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WhoAmI • Post Doc Researcher @ FBK 

• Complex Data Analytics Unit (MPBA) 

• Interested in Machine Learning, Text and Data 
Processing 

• with “Deep” divergences recently 

• Fellow Pythonista since 2006 

• scientific Python ecosystem 

• PyData Italy Chair 

• http://pydata.it  

• @pydatait

kidding, that’s me!-)

http://pydata.it


DATA FORMATS FOR  
DATA SCIENCE
• Data Processing 

• Q: What’s the better way to process (my) data 

• Q+: What’s the most Pythonic Way to do that? 

• Data Sharing 

• Q: What’s the best way to share (and to present data) 

• A: [Interactive] Charts - Data Visualisation



JUPYTER NOTEBOOK FOR DATA SHARING AND 
DOCUMENTATION



#1

DATA THAT 
YOU CAN 
READ

Human Readable Formats



DOES YOUR DATA 
HAS A STRUCTURE 
OR NOT?
DATA FORMATS THAT YOU CAN READ



Unstructu
red Data



More Pythonic



Numpy to the rescue





Structured 
DataCSV



csv Module (in standard library)













XSL(X)EE
SPREADSHITS



xlsxwriter.readthedocs.io

http://xlsxwriter.readthedocs.io


Structured 
Data++

Analyse DBs from many angles



1. INFORMATION ARCHITECTURE

• Normalisation (No Duplicates) & Fixed Structure 

• Relational Databases 

• SQL: Structured Query Language 

• Many different dialects! 

• ORM is the way!



SQL

ALCHEMY







2. FLEXIBILITY

• Your data requires a flexible (not fixed) structure 

• a.k.a. NO-SQL (databases) 

• JSON-based data format 

• e.g. MongoDB pymongo



JSON



Jupyter Notebook 
Data Format



2.5 FLEXIBILITY AND 
validation

• Your data requires a flexible(ish) structure 

• But you want to validate your data 

• XML-based data format





3 STRUCTURE AND speed

• Normalisation (No Duplicates) & Fixed Structure 

• Relational Databases 

• (Super effective) in-DB Analytics 

• Column-oriented DB



BIG DATA AND COLUMNAR DBS

• Big Data World is shifting 
towards columnar DBs 

• better oriented to OLAP 
(analytics) rather than 
OLTP







#2

DATA THAT YOU 
CANNOT READ

Machine Readable Formats



unless..



BINARY FORMAT

• Space is not the only concern (for text). Speed matters! 

• Python conversion to int() and float() are slow 

• costly atoi()/atof() C functions

*

A. Scopatz, K.D. Huff - Effective Computations in Physics - Field Guide to Research in Python, O’Reilly 2015*

Integers and floats in native 
and string representations



Still, it is often desirable to have something more 
than a binary chunk of data in a file. 

import pickle



HIERARCHICAL DATA FORMAT 5 (a.k.a. HDF5)

• Free and open source file format specification 

• (+) Works great with both big or tiny datasets 

• (+) Storage friendly  

• Allows for Compression 

• (+) Dev. Friendly 

• Query DSL + Multiple-language support 

• Python: PyTables, hdf5, h5py





with PyTables

NUMPY ARRAYS TIGHT INTEGRATION

Accessing the table



HIERARCHY AND GROUPS



DATA CHUNKING

A. Scopatz, K.D. Huff - Effective Computations in Physics - Field Guide to Research in Python, O’Reilly 2015*



DATA CHUNKING

A. Scopatz, K.D. Huff - Effective Computations in Physics - Field Guide to Research in Python, O’Reilly 2015*

• Small chunks are good for accessing only some of the data at a time.  

• Large chunks are good for accessing lots of data at a time.  

• Reading and writing chunks may happen in parallel



PARALLEL HDF5 

MPI (mpi4py) integration
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• Data Analysis Framework (and tool) dev. @CERN 

• Written in C++; Native extension in Python (aka PyROOT) 

• ROOT6 also ships a Jupyter Kernel 

• Definition of a new Binary Data Format (.root) 

• based on the serialisation of C++ Objects





rootpy
root_numpy rootpy.github.io/root_numpy/

rootpy.github.io/

C++ style





Tight integration with PyROOT objects



http://www.rootpy.org/commands/root2hdf5.html



http://xarray.pydata.org/en/stable/index.html

MULTIDIMENSIONAL 
LABELED ARRAY  



when Pandas is not enough!



#3

DATA IN MULTIPLE 
FORMATS

(Big) Data Lake



HDFS
matthewrocklin.com/blog/work/

2016/02/22/dask-distributed-part-2

http://matthewrocklin.com/blog/work/2016/02/22/dask-distributed-part-2
http://matthewrocklin.com/blog/work/2016/02/22/dask-distributed-part-2


HDFS
• HDFS: Hadoop Filesystem 

• Distributed Filesystem on top of Hadoop 

• Data can be organised in shardes and distributed among several machines (cluster config) 

• (de facto) Big Data Data Format 

• Python: hdfs3

• Native implementation of HDFS in C++ 

• No Java along the way!



HDFS+CSV

Opening a Single File 
on the HDFS



Wildcard opening of CSVs 
on the HDFS





Out-of-Core 
Processing



OPeNDAP: http://goo.gl/fMehjh 

Complicated data require complicated formats 

Complicated formats require good tools

http://goo.gl/fMehjh


Thanks a lot for your 
kind attention

+ValerioMaggio

vmaggio@fbk.com

it.linkedin.com/in/valeriomaggio

@leriomaggio

mailto:vmaggio@fbk.com
http://it.linkedin.com/in/valeriomaggio

