

= bhz.Data( 'sqlite:///my.dd')

4018

Species

Species

satosa

versicolor

virginica

db.iris(db.iris.Species == ‘versicolor'||| Species’', 'Sepallength

Species

SepailLength

versicolor

7.0

6.4

EiB

5.5

6.5

5.7

6.3

S ||| &L N = O

|14 9

-~

PNANON £ Al
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In [(13]:

In [12]:

Qut(l2):

Vi Insert Cell Kermnel Help Pythan2 O

db = bz.Data( 'sglite:///my.db’)
#db.iris

e N R R R R TR EE R WS O R W MR MR MR WR W M MR TR SN MR R TN WN WE MR R M MR WR MR MR S W M W WR R N N N WR M N M W M MR MR R TEN W N M WS W W MR R e

ValueError Traceback (most recent call last
)
/Users/aterrel/anaconda/lib/pythonl.7/site-packages/IPython/core/formatter
s.pyc in call (self, obi)

693 type pprinters=sa.f.typé printars,

694 deferred pprinters=self.defaerred printers)
~=> 695 printer.pretty(obj)

696 printer.flush()

697 return stream.getvalue()

/Users/aterrel/anaconda/lib/pythonl.7/site-packages/IPython/lib/pretety.pyc
in pretty(self, obj)

399 if callable(meth):

400 return =ath(cbj, salf, cycle)
--> 401 return _default pprint(obj, salf, cycle)

402 finally:

403 self.end_group()

db.iris.Species.distinct()

Species

0| Species
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|3 virginica |

In [16]: db.iris(db.iris.Species == ‘'versicolor'|)[[ 'Species’', 'SepallLength’']]

Dut[1l6]:

Species SepaillLength

versicolor| 7.0

versicolor | 6.4

versicolor | 6.9

versicolor| 5.5

versicolor | 6.5
5.7
versicolor | 6.3

versicolor | 4.9

versicolor | 6.6

Qe N WL e W N]=- O
]

versicolor | 5.2

5.0

i

Work happens on the database

If we were using pandas we wouid read the table into pandas, then use pandas’ fast in-memory
Alaanthimes 1ar comoutation. Harm we translate vour auery nta SO and then <and hat auenry 1o The
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Work happens on the database

If we were using pandas we would read the table into pandas, then use pandas’ fast in-memory |
k algorthms for computation. Here we transiate your query into SQL and then send that query 10 the
database to do the work.

» Pandas «,, . SQL then Pandas computes
- Blaze — ..., SQL, then database computes

If we want to dive into the intemai AP! we can inspect the query that Biaze transmits.

In [14]): # Inspect SQL query
query = db.iris{db.iris.Species == 'varsicolor’']([ ' 'Species’', 'Sepallength’])
print bz.compute(query)

SELECT iris."Species”, iris."SepallLength”
FROM iris

WHERE iris."Species” = ?

In [15]: query = bz.by(db.iris.Species, longest=db.iris.Petallength.max(),
shortest=db.iris.Petallength.min()) |

priat bz.compute(query) |

SELECT lris."Species”, max(iris."PetallLength”) AS longest, min(iris."Petal
Length”) AS shortest
FROM iris GROUP BY iris."Species”
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In [17]):
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. Fanuns4-du‘EHJL.HHHIFEHGHEGQH“!HHB
. Bunn-+¢:n,Sﬂl.ﬂuu1dmuhuuucnnu:n::

If we want to dive into the intemnal AP! we can inspect the query that Blaze transmits,

# Inspect S5QL query
query = db.iris(db.iris.Species == 'versicolor')[| 'Species’', 'Sepallength’]
priat bz.compute(query)

SELECT iris."Species”, iris."SepalLength”
FROM iris
WHERE iris."Species” = ?

In (15]:

query = bz.by dh.ﬂris.species. longest=db.iris.Petallength.max(),
f shortest=db.iris.Petallength.min()) |

priant bz.compute(query)

SELECT iris."Species”, max(iris. "Petallength”) AS longest, min(iris, “Petal |
Length") AS shortest |
FROM iris GROUP BY iris."Species” |

in [16]:

Exercises
Now we load the Lahman baseball database and perform similar queries

# db = bz.Data({ 'postgresqgl://postgres:postgreasfecl?-54-159-160-163. compute-)




File Edit View insert Cedl Kerned Help /S |Python2 O
In [(17]: # Inspect SQL quercy
query = db.iris{db.iris.Species == ‘versicolor’|][[ Species’, 'Sepalilength’)
print bz.compute(query)
SELECT iris."Species”, iris."Sepallength”
FROM iris
WHERE iris."Species” = 2
In [18]): query = bz.by(db.iris.Species, longest=db.iris.Petallength.max(),
shortest=db.iris.Petallength.min())
print bz.compute(query)
SELECT iris."Species”, max(iris."Petallength”) AS longest, min(iris. " Petal
Length"”) AS shortest
FROM iris GROUP BY iris."Species’
In [ ]: odo(query, |
Exercises
Now we load the Lahman baseball catabase and perform similar guenes
In (16]: # db = bz.Data( 'postgresql://postgres:postgresfecl-54-159-160-163.compute-i

db = bz.Data('sglite:///lahman2013.s8qlite’)
db.dshape
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quary = db.iris{db.iris.Species == 'versicolor ][[ Species’', 'Sepallength’]
print bz.compute(query)

SELECT iris."Species”, iris."SepallLength”
FROM iris
WHERE iris."Speciles” = 7

In [18]: query = bz.by(db.iris.Species, longest=db.iris.Petallength.max(),
shortest=db.iris.Petallength.min())

print bz.compute(query)

SELECT lris."Speciesa”, max(iris."Petallength”) AS longest, min(iris."Petal
Length”) AS shortest
FROM iris GROUP BY iris."Species”

In [(20): odoigquery, list,

Out[20]: [(u'Species’', u Petallength , u Petallength'),
(u'setosa’, 1.9, 1.0),
(u'versicolor’', S.1, 1.0),
(u'virginica', 6.9, 4.5))

Exercises
Now we icad the Lahman basepall database and perform similar guenes
In [16): # db = bDrx.Data( postgresqgl://postgres:postgresfecl-54-159-160-163.compute~]

db = bz.Data( ‘'sglite:///lchman2013.sqglite’ )

db.dshape
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virginica 4.5
Same! Petallength, dtype: L. oatfd

Store Results

By aefault Blaze only shows us the first ten ines of 2 resuit This prowides a more Ntaractve 'eel
and Stops us Trom accidentally cnanng our system. Somenmes we 00 want 10 comoute all of me
resuits ang store them somegiace.

Blaze expressions ane valid sources for odo. SO we can store our results i» any format.

irls = pa.Data( sglice: my .dbi:izis’' |
guery = bDa.by(iris.dpecies, largest=iris.fecallength.max(). # A lazily =
seellest=1iris.Petallength.2in( )}

bdo(gquary, litc} # A coacrers remulc

({4 Spaciea . u Petallength , u Pecallength ),
{u gerosa', 1.9, 1.0),

({u'versicolor®, 5.1, 3.0},

{u'virciciea', 2.9, 4.9}

Exercise: Storage
The solution 1o the frs! spit-apply-comine probiem S Dalow. Store Mat result n a isL 2 CSV e

onamad e on mamas: Y rwmisla s e i st aasan i cman o iis ibram wmaen  wmw s J 7 P ety e I eadsda |

—
e



™ 2 v == -, . verve | re—gs F DNwenit S

I3 AenEsn « 1.9 1.0,
s vermircams . P.1. 1.1,
= #irginies , 0.8, A.51)

Exercisa: Storage

“ha DIUHY| I 0 Y AN S0y COANBAS ITICEET B DE00, SO MNAD mEocl s A W OBV Sip,
fexs m & sew (GOL 1200y ¥y D0 SOIICARE JUne & 1S S8 55110804 ¢ . . . KO specty o SO moe

an |31 edolit < B2 BV 80L0GLIET 80, ARRndy, AFTedhLlA AT lew . dalaTT Seal L,
Dou=dD, 00léel46. 88580y 20| |,
) 2454000, 95 0T 3D | &2 T . 78T | = . az
1.A07R1 22 & ., AKCOO0LOQUT4ING )

i e . i e i

= ‘211l wamicondll. ‘-!il-!.ﬂflﬂ_ A

et 3o lu esto, iblzua.ﬂuuui:. :iuuannu.a, 415, 8458008000800 T ),
ju DAN', 2336981 .55302505328, 230504046.0, 385.831%)),
e SEE . 2217389.913265029. 223T430:53.0, 34B8,.7382481313314%),

Iu SET, 195825135.58902080284, 223000000.0, 3E1.33002:233131313,
ju ®TE ', 18353151.5%054%9803, 22000000.0, 3€5,355)214521482)1),
4 SCA°, 15923.3.9542029345. 23571460.0, 299.01.

(U'CEA", 1954393,.502134311%, 13700000.0, 310.03000)08) 008y,

1% TEXRC, SPTARNL 551142271, 2ITUOO000. 5, MR AANMMEGANRAET ),
1= RN ; IP3IANG. NIIINO0NG, JORETIAL.OL MG ALY
(% CEA . 19RO 3035153470 iTvOate. 9. Mi.an
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In [16]:

-

Out(l6]):

In [ ]:

V@ Insert Cell Kermel

Exercises

Now we Icad the Lahman baseball database and perform similar queries

Help

Cell Toolbar: None

a

Python2 ©

# db = bz.Data( 'postgresql://postgres:postgresfecl-54-159-160-163.compute-]
dbh = bz.Data( 'sqliite:///lahman2013.3glite’)

db.dshape

dshape("""{

Allstarfull: var = |
playerID: ?string,
yearID: 2int32,
gameNum: 2intli2,
gameID: ?7atring,
teamID: ?string,
lGZD: ?Strinq.
GP: ?int32,

startingPos: ?7int32

}o

Appearances: var * (
yearID: 2intl2,
teamlD: ?string,
iglD: ?string,
playerlID: ?string,
G_all: 2int3z,
GS: ?int32,
G_batting: ?int32,

" Ambmamness DamedD

# View the Salaries table
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= = € | localhost:8885/notebooks/Section3-2_bokeh.ipynd QD+ i
— Jupyter section3-2_bokeh s A
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Introduction to Bokeh ae
CONTINU U M
In this tutorial we'll leam how to use Bokeh to build interactive ANALYTIC
visualizations viewabie in a browser. Generally this tutorial will have
the following format

1. charting - High level interface to go from data to piot
2. plotting - Intermediate interface allowing control to all parts of a piot

+ Vectorized attributes
« Toolbars
« Linked Brushing
= (nteractivity
3 Baseball example - Example of viewing statistics of baseball
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IntroductlontoBokeh CONTINUUM

In this tutonail we'l! leam how to use Bokeh to buiid interactive AMNMALYTICS
visualizations viewabie in a browser. Generally this tutoral will have
the following format

1. charting - High level interface to go from data 1o piot
2. plotting - Intermediate interface allowing control to ail parts of a plot

+ Vectonzed attnbutes
» Toolbars
» N.inked Brushing
- Interactivity
3 Basenall exampie - Examgie of viewing statistics of basenall

Install

This tutonal uses many different libranes that are all avalable with the Anaconda Dsmnbution. Once
you have Anaconga install, please run these commands from a termnak

$ conda install -y blaze
S conda install -y bokeh
$§ conda install -y odo

$ conda install -y into

The last command is there because of an issue with odo which was recently renamed (formerty
into).



In [1]):

.

Vimw Insert Cell Moy Heip Fython 2

Introduction to Bokeh

Provide a first-class visualization library for web-aware apphcations, without requinng web-level
programming.

We wrote JavaScript, so you don't have to.

Write a visualization python. Bokeh creates data descripors and a scenegraph consumed by
BokenhJ$. This works in ipython notebook, creating static files and interacting with aynamic data
sources.

Bokeh includes pre-buiit schemas in bokeh.charts. a low-ievel composition interface (similar to
matpiotiib), a server for large and/or dynamic datasources and widgets for providing client-side
realtime interaction.

The non-JS framework aiso has prototypes in other lanquages (Scala, Julia...maybe R).

Note: There are exampies notebooks in bokeh/examples/piotting/notebooks. Start an ipython
notebook server there to get more examples.

Gallery - tutorial -- Documentation — B8p0

import pandas as pd
import numpy as np

Output



ihn Euit

in [1]:

In [2):

v ey iresert Cel ATy reio wihon 2 ©

Ths ncn-JS Inunewon aiso has pretotypes in other enguages (Scais. Julla...mayoe R

Note: There ore sxampies notehooks in bokeh/ampies siomng/notenonics. Stan dan ovinen
notebook server there to gat Mare axamoies.

Ciiliery — futonip) -- Documentagsn — ~ipo

import, pandas as pd

L-wn[uwr-nn
Output

Boraf oan sutial 10 ntmi, 4 notebook, or just fragments for ambadding N a web appication.

‘o starnt playing. we il use the notedook. Later we will see the other types of output.

irom bokeh.pliotuing Llmport OGLPUL_OOLEDOCK
output cotahook|) # Tall Sckal to sutpet v an Lpyrann notadoak (other pel

BokenJS sucoessiully losood.

bokeh.charts
Common Schemas for common 1asks @nd paramatens).

Experts-dats to Do formatied es-aither-an CroeredDict or § pendas cataframe
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hist.show()
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Yiowwl= LooyuTuny
legend="top left”,
width=400,
height=350,
notebook=True)

w { e
=y e’ 1 §
-

kwargs, dict_input =

Python2 O
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hw-'
— "

0.2 -

-1.5 -1 .5 0 0.5 1 15 2
X-axis

In [4]: f£rom bokeh.sampledata.olympics20l4 import data
from bokeh.charts import Bar

data = {d| ‘abbr'|: d[ ‘medals’ | for d ia data| data’'] if d( 'medals’ || wotal

countries = sorted(data.keys(), key=lambda x: data(x][ total |, reverse=Tru

gold = np.array(|data[abbr|]( 'gold’' ] for abbr im countries), dtype=np.f{loat)
silver = np.array([datafabbr]| 'silver’'| for abbr im countries), dtypewnp.fl
bronze = np.array((datafabbr|| bronze | for abbr im countries|, dtype=np.fl

medals = OrderedDict(bronze=bronze, jsilver=silver, gold=gold)

bar = Bar(medals, countries, title="grouped, dict input’, xlabel="countries
leagend=True, width=800, height=300, notebook=Trua)

bar.show()
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bronze = nﬁ.lrra}[idltlilhhzii'hranze i for abbr ia cnunt:in:i. dt}ae-ni.tl
medals = OrderedDict(bronze=bronze, silvers=silver, gold=gold)
bar = Bar(medals, countries, title="grouped, dict imput’, xlabel="countries

legend=True, width=800, height=3100, notebook=True) |
bar.show()

3 23 ~
grouped, dict_input |

10 |
bronze
@ 83)™ -
© 8 *&Nﬂr |
i
Z flee m | ‘
1 1 . |
2 JTTTTTTTN o
¢ | 1Rl I | [ | | I | . : |
D i i i i1 1 i1 i | 41 1 i nelhan il 0 48 N 1 18 4 i -
'I *I "l' | Il | | g || L] ‘\I !}] | e'l “‘}: | L] q|e: | | ‘l ?: T_‘E:_QT | _\: ‘I
N U \ - Ny W & { -
> Q@r‘g@tﬁ%adﬂ :;‘I‘w'-'“* T PO LI I TFFRE
countries

This is a mid-level interface, used by the charting library (and other parts of bokeh). it can aiso be
used directly. The basic idea: there is an active piot, and you are moadifying 1. ‘

- - Y . N N P N S SN |
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This is a mia-level interface, used by the charting library (ana other parts of bokeh). It can aiso be
used directly. The basic idea: there is an active piot, and you are modifying it.

Amport numpy as nop

from bokeh.plotting import *

BE = 102

lin arr = np.linspace(0, ié*np.pi, M)
ain arr = np.sin(lin_arr)

cos_arr = np.cos(lin_arr)

Scatter Plots
Teo begin with let's make a scatter piot.

ol = ficurei )
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In [5]: import numpy as np
from bokeh.plotting import -
N = 102
lin arr = np.linspace(0, 4*np.pi, N)
sin arr = np.sin(lin_arr)
cos_arr = np.cos(lin_arr)

Scatter Plots

To begin with let's make a scatter piot.

In [6]: pl = figure()
pl.scatter(lin arr, sin arr, color="#FPFOOFF")
pl.scatter(lin_arr, cos_arr, color='green”)
show(pl)

o
Plot

B il K -, -~
! - -. I. .l 'I. & -
- s -
- - -
1 * * ® - o
L] -
- a . . -4
- -
] - e . -
® L]
05 <+ - - »
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In [B]¢t p3 = figure()
pl.scatter{x~lin arr, y=cos_arr , marker="square”, color*"green”)
show(p3)
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Everything is vectorized ‘
While we have only been passing vectors for locations, we can do so for aimost any parameter.

Let's use the cos _arr 10 sSize the circles

k p4 = figure()

p4.scatter(x=lin_arr, y=sin_arr, size=cos _arr**2*10) |
show(p4) |

In [9]:

Let's play with colors now. Brewer is a popular set of palletes. Here we pick one and then build a |
vector of colors for the plot.

In [10]): from bokeh.palettes import brewer
priant "Brewer Palettes:”, brewer.keys()
priat "Srewer Grey Palettes:”, brewer( Greys” ).keys()

palette = brewer| Greys  |[(9)] + list(reversed(brewer| Greys |[(%]))
colors = palette * (len(lin arr) / len(palette)) + palette{O:len(lin_arr)

Brewer Palettes: [ Spectral’', 'RAYIGn', 'OrRd’', 'PuBu’', BuPu', 'RdBu’', 'O
ranges', 'BuGn’, 'Pi¥G', 'YlOorBr', 'YlGn', 'RdPu’', ‘Greens’', 'PRGan‘, 'YiGn
Bu', 'RdYlBu’', 'BrBG', 'Purples’', 'Reds’', 'GnBu’', 'Greys’', 'RdAGY’', 'Y1lOrmd
', '"PuOr', 'PuRd', 'Blues’', 'PuBuGn’ |

Brewer Grey Palettes: [3, &, 5, 6, 7, 8, 9]
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Let's play with colors now. Brewer s a popular set of palletes. Here we Dick one and then busld a
vector of colors for the pilot.

In [10]: from bokeh.palettes import brewer
primt "Brewsr Palettas:”, brewer.keys()
priant "Srawar Gro} Palasctes:’, brewer| ‘Groys'].keys()
palette = brewar| Grays” |[9) + list(roversed(brewer| Greys " |[%]))
calars = palette * (len|{lin arr) / len{palette)) + palette|0:len(lin arr) ¥
Brewer Palettes: [ ‘Spectral’, 'RdYiGn', 'OrRd’, 'PuBu’', BuPu’', 'RdBu’', ‘O
ranges , BuCGn', 'PAYG', 'YlOrBr', YiGn', 'RdPu’', Greens', PRGn , Y.IGn
Bu', 'RAYIBu', 'BrBG', 'Purples’, 'Reda’, 'GnBu’, 'Greya’, 'RdGy’, 'YlOrRd
‘s 'PulOr', 'PuRd’', 'Blues’', 'PuBuGa’|
Brewer Grey Palettes: (3, 4, 5, 6, 7, 8, 9)

In (11): pS = figure()

pS.scatter(x~lin arr, y=sin arr, size=cos _arrs+*+2+*10 + 5, £il1l colos=colors)
show(p3)

Tools

If you notice the bar at the top of the you see several places 10 interact with the piot.
These are tools and there a many different tools built into the Bokeh.

Let's take a look at HaverTools, Dut first we use Bokeh's (ata source which watches changes.
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If you notice the bar at the 10p of the you see several places 10 interact with the piot. |

These are toois and there a many different toais busit into the Bokeh.

Let's take a look at HoverTools, but first we use Bokeh's data source which watches changes. |

In [12]:

source = ColumnDataScurce( |
data=dict( |
x=lin arr,
y=sin_arr, |
size=cos_arr+*=2+*10 + 5,
colors=coldrs !

In [13):

from bokeh.models import HoverTool |
from collections import OrderedDict

TOOLS="croashair,pan,wheel zoom,box zoom, reset, hover,previewsave”
pé = figure(title="Hoverful Scatter”, tools=TOOLS)
pé.circle(x="x", y="y", sizes"glze", source=source,

fill color="colors , fill alpha=0.6, line colors=None)

hover = pé.select(dict(type=HoverTool))
hover.tooltips = OrderedDict([ |
("index”, “Sindex"),
(“(x,y)", "(0x, 8y)°),
("size”, "fsize”),
("£111 color”, "Scolorlhex, swatch|:f1l1]1 celor™),
1)
show(pé)
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data=aict|
x=1lin arr,

y=sin _arr,
size=cos_arr~*2+*10 + 5,
colors=colors

)

in [(13]: from bokeh.models impert HoverTool |
from collections import OrderedDict

| TOOLS="crosghair, pan,wheal zoom,box z00m,reset , hover,previewsave’
pé = rigurujzitln='ﬁnvnr:u; Scattar’, tools=TOOLS)
pé.circleix="x", y="y°, size="size”, source=source, |
fill colar="colaras”, fill alpha=0.46, line color=None

hover = pé.select(dict(sype=tioverTool)) |

hover.tooltips = OrderedDicet(|
("index”, "Sindex”), |
("ix,¥)", "(¥x, #y)7),

| ("size”, “"Psize”),

| ("£1ll color”, “Scolor{hex, swatch]:fill colar®),

1

show(pé)

Linking two plots |
One of the best aspects of Bokeh s linking picts. We can link the brushing. This will allow you to
el apdA mar with Yo mimre Bearh raacstine te anaceh At oae
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Linking two plots

One of the best aspects of Bokeh is linking piots. We can link the brushing. This will allow you to
select ang pan with the piots both reacting o each other.

¥ = 300

x = np.linspace{l, 4*np.pi, N)
Yyl = np.sin(x)

y2 = np.cos(x)

scurce = ColumnDataSource( )
scurce.add(data=x, name= x )
scurca.add(data=yl, name= y| )
source.add(data=y2, name= yl )

TO0LS = “pan,wheel zoom,box zoom, reset,.save,box select, lasso Select’

sl = figure(tools=TOOLS, plot_width=]150, plot_height=350)
sl.scatter( x , ¥l , scurce=source)

# Liockea brushing in Bokal (s expressed Dy sBaring data sourcas Detwoean

F rongerars. Nots Dalow cthart sl.Sscattor 15 called with the sogrce

# keyword argoment, and supplied with the same data source from sl.scatter
82 = flgure(tools=TOOLS, plot_width=350, plot_height=350, x_range=sl.x ranc
s2.scatter( x', 'yi , source=source, |

p = gridploti(||si,s2]])
show(p)

)
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Outfl5]):
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Basic interactivity
Bokeh lets you use a Pythan update function o update your piots.

in IPython noteDook we can use the interactive widgets provided by the notebook. One can also
use Flask or Boxeh-server to embed in cutside the notebook.

x = np.linspace(Q0, 2*op.pi, 2000)
Yy = ap.sin(x)

source = ColumnDataScurce{data=dict(x=x, y=y))

p = figure(titie="simple line example , plot_height=300, plot_width=600)
p.linef(x, y, color="#2222as", line_width=}, source=source, name="foo")

<pokeh.plotting.Figure at O0xl0b77b3l10>

from IPython.html.widgets import interact
éluteract(f=]"sin”, “coa”, "tan”], w=(0,100), A=(l,10), phi=(0, 10, 0.1))
def update(f, wel, A=l, phi=d):

if £ == “ain": func = np.sin

elif £ = "cos": func = np.cos

elif £ = "tan": func = np.tan

source.datal 'y' )] = A * func(w * x + phi)

source.push notebook( )
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X = np.linspace(0, 2+*np.pi, 2000)
Y = np.sin(x)

source = ColumnDataSource(datasdict(x=x, ¥=Y¥Y))

p = figure(titie~"aimple line example’ , plor height=300, plot width=600)
p.line:'x, y, color= #122Jan , line width=3, source=source. name= foo"

<bokeh.plotting.figure at Oxl0cl0DdS0>

from lPython.htal.widgets import interacts
finterace(f=|"sin", "cos", "tan"), w»0,100), A=~(1,10), phi=(D, 10, 0.1))
daf update(f, w=li, A=l, phi=0):

i £= "gin": func = np.sin

elif £ = "cos”: func = np.cos

elif £ = "tan”: func = ap.tan

source.datal y' | = A * func(w * x + phi)

source.push notebook| )

show(p)

Baseball App Example

In this exampie we use Blaze and Bokeh 10 explore the Lahman Baseball Statistucs database.
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in [22]:

In (19]:
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Baseball App Example

In this exampie we use Blaze and Bokeh to expiore the Lahman Baseball Stanstics catabase.

import blaze as bz

import pandas as pd

import numpy as np

from odo import odo

from bokeh.plotting import *
ocutput_notebook( )

db = bz.Data( ' 'sqlite:///lahman201].aqlite’)

db.dshape

I
&

out[19]:

dshape("""{

AllstarPFull: var = |
playerID: 2?satring,
yearliD: ?inti2,
gameNum: ?int32,
gamelID: ?string,
teamiD: ?7string,
1gID: ?string,
GP: 7int32,
startingPos: ?2int32
}o

Appearances: var *
yeariD: ?inti2,
teamID: ?string,
1gID: ?string,
plaveriD: 7astring.
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C_all: ?intl2,
G8: ?intl2,
G_batting: ?intdl,
G_defense: 7intl2,
G_p: 7intl2,
G_c: 7intlz,
G lbe 24intd2,
G_2 intaa,
G_in; ?intl2,
G_sas: ?int32,
G_1f: ?intl2,
G_cf: ?intl2,
G_rf: 7intl2,
G of: 2int32,
G db: 2int32,
G_ph: ?7intl2,
G pr: ?int32
e

AwardsManagers: var * |

in [20): List(db.Salaries.teamlID.distinct())

Out|207: Ju'ATL',
u'ﬂhL '
u'BOS’,
u'CAL ',

'CHA ',

‘CHN,

IiN,

EEEEEEE
n

848
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In [24): resault = bz.by(db.Salaries.teamID, avg=db.Salaries.salary.=san( ).
zax=cdb.Salaries.salary.zax(),
ratio=~db.Salaries.salary.max() / db.Sals

)«.80rt({ racic' , ascending=False)

- P P e —— e o P i o T




File Edit View insert Cell Kermel Heip g [ Python2 O
32 | LAA
33| WAS
34 | MIA
In [(24]: result = bz.by(db.Salaries.teamID, avg=db.Salaries.salary.mean(), |
t max=db.Salaries.salary.max(), |
ratio=db.Salaries.salary.max() / db.Sale|
).80rt( ratioc’', ascending=false)
df = odo(result, pd.Dataframe) |
In (25]: df = df.sort(’'avg’)
source = ColumnDataSource(df)
p = figure(x_range=list(df[ "teamID"]))
p.scatter(x="teamID", y="avg", source=source)
show(p)
Hmm, can't read the y axis very well...
In [26]: df = df.sort( avg )

source = ColumnDataSource(df)

p = figure(x_range=list(df[ " teamID"]))
p.scatter(x="teamID”, y="avg", source=source)
p.xaxis.major label orientation = np.pi/3

show(p)

Lat's view a max versus ratio
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In (21]: result = bz.by(db.Salaries.teamID, avg=db.Salaries.salary.=ean(),
max~db.Salaries.salary.=max(),
ratio=db.Salaries.salary.max() / db.Sale

) .80rt( ratioc’, ascending=False)
df = odo(result, pd.DataFrame)

In [ ]:

In [25]): df = df.sort( ' avg )
source = ColumnDjtaSource(df)
p = figure(x range=list(df[ " teamID"]))
p.scatter(x="teamID”, y="avg", source=source)
show(p)

In [ ]:

In|[ ]:

HmMmM, can't read the y axis very weil...

In [26): Adf = df.sort( 'avg ')
source = ColumnDataSource(df)
D= figureix range=listidfl“"teamID“11})
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result = hy . by(db.Salariss.taam®D, avgrdb.Salariss.salarv.ssan(|,
s=owib.Salaries salacy.meu) ),
ratioedh Salaries anlsry.=eai)
| 80Te| —asic , ascending=falss)

df = odo(zesuls, pd.lDactaframs)

(A ]

»
d% . head

-1Ilﬂﬂﬂd;ﬂl max q}lhﬁ

0| P JOG2230.9326836 | 25000000 | 415.55688/
T [AM 20960 99L02¢ | 23654484 | 397 574308
2| NYN IMTMBGTT245 | 2374500 1 JHE!EQTSH
3| DET [SH0634. 250208 23000000'3!1333333!
4[MN | 1S00%) S50 | 2I0UENG | THE XERNRY |

4% = gf.sart: sve )
aource o Colesnbatasguroeiarl)
p = figuma(x _range=ilst(df| tosaty |))

Ps3CAttur (" TrmeallT Y= A7 ;| BOUIrTETEOUITH |

Bhow(p|

e

il



File

m
=]

In [21): 5.S5alaries.teamiD, avg=db.Salaries.salary.mean(),
max=db.Salaries.salary.max(),
ratio=db.Salaries
).80rt( ratic’', ascending=False)

In [22]:

Out|22]:

In (25]):

Vit

32 [LAA

33 | WAS

34 | MIA

Insert Cell e o

Hedp

pd.DataFrame)
df .head/
teamliD | avg max ratio

0| PHI 2092230.932636 | 25000000 | 416.666667
1|LAN 2346982.698026 | 23854494 | 387.574900
2| NYN 2317349977246 | 23145011 | 385.750183
3| DET 1880834.990208 | 23000000 | 383.333333
4| MIN 1525031.650386 | 23000000 | 383.333333

df = df.sort( 'avg’)
source = ColumnDataSource(df)
p = figure(x_range=list(df[ " teamID"]))

p.scatter(x="teamliD", y="avg”, sources=source)

show(p)

Python2 O

-Il-ll.!?.!‘-t(.! / db.Salaries.salary.min()
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In [29]:

Let's view a max versus ratio

TOOLS = "pan,wheal zoom,box zoom, raset,save,.box select,lassc salect”

df = df.sort('avg’)

source = ColumnDataSource(df)

sl = figure(x_range=list(df("“teamiD")), tools=TOOLS)
sl.scatter(x="teamliD", y="avg", sources=source)
sl.xaxis.major_ label orientation = np.pi/1J

82 = figure(x _range=list(df("teamID"]), tools=TOOLS)
s2.scatter(x="teamID", y="ratia", source=source

s2.xaxis.major label orientation = np.pi/3

P = gridplot(((sl].[82]])
show(p)

Plot

4.000e+6

Il_LllLL_..
L
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m = odo(r, pd.DataFrame)| “all stara” |.max()
print "max nusber of all stars from a single team:", =

priant "normalized list of all stars:\n", bz.compute((r.all_ stars / m).head(

# Now let's use this as the size of the circles in the scattar plot
dfl = into(pd.DataFrame, r)

dfl[‘all stars'] /= (dfl[ 'all stars’ ]j.max() /7 10)

dflf’'all stara’'] += 10

max number of all stars from a single team: 412
normalized list of all_stars:
1.000000

0.737864

0.691748

0.621788

0.570388

0.565534

0.512136

0.492718

0.458738

0.453883

Name: all stars, dtype: floathd

MDD = O N e W N = D

Now lets join the data to all_star sizes

In (29]: r = bz.join(bz.Data(dfl), bz.Data(df), teamiD )
r.head()

DR | Doacaalem oo o = s L |
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In [31): def compute df(year=2012): mhH
result = db.Salaries| db.Salaries.yearID==year | |
result = bz.Data(into(pd.Dataframe, result))
result = bz_by(result.teamID, max-result.salary.max()).sort( =max , asce:
df = into(pd.DataFrame, result)
asf year = db.AllstarFull| db.AllstarFull.yearliD==year|
result = bz.by(asf year.teamlD, all stars~db.Allstarfull.playerliD.count |

j.sort({ all stars’, ascending=False)
r = bz.Data(into(pd.DataFrame, result)) ‘
dfl = to(pd.DataFrame, r)
afl| ‘all stars’'|) /= (dfl] all_stars ].sax{) / 10)
dfl| ‘ajll stars’' ) += 10
r = bz.join(bz.Data(dfl), bz.Data(df), tea=ID )
df_J] = into(pd.Dataframe, r)
df § = df_j.sort( "max”) |
ceturn df j |

source = into(ColumnDataSource, compute df())
p = figure(x_range=list(source.data| teamID”]))

p.scatter(x="teamID , y="max", size="all stars’, source~source, fill alpha=
p.xaxis.zmajor_label orientation = np.pi/3

In (32): from IPython.html.widgets import interact, IntSlliderwidget |

def update(year):
df = compute_df(year) |
source.datal all_stars | = dff all_stars'}
source.data| nax | = df| max |
source.push_notebook( )
finteractiupdace, yoar=(1980, 2013))
interact(update, year=IntSliderWidget(xin=1985, max=201), value=J013)) m
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In |28}:
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p-Xaxis.major_ label aorientation = np.pi/3

from IPython.html.widgats import intoract, IntSliderWidget

def update(year;:
df = compute_df(year)
source.data| all_atars j = dff all_stars )
source.date( max | = 4f| max’ | |
source.push_notabook( )
fintaract{updata, year=(1980, 2011))
interact{update, year=IntiliderWidgor(m:in=1985, sax=2013, value=1011)}]

year 2013

Javascnpt error adaing cutput!
TypeError: Cannot reac property ‘set’ of undefined |
Sae ycur browser Javascript consaie for more detalls.

<function _ maino__.apdate>

ashow(p)

Plot |

o
=
'l
L4
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