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We follow the onvention that Serialization is a way to makepersistent data that �ts in-memory.By Storage Solutions we mean ways to keep data on-disk,but without the in-memory limitation.Sometimes the limits are fuzzy though!
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsWhat �Serialization� Means?
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsSerialization ToolsThere are literally zillions of serialization tools and formats (text,XML, or binary based), but we'll be fousing on a few of those thatare: Easy to useSpae-e�ientFastIn partiular, we are not going to disuss text-based formats (e.g.XML, CSV, JSON, YAML ...).
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsThe pikle ModuleSerializes an objet into a stream of bytes that an be saved to a�le and later restored:import pikleobj = SomeObjet()f = open(filename, 'wb')pikle.dump(obj, f)f.lose()import piklef = open(filename, 'rb')obj = pikle.load(f)f.lose() Franes Alted Data Persistene
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetspikle Capabilities
It an serialize both basi Python data strutures oruser-de�ned lasses.Always serializes data, not ode (it tries to import lasses iffound in the pikle).For seurity reasons, programs should not unpikle data reeivedfrom untrusted soures.
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsIts Pikle Cousin
Implemented in C (i.e. signi�antly faster than pikle).But, it is a bit more restritive (nothing grave).Python 3 pikle an use the C implementation transparently.
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetspikle/Pikle Limitations
You need to reload all the data in the pikle before you anuse any part of it. This is inonvenient for large datasets.Data an only be retrieved by other Python interpreters. Youloose data portability with other languages.
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsReommendations for Using pikleUse it mainly for small data strutures.If you have a lot of variables that you want to save, use aditionary for tying them together �rst.When using the IPython shell, be sure to use the veryonvenient %store magi (it uses pikle under the hood):>�>�> A = ['hello',10,'world'℄>�>�> %store A>�>�> Exit$ ipython>�>�> print A['hello', 10, 'world'℄Franes Alted Data Persistene
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsThe shelve Module
Provides support for persitent objets using a speial �shelf�objet.The �shelf� behaves like a disk-based ditionary (DBM-style).The values of the ditionary an be any objet that an bepikled.
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsExample with shelve>�>�> import shelve>�>�>>�>�> db = shelve.open("database", "")>�>�> db["one"℄ = 1>�>�> db["two"℄ = 2>�>�> db["three"℄ = 3>�>�> db.lose()# In another session>�>�> db = shelve.open("database", "r")>�>�> print db["one"℄1>�>�> print db["three"℄3 Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsPros and Cons of the shelve Module
ProsEasy to retrieve just a seleted set of variables.Speially useful for handling large series of pikles.ConsSu�ers the same problems than pikle.
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Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsPikling a NumPy Array>�> a = np.linspae(0, 100, 1e7)>�> time pikle.dump(a, open('p1','w'))CPU times: user 5.89 s, sys: 0.59 s, total: 6.48 s>�> time pikle.dump(a, open('p2','w'), pikle.HIGHEST_PROTOCOL)CPU times: user 0.05 s, sys: 0.12 s, total: 0.16 s>�> time Pikle.dump(a, open('p3','w'), pikle.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 Pikle and HIGHEST_PROTOCOL.Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Serializing (pikling) general objetsThe shelve moduleSerializing NumPy objetsPikling & Compression>�> time ap = Pikle.dumps(a, protool=Pikle.HIGHEST_PROTOCOL)CPU times: user 0.03 s, sys: 0.07 s, total: 0.10 sWall time: 0.10 s>�> time apz = zlib.ompress(ap)CPU times: user 4.68 s, sys: 0.02 s, total: 4.70 sWall time: 4.71 s>�> time apb = blos.ompress(ap, a.dtype.itemsize)CPU times: user 0.26 s, sys: 0.00 s, total: 0.26 sWall time: 0.03 s>�> len(ap)/1024., len(apz)/1024., len(apb)/1024.(78125.1318359375, 51752.8623046875, 7455.8310546875)Compresion an be a huge advantage, most speially with Blos.Franes Alted Data Persistene
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseWhat Is a Relational Database?
A relational database mathes data by using ommonharateristis found within the data set.The resulting groups of data are organized and are muh easierfor many people to understand.
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseQueries with the 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 resoures!Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseRelational Database API Spei�ation
The Python ommunity has developed a standard API foraessing relational databases in a uniform way (PEP 249).Spei� database modules (e.g. MySQL, Orale, Postgres ...)follow this spei�ation, but may add more features.Python omes with SQLite, a relational database aessible viathe sqlite3 module.

Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseCode Examplemyursor.exeute("SELECT math_id from math_leanmath �"where leanmath_id = %s "" AND ustomer_id = %s",(leanmath_id, ustomer_id))rows = self.ursor.fethall()myursor.exeute("DELETE FROM leanmath_ where id = %s",(leanmath_id, ))self.db.ommit() Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseRDBMs Highlights
ACID (atomiity, onsisteny, isolation, durability) properties,that an be translated into:Referential integrityTransation supportData onsistenyIndexing apabilities (aelerate queries in large tables)But this omes with a prie...
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseRDBMs Drawbaks
Insertions and updates are SLOOOW.Not very disk spae e�ient.Not well adapted to handle large numerial datasets (no diretinterfae with NumPy).
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseWhat's a Numerial Binary Format?
It is a format speialized in saving and retrieving largeamounts of numerial data.Usually ome with libraries that an understand that format.There are a really huge number of numerial formatsdepending on the needs.
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseWhy We Need a Binary Format?
They are loser to memory representation.They are CPU-friendly (in general you do not have to onvertfrom one representation to another).Their representation is spae-e�ient (1 byte in-memory ≈ 1bytes on disk).
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseDrawbaks of Binary Formats
Lak of standarization (way too many formats out there). Butsome (HDF5, NetCDF4) are spreading a lot.Lak of seurity features (e.g. no ACID support). Performaneis way more important.Easy to orrupt �les under some onditions (e.g. poweroutage). Next version of HDF5 (1.10) will implementjournaling so as to �x this.
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseNetCDF4network Common Data Form v4
NetCDF is a set of libraries and data formats that supportarray-oriented sienti� data.NetCDF4 uses HDF5 as the underlying storage layer.Creating a netCDF4 �le with the netCDF4 library results in anHDF5 �le.Very spread in Oeanography, Meteorology and similardisiplines.
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databasePython InterfaesInterfaes to binary formats (HDF5, NetCDF4):Interfaes to HDF5:PyTablesh5pyInterfaes to NetCDF4:netdf4-pythonSienti�.IO.NetCDFAll these use NumPy as the default memory ontainer for I/O.
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseAdvantages of Using NumPy As Memory ContainerInterfaes for RDBMS in Python laks support for diret NumPyontainers (very ine�ient!).
All of the Python interfaes mentioned before are using NumPy asdefault ontainer.

Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseEasing Disk Aess Via NumPy Paradigm
array[1℄array[3:1000, ..., :10℄(array1**3 / array2) - sin(array3) (PyTables)There is a lot of value in adopting this paradigm: you don't need tolearn another one! Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseOutline1 Serialization toolsSerializing (pikling) general objetsThe shelve moduleSerializing NumPy objets2 Storage solutionsRelational databasesNumerial binary formats: HDF5/NetCDF4The PyTables database
Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseEasy To UseNatural naming# aess to file:/group1/tabletable = file.root.group1.tableSupport for generalized and fany indexingarray[idx, start:stop, :, start:stop:step℄ # hypersliingarray[1, [1,5,10℄, ..., -1℄ # sparse reads (sine 2.2)Support for e�ient queries# get the values in ol1 that satisfy a ertain ondition[r['ol1'℄ for r in table.where((1.3 < ol3) & (ol2 <= 2.))℄Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseHow PyTables Fights CPU Starvation?Basially, by applying bloking tehniques and by leveraging highperformane pakages like:HDF5 A library & format thought out for managing verylarge datasets in an e�ient way.NumPy A Python pakage for handling large homogeneousand heterogeneous datasets.Numexpr Inrease the performane of NumPy in omplexoperations by applying bloking.Blos A high-performane ompressor meant for binary data(available in the short future).Franes Alted Data Persistene



Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseAdvantages of Using HDF5 As Disk Container (I)
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseAdvantages of Using HDF5 As Disk Container (II)
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseHDF5 + Numexpr + BlosDelivering extreme performane (while keeping disk requeriments low)
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Serialization toolsStorage solutionsSummary Relational databasesNumerial binary formats: HDF5/NetCDF4The PyTables databaseAdvaned Capabilities in Forthoming PyTables 2.3All the features in extint PyTables Pro have been implemented inthe next open soure PyTables version:Column indexing Queries in tables having up to 1 billion rows anbe typially done in less than 1 seond.Customizable index quality The indexes an be reated with anoptimization level (spei�ed as a number rangingfrom 0 to 9).Improved ahe system for both metadata and regular data. Allowsfor maximum speed during intensive node browsingand data queries.Franes Alted Data Persistene
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Serialization toolsStorage solutionsSummarySummaryPikle 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 rok.However, they do not interat well with NumPy and writeperformane is pretty lame.HDF5 / NetCDF4 formats show best performane, PythonAPIs interats well with NumPy and are extremely portable.They lak safety features.PyTables adds additional bells and whistles beyond HDF5 andNumPy apabilites: e�ient queries, indexing and on-diskoperations. Franes Alted Data Persistene



Serialization toolsStorage solutionsSummaryMore InfoDavid BeazleyPython � Essential Referene4th editionAddisson-Wesley, 2009Alan BeaulieuLearning SQL2nd editionO'Reilly Media, 2009
◮ PyTables Governane TeamPyTables: hierarhial datasetshttps://github.om/PyTablesFranes Alted Data Persistene
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Contat: faltet�pytables.org
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