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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummaryWhat �serialization� means?�Serialization is the pro
ess of 
onverting a datastru
ture or obje
t into a sequen
e of bits so that it 
anbe stored in a �le or memory bu�er, or transmitted a
rossa network 
onne
tion link to be "resurre
ted" later in thesame or another 
omputer environment.��The basi
 me
hanisms are to �atten obje
t(s) into aone-dimensional stream of bits, and to turn that streamof bits ba
k into the original obje
t(s).�
– From http://www.parashift.com/c++-faq-

lite/serialization.htmlFran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummarySerialization toolsThere are literally zillions of serialization tools and formats (text,XML, or binary based), but well be fo
using on those that are:Easy to useSpa
e-e�
ientFastIn parti
ular, we are not going to dis
uss text-based formats (e.g.XML, CSV, JSON, YAML ...).
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummarySerialization tools that 
omes with Python
Python 
omes with a 
omplete toolset of modules for serializationpurposes:pi
kle, and its 
ousin, 
Pi
kle, for qui
k-and-dirty serialization.shelve, a persistent di
tionary based on DBM databases.A 
ommon database API for 
ommuni
ating with relationaldatabases.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummarySerialization tools for binary dataAdditionally, there are lots of third-party libraries for spe
ializeduses. Here will 
enter on numeri
al formats:NPY, NPZ: NumPy own's format.Wrappers for HDF5, a standard de-fa
to format and library:PyTables, h5py.Wrappers for NetCDF4, a widely used library based on HDF5:net
df4-python, S
ienti�
.IO.NetCDF.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleThe pi
kle moduleSerializes an obje
t into a stream of bytes that 
an be saved to a�le and later restored:Exampleimport pi
kleobj = SomeObje
t()f = open(filename, 'wb')pi
kle.dump(obj, f)f.
lose()# ... later onimport pi
klef = open(filename, 'rb')obj = pi
kle.load(f)f.
lose() Fran
es
 Alted Data Serialization



Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleWhat pi
kle does
It 
an serialize both basi
 Python data stru
tures oruser-de�ned 
lasses.Always serializes data, not 
ode (it tries to import 
lasses iffound in the pi
kle).For se
urity reasons, programs should not unpi
kle data re
eivedfrom untrusted sour
es.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleIts 
Pi
kle 
ousin
Implemented in C (i.e. signi�
antly faster than pi
kle).But more restri
tive (does not allow sub
lassing of thePi
kler and Unpi
kler obje
ts).Python 3 pi
kle 
an use the C implementation transparently.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve modulePi
kling a NumPy array>�>�> a = np.linspa
e(0, 100, 1e7)>�>�> time pi
kle.dump(a, open('p1','w'))CPU times: user 5.89 s, sys: 0.59 s, total: 6.48 s>�>�> time pi
kle.dump(a, open('p2','w'), pi
kle.HIGHEST_PROTOCOL)CPU times: user 0.05 s, sys: 0.12 s, total: 0.16 s>�>�> time 
Pi
kle.dump(a, open('p3','w'), pi
kle.HIGHEST_PROTOCOL)CPU times: user 0.02 s, sys: 0.08 s, total: 0.11 s>�>�> ls -sh p1 p2 p3186M p1 77M p2 77M p3Always try to use 
Pi
kle and HIGHEST_PROTOCOLFran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve modulepi
kle/
Pi
kle limitations
You need to reload all the data in the pi
kle before you 
an useany part of it. That might be in
onvenient for large datasets.Data 
an only be retrieved by other Python interpreters. Youloose data portability with other languages.Not every obje
t in Python 
an be serialized by pi
kle (e.g.extensions).
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleRe
ommendations for using pi
kle
Use it mainly for small data stru
tures.If you have a lot of variables that you want to save, use adi
tionary for tying them together �rst.When using the IPython shell, be sure to use the very
onvenient %store magi
 (it uses pi
kle under the hood).
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleThe shelve module
Provides support for persitent obje
ts using a spe
ial �shelf�obje
t.The �shelf� behaves like a disk-based di
tionary (DBM-style).The values of the di
tionary 
an be any obje
t that 
an bepi
kled.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve moduleExample with shelve>�>�> import shelve>�>�>>�>�> db = shelve.open("database", "
")>�>�> db["one"℄ = 1>�>�> db["two"℄ = 2>�>�> db["three"℄ = 3>�>�> db.
lose()>�>�>>�>�> db = shelve.open("database", "r")>�>�> for key in db.keys():....: print repr(key), repr(db[key℄)....:'one' 1'two' 2'three' 3 Fran
es
 Alted Data Serialization



Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Pi
kling our obje
tsThe shelve modulePros and 
ons of the shelve module
ProsEasy to retrieve just a sele
ted set of variables.Spe
ially handy for large pi
kles.ConsSu�ers the same problems than pi
kle.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesWhat's a relational database?A set of tables 
ontaining data �tted into prede�ned
ategories.Ea
h table (a relation) 
ontains one or more data 
ategories in
olumns.Ea
h row 
ontains a unique instan
e of data for the 
ategoriesde�ned by the 
olumns.Data 
an be a

essed in many di�erent ways without havingto reorganize the tables.Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesTerminology
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesBase and derived relationsIn a relational database, all data are stored and a

essed viarelations.Relations that store data are 
alled "base relations", and inimplementations are 
alled "tables".Other relations do not store data, but are 
omputed byapplying relational operations to other relations.These relations are sometimes 
alled "derived relations", andin implementations these are 
alled "views" or "queries".Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesExample of relational database
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesRDBMs highlightsThey o�er ACID (atomi
ity, 
onsisten
y, isolation, durability)properties, that 
an be translated into:Referential integrity.Transa
tion support.Data 
onsisten
y.+ Indexing 
apabilities (a

elerate queries in large tables).But this 
omes with a pri
e...
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesRDBMs drawba
ks
Insertions are SLOOOW.Not very spa
e-e�
ient (1 data byte -> 2 or 3 bytes on disk).Not well adapted to handle large numeri
al datasets (no dire
tinterfa
e with NumPy).You need a knowledgeable RDBM administrator to squeeze allthe performan
e out of them.
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tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesOutline1 Introdu
tion2 The Basi
sPi
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tsThe shelve module3 Relational databasesWhat's a relational database?QueriesORM pa
kages4 Numeri
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesQueries with SQL languageSimple query involving one single table (relation):SELECT AuthorName FROM AUTHORS WHERE AuthorBDay > 1970Complex query involving multiple relations:SELECT AuthorName FROM AUTHORS a, BOOKS b, PUBLISHERS pWHERE AuthorBDay > 1970AND a.AuthorID = b.AuthorIDAND b.PubID = p.PubIDAND p.Publisher = "Random House"GROUP BY AuthorBDayBeware: 
omplex queries 
an 
onsume a lot of resour
es!Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesRelational database API spe
i�
ation
The Python 
ommunity has developed a standard API fora

essing relational databases in a uniform way (PEP 249).Spe
i�
 database modules (e.g. MySQL, Ora
le, Postgres ...)follow this spe
i�
ation, but may add more features.Python 
omes with SQLite, a relational database a

essible viathe sqlite3 module.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesORM (Obje
t Relational Mapping)The relational database API in Python is powerful, but prettyrough to use and not obje
t-oriented.Many proje
ts have appeared to add su
h a obje
t-orientedlayer on top of this API:SQLAl
hemyDjango's native ORMStormElixirSQLObje
t (the one that started it all)... probably a lot more ...Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesCreating a database with an ORM (Storm)
lass Kind:__storm_table__ = 'kinds'id = Int(primary=True)name = Uni
ode()
lass Thing:__storm_table__ = 'things'id = Int(primary=True)name = Uni
ode()des
ription = Uni
ode()kind_id = Int()kind = Referen
e(kind_id, Kind.id)db = 
reate_database('sqlite:'); store = Store(db)kind = Kind(name='Flowers'); store.add(kind)thing = Thing(name='Red Rose'); thing.kind = kind;store.add(thing)store.
ommit() Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary What's a relational database?QueriesORM pa
kagesQuerying with an ORM (Storm)
>�>�> result = store.find((Kind, Thing),... Thing.kind_id == Kind.id,... Thing.name.like(u"% Rose %"))>�>�> [(kind.name, thing.name) for kind, thing in result℄[(u'Flowers', u'Red Rose'), (u'Jars', u'Rose Vase')℄
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatWhat's a numeri
al binary format?
It is a format spe
ialized in saving and retrieving largeamounts of numeri
al data.Usually 
ome with libraries that 
an understand that format.They range from the very simple (NPY) to rather 
omplex andpowerful (HDF5).There are a really huge number of numeri
al formatsdepending on the needs. Will 
enter just on a few.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatWhy we need a binary format?
They are 
loser to memory representation.Their representation is spa
e-e�
ient (1 byte in-memory ≈ 1byte on disk).They are CPU-friendly (in general you do not have to 
onvertfrom one representation to another).
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatNumPy: the real 
ornerstone of numeri
al interfa
es
NumPy is the standard de-fa
to for dealing with numeri
aldata in-memory.Hen
e, most of the interfa
es to numeri
al formats in thePython world use NumPy to intera
t with the database.In some 
ases the integration is so tight that it 
ould bedi�
ult to say if you are working with NumPy or the interfa
e.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatThe NPY format
Created ba
k in 2007 for over
oming limitations of pi
kle forNumPy arrays as well as numpy.tofile() /numpy.fromfile() fun
tions (see �A Simple File Format forNumPy Arrays� NEP).It is a binary format, so it is spa
e-e�
ient.It 
omes integrated with NumPy.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatNPY exposes the simplest API for NumPy
Available via save/load NumPy fun
tions:>�>�> data = numpy.arange(1e7)>�>�> numpy.save('test.npy', data)>�>�> data2 = numpy.load('test.npy')>�>�> numpy.alltrue(data == data2)TrueSimple to use!
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatMemory-mapping and NPYYou 
an open a NPY �le in memmap-mode for a

essing datadire
tly from disk:>�>�> mmdata = numpy.load('test.npy', mmap_mode='r+')>�>�> mmdatamemmap([ 0.00000000e+00, 1.00000000e+00, 2.00000000e+00, ...,9.99999700e+06, 9.99999800e+06, 9.99999900e+06℄)>�>�> mmdata[-5:℄ + data[:5℄memmap([ 9999995., 9999997., 9999999., 10000001., 10000003.℄)>�>�> del mmdata # 
lose a

ess to 'test.npy'Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatSaving several arrays with NPZThe NPY format has a spe
ial mode that 
an save several arrays inone single zip �le (but no 
ompression is used at all!):>�>�> a = np.linspa
e(0, 100, 1e7)>�>�> sina = np.sin(a)>�>�> np.savez("test.npz", a=a, sina=sina)>�>�> !file test.npztest.npz: Zip ar
hive data, at least v2.0 to extra
t>�>�> arrs = np.load("test.npz")>�>�> arrs <numpy.lib.npyio.NpzFile obje
t at 0x1622090>>�>�> arrs.items()[('a', array([ 0.000000e+00, 1.000010e-05, 2.000020e-05, ...,9.999800e+01, 9.999900e+01, 1.000000e+02℄)),('sina', array([ 0.000000e+00, 1.000010e-05, 2.000020e-05, ...,-5.063828e-01, -5.063742e-01, -5.063656e-01℄))℄Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatPros and 
ons of NPYPros:Binary format, so spa
e-e�
ient.Avoids dupli
ation of data in memory during saving/loadingoperations.Array data a

essible through memory-mapping.Cons:The memory mapping feature only allows to deal with �lesthat do not ex
eed the available virtual memory.Non-standard format outside the NumPy 
ommunity.No other features than basi
 input/output (e.g. no metadataallowed). Fran
es
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al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatOutline1 Introdu
tion2 The Basi
sPi
kling our obje
tsThe shelve module3 Relational databasesWhat's a relational database?QueriesORM pa
kages4 Numeri
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatThe HDF5 formatHDF5 (Hierar
hi
al Data Format) is a library and �le formatfor storing and managing data.It supports an unlimited variety of datatypes, and is designedfor �exible and e�
ient I/O and for high volume and 
omplexdata.Originally developed at the NCSA, and 
urrently maintainedby The THG Group, a non for-pro�t organization.HDF5 has been around for over twenty years, and has be
omea standard de-fa
to format supported by many appli
ations(MatLab, IDL, R, Mathemati
a ...).Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatPython interfa
esh5py is an attempt to map the HDF5 feature set to NumPy as
losely as possible:It also provides a

ess to nearly all of the HDF5 C API (theso-
alled low-level API).Not designed to go beyond HDF5/NumPy 
apabilities.PyTables builds up an additional abstra
tion layer on top of HDF5and NumPy where it implements things like:An enhan
ed type system (enumerated, time, variable lengthtypes and default values supported).An engine for enabling 
omplex queries and out-of-
ore
omputations (using Numexpr behind the s
enes).Advan
ed indexing 
apabilities (Pro version).Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatCreating an HDF5 �le>�>�> import tables>�>�> f = tables.openFile("example.h5", "w")>�>�> group = f.
reateGroup("/","redu
ed_data")>�>�> ds = f.
reateArray(group, "array", np.array([1,2,3,4℄))>�>�> ds/redu
ed_data/array (Array(4,)) �atom := Int64Atom(shape=(), dflt=0)maindim := 0flavor := 'numpy'byteorder := 'little'
hunkshape := None>�>�> f.
lose() Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatCreating a table>�>�> gen = ((i, i*2, i**3) for i in xrange(1000000))>�>�> sa = numpy.fromiter(gen, dtype="i4,i8,f8")>�>�> tab = f.
reateTable(f.root, 'table', sa)>�>�> tab/table (Table(1000000,)) �des
ription := {"f0": Int32Col(shape=(), dflt=0, pos=0),"f1": Int64Col(shape=(), dflt=0, pos=1),"f2": Float64Col(shape=(), dflt=0.0, pos=2)}byteorder := 'little'
hunkshape := (8192,)Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatQuerying a table>�>�> tab[3℄(3, 6, 27.0)>�>�> tab[3:2000℄array([(3, 6, 27.0), (4, 8, 64.0), (5, 10, 125.0), ...,(1997, 3994, 7964053973.0), (1998, 3996, 7976023992.0),(1999, 3998, 7988005999.0)℄,dtype=[('f0', '<i4'), ('f1', '<i4'), ('f2', '<f8')℄)>�>�> tab[[3,100℄℄array([(3, 6, 27.0), (100, 200, 1000000.0)℄,dtype=[('f0', '<i4'), ('f1', '<i4'), ('f2', '<f8')℄)>�>�> [v[:℄ for v in tab.where("(f0 > 1) & (f2 < 100)")℄[(2, 4, 8.0), (3, 6, 27.0), (4, 8, 64.0)℄Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatModifying table data>�>�> tab[0℄ = (3, 3, 3.0)>�>�> tab[:4℄array([(3, 3, 3.0), (1, 2, 1.0), (2, 4, 8.0), (3, 6, 27.0)℄,dtype=[('f0', '<i4'), ('f1', '<i8'), ('f2', '<f8')℄)>�>�> tab[[1, 3℄℄ = [(4, 4, 4.0)℄*2>�>�> tab[:4℄array([(3, 3, 3.0), (4, 4, 4.0), (2, 4, 8.0), (4, 4, 4.0)℄,dtype=[('f0', '<i4'), ('f1', '<i8'), ('f2', '<f8')℄)>�>�> for row in tab.where("(f0 < 4) & (f2 <= 8.)"):... row['f1'℄ = 0... row.update()...>�>�> tab[:4℄array([(3, 0, 3.0), (4, 4, 4.0), (2, 0, 8.0), (4, 4, 4.0)℄,dtype=[('f0', '<i4'), ('f1', '<i8'), ('f2', '<f8')℄)Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatAnnotating your datasets>�>�> print tab/table (Table(1000000,)) �>�>�> tab.attrs.TITLE = "sample data">�>�> print tab/table (Table(1000000,)) 'sample data'>�>�> tab.attrs.CLASS'TABLE'>�>�> tab.attrs.my
omment = "Enjoy data!">�>�> tab.attrs.
omplementary_data = np.array([3,2,3℄)>�>�> tab.attrs.
omplementary_dataarray([3, 2, 3℄) Fran
es
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Introdu
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al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatOutline1 Introdu
tion2 The Basi
sPi
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tsThe shelve module3 Relational databasesWhat's a relational database?QueriesORM pa
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatThe NetCDF4 format
NetCDF (Network Common Data Form) is a set of librariesdata formats that support array-oriented s
ienti�
 data.NetCDF4 uses HDF5 as the underlying storage layer.Creating a netCDF4 �le with the netCDF4 library results in anHDF5 �le.Very spread in O
eanography, Meteorology and similardis
iplines.
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatPython interfa
es for NetCDF4
S
ienti�
.IO.NetCDF: http://dira
.
nrs-orleans.fr/S
ienti�
Pythonnet
df4-python: http://
ode.google.
om/p/net
df4-python
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummary Why we need them?The NPY formatThe HDF5 formatThe NetCDF4 formatCreating a NetCDF4 �le
>�>�> from netCDF4 import Dataset>�>�> rootgrp = Dataset('test.n
', 'w', format='NETCDF4')>�>�> f
stgrp = rootgrp.
reateGroup('fore
asts')>�>�> analgrp = rootgrp.
reateGroup('analyses')>�>�> print rootgrp.groups{'analyses': <netCDF4._Group obje
t at 0x24a54
30>,'fore
asts': <netCDF4._Group obje
t at 0x24a54bd0>}>�>�> rootgrp.
lose()
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummarySummaryPi
kle is the most basi
, but still powerful, way to serializePython data. But it is mainly meant for small datasets and itis not portable.Relational databases are portable, mature and solid as a ro
k.However, they do not intera
t well with NumPy and writeperforman
e is pretty lame.HDF5 / NetCDF4 formats show best performan
e, PythonAPIs intera
ts well with NumPy and are extremely portable.They la
k safety features.Fran
es
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Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummaryMore InfoDavid BeazleyPython � Essential Referen
eAddisson-Wesley,2009Robert KernNPY: A Simple File Format for NumPy ArraysNumPy Enhan
ement Proposal, De
ember 2007
◮ The HDF GroupWhat is HDF5?http://www.hdfgroup.org/HDF5/whatishdf5.htmlFran
es
 Alted Data Serialization

http://www.hdfgroup.org/HDF5/whatishdf5.html


Introdu
tionThe Basi
sRelational databasesNumeri
al Binary FormatsSummaryThank You!
Conta
t: faltet�pytables.org
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