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Modules & Libraries

Definitions:
« Python Standard Library
Modules

Importing modules :
Buit-in modules from the standard library:

Urllib module

Operating system module
Math module

Random module

Time module

Third-party modules

Numpy

Biopython
Making your own modules
Going further with Python




 Python Standard Library :

http://docs.python.org/library

Contain all the built-in
modules which can be
used when coding
Python.

All computer with
Python have them
already installed and
ready to import.

Exemple:
* Regex (re)

» System (sy)
* Operating system (0s)
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 Python Standard Library :
http://docs.python.org/library

Firefox Fichier Edition Affichage Historique Margue-pages Outils Fenétre  Aide M2 & OB O 3§ —-—"—'-—.“

- NNk The Python Standard Library — Python v2,7.2 decumentation
u @ The Python Standard Librasy — .. L—i-__i' =]
."11""1_'| lll |# oo pythan.ong) liomary g ,:.'i I.l-|_ Cooale | q'“ = ]1]
Y Coogle () PubMed | | BiblioWNSERM | Biblio = [ Fournisseurs = || UM/PRC = | BM = [ Sousls = [ Grant= | Pratic= | inserm = |_|comcours = | imageds = » [ Margue-pages =

& Python va.7.2 documaniation = pravious | neod | modules | indax

Previous topic The PYth'Dﬂ Standard Li brar'j" |I
. Release: 2.7
Next topic Date:  January 27, 2012

1. Introduction While The Python Language Aeferance describes the exact syntax and semantics of the Python language, this library reference manual describes
the standard [irary that is distributed with Python. It also describes some of the optional components that ara commanly included in Python
distributions.

Show Source Python's standard library Is very extensive, oflering a wide range of facilities as indicated by the long table of contents listed below. The library
Quick search contains built-in modules (written in C) that provide access to system functionality such as file 110 that would otherwise be inaccessible to Python
programmers, as well as modules written in Python thal provide standardized solufions for mamy problems that occur in everyday programming.
_m Some of these modules are explicitly designed to encourage and enhance the poriability of Python programs by abstracting away platform-

Enfior samnch iorms o 8 moduls, specifics into platform-neutral AP|s.
clagss or Tumshan nama

The Python installers for the Windows platform usually includes the entire standard library and often also include many additional components. For
Unix-like operating systems Python is normally provided as a collection of packages, so it may be necessary o use the packaging tools provided
with the operating system to oblain some or all of the optional companants.

In addition to the standard library, there is a growing colleclion of several thousand componenis (from individual programs and modules o
packages and entire application development frameworks), available from the Python Package Index.

o 1. Introduction
s 2 Buiit-in Functions
« 3. Non-asgsantial Buli-in Functions
« 4. Built-in Constants
o 4.1, Constants added by the sics modula
« 5, Built-in Types
5.1. Truth Value Testing
5.2. Boolean Operationg — and, or, sot
5.3. Comparisons
5.4. Numarnc Types imt, fioak, long, complex
5.5, lterator Types
56, Er'F.‘QUEnEE T}"I}EH — aks, unicoda, List, tuple, bytearcay, buflier, xrasge

[= I - - R - ]
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: ‘ Firefox Fichier Edition Affichage Historique Marque-pages Outils Fenétre  Aide M2 2y W i C T
AN The Python Standard Library — Python v2.7.2 documentation
(| ™ The Python Standard Libeary —
|1I|I' -J*hwtrmnn:-rq'-':r'-.- ** E'|l-' ~ Google fi."&l'ﬁj
; ; TRy S e e s e e e e e e e
.-"I'-:'J'-'_IT-r"r"\-t m::r..r-'*- if ..-_l_-T:"j' "-_l'ﬂ'rrn.-:-:-:ﬂ_.u:: |: afl '.-,--.1""' -T:-'l-_-" = '-‘-:l: L= 'r'_!_‘: e ‘:r_:.‘-':ﬂ.""_.-f-i""fifn—'v:"u.'_"-- .-.':".:.'-.-'F?"' ’.._;'rr'; P S '-'—':-'-""—-u:'1 1-!1:#-1#.-‘1'-
o 4.1. Constanis added by the sive module &

» 5. Built-in Types
e 5.1. Truth Value Testing
o 5.2 Bonlean Dp&ra!i&n& — mnd, Or, BAOL
a 5.3, Comparisons m
o 54 Numarc T'rl'pﬂi — int, Floak, long, complas
o 5.5, terator Types
o 5.6. Sequence Typas str, nicods, Llist, tuple, bytearray, buffar, xrangs
o 5.7, 56t Types — set, frozenset
o 5.8. Mapping Types — diet
= 5.9, File Objects
o 5.10. memonyview type
o 5.11. Context Manager Types
o 5.12. Other Built-in Types
e 5.13. Spacial Aftribuies
» B. Buill-in Exceptions
o B.1. Exception hierarchy
= 7. String Services
o 7.1. strisg — Commaon string oparations
o 7.2. re — Regular expression operations
o 7.3. streer — Interpret strings as packed binary data
o 7.4. diffiiv — Helpars for computing deltas
@ 7.5, strisgio — Read and write stnngs as files
& 7.8, eBtringro — Faster version of sieingo
o 7.7, textwrap — lExt wrapping and filling
o 7.8. esdees — Codec reqisiry and base classes
o 7.9, unicodedata — Unicode Databasa
o 7.10. stringprep — Intermat String Praparation
e 7.11. tptormsar — Floating point convarsions
» B. Data Types
o B.1. detetins — Basic date and time types
o B2 ecalensar — Goneral calendar-ralated functions
o B3, collections — High-periormance conlainer datalypes
o B.4. heapg — Heap queue algorithm
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ﬂ The Python Standard Library — Python v2.7.2 documentation
Ul ™. The Python Standard Library — I.-_l'-_-i“ =
(> l\ i|I' docs python.org | B - % ;- coogle - Qi |~
] cosle ( iblioINSERM [ Wiblio * || Fournisseurs =[] IM/PRG "-1-&,'1"‘ . \-T | Geant * , catic = || tnserm = | concours = | imagetie = 5 [ Marque—pages =
] Ed meapg — Heap queus algonthm .

o B.5. bisect — Array bisaction algorithm

e B.6. array — Efficient arrays of numeric values

o B.7. sets — Unordered collections of uniqua alemants
o B.8. sched — Event scheduler

o B9, mtex — Mulual exclusion suppor

o B.10. guess — A synchronized queue class m

o B,11. wearrer — Waak refarances
o B.12. vsernice — Class wrapper for dictionary objecis
o 8,13, vsezvise — Class wrapper for list objects
o B.14. usersering — Class wrapper for string objects
o 8,15, types — Names for built-in types
& B.16. new — Craation of runtime internal objects
o B.17. sopy — Shallow and deep copy operations
o B.18, pprin: — Data pratty printer
o B.19. repr — Altarnate cepr() implemeantation
« 9 Mumeric and Mathematical Modules
o 8.1, numbers — Mument abstract base classes
o 9.2, sats — Mailhematical functions
o 8.3, sath — Mathematical functions for complex numbers
o 9.4, decinal — Decimal fixed point and floating point arthmatic
o 8.5, fractiens — Habonal numbers
o 9.6, randon — Gonarate psaudo-random numbers
2 8.7, itertools — Funclions creating ilerators for efficient looping
o 8.8, fumetssin — Highar-order functions and operations on callable objects
o 9.9, oparater — Slandard operators as functions
» 10. File and Directory Access
a 10.1. es.pats — Common pathname manipulations
e 102, fiteinpue — lterate over lines from multiple input streams
s 10.3. stat — Inlerpreling stat(y results
o 104, starvrs — Constants used with cs.statveaiy
o 10.5. filecsp — File and Directory Comparisons
o 10.8. vemprils — Gaperate lamporary files and directories 5
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anea The Python Standard Library — Python v2.7.2 documentation '
L) ™ The Python Standard Lirary L+ L =y

1’..'1_!" |@Il' joocs. pytheon.org | lbrary % ;- coogle Q#‘E
- *] Googte (F) PubMed | | WiblioINSEAM || Wiblio = [ Fournisseurs = [ UM/PRG = [ |BM =[] Souris = [ Grant * [ Pratic = [|Mnserm = [ concours = || imagerie * [ Marque-pages =
o 372 setsals — OSA clent support A
o 373, aepack — Comversion betwaen Python variables and AppleEvent data containers
o J7.4. setypes — AppleEvent objects
o 375, sininerease — Opan Scripting Architectura server support
» 38. SGI IRIX Specific Services
o 38.1. a1l — Audio functions on the SGI
o 38.2. s — Constants used with the .1 module
o 38.3, od — CD-ROM access on SGI systams
o 384, 1 — FORMS library for graphical user interfaces
o 38.5. r.. — Conslants used with the £1 module
o 38.6. f1p — Functions for loading stored FORMS designs
o 38.7. = — Font Manager interface
o 38.8. g1 — Graphics Library interlace
o 389, pevice — Constants usad with tha g1 modula
o 38.10. ez — Consiants used with the g1 module
o 38.11. imgrize — Support for SGI imglib files
o 38.12. jpeg — Read and write JPEG filas
» 38, SunlS Specific Services
o 39,1, suasudicdevy — ACCESS 10 Sun audio hardwans
o 392, sumamicoey — Constants used with sunawdicdey
= 40, Undocumented Modules
o 40.1. Miscellaneous useful ulilities
o 402, Platform specific modulas
o 40.3. Multimedia
o 40.4. Undocumented Mac DS modules

o 40.5. Obsolela
o 406, SGl-specific Extension modules

previous | next | modules | index

D Copyright 1880-2012, Python Softwarns Foundabion.
The Pythan Softsans Foundafion 8 8 nor-prodl corporation. Plaass fonsis
Last updased on Jan 27, 2012, Found a bug?
Crantod using Sphinx 1.0.7.
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 Python Standard Library :

Contain all the built-in modules which can be used when coding Python.

 Modules :
Pre-packaged of code that add functionality to the core language and simplify many tasks.

Import modules only as needed: avoid the overcharge, avoid accumulation of function
name that we don’t need.

Buit-in modules from the standard library:

r « Urlib module
 QOperating system module

Installed on your computer < « Math module
» Random module

\ « Time module

Third-party modules
*  Numpy

* Biopython
To be written ... Your own modules

To be installed ...




& Practical computing for biologists - Chap 12

"

(=

Built-in modules from the standard library

* Operating system module (0s):

Modules and Libraries 219

= useful functions of the os n’_lﬂd.ﬂ]_ﬂ;:E__ngl,'g;wl'_th;-thﬂr_ shell equivalents

Module commiand Operation Shell equivalent

Jehdir) ' /Users/lucy/pcfb’) Change directory cd ~/pcfb

os.getcwd( ) Get current dir pwd
os.listdir('.") List director
Module 4 .
name glob.glob("*.txt") Wildcard search for files s *,.txt
\requires import glob)
os.path.isfile('data.txt"') Does file exist?
os.path.exists( ' /Users/lucy’ ) Does folder exist?
os.rename( 'test.txt',6 "test2.txt') Rename file mv test.txt test?.txt
os.popen('pwd', 'r').read() Run a shell command and load Any command; in this case

the output into a variable pwd is shown
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How to import modules ?

* in the terminal :
eNn Terminal — Python — 120x10

LD:~ lydiadanglotf python

Pyvthon 2.6.1 {rEE-l:E-?E:LEr, Jun 24 2818, 21:4'?:49)

[GCC 4.2.1 {Apple Inc. build 5646)] on darwin

Tyvpe "help", "copyright", "credits" or "license" for more information.

=== from{math yimport *
3.1415926536897931 mudule name

»> SQrt(64)
§.8

* in the text editor :

a N n )
=
n el .
o & (T8 @ 9 o
4 | » o authorsd. + | (no symbol selected) = (| | s DOCUTiEns
: | o W authorsd.py

1 #! /usrsbindenv-python i
2 ¥ bootstrap.py
3 impﬂr"t = Exwercices du 27-01~-..
4 ¥ filestoXYYY-skipline.py
5 Eqsg}r = .—: LEDBlue. txt
6 Steve = b = LEDCreen. b I
7 MNum = -1
B Possible = 18
9 Mumlist = []
10 Z=1]
11
12 print NumList
13 print ['Cosey’, 'Steve'][Num == Stevel+' wins!!’

= ] i > i

31[7 Python % Unicode (UTF-8) = Unix(LF) 3 || 163 /24/13 i'E'rr
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2012 -importsystem.py

(i Last Saved: 27/0...
File Path» : ~/....py

4 | > |O 2012-imp
1 #!/usr/bin/env python
| i o | L module
The entire -7 ‘”‘pq’"@
a4
module

o 5 for MyArg in sys.argv:
Is imported 6 print MyArg

1 #!/usr/bin/env python

3 from sys import argv
import
5 for MyArg iniargv:

from module sys °© print MyArg

#!/usr/bin/env python

import
from the
module without p
importing the 6
module itself

from sys import. *:

for MyArg in argv:
print MyArg

# .

Example with sys module

A MM Terminal — bash — 55x15

Last login: Fri Jan 27 23:89:27 on ttys008

| You have mail.

| LD:~ Ivdiadanglot$ cd scripts

LD:scripts Ivdiodanglotd ./2812-importsystem.py
W | cze1z-importsystem.py

LD:scripte lydiodonglotd )

LD:scripts Ilydiadanglotf ./2612-importsystemz.py
L2BlZ-1importevstens .py
LD:scripts Iydiadonglot$ I

LD:zscripts lydiadonglot$ ./2812-importsystem3.py
A2B1Z2-importsystend.py
LD:scripts lydiadanglot? I
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-~ Built-in modules from the standard library

» Url library module (urllib):

To download ressources directly from internet for use in Python program.

Similar to the curl command (chapter 5).

® TextWrangler File Edit Text View Search Window #!
e —
- Yalé | urllib.py

: «  Last Saved: 25/01/12 13:27:30
Z 1 @ ¥

rexr. File Path w @ ~/scripts/urllib.py

k.

<« » | [ urlib.py * | (nosymbolselected) =

¥ | #!/usr/bin/env python
- | #coding: utf-8

import urllib
Newlrl = "http://practicalcomputing.org/aminoacid.html”
WebContent = urllib2.urlopen(NewlUrl)

¥ for Line in WebContent:

- print Line.strip()

D =3 M W I bd R e



w  Fichier Edition Affichage Historig) e html ﬁ’e Open f-n tEXt Edf.tor b

AMING ACIDS “ 1% <¢html><head>
s cmeta http-equiv="content-type" content="text/html; charsetsUTF-8">»<title>AMIND
k ‘ # practicalcomputing.orgfaminoacid, ol FUR {bmy}
| BiblioINSERM || Biblio = | 4 ¥ | <font face="Helvetica,Arial®>
T e 5 ¥ | <table rules="all" cellpadding="4">
Abbreviation Single-Letter Mol Wi 6| ¥ <tbodys<try<td>Name</td><tds Abbreviation</td><td>Single-Letter</td><td>Mol Wte,
Ala A 89.09 F il strx<tdrAlanine</tdr<tdrAla</td><tdrA</tdr<td>89.89</td></tr>
Arg A 17420 8 ctry<tdr>Argininec/td»<td>Arg</td>ctd>Re/td><td»174.28</td><¢/tr>
, ; . i 9 <tr><tds>Asparagine</tds><td>Asn</td><tdeN</td><td>132.12<¢/td></tr>
Asparagine  Asn N (13212 10| | <tre<td>Aspartic acid</td><td>Aspe/td><tdsDe/tds<td>133.108</tds></tr>
Aspartic acid  Asp D !133,10 11 ctra<tdsCysteined/td><td>Cyse/td><td>C¢/td><td»121.15¢/td></tr>
T:;'Eiﬂinﬂ Cys C ;121_15' 12 ¢tractd>Glutamine< /td>ctda>Glne/tdr<tdaQe/tdrctd>»146.15¢/tdo</tr>
: | | 13 | <tra<td>Glutamic acid</td><td>Glu</td><td>E</td><td>147.13¢/td></tr>
Guiamine | Gin Q | 146.15 14 ctrsctd>Glycines/tds<tdsGly</td><tdsG</tdsetds75.07</tds</trs
Glutamic acid  Glu E 1147.13 15| | <tre<tdsHistidine</td><tdsHis</td><tdsHe/td><td>155.16</td></tr>
Glycine Gly G ETEL{]]F 16 ctrx<tdrIsoleucine</tdr<td>Ile /td><tdsI</ td><td>»131.17</td></tr>
e ! T [ 17 cirr<tdrLeucines/tdr<ctdrlous /td><tdrL e/ tdr<td>»131.17</td></Er>
Hﬂdmlﬂ Hin H !1_55_1_5_ 18 ctrr<tdrlysinec/td>ctdaLys</tdr»<tdaKe/td><td>»146.19< /td></tr>
Isoleucine | lle | 113147 19 ctra<td>Methionine</tds <td>Met</td><tdsMe/td><td>149.21¢/td></tr>
Leucine Leu L | 131.17 20 <tr><td>Phenylalanine</td><td>Phe</td><td»F</td><td>»165.19¢/td></tr>
Lysine IL‘_ufE IK !1-15.1!9 21 <tra<td>Prolinec/td»<td>Proc/td>ctd>P</td><td>115.13¢/td></tr>
AP TheT : i a2 ¢tractdsSerined/td>ctdsSere/tdrctds»Se/td>ctd>105.89¢/td>¢ ftrs
Eﬂﬂumm& Met M 149.21 3 <tra<td>Threonine</td><td>Thr</td><td>T</td><td>»119.12¢/td> </ tr>
Phenylalanine Phe F {155-19 24 <tr><td>»Tryptophan</td><td>Trp</td>ctddWe /td><td>204.23¢/td>»</tr>
Proline Pro P '115.13 25 <trs><tdsTyrosine</tds<tdsTyr</td><tds>Y¢/td><td>181.19</td><¢/tr>
; = 26 strx<tdsValine</tds<tdoVal</tde<tdsVe /tdr<ctd>117.15< /tdo< />
Serhe - met - LDEDE 27 ctry<tdiUnknownd ftds<tdxXaa</td> ctdaXe ftdrctds@. Be/td>< ftra
Threoning  Thr U 118.12 28| | <tr<tdsGap</tds<td>Gap</td><tdr-¢/td><td»8.8¢/td></tr>
Tryptophan  Trp w ! 204.23 29 <tr><td>Stop</td><td>End</td><td>*</td><td>@.@</td></tr>
A 30
-TE—TPH“E L i ' 1511?- 31| = | «</tbody»</table»
Valing I\I’a:l .""r (117.15 32 | | </Font>
Unknown Xaa X 0.0 13
Gap Gap i 0.0 34 | = </body></html>
Stop End . 0.0




1/ V| #l/usr/bin/env python
x Fichier Edition Affichage Historigi 2| = #coding: utf-8
3
AMINO ACIDS L« | import urllib
|} #_practicalcomputing.org/aminoacid. i 5 NewUrl = "http://practicalcomputing.org/aminoacid.html”
~ ] miblia + 6 WebContent = urllibZ.urlopen(NewUrl)
Abbreviation Single-Letter| Mol Wt 7/¥ for Line in WebContent:
Alanine Ala A 89.09 8 = print Line.strip()
Arginine Arg R 174.20
Asparagine  Asn N 132.12
Aspartic acid | Asp D 133.10
Cysteine Cys G 121.15
Glutamine Gin Q 146.15 :
LD:scripks Iydiodanglots ./2812-urllib.py
Glutamic acid Glu E 1147.13 itm| cheods<t it le=AMIND ACTDS</t it lese/heads
F—lhm:mn .Gl? .E i id font face="HalveticoArial"s
Histidina His H 155.16 table rules=all cel lpodding=4-

. Ars<tdsHone</tds<tds Abbreviationc/td=<td=Single-Letter</tdsctdstol Vteo'tdso/tr>
Isoleucine e | 131.17 Atk O ine</ Eolctdoh [ 0</ bt o/t doct 8589 . 89/ bibe/tT>
Leucine Leu L 131.17 <t ctdeat ginina tohcb dadt g Dibect B t et A1 74 L 28 b o b =

. ! ! Ar et Aparogine o bt tehsng it deNe/ Lt ds137 12/t dsg/trs
Lysine Lys K 146.19 drsctd=Aspartic ocide/tds<tdsAspe/td=ctd=Dertdeeatd=133, 10/ tdeastrs
P A rectdslyateinee/tibctdslys o/ tibctdsla/ tdaetdsd 21 15 bdomc/ br >

Methionine | Met M 148.21 ATt LUt an ne-c bct sl LN/ boct e/ Tatmctdo146 . 15 0/ b tr
Phenylalanine Phe F 165.19 drzctdsGlutonic ocide/tdeddsblue/tdeetdaE < bk del47 . 130/ biba/trs
: - . Ar=<tdsGlycines/tdsctdsh lv</bdactdobo/t ot da TS . 872/ tebe/tr>
Proline Pro P 115.13 ErcteHi st idine< tictdoHiz< bt dote/tdctdo155 , 16/ bt T
Sarine Sar ] 105.00 altFeect il 20 leuc 1 ne e tdmetohe ] | B/t doedtiots ] of Dot de 131 L P bl T
z A petdsleuc i nee/ bt del s/ tscbdal 2/t dncbdnd 31 .1 T/ bebee/br s
Threonine Thr T 119.12 tractdslysine o/ tdctdelyso/ bt dok o/t docbidel 46 13/t il trs
t 1 Arctdstiethionine</ tdctdstiat o/t -t et/ tibctds1 49, 2o/ tdwe/t T
Tryptophan  Trp W 204.23 AractdsBheny Lalantnee tdet doPrec/ tdoct doF o/t doek g 165 , 190/ttt
Tyrosine Tyr Y 181.19 ArectdsProl inss/tdsctdeProo/tdschdeP o o ch a8 15 .1 3/ bebe/brs
: i ArectdsSer inee/tds<tdsSer</tds<tdaSa/t o<t ds105 Be/t e/t r>
Valing Val v 117.15 ArsctisThreonine/tib-ctdsThr o/ tdectdsT o/ tiect ds119 .12 ¢ t doa b
Unknown I ¥aa x 0.0 e 1 8 1 N Ty e Ty L o S T 3 e s e WO P
: A retdsTyT0s e/ tilset daTyT o/ LilsctdaY e/ teda et o461 . 190/ b dbs/ Y >
Gap Gap £ 0.0 Arectdsial inee/tdsctdaia </ tdectdoy o/t ot d117 . 15/ tibe/ s
- A et dslnknowne bt deoo< bt dotia ek ol . B/t e/ tT >
Stop End 0.0 A et e ket Aaip o/ it Qe Tt do B/ T/t
ArsctdsStop b dEnda/t dectob e/ et o8, Ba/bdee/trs
</tobles
o Tofts
</body>
<htmi=
Lbzscripts lydiodanglots i
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Built-in modules from the standard library

» the random module (random):

This module implements pseudo-random number
generators for various distributions.

LOTERIE Fil=] £ some usetul tunctions ot th andom mod !

Function Result
randint(5,50) Return a random integer, in this case >>> random.randint{1l, 10)
between 5 and 50, inclusive 7
random.random( ) F?:iu';n a random fraction between 0 >>> random.random( )
fall|
0.374448B87175646646
choice(['A',0,'B']) Return a randomly chosen item from >>> random.uniform(l, 10)
the list passed as a parameter 1.1800146073117523
>>> itema = [1, 2, 3, 4, 5, 6, 7]
shuffle(MyList) Randomly rearrange the items in >>> random.shuffle(items)
MyList, in place >>> items
{7, 3, 2, 5, 6, 4, 1]
sample(MyList,10) Return a sample of 10 items from >>> random.sample([l, 2, 3, 4, 51, 3)

MyList, without replacement (4, 1, 5}
f r
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Built-in modules from the standard library

» the random module (random):

#) /usr/bin/env python
nhrdomo of bootstrapping via resample with replacement”""
1mport random

NumSamples = 100 # Number of resamplings to conduct
Bootstraps=[] # List to store the random lists

4 for the demo, create a list of numbers 0 to 19
# normally these would be the original data
DatalList = range(20)

# loop to perform repeated operations:
# vValues of X and Y below are not used -- just counters
for X in range(NumSamples):
list comprehension in [] builds a list via sampling
Resample = [random.choice(DataList) for Y in DataList]
Bootstraps.append(Resample)

for Z in Bootstraps:
rint 2
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» the time module (time):

» time.asctime() : printable string version of the current date and time

'Sun Jan 29 18:44:29 2012’

» tfime.time () : time in millisecond using computer clock
1327859118.824008

» time.localtime() : list with the current time (year, month, day).
time.struct_time(tm_year=2012, tm_mon=1,
tm_mday=29, tm_hour=18, tm_min=46, tm_sec=3,
tm_wday=6, tm_yday=29, tm_isdst=0)

» Help (time) or dir (time) : for more options.

[ doc_ ' ' file "' name_ ' ' package ',
‘accept2dyear’, 'altzone’, 'asctime’, 'clock’, ‘ctime’,
‘daylight’, 'gmtime’, 'localtime’, 'mktime’, 'sleep’, 'stritime’,
'strptime’, 'struct_time’, time’, 'timezone’, 'tzname’, 'tzset’]
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15 Modules d'intérét en bioinformatique

Nous allons voir dans cefte aam:ln quelques modules trés importants en bicinformatique. Le premier aumpy permet notamment de manipuler des vecteurs et des matrices
en Pyrﬂ'tun La module sn permet de travailler sur des données biologiques type séquence (nucléique et protéique) ou structure (fichier PDB). Le module
4b permetl de dessiner des graphiques depuis Python. Enfin, le module zpy permet d'interfacer nimporte quelle fonction du puissant programme H.

Ces modules ne sont pas foumnis avec le distribution Python de base (contrairament & tous las autres modulas vus précédammeant). Nous ne nous étendrons pas sur la
:inan:j&rm de les Inﬂ}aﬂar Consultez pour cela la documentation sur les sites internet des modules en question. Sachaz cependant que ces modules existent dans la plupan
es distributions Linux récentes.

Dans ce chapitre, nous vous montrererons quelques exemples d'utiisation de ces modules pour vous convaincre de leur partinence.

Le module numpy est incontournable en bicinformatique. Il permet d'effectuer des calculs sur des vecteurs ou des matrices, élement par &lément, via un nouveau type d'objet
appaba array. Ce mndula contient des fonctions de base pour faire de l'algébre lingaire, des transformées de Fourier ou encore des tirages de nombre aléatoire plus sophistiques
Vous pourrez trouver les sources de numpy a cette gdresse. Notez quil existe un autre module scipy que nous n'aborderons pas dans ce cours,
scipy est lui méme basé sur almpy, mais il en étend considérablement les possibilités de ce dernier (e.g. statistiques, oplimisation, intégration numérigue, traitement du signal,
tratement dimage, algorthmes iques, etc.).

15.1.1 Objets de type array

Les objets de type array correspondent & des tableaux & une ou plusieurs dimensions et permettent d'effectuer du calcul vectoriel. La fonction azzay () permet la conversion
d'un objet séquentiel (type liste ou tuple) en un objet de type array. Voici un exemple simple de conversion d'une lisle & une dimension en objet array :

>»>» import numpy
>>» a = [1,2,3]
»>>> numpy.azray(l)

= . s P L [Tk



» the numerical module (NumPy):

Limit of Python: inability to handle numerical matrix....
For example: no access to the second column of a two-dimension list of lists.

To any familiar with MATHLAB, Mathematica, or R, Numpy support for creating and
accessing array objects:

>>> MyArray = array([[1,2,3],[4,5,61,[(7,8,911)
>>> MyArray

array([[1, 2, 3],
[4, 5, 6],
(7, 8, 911])

The array object is a 2D table of numbers.
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#  the numerical module (NumPy):

»>> MyArray = array([[1,2,3],[4,5,6],[7,8,9]])
»>> MyArray
array([[1, 2, 3],

[4!' 5! 6]!

(7, 8, 9]1)

Thanks to numpy you can access a column of numbers.

>>> MyRow = MyArray[i,:]
>>> MyRow
array([4, 5, 6])
>>> MyColumn = MyArray[:,1]
>>> MyColumn
array([2, 5, 81])
>>> MyArray[:2,:2]
array([[1, 2],

[4, 3]1])
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» the numerical module (NumPy):

>>> V = [1,1,3,5,6]
>>> median(V)

3

>>> mean(V)
3.200000

>>> max(V)

6

>>> min (V)

1
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» the Biopython module :

ANO Biopython - Biopython

Pasges

s

page dicusaion i Bouicn sy
: . Biopython
W [Fesistectind *roem Weain PRQE)
Intreductian '
OIBIF News
Biopython is a set of freely avalable tools for bioiogical computaton weittan in Python F by an intemational team of cevelopers.
> Wi Pagi It s a cistributed collabomathve effort 1o denelop Python ibrares and applications which acdress e needs of cument and fulume work in . Gh e el
iy Dicinormatics. The source code i mada available undar the Biopython Licansa &, which |s exiremely liberal and compativie with almost | * DoPyihon 1.58 refensad
B avery Boansa in the workl W work along with he Dpsen Bainformatics Foundation 5, wha genarcusly host our websita, bug Iracker, = EOpYcH LA Sl
I:lm:mm and maiing lists. « OBF and Google Summer of Code 2011
, , » Introducsion of OpeniD logns lor OBF wikis
= Cockbook wiki wil |y 1
o This wiki ip you cowrioad and instal Blopyihon, and start using the Bbraries and 1ol « OBF Redmina i
s Bource Code Get Started Get help Contribute » Buopython 1,56 reiaased
® |nsus irnckar = Biapyihon dropping Python 2.4 Suppoe?
» Buidbot = Dewnload Biopython o Tutorial & (FOF [E) = ¥What's belng worked an = Bopython 1.55 reeased
= Pariciparts = Installation help ! (FOF ) = Documentation on this wikl = Dovaboping on Glthub = Beopython 1.58 bota relansad
;: — . 0 . gy, . e - Sae also our news page, and tvdter .
® Racanl changes = Dincuss and psk questions o |mauns Tracke: @&
# Flandem pEgh
Tha labest releasa s Baopython 1.58, reteased on 19 August 2011,
() (s
aibos

& What Inks Feve
& Faialvd changes
= Saecdl hages
= Printabls wérticn
& Pommansn] nk

& Prinl aa FOF
[’3;" Tiis page wis lest modied on 10 Ociober 3011, &t 18:34 This page has boan accessed 799,017 1 Corterd i avadlabis under GNLU Fres Dosumastaton Licesse 1.2 Privacy policy I
et L

Anoul Bopython Discha s
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» the Biopython module :

Download the biopython-1.58.zip on your computer.

Open the terminal :

host:~ lucy$ cd biopython-1.53
host:biopython-1.53 lucy$ python setup.py build
host:biopython-1.53 lucy$ sudo python setup.py install

Show the installBiopython.doc
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 the Biopython module :

When the installation is done, enjoy the module in the terminal :

Define a sequence:

>>> import Bio

>>> from Bio.Seq import Seq

>>> from Bio.Alphabet import IUPAC

>>> ADN = Seq("ATATCGGCTATAGCATGCA", IUPAC.unambiguous dna)
>>> ADN

Seq('ATATCGGCTATAGCATGCA', IUPACUnambiguousDNA())

>>> ADN.complement ()

Seq (' TATAGCCGATATCGTACGT', IUPACUnambiguousDNA() )
>>> ADN.reverse complement()

Seq (' TGCATGCTATAGCCGATAT' , IUPACUnambiguousDNA() )

>>> ADN.translate()
Seq('ISAIAC', IUPACProtein())
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» the matplotlib module :

‘Aann matplatlib: python plotting — Matplotlib v1.1.0 documentation

Download - Biopythan % | - matplotiib: python plott.. = |8

intro

matplotlib is a python 2D plotting library which produces publication quality figures in a variety of hardcopy formats and
interactive environments across platforms. matplotlib can be used In python scripts, the python and python shell {ala
MATLAB®: ar Mathematica®!), web application servers, and six graphical user interface toolkits.

matplotlib tries to make easy things easy and hard things possible. You can generate plots, histograms, power spectra, bar
charts, errorcharts, scatterplots, etc, with just a few lines of code. For a sampling, see the screenshots, thumbnail gallery, and

examples directory

e

For example, using "ipython -pylab® to provide an interactive environment, to generate 10,000 gaussian random numbers and
plot a histogram with 100 bins, you simply need to type

¥ = randn(10982)
hist(x, 18a)
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 how to create them :

* In Chapter 10, we created a decimalat() function.
* Copy the def:block into a file

* You must define any variables you wish to be sent to it. You can set
default values:

def bootstrap (DataList, Samples=10):

» Save it In scripts folder as mymodules.py

 how to import them :

from mymodules import *
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» the random module (random):

Write a script describing the lottery draw :
5 balls taken among 50, with order and no replacement.

LOTERIE @@ + E]

The chance number is taken among 10 balis.
Use the random module.

choice(['A',0,'B"']) Return a randomly chosen item from
the list passed as a parameter

/ LOTO : No replacement ( = « sans remise »).

o
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» the random module (random):

This module implements pseudo-random number
generators for various distributions.

LOTERIE Fil=] £ some usetul tunctions ot th andom mod !

Function Result
randint(5,50) Return a random integer, in this case >>> random.randint{1l, 10)
between 5 and 50, inclusive 7
random.random( ) F?:iu';n a random fraction between 0 >>> random.random( )
fall|
0.374448B87175646646
choice(['A',0,'B']) Return a randomly chosen item from >>> random.uniform(l, 10)
the list passed as a parameter 1.1800146073117523
>>> itema = [1, 2, 3, 4, 5, 6, 7]
shuffle(MyList) Randomly rearrange the items in >>> random.shuffle(items)
MyList, in place >>> items
{7, 3, 2, 5, 6, 4, 1]
sample(MyList,10) Return a sample of 10 items from >>> random.sample([l, 2, 3, 4, 51, 3)

MyList, without replacement (4, 1, 5}
f r
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