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The Data Science Triforce



Expressions




APls, syntax, language

Expressions

metadata

Data

compute

storage/containers



semantics

metadata

Data

storage/containers

compression

APls, syntax, language

Expressions

sim:[alic‘:itg

compute

Pergormance



APls, syntax, language
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APls, syntax, language

a = arange(15).reshape(3, 5)

numpy AP

numpy.int32, numpy.int16,
and numpy.float64
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Blaze ecosystem
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APls, syntax, language
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blaze



interface to query data on different storage systems
http://blaze.pydata.org/en/latest/

from blaze import Data

csv iris = Data('iris.csv')

SQL iris = Data('sqglite:///flowers.db::iris')
MongoDb iris = Data('mongodb://localhost/mydb::iris")
JSON iris = Data('iris.json")

5% iris = Data('s3://blaze-data/iris.csv')



SCICCt CO]UI’ﬂﬂS iris[['sepal length', 'species']]

Fﬂter iris[(iris.species == 'Iris-setosa') &
(iris.sepal length > 5.0)]

C)annate log(iris.sepal length * 10)

R&xﬂucx: iris.sepal length.mean ()

Eﬂaht”aFWDEJ by(iris.species, shortestfiris.petal_length.min(),
longest=iris.petal length.max(),

~combinc average=iris.petal length.mean())
transform(iris,
/\Chjiﬂévv sepal ratio = iris.sepal length / iris.sepal width,
CCJLHTH?S petal ratio = iris.petal length / iris.petal width)

Relabel Coiumﬂs iris.relabel (petal length='PETAL-LENGTH',
petal width='PETAL-WIDTH')

"Eaxtrnatc}ﬂr%; iris.like (species="*versicolor')




(blaze server)

Builds off of Blaze uniform interface to host data remotely
through a JSON web API.

iriscsv:
source: iris.csv

irisdb:

source: sqglite:///flowers.db::iris
irisjson:

source: iris.json

dshape: "var * {name: string, amount: float64}"

irismongo:
source: mongodb://localhost/mydb::iris

server.yaml YAML

$ blaze-server server.yaml --follow-links -e

localhost:6363/compute.json



Blaze Client

>>> from blaze import Data

>>> s = Data('blaze://localhost:6363")

>>> t.fields

[u'iriscsv', u'irisdb',

>>> t.iriscsv

sepal length

0 5.1
1 4.9
2 4.7

>>> t.irisdb

petal length petal width

0 1.4
1.4
2 1.3

—

u'irisjson',

u’irismongo']

sepal width petal length petal width

3.5
3.0
3.2

0.2
0.2
0.2

1.4
1.4
1.3

sepal length
5.1
4.9
4.7

0.2
0.2
0.2

sepal width
3.5
3.0
3.2

species
Iris—-setosa
Iris-setosa
Iris—-setosa

species
Iris-setosa
Iris—-setosa
Iris-setosa




CUFI

curl \
-H "Content-Type: application/json"™ \
-d '{"expr": {"op": "Field", "args": [":leaf", "iriscsv"]}}' \
localhost:6363/compute.json

b]aze.server.to_tree + requests

need o eqplain dataohape finat.



datashape



datashape

a structured data description language
http://datashape.pydata.org/

unit types ordered struct dtype
N daladsee |
i;dimension « dtype record

collection of types keyed by labels

var * int>2 {x:inth2, y: string, z : floaté4

labilar dalaokape

var *{x:intb2, y: string, z : floaté4

b, * string
4 x  floaté+



datashape |

iris: var * {
petal length: floate4,
petal width: floato64,
sepal length: floateo4,
sepal width: floato64,
species: string
}
by
iriscsv: var * {
sepal length: ?floaté64,
sepal width: ?float64,
petal length: ?floaté64,
petal width: ?floated4,
species: ?string
by
irisjson: var * {
petal length: float64,
petal width: floate4,
sepal length: floate4,
sepal_width: floaté64,
species: string
b
irismongo: 150 * ({
petal length: floaté4,
petal width: floatoe4,
sepal_length: float64,
sepal width: floaté64,
species: string

}

e - ——




Blaze uses datashape as its type system.

>>> iris = Data('iris.json')
>>> s.iris.dshape

dshape ("""var * {
petal length: floato4,
petal width: floate4,
sepal length: floato4,
sepal width: floatod4,
species: string

}""")




. baok @—M;@m“

blaze.server.’co_tree + requests

>>> dshape = """{
{
iris: var * {
petal_length: floaté64,
petal_width: floaté6d,
sepal_length: floaté4,
sepal width: floaté64,
species: string
}
by
iriscsv: var * {
sepal_length: ?floaté64,
sepal_width: ?floaté64,
petal length: ?float64,
petal width: ?floatéd,
species: ?string
|
irisjson: var * {
petal_length: floaté4,
petal width: floaté4,
sepal_length: floaté4,
sepal_width: floaté4,
species: string
|
irismongo: 150 * {
petal length: floaté4,
petal_width: floaté4,
sepal_ length: floaté4,
sepal_width: floaté4,
species: string

}

}ll wn

>>> from blaze import symbol
>>> from blaze.server import to tree
>>> import requests

>>> g = symbol ('s', dshape)

>>> expr = s.iriscsv.petal length.max()

>>> d = to_tree(expr, names={s: ':leaf'})

>>> query = {'expr': d}

>>> r = requests.get ('http://localhost:6363/compute.json',

.. data=json.dumps (query),

.. headers={"'Content-Type': 'application/json'})

>>> json.loads (r.content)

{u'data': 6.9, u'datashape': u'?flcoaté4', u'names': [u'petal length max']}




odo



data migration, ~ cp with types, for data
http://odo.pydata.org/en/latest/

from odo import odo
odo (source, target)

odo('iris.csv', 'iris.json')
odo('iris.json', 'sglite:///flowers.db::iris"')
odo('iris.json', 'mongodb://localhost/mydb::iris")
odo('iris.csv', 'hdfs://hostname:iris.csv')

odo ('hive://hostname/default::iris csv',
'hive://hostname/default::iris parquet'’,
stored as='PARQUET', external=False)







JSON in S3 » postgres

JSON S3 » Local temp file
boto.get bucket () .get contents to filename ()

Local temp file » DataFrame
pandas.read json ()

DataFrame » CSV
DataFrame.to csv ()

CSV » postgres
copy t from '/path/to/file.csv'
with

delimiter ',

header TRUE

odo('s3://mybucket/path/to/data.json’, 'postgresql://user:passwd@localhost:port/db::data’)



Blaze depends on odo to handle URIs.

1ris = Data('iris.csv')

iris = Data('sglite:///flowers.db::iris"')

odo('iris.json', 'sqglite:///flowers.db::iris')




dask



enables parallel computing

http://dask.pydata.org/en/latest/

single core parallel computing
computing / \
shared distributed
memory cluster
Gigabgte Terabgte Petabgte

Fits in memory Fits on disk Fits on many disks



enables parallel computing

http://dask.pydata.org/en/latest/

nurpd, /gand/m«: | | da,ak
single core parallel computing
computing / \ b diatonilodod
shared distributed
memory cluster
Gigabgte Terabgte Petabgte
Fits in memory Fits on disk Fits on many disks




enables parallel computing

http://dask.pvdata.org/en/latest

nurmpy, pordas | daak
single core parallel computing
computing / \W Ry
shared distributed
memory cluster
/ N\
threaded scheduler multiprocessing scheduler
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>>> import numpy as np

>>> np ones = np.ones((5000, 1000))

>>> np ones

array ([[ 1., 1., 1., ..., 1., 1., 1.1,
(>, 1., 1., ..., 1., 1., 1.1,
r., 1., 1., ..., 1., 1., 1.1,
ey
r., 1., 1., ..., 1., 1., 1.1,
r~»., 1., 1., ..., 1., 1., 1.1,
r ., 1., 1., ..., 1., 1., 1.11)

>>> np y = np.log(np ones + 1) [:5].sum(axis=1)
>>> np y

array ([ 693.14718056, 693.14718056,
693.14718056, 693.14718056, 693.14718056])

doak

>>> import dask.array as da

>>> da ones = da.ones ((5000000, 1000000),
chunks=(1000, 1000))

>>> da_ones.compute ()

array ([[ 1., 1., 1., ..., 1., 1., 1.7,
(1., 1., 1., ..., 1., 1., 1.1,
(1., 1., 1., ..., 1., 1., 1.1,
ey
(1., 1., 1., ..., 1., 1., 1.1,
(1., 1., 1., ..., 1., 1., 1.1,
(1., 1., 1., ..., 1., 1., 1.11)

>>> da_y = da.log(da ones + 1) [:5].sum(axis=1)

>>> np da y = np.array(da y) #fits in memory

array ([ 693.14718056, 693.1471805¢,
©93.14718056, 693.14718056, .., 693.14718056])

# Result doesn’t fit in memory

>>> da_y.to hdf5('myfile.hdf5', 'result')




/oandao

>>> import pandas as pd

>>> df = pd.read csv('iris.csv')

>>> df.head()

sepal_length

B w N e o

5.

U s

1

O oy -] WO

sepal_width

3.

w W w w

5

RN O

petal length

1

e

>>> max sepal length setosa =
'setosa'] .sepal length.max ()

5.7998999999999998

=0 W

.4

petal width

0.

[eNeNoNel

NN NN

df [df.species

species
Iris-setosa
Iris-setosa
Iris-setosa
Iris-setosa
Iris-setosa

daak

>>> import dask.dataframe as dd
>>> ddf = dd.read csv('*.csv')

>>> ddf.head/()

sepal_length sepal width petal length petal width

0 5.1 3.5 1.4 0.2
1 4.9 3.0 1. 0.2
2 4.7 3.2 1.3 0.2
3 4.6 3.1 1.5 0.2
4 5.0 3.6 1.4 0.2

species
Iris-setosa
Iris-setosa
Iris—-setosa
Iris-setosa
Iris-setosa

>>> d max sepal length setosa = ddf[ddf.species ==

'setosa'].sepal length.max()
>>> d max sepal length setosa.compute ()

5.7999999899999998



semi-structure data, like JSON blobs or log files

>>> import dask.bag as db
>>> import json

# Get tweets as a dask.bag from compressed json files
>>> b = db.from filenames('*.json.gz').map(json.loads)

# Take two items in dask.bag
>>> b.take (2)

({u'contributors': None,

u'coordinates': None,

u'created at': u'Fri Oct 10 17:19:35 +0000 2014",
u'entities': {u'hashtags': [],

u'symbols': [],

u'trends': [],

u'urls': [],

u'user mentions': []},

u'favorfteicount‘: 0,

u'favorited': False,

u'filter level': u'medium',

u'geo': None ..

# Count the frequencies of user locations
>>> freq = b.pluck('user') .pluck('location') .frequencies()

# Get the result as a dataframe
>>> df = freqg.to dataframe ()
>>> df.compute ()

0 1
20916
Natal 2
Planet earth. Sheffield. 1

Mad, USERA 1
Brasilia DF - Brazil 2
Rondonia Cacoal 1
msftsrep || 4/5. 1

oYU s W NP O
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>>> import dask
>>> from dask.distributed import Client

# client connected to 50 nodes, 2 workers per node.

>>> dc = Client ('tcp://localhost:9000")
# or

>>> dc
>>> b = db.from s3('githubarchive-data',

# use default single node scheduler
>>> top commits.compute ()

# use client with distributed cluster
>>> top commits.compute (get=dc.get)

[(u'mirror-updates', 1463019),
(u'KenanSulayman', 235300),
(u'greatfirebot', 167558),
(u'rydnr', 133323),
(u'markkcc', 127625)]

Client ('tcp://ec2-XX-XXX-XX-XXX.compute-1.amazonaws.com:9000")

'2015-*.9son.gz") .map (json.loads)




A
A 4

dask can be a backend/engine for blaze

e.g. we can drive dask arrays with blaze.

>>>

>>>

>>>
>>>

>>>

x = da.from array(...)
from blaze import Data, log, compute

d = Data (x)
y = log(d + 1) [:5].sum(axis=1)

result = compute (y)

# Make a dask array

# Wrap with Blaze
# Do work as usual

# Fall back to dask



Developer Resources



blaze
e Blaze in the Real World, PyData Dallas 2015, Phillip Cloud

0do

e Blaze + Odo, SciPy 2015, Phillip Cloud
e Odo - Shape Shifting Data, PyData Dallas 2015, Ben Zaitlen

dask

e Dask, Out of core NumPy/Pandas through Task Scheduling,
SciPy 2015, James Crist

e Dask Arrays or PyData's relationship with Parallelism, PyData
Berlin 2015 Keynote, Matthew Rocklin


https://www.youtube.com/watch?v=HLME2WKTJJ8
https://www.youtube.com/watch?v=1kkFZ4P-XHg
https://www.youtube.com/watch?v=x0svOPW6DdE
https://www.youtube.com/watch?v=0CyKObrSszY
https://www.youtube.com/watch?v=r2yeWiUt4Vw

WND

o Typing Arrays with DyND, SciPy 2015, Mark Wiebe
Numba

e Accelerating Python with the Numba JIT Compiler, SciPy 2015,
Stanley Seibert
e Odo - Shape Shifting Data, PyData Dallas 2015, Ben Zaitlen

e EuroPython 2015: Antoine Pitrou, Oscar Villellas, Graham
Markall

beolz

o Efficient memory/disk data containers with Python,
EuroPython 2015, Francesc Alted

e New trends in storing large data silos with Python, EuroPython
2015, Francesc Alted


https://www.youtube.com/watch?v=1kkFZ4P-XHg
https://www.youtube.com/watch?v=0CyKObrSszY
https://www.youtube.com/watch?v=eYIPEDnp5C4
https://www.youtube.com/watch?v=1kkFZ4P-XHg
https://www.youtube.com/watch?v=ZSWcX6yaQrQ

summary



Godls

Rethink the term Data Science and explore
connections between areas

Think In terms of data, expressions and engines

Encourage you start using any of the Blaze projects



Thanks to the Blaze Dream Team!
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Questions?

Slides:
http://chdoig.github.com/ep2015-blaze

Email: christine.doig@continuum.io

Twitter: ch_doig


http://twitter.com/ch_doig
http://chdoig.github.com/ep2015-blaze

