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PROGRAM IN PYTHON AND PUBLISH IN NATURE

Neil Ibata, en stage a I'observatoire de Strasbourg avec son pere, a été le premier a
déceler la rotation de galaxies naines autour d’Andromede grace a un programme
informatique qu'il avait mis au point. A seulement 15 ans, Neil Ibata vient de
réaliser le réve de beaucoup de chercheurs : co-signer un papier dans NATURE :
"A vast, thin plane of corotating dwarf galaxies orbiting the Andromeda galaxy",
A.l. Ibata et al., Nature 493 (2013) 62". (voir l'article du Figaro).

"Je venais de faire un stage pour apprendre le langage informatique Python",
raconte I'éleve de 1¢ S du lycée international des Pontonniers a Strasbourg. Python
est un langage de programmation Facile a apprendre "Open source" et gratuit. Il
comporte des modules scientifiques couvrant de nombreux domaines. Vous avez
des tonnes de données inexploitées, utilisez Python !

‘ Raspberry Pi®
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PYTHON PHILOSOPHY

e «simple » programming language, wich allows you to coincentrate on the
application and not the syntax

e Readable language, The indentation is mandatory.
e Objet oriented, evoluted

e modular, scalable

e Use in many context

e |Interface with other languages (Fortran, C,...)

e Portable (can be used on linux, mac, windows,...)

e Many graphical interfaces

e Many scientifics libraries

e Free and Open Source
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C22A9 PYTHON PHILOSOPHY : COMPILER / INTERPRETER

C,fortran are compiled languages Python is an interpreted language

myCode.py

ylist=range (100)

For 1 in mylist:

Print « hello »

myCode.c
myCode.fortran
For (int
1=0;1<=100; 1+
+)

Hello () ;

Interpreter

Not optimized,

Not fast,

Portable,

One step,

No prior declaration of variables
= Versatility

Optimized,
Fast execution,
Not portable,
Manual step

utale
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C2A PYTHON PHILOSOPHY : PERFORMANCES

Interpreted language -> performances ?

Temps de calcul pour une inversion de matrice Type of solution Time taken (sec)
500 | Python (estimate) 1500.0
450 ;
o : IR Python + Psyco (estimate) | 1138.0
' —=—numpy Python + NumPy 29.3
30 e\ atrice classique Python EXpI’eSSion )
. 300
= Blitz 9.5
g 250 : f
® 200 :; / Inline 4.3
150 j / Fast Inline 2.3
o 1l / Python/Fortran 2.9
50 §
0 Pyrex 2.5
! ”“; | e Looe Loo0e Matlab (estimate) 29.0
Taille de la matrice
Octave (estimate) 60.0
Pure C++ 2.16

solving the 2D Laplace equation
http://www.scipy.org/PerformancePython

—>think different (no “fortran” like)
—>Use Numpy et scipy
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http://www.scipy.org/NumPy

SCIENTIFIC PYTHON

Gnuplot Matplotlib Plotting

Scipy Scientific functions

Numpy Numeric arrays

Python Programming Language
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C22A  SCIENTIFIC PYTHON: PLOTTING WITH GNUPLOT

% onuplot graph

0a r

0e

04 r

Python

02 r

from numpy import *
x=arange(-1.0,1,0.1)
y=x*x

1]

0.4 -0.2

import Gnuplot 0.935618, 1.04020 -
g=Gnuplot.Gnuplot ()

d=Gnuplot.Data(x,y,with _='linespoints')

g.plot(d)

Introduction to scientific Python O. Taché 07/02/2013



C22A  SCIENTIFIC PYTHON: PLOTTING WITH MATPLOT

FE&X

Gnuplot Matplotlib

Scipy

Numpy

Python

import pylab

from numpy import *
x=arange(-1.0,1,0.1)
y=x*x

0.0
—-1.0

—05 0.0 0.5 1.0

plot(x, y)

DOO+ - |B||

show ()
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SCIENTIFIC PYTHON

Gnuplot Vel ) 99 Plotting

Scipy 0.7.1 Scientific functions

Numpy 1.3.0 Numeric arrays

Python 2.5  Programming Language
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CZ2QA  SCIENTIFIC PYTHON : PYTHON(X,Y) DISTRIBUTION

¥ o) Pierre Raybaut (CEA/ DAM)

Python(x,y) is a Python distribution Python for scientific
development

1. collecting scientific-oriented Python libraries and development
environment tools ;
2. collecting almost all free related documentation ;

3. providing a quick guide to get started in Python / Qt / Spyder ;
4. providing an all-in-one setup program, so the user can install
or uninstall all these packages and features by clicking on

one button only.

For windows

Introduction to scientific Python 0. Taché 07/02/2013



DE LA RECHERCHE A LINDUSTRIE

USING PYTHON

1- Python shell 2- execute in the shell

If l g
r?ﬁ E E m test. py - C:\Python24\Lib\site-packages\Gnuplot\test. py
Fle Edt Format [GUON Options  Windows  Help
Python 2.5.4 (r254:67916, Dec 23 2008, 15:10:54) [MSC v.1310 32 bit (Intel)] on | #1 Jusr/bin/ =
win3z Pythan Shell
Type "copyright", "eredits” or "license()" for more information. # $Id: rest. 15 22:33:00 whagger Exp §

Check Module  Alt+3
RunModule  F5

A R R R A A R A AR R AR AR A AR AR AR R AR AR AR AR AR A AR R AR AR NARARRARRAD

# Copyright L el Haggerty <mhaggerfalum.mwic.edus

Personal firewall software may warn @bout the connection IDLE #
makes to its subprocess using this computer's internal loopback # This file is licensed under the GNU Lesser General Public License e
interface. This connection is not visikle on any external # (LGPL). See LICENSE.tyr for details.
interface and no data is sent to or received from the Internet.
A A A AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AR AT AT AT wMMLest . py —— Exercise the Gauplot.py moduls
IDLE 1.2.4 Thiz module is not meant to be & flashy demonstration: rather it iz a
e thorough test of wany conbinations of Gnuplot.py features.
weee
ommand Prompt - python __covs_version = '§Revision: 2.3% §!
]-)I:.Ls import o2, time, math, tempfile
Doc import Numerie
i'_‘;h‘de Trom Numweric import Newhxis
il
ihs
861 LICENSE.txt TEY:
361 NEWS.txt iwport Gnuplot, Gnuplot.Plotltems, Guuplot.funcutils

ggg ggzagg?e—ﬁ;nlnst.lng except ImportError:
576 pythonu.exe # kludge in case Gnuplot hasn't been installed as & module yet:
6 354 README.Cxt Swport dimit
448 RemovePyTango.exe = — ST
<REP» Scripts Guuplot = __init
<REP> tel import PlotItems
11 <REF> 4 688 E;;’(;gpen exe Grnuplot.PlocItems = Plotltewms
0 Fichier(s> 336 252 octets iwport funcutils
18 Rép¢s> 185 963 P53 B56 octets libres Grnuplot.funcutils = funcutils

IC=~\Python25>python

Python 2.5.4 <r254:67916. Dec 23 2888. 15:18:54> [MSC v.1318 32 bit <Intel>] on
h1in32 def wait(str=None, prompt='Press return to show resulos...in'):
Type “help”. “copyright", “credits" or “license" for more information. if otr is mot Hone:

222 print str

raw_input (prowpt)

Lr: 12|Col: 4 L 24[Cal

3- direct execute

gnuplot> set terminal windows

gnuplot > set title “A simple example'

gnuplot > set data style linespoints

lgnuplot> plot ‘c:Ndocume™lstacheslocals™istempstmpmkuwf’ notitle
Please precs return to continue. ..

Python.exe myprogram.py
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DE LA RECHERCHE A LINDUSTRIE

IN ECLIPSE

B ey - pysaXBIlicaxs/qy/mainGuisalls py - Eclipse SDK h& o 6] %
File Edit Refactor Pydev Source Refactoring Navigate Search Project Run Window Help
i | B &850 & F~-0-Q%- &~ - %= b - B [P Resource [ahy CVS Reposito... [ SVN Reposit... & Java
[% PyDev Package Explorer &3 B & | 3% ¥ = 5|[[F backend bases [l mainGuisaxs 52 . [F] testQtFAI [E] filetools [Pl qtMatplotiib [F) qtMatplotlibui [F] matplotlibuwx ! = 8[5% outline 32 n;nt{ e, ¥ =8
& pyFAl A "txtcomma’:[ 'datgs in 2 columns (or 3 with e with comma separator’,'*', PURPLE'],\ ~ type filter text
Il & ive B ‘scaled': [ 'datas scaled’,'*', "TEAL'],\ =
|| & plugins Imagel . *:['datas calculated’, =", 'PURPLE'],\ 4 " (pySAXS guisaxs.dataset) -
T 'VIOLET RED'],\ 4 DetectPeaks (pySAXS.tools) il
= pySAXS ' = 4 FigureCanvas = FigureCanvasQTAgg (.
& build supecnod Eq;;” odel b7 '{-“:'Df""-“-"df‘f:]»ﬁ\mgw 4_ NavigationToolbar = NavigationToolb|
g:\st resfunc':['U resolution function’, 'dat’, ‘MAROON']} ] oL GtGu GtCore (PyQtD)
oc :
& dochtrl #list of data type to propose in open file dialog QtMatpletlib (pySAXS guisaxs.qt)
typefile_list=[ 'saxs’, 'usaxs', 'usaxsrch', ‘usaxsdsm', 'Fit2d', txttab', ‘txtcomma’', ‘resfunc'] L] colors (matplatlib)
& examples _ filetools (pySAXS tools)
Bg'“:‘ = :15;; ';amﬁul_iax?(et;ul-Q‘ﬂalzwindo\;): mainGuisaxsui (pySAXS.guisaxs.qt)
q of __init_ (self, parent=hene):
) _init_py QtGui.Quidget._ init_ (self, parent) . pySaxsColors (pySAXS.guisaxs)
F_AIDi;Ug i self.ui =mainGuisaxsui.Ui_mainGuisaxsWindows() font_manager = matplotlib.font mana
= 1209 self.ui.setupUi(self) itertools
I ] FAlDialoguipy QtCore.00bject. connect (self.ui.actionOpen,QtCore. STGNAL ( “trigg ‘), self.OnFileopen) numpy
[F] mainGuisaxs.py #QtCore.QObject. connect(self.ui.actionExit,QtCore.SIGNAL( "tri 3"y OnFileExit) oc
mainGuisaxs.ui QtCore.QObject.connect(self.ui.listWidget, QtCore.SIGNAL("itemChanged(QListlidgetTtem *)"),self.OnTtemChanged) s
[F] mainGuisaxsui,
é at.mpl harspypy e main object for datas unicededata
= R bar self.data_dict={} _main_
% g:xa:p:ﬂ:‘:py L] #generate filters names self.filterlist mainGuisaxs =
[E] QtMatplotlibui.py self.createfilters() @ Im
- portData
[F] testQtFALpy .
LestOtF AL #---- Hatplotlib window @ ListOfDatasChecked
B) testtFAlui.py self.move(QtCore.QPoint (100,108)) (@ OnFileOpen |
[ : e self.createMatplotlib() (@) OnltemChanged
_ =] testQtMatplotlib.ui QtCore.00bject. connect (self.plotframe, QtCore.STGNAL{ closing()”), self.OnMatplotlibClosed) (@ OnMatplotiibClosed
ﬂ d—'”'t—‘p" (@ ReadFile
[l dataset.py
] DirreeCtrlpy def closeEvent(self, event): g Replot
- try: —init_
[6] FAldIg.py -
- self.plotframe.close() @ cleansString
g f;\z“"”:y o except: @ closeEvent
':] LSA;“"’;D"XRF{W pass @) createfilters
[ 5 sorption*RL.py . teMatplotlib
LsBackgroundDlg.py def createMatplotlib(self): o ”:a ET: F’L“ !
L5ClipgqRangeDl space=15 D redranThel it
paRangetia-py self.plotframe=Qtiatplotlib.QtMatplotlib() @ replotitPiot
LSCencatenateDlg.py x=self.width()+self.x() + space O typefile
LSdataDlg.py "*'print self.mapToGlobal (self.pos()).x(), self.mapToGLobal (self.pos()).y() il © typefile_list o
[ LSDeconvolutionDlg.py < Aeel £ eeTerlebol fOMSe e Anedetin ALV Y ; g — :
[ LSEvalDig.py
[F] LSFitGaussianDig.py 20 Problems | B Console 52 < Search BBl B-rs-=0
[F] LSGenericParameterDlg.py SVN
[F] LSInterpolateDig.py -
[8] LSInvariantDlg.py
LSInvariantDIgOLD. py
LSModelDlg.py
LSneutrenDlg.py
LSResolutienDlg.py
[l LSscattering.py
[6] LSSelectyRangeDlg.py
[£] LSTransmissionDlg.py
[F] LSUSAXSsimuDlg.py
e ttp://pydev.org/
[F] matplotlibwx.py ||« - .
[id InterpreterBuilderlob: (100%) (=15}

What is PyDev?
PyDev is a Python IDE for Eclipse, which may be used in Python development.
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DE LA RECHERCHE A LINDUSTRIE

C2Aa IPYTHON NOTEBOO

127.0.0.1:8888/2534044f-0b&1 -4f4 a- b0GS-4 b46203b0603

IPIyl: Notebook UntitledO

File Edit View Insert Cell Kernel Help

Last saved: Dec 10 2:36 PM

B | x @& |6 [t |+ F &]| » = [Code [z

ipython notebook --pylab inline out[5]:

[<matplotlib.lines.Line2D at Ox5572ed0>]

20

15t

10t

05

0.0
o

In [6]: y2==zin(=x)
plot (=, v2)
plot (=, y)

out[&]: [<matplotlib.lines.Line2D at Ox53cc3T0>]

\

151

20

10

05
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PYTHON PHILOSOPHY: SHELL

>> 1 + 1
2
>> a =1
>>> a

1

>>> s = “hello world”

>>> print s
hello world

‘ Powerfull scientific calculator

Introduction to scientific Python O. Taché 07/02/2013



C2A LANGUAGE ASPECTS

Indentation is important:
If n in range(1,10):
Print n

—

Print ‘fini’

moncode a executer

_> —_— —
moncode_ a_executer

def mrfunction():

Documentation
B Comments begins by #
. Or 33 33 )

and finished by

33 33 1)
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C2A VARIABLES ALLOCATION

No prior declaration of variables
How to allocate variable ?

>>>x=1

One variable refer to a memory area
>>>y=x

2 variables can refer to the same memory area
>>>x=0

>>>Print vy

0

Allocate a variable :

>>>y=« hello »

hello

Introduction to scientific Python 0. Taché 07/02/2013




C2A NUMBERS

Entier (int)
Réels (float)

Complex

Addition
substraction
Multiplication
Division
power

Booleens

o, 1, 2, 3, -1, -2, -3
0., 3.1415926, -2.05e30, le-4
(must contains . or exponent)

19, -2.53, 3+47

3+4, 42.+3, 1+07]

2-5, 3.-1, 339-7.5

4*3, 2*3.14, 13*37
1/3, 1./3., 5/33
1.5%*3, 29**2, 2**-0.5

true ou false

Introduction to scientific Python

O. Taché
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Introduction to scientific Python

DE LA RECHERCHE A LINDUSTRIE

STRING

Viabe’’” ou ‘abce!

\\nl
‘abc’ +'def’
3*"abc’

"ab cd e’ .split ()

"1,2,3" .split(’,")
’,’.jOiH(['l','Z'])

! a b c ".strip ()
"text’ .find ('ex’)
"Abc’ .upper ()
"Abc’ . lower ()

Conversion to int or float : int (’
Conversion fo string : str (3),

O. Taché

I

t

)/
r([l

‘abcdef’
‘abcabcabc’

[IabI,/CdI,I

[IlI, 14 21, 14
11,21

"a b c’

1

"ABC’

"abc’

float(
2,

r2.1"7)
31)

07/02/2013

37 ]



FORMATING NUMBERS

(" %[flag]width]. ]specifier™):

flags:
T left justify
7+ : Forces to preceed result with + or -.
07 Left pad the number with zeros instead of space (see width).

width:

Minimum number of characters to be printed. The value is not truncated
if it has more characters.

- For integer specifiers (eg. "'d,i,0,x "), the minimum number of
digits.

- For e, E" and f specifiers, the number of digits to print
after the decimal point.

“strFormat” % number

- For “g" and "G, the maximum number of significant digits. ~ >>> " ¢1" %(1000)
- For ’s™, the maximum number of characters. '1000"
>>> "$2.2f" %(1000)
specifiers: '1000.00"
¢ :character o >>> "i, %2.2f, %2.2e" % (1000, 1000, 1000)
g or i :signed decimalinteger -~ - 11000, 1000.00, 1.00e+03"
e or “E : scientific notation with e or TE.

“f : decimal floating point

g,G " : use the shorter of “e,E™ or
0" : signed octal

’s™ : string of characters

“u : unsigned decimal integer

X, X" 1 unsigned hexadecimal integer

Introduction to scientific Python O. Taché
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Introduction to scientific Python

 Creation
>>>a3=[1,2,3, ’'blabla’,[9,8]]

« Concatenation (not addition... see array)
>>>[1,2,3]1+[4,5]
[1,2,3,4,5]

+ Element add
>>>a.append('test')
[1,2,3, "blabla’,[9,8]," test’]

+ length
>>>]en (a)
6

* range([start,] stop[, step]) -> list of integers
Return a list containing an arithmetic
progression of integers.

>>>range (D)
[0,1,2,3,4]

+ Simple Indexation
>>>a 0]
0

* Multiple Indexation
>>> a[4][1]
8

O. Taché

* element definition

>>> a[l]l=1

>>> a

(1, 1, 3, 'blabla', [9, 8], 'test']

* negatives index
>>> a[-1]
'test'

>>> al[-2]

[9, 8]

* Partof list (1iste[lower:upper])
>>>a[1:3]

[1, 3]

>>> a:3]

(1, 1, 3]

Index start always from 0

07/02/2013




>>>HELP(LIST)

append(...
L.append(object) -- append object to end

count(...)
L.count(value) -> integer -- return number of occurrences of value

extend(...)
L.extend(iterable) -- extend list by appending elements from the iterable

index(...)
L.index(value, [start, [stop]]) -> integer -- return first index of value

|
|
I
I
I
I
I
I
I
I
I
| insert(...)
|  L.insert(index, object) -- insert object before index
I
|
|
|
|
|
|
|
|
|
|
|

pop(...)
L.pop([index]) -> item -- remove and return item at index (default last)

remove(...)
L.remove(value) -- remove first occurrence of value

reverse(...)
L.reverse() -- reverse *IN PLACE*

sort(...)
L.sort(cmpfunc=None) -- stable sort *IN PLACE*; cmpfunc(x,y) ->-1,0, 1

Usage :

>>>Myliste.methode (var)

Introduction to scientific Python O. Taché 07/02/2013



DE LA RECHERCHE A LINDUSTRIE

C22 DICTIONNARIES

Dictionnaries : Association from one value and a key.

Creation

>>> dico = {}

>>> dico[‘'C’] = ‘carbon’
>>> dico[‘H’] = ‘hydrogen’
>>> dico['0’] = ‘oxygen’
>>> print dico

{‘C': ‘carbone', ‘H': ‘hydrogen’, ‘O': ‘oxygen'}
Using

>>>print dico[‘C’]

Carbone

A new one

>>> dico2={'N':’Nitrogen’','Fe':‘Iron'}

Concatenate
>>> dico3=dico+dico?

Traceback (most recent call last):
File "<pyshell#18>", line 1, in -toplevel-
dico3=dico+dico2
TypeError: unsupported operand type(s) for +: 'dict' and 'dict'
>>> dico.update (dico?2)
>>> dico
{'"H': 'hydrogen', 'C': 'carbon', 'Fe': ‘Iron', 'O': 'oxygn', 'N': ’'Nitrogen '}

Introduction to scientific Python O. Taché 07/02/2013
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DE LA RECHERCHE A LINDUSTRIE

>>>HELP(DICT)

clear(...)
D.clear() -> None. Remove all items from D.

copy(...)
D.copy() -> a shallow copy of D

get(...)
D.get(k[,d]) -> D[K] if k in D, else d. d defaults to None.

has_key(...)

D.has_key(k) -> True if D has a key k, else False |
items(...)

D.items() -> list of D's (key, value) pairs, as 2-tuples

iteritems(...)
D.iteritems() -> an iterator over the (key, value) items of D

iterkeys(...)
D.iterkeys() -> an iterator over the keys of D

itervalues(...) _
D.itervalues() -> an iterator over the values of D

keys(...)
D.keys() -> list of D's keys

| pop(...)

|  D.pop(K[,d]) -> v, remove specified key and return the
corresponding value

| If key is not found, d is returned if given, otherwise
KeyError is raised

I

| popitem(...)

|  D.popitem() -> (k, v), remove and return some (key, value)
pair as a
2-tuple; but raise KeyError if D is empty

I
I
| setdefault(...)

| D.setdefault(k[,d]) -> D.get(k,d), also set D[k]=d if k not in D
I

I

I

update(...)
D.update(E) -> None. Update D from E: for k in E.keys():
DIk] = E[K]
I
| values(...)

|  D.values() -> list of D's values

0. Taché

Introduction to scientific Python
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C2A CONDITIONS

<condition>:
—|<code>
<condition>:
—|<code>

—>|<code>

Introduction to scientific Python O. Taché

Examples :

test=True
if test:
print
else:
print
->vrai

if i==1:
print

elif i==2:
print

elif 1==3:

else:

07/02/2013

'vrai'

'faux'

'A'

'B'

'C'

nwon



<variable> in <list>:
—>| <code>

>>> for 1 1n range(5):
print 1,
012 3 4

>>> for 1 in 'abcdef':
print 1,
a b cde t

1=['C','H','O", 'N"']

>>> for 1 in 1:
print 1,

C HON

>>> for 1 in dico:
print 1,

H C Fe O N
>>> for 1 1in dico:
print dicol[i],

hydrogen carbon Iron oxygen
Nitrogen

Introduction to scientific Python O. Taché
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<condition>:
—> | <instructions>

>>> test=0 >>> 1 = 0
>>> while test<10: >>> while 1:
test=test+1l if i<3 o
print test, e P '
break
i=i+1

1 2345678 9 10

Introduction to scientific Python 0. Taché 07/02/2013



C2A READING TEXT FILES

How to read a text file:
B Open a text file

B Read line by line

B One line set to a variable
B Close the file

Python :
>>>f=open(‘filename.txt’,’r’)
>>>]ines=f.readlines ()
>>>f . close ()

readlines read all the lines and return a list.

Each element must be treated.

In the file there is 2 columns separated by a ,

>>>x=[ ]

>>>y=[ ]

>>>for s in lines|[1l:]:
element=s.split(’,’)
x.append (float (element[0]))
y.append (float (element[1]))

Introduction to scientific Python 0. Taché 07/02/2013
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C2A  WRITING FILES

How to write a text file

B Open the file (r, a, w)
B Write line by line

B Close the file

Python :
>>>f=open(‘filename.txt’,’'w’)
>>>f .write(‘linel\n’)

>>>f . .write (‘line2\n’)
>>>f=close ()
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NUMPY LOADTXT

numpy.loadtxt(fname, dtype=<type 'float'>, comments="#', delimiter=None, converters=None, skiprows=0,
usecols=None, unpack=False)] Load data from a text file.
Each row in the text file must have the same number of values.
Parameters:
fname : file or str

File or filename to read. If the flename extension is .gz or .bz2, the file is first decompressed.
dtype : dtype, optional

Data type of the resulting array. If this is a record data-type, the resulting array will be 1-dimensional, and
each row will be interpreted as an element of the array. In this case, the number of columns used must match the number
of fields in the data-type.
comments : str, optional

The character used to indicate the start of a comment.
delimiter : str, optional

The string used to separate values. By default, this is any whitespace.
converters : dict, optional

A dictionary mapping column number to a function that will convert that column to a float. E.g., if column O is
a date string: converters = {0: datestr2num}. Converters can also be used to provide a default value for missing data:
converters = {3: lambda s: float(s or 0)}.
skiprows : int, optional

Skip the first skiprows lines.
usecols : sequence, optional

Which columns to read, with 0 being the first. For example, usecols = (1,4,5) will extract the 2nd, 5th and
6th columns.
unpack : bool, optional

If True, the returned array is transposed, so that arguments may be unpacked using X, y, z = loadtxt(...).
Default is False.
Returns:out : ndarray

Data read from the text file.
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http://docs.scipy.org/doc/numpy/reference/generated/numpy.loadtxt.html

NUMPY SAVETXT

savetxt(fname, X, fmt="%.18e’, delimiter="", newline="\n")
Save an array to a text file.

Parameters

fname : filename or file handle
If the filename ends in “".gz ", the file is automatically saved in
compressed gzip format. “loadtxt” understands gzipped files
transparently.

X :array_like
Data to be saved to a text file.

fmt : str or sequence of strs
A single format (%10.5f), a sequence of formats, or a
multi-format string, e.g. 'lteration %d -- %10.5f', in which
case ‘delimiter is ignored.

delimiter : str Character separating columns.

newline : str Character separating lines.

Examples

>>> x =y = Z np.arange (0.0,5.0,1.0)

>>> np.savetxt ('test.out', x, delimiter="',") # X is an array
>>> np.savetxt ('test.out', (x,y,2)) # x,y,z equal sized 1D arrays
>>> np.savetxt ('test.out', x, fmt='%1.4e'") # use exponential notation

31
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C2A EUNCTIONS

Syntax :

def nameOfFunction (arguments) :
instructions
return something # not mandatory

—

o de® adidl® iens (2, 19 ;
c=a+b
TELUEN €

e addileiem (2, 3))

5

PN

ayckeliil & iom (| *Rname ", Y Esitname; ")
‘namefirstname'

2o addkitvilen (1 . 25, 5). 36)
6.6100000000000003
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FUNCTIONS : FLEXIBILITY

def addition(a,b): def addition(a,b=1): def addition(a,b=1,c=1):

return a+tb return a+tb return a+tb+c
>>> addition(1l,2) >>> addition (1) >>> addition(l, c=2,b=3)
3 2 o
def addition(a,b): def addition(a,b):

return a+tb M

add a and b

>>> addition (‘" hello’’,’’” world’’) A
‘"hello world’’ return a+b

>>> addition (

(a,b)

def addition(a,Db): add aand b
return a-+b

>>> addition([1,2,31,[4,5])
[1,2,3,4,5]
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DE LA RECHERCHE A LINDUSTRIE

MODULES

Create its own module:

operations.py :

def addition(a,b):
c=a+tb
return c

Using

>>>1import operations

>>> operations.addition(1l,2)
3

Reload a module

>>>reload (operations)

Using some part
>>>from operations import addition
addition(1l,2)

Using every compounds
>>>from operations import *

Cleaner because we

>>>1 IS i
import numpy know what is it used

>>> numpy.sin(3.14)
0.0015926529164868282

Or

>>>import numpy as N
>>>N.sin (1)

Where are the modules ?

* Windows:
* C:\Python27
* where it is executed
« C:\Python27\Lib\site-packages

e Linux: ???

* How to know ?
* Module. path
* Module. file

How to know the locals objects ?

>>>locals ()

Update and return a dictionary
containing the current scope's
local variables.

0. Taché
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TESTS AND DOCUMENTATION (IN THE CODE)

« An easy way to make test with code is :

# add this code at the end # add this code at the end
if name == ' main ': if name == ' main ':
_Eest(y_ - - print sys.argv[l:] #print the args from

the command line

Will execute this code if the module is run as « main »

« An easy way to make a documentation is to use docstrings

wnn

>>> import operations
a set of usefull function for learning python >>> help (operations)
W W 0 Help on module operations:

def addition(a,b): NAME
e operations - a set of usefull function for learning python
add a and b
mmn FILE
return a+b s:\présentations\formation python\operations.py
def substraction(a,b): FUNCTIONS
o addition (a, b)
sub a and b add a and b
return a-b substraction (a, b)

sub a and b
# add this code at the end
if name == ' main ':
print "1+1=",addition(1,1)
print "2-1=",substraction(2,1)
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C2A  USER INTERACTIONS,

>>> ret=raw_input ("How old are you ?")

How old are you 218 Raw_input : Read a string from
standard input

>>> formula=raw input ("Enter the formula : ")
Enter the formula : sin (x)*2

>>> x=float (raw_input ("Enter x : "))
Enter x : 3.14 Eval : evaluate the source

>>> eval (formula)
0.0031853058329736565
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EXCEPTIONS

How to catch exceptions (errors, or problems raised) ?

try:
code
except [exception name]
code
else:
code if no exceptions are raised
finally:

always run on the way out

tools package for numbers
L |
def isNumeric(val):

''"'" return true if val is a numeric value >>> isNumeric(3)
True
LI B |

>>> isNumeric('3"'")

i = float(val) Truel o ,
except ValueError, TypeError: >>> isNumeric('3.0%)

try:

# not numeric Truel L ’
return False >>> isNumeric('3.0x")
False

else:
# numeric
return True
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CZ2A PYTHON SCIENTIFIQUE

Gnuplot Matplotlib Plotting

Scipy Scientific functions

Numpy Numeric arrays

Python Programming Language
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C2A NUMERIC ARRAYS

Different from a list | | * Addition
All the objects are numerics (floats or int) | >>> t=array([l,2,3,4.])

and identicals >>> t2=array([1,2,3,4.])
e >>> t+t2
Creation : array([ 2., 4., 6., 8.1)

>>> array([1,2,3,4])
array ([1, 2, 3, 4])
» Using mathematical functions

>>> array([1,2,3,4.]) >>> t=arange (0,10, 2)
array ([ 1., 2., 3., 4.1)

>>> €
>>> arange (0,20, 2) array ([0, 2, 4, 6, 8])
array([ 0, 2, 4, 6, 8, 10, >>> t*pi
12, 14, 16, 18]) array([0.,6.28318531, 12.56637,
From a list 18.84955592, 25.13274123])

>>> 1=range(1,10)
>>> g=array(l)
>>> a

array([1l, 2, 3, 4, 5, 6, 7, 8, PIl)
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C2A NUMERIC ARRAYS

Arrays with multiple dimensions

>>> t=arange (0, 15)

>>> t.shape

(15,)

>>> arrayzd=reshape (t, (3,5))

>>> arrayz2d

array([[ O, 1, 2, 3 4
[ >, 6, 7, 8, 9]
(10, 11, 12, 13 4

Data access

>>> arrayz2d[0, 3]

3

Warning tableauly,x] !!!
Parts

>>> arrayz2dl[:, 3]
array ([ 3, 8, 131)
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DE LA RECHERCHE A LINDUSTRIE

ARRAY FUNCTIONS

More Functions:

Functions

arrayrange (arange)

- Return regularly spaced array

array - NumPy Array construction - asarray - Guarantee NumPy array
zeros - Return an array of all zeros - sarray - Guarantee a NumPy array that keeps precision
ope oS o Sk o comobe - Comvolve two 1 arays
size - Return number of elements in entire array or a - Swapaxes ) Exghange axes
certain dimension - concatenate - Join arrays together
fromstring - Construct array from (byte) string - transpose - Permute axes
e e s - o - Sor clements of aay
Bﬂtmask - Set portio)r/1 of arrgays ?Jsing a mask - argsort - Indices of sorted array
reshape - Return array with new shape - argmax - Index of largest value
repeat - Repeat elements of array - argmin - Index of smallest value
choose ate Coggﬁrrlé?;tget\(/vvgrlrag ;rr(r)? ;ndexed array tuple - innerproduct - Innerproduct of two arrays
gre(;srzﬁggﬁg(? - Search for element in i/-d array - dot - Dot product (matrix multiplication)
sum - Total sum over a specified dimension - outerproduct - Outerproduct of two arrays
average - Average, possibly weighted, over axis or array. - resize - Return array with arbitrary new shape
o oA ST e S Speret nnson - nces Tupe of ndices
gumproduct “Cumulative productpover a specified dimension - fromfunction - Construct array from universal function
alltrue - Logical and over an entire axis - diagonal - Return diagonal array
sometrue - Logical or over an entire axis - trace - Trace of array
allclose - Tests if sequences are essentially equal - dump - Dump array to file object (pickle)
- dumps - Return pickled string representing data
- load - Return array stored in file object
- loads - Return array from pickled string
- ravel - Return array as 1-D
- nonzero - Indices of nonzero elements for 1-D array
- shape - Shape of array
- where - Construct array from binary result
- compress - Elements of array where condition is true
- clip - Clip array between two values
hel p(nu mpy) - zeros - Array of all zeros
- ones - Array of all ones
he|p(functi0n) - identity - 2-D identity array (matrix)

Introduction to scientific Python
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C2A  SCIPY FUNCTIONS

- Cluster : vector quantization / kmeans
Gnuplot Matplotlib Fftpack : discrete fourier transform algorithms
Integrate : integration routines and differential
equation solvers
Interpolate : interpolation tools
Linalg : linear algebra routines
Misc : various utilities (including Python Imaging Library)
Ndimage : n-dimensional image tools
Signal : signal processing tools

Sparse : sparse matrices
Python Stats : statistical functions
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http://www.scipy.org/SciPyPackages/Cluster
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DE LA RECHERCHE A LINDUSTRIE

Cea

from scipy import *
From numpy import *
import Gnuplot

g=Gnuplot.Gnuplot ()

SCIPY : EXAMPLE

Area Mean Min Max IntDen %Area
1 2.755 255 255 255 |702.551| 100
d=loadtxt ("c:/datas/results.txt", separator="\t") 2 0.184 255 255 255 | 46.837 | 100
y=d[1] 3 22.408 | 252.91 0 255 |5667.245] 99.18
rayons=(y/pi)**.5 4 6.245 255 255 255  [1592.449] 100
: ) 5 3.673 255 255 255 |[936.735[ 100
h=numpy .histogram (rayons,bins=100) 6 | 2755 | 255 | 255 | 255 |702.551| 100
hx=h[1] 7 6.245 255 255 255  |1592.449] 100
8 13.224 255 255 255 |3372.245] 100
hy=h[0] 9 0.551 255 255 255 | 14051 [ 100
curveh=Gnuplot.Data (hx, hy) 10 | 14.878 255 255 255 |3793.776] 100
g.plot (curveh) 11 0.184 255 255 255 | 46.837 100
12 8.816 255 255 255 |[2248.163] 100
13 5.51 255 255 255 |[1405.1202] 100
2 - — 14 2.571 255 255 255 |655.714| 100
° 15 2.571 255 255 255 |655.714| 100
Sk o 16 3.857 255 255 255 |983.571| 100
- 17 6.612 255 255 255 |1686.122] 100
. 18 5.694 255 255 255  [1451.939] 100
<>
o o o 19 4.224 255 255 255 |[1077.245] 100
& et e o 20 3.306 255 255 255 |843.061| 100
10 N %, % 21 0.184 255 255 255 | 46.837 | 100
N R o By 22 4.224 255 255 255 |1077.245] 100
<> < & S,
5 &> o <ty
OL*,,
O By O
> SOk, o &
& oot <>
0 SO & ¥o3
5
1 1.5 2 25 3 3.5 4 45

) 05
-0.263926, 23.8109
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GNUPLOT INTRODUCTION

Gnuplot is a portable command-line driven graphing utility

p—

Python

Gnuplot is not a Python software

' Gnuplot is a software that can plot correctly datas
Command line = not very user friendly

Load datas from text file

Can automatiez data plotting

many different types of 2D and 3D plots

Free and Open Source

cross-platform(windows, linux, mac)

Python can interface Gnuplot = Gnuplot do the
plotting work

Saussian Distributions
08

W y=05a0=05
06 H=20oc=10
mu=-100=20
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DE LA RECHERCHE A LINDUSTRIE

C2Aa  USING GNUPLOT

A gnuplot

Y File Plok Expressions Funckions Gemeral  Axes Chart  Styles 3D
Help snuplot sraph
Heplot | Open Save ChDir Print | PrtSc | 1 eints
A |
| EHOPLOT — 0.4
| Merzion 4.1 patchlewel 0O = ! l_
4 last nodif ied Sat Jul 3 00:04:32 CEST 2004 0Et
Syztens H3-Hindows 37 bit )
Copyright [C) 1986 - 1993, 1998, 2004 J 04
Thonas Hillians, Colin Kelley and nany others
Tupe *help® to access the on-line reference nanual. n 0.2
] The gnuplot FAQ iz available fron B
] http:d/funu.gnuplot . infoffagd Or
fi P
Send connents and requests for help to 02t I_I__
<gnuplot-betalliztz.zourceforge. nat > Ly !
Send bugs, suggestions and nods to 0.4 i
<gnuplot-betalliztz.zourceforge, nat > ey T N
1 EFi 105+
Merninal type set to “uindous’ L il
noplaot> plot(zinlx]] ns |
nuplot> set grid cefl -
noplot> set style data linespointz Ele
ruplots replot v d -1
ruplot> _ 1 M- - 78266 0 ° "
¥ Nacements e
L >
T —
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GNUPLOT AND PYTHON

import Gnuplot

import numpy

# Initialize Gnuplot

g = Gnuplot.Gnuplot()

# Set up data

X = numpy.arange (0., 5., 0.1)

Yy = numpy.exp (-x) + numpy.exp(-2.*x)
curve=Gnuplot.Data(x, y,with='linespoints')
g.title(‘'numpy.exp(-x) + numpy.exp(-2.*x)"')
g.plot (curve)

1B gnuplot graph

M.expl-x) + Noexpl-2.%x)

08 r

06 +

0.4 r

0z r

0

045 1 15 2 258 3 35 4 445 a

0
1.655616, 2.30000
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DE LA RECHERCHE A LINDUSTRIE

C2A  GNUPLOT CLASS

Méthodes :

plot : clear the old plot and old Plotltems, then plot the arguments in a fresh plot command. Arguments can be: a Plotltem, which is plotted along
with its internal options; a string, which is plotted as a 'Func'; or anything else, which is plotted as a Data.

Splot : like plot, except for 3-d plots.

Hardcopy : replot the plot to a postscript file (if filename argument is specified) or pipe it to the printer as postscript othewise. If the option color is
set to true, then output color postscript.

Replot : replot the old items, adding any arguments as additional items as in the plot method.

Refresh : issue (or reissue) the plot command using the current Plotltems.

xlabel, ylabel, title : set corresponding plot attribute.

Load : load a file (using the gnuplot load command).

Save: save gnuplot commands to a file (using gnuplot save command) If any of the 'Plotitem's is a temporary file, it will be deleted at the

usual time and the save file will be pretty useless :-).

Clear : clear the plot window (but not the itemlist).

Reset : reset all gnuplot settings to their defaults and clear the current itemlist.

set_string : set or unset a gnuplot option whose value is a string.

_clear_queue: clear the current Plotltem list.

_add_to_queue: add the specified items to the current Plotltem list. g("replot™")
_call__: pass an arbitrary string to the gnuplot process, followed by a newline.

g.Itemlist

ltemlist : liste des Plotltems g.itemlist.append (..)

Introduction to scientific Python O. Taché 07/02/2013



GNUPLOT.PY PLOTITEMS

Plotltems : eléments that can be plot (data, file, grid)
Data ( *set, *keyw )

Create and return a _Fileltem representing the data from *set.

curve=Gnuplot.Data (y)

curve=Gnuplot.Data (x,y,sigma)
curve=Gnuplot.Data(x, y,with='linespoints')
d=transpose([x,y])

curve=Gnuplot.Data (d)

File (filename, **keyw )

Construct a _Fileltem object referring to an existing file.
Gnuplot.File(filenamel)

GridData ( data, xvals=None, yvals=None, inline=_unset, **keyw, )

GridData represents a function that has been tabulated on a rectangular grid. The data are written to a file; no copy is keptin

memory.
Data : the data to plot: a 2-d array with dimensions (numx,numy).
Xvals : a 1-d array with dimension numx
Yvals : a 1-d array with dimension numy

python/Lib/site-packages/Gnuplot test.py
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MATPLOTLIB

numpy .
pylab * 11l Figure 1 = %
x = arange (0., 5., P00+ BYB
0.1)
y=exp (—-x) texp (-2*x) 20
plot (x,Vy)
show ()

15}

1.0}

05}

0.0
0

http://matplotlib.sourceforge.net
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GUIQWT

numpy x (& Figure 1 o ) [ |

guiqwt.pyplot - N
x = arange (0., 5., 0.1)
y=exp (—-x) texp (-2*x)
plot (x, vy) i
show () 1

0,5 -
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GAUSSIAN

def Gaussian(x,par):
Gaussian model to fit the peak to get
exact zero position
par[0] : height of gaussian
par[l] : is related to the FWHM
par[2] : center of gaussian
par[3] : background %%

wirwnw

return par|[0] *exp (- ( (x- ¢>¢> i
par[2])**2) /par[1]**2)+par[3] [
|
| |
ol ‘4 f
>>> x=arange (0,100,1) I
>>> y=gaussian ((50,0.05,40,10),x) (& &
30 e‘ \ il
T .
>>> curve=Gnuplot.Data(x,y,with='linespoints’) <¢ ‘

>>> g.plot (curve)
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DE LA RECHERCHE A LINDUSTRIE

HOW TO FIT ?

From numpy import *

def Gaussian (x,par) :
Gaussian model to fit the peak to get
exact zero position
par[0] : height of gaussian

par[1] is related to the FWHM

par[2] : center of gaussian

par [3] background

return (par[0]-par[3]) *numpy.exp (- ( (x—

par[2])**2) /par[1]**2)+par[3]

Experimentals datas
>>> x=arange (0,100.0,1)

>>> y=gaussian([50,5.0,40,10], %)
Minimization function

def residuals (r,x,V):

calculate difference between datas (x) and
model (Gaussian(r))

print r

err=(y-Gaussian (x,r))

return err

#fit....

>>>p0=[52,5.0,35,10.1] #initial parameters
>>>fit, success=optimize.leastsqg(residuals,p0,args
=(x,y)) #fit

Introduction to scientific Python O. Taché
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DE LA RECHERCHE A LINDUSTRIE

SOURCE CODE

mport Gonuplot
from scipy import optimize

i nu ra Ez
def GaussianFunction (x,par): & gnuplot graph
rrree a0 T T T T T T T
Gaussian model to fit the peak Lo get exact zZero ;CE_:_CL
par[0] height of gaussian i 1
par[l] : is related to the FWHM
par[2] center of gaussian
par[3] background 40 7 7
LRI
return (par[0]-par[3]) *nunpy.exp(—( (Xx-par[2])**2) /par[id F*2)+par[3] 1
- . 30 1
def residuals(r,x,v):
calculate difference between datas (X) and model (Gaus29an(r)) 1
print r 20 b J
err=(y—-GaussianFunction(x,r))
return err
15 1
X=nunmpy.arange (0,100.0,1)
v=GaussianFunction(x, [50.0,5,40,10]) i 40 L -
L 0 10 20 30 40 50 60 70 80 90 100
g=Gnuplot .Gnuplot () 8.13478, 39.8411
curve=Gnuplot.Data (X,¥,with ='linespoints')
g.plot (curve)
p0=[52,5.0,35,10.1] #initial pa:amete:d
fit,success=optimize.leastsg(residuals,pl,args=(x,v)) #fit
print fit
curveFit=Gnuplot.Data (X,GaussianFunction (x,fit),with ='lines’)

g.plot {curve, curveFit) #plot multiple curve

07/02/2013
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DE LA RECHERCHE A LINDUSTRIE

C2a FITS

from nupy import *
ffrom scipy import *

from scipy iwmport optimize
import Grnuplot

def Gaussian(x,par) :
FFFF P

Gaussian model to fit the peak to get exact =zero position

par[0] : height of gaussian
par[l1l] : is related to the FWHHN
par[2] : center of gaussian

par[3] : background

Freeer

return par[0] *exp (- (x—-par[2]) *%2) /par[1] **2) +par [3]

def residuals(par, =, ¥):
ferr = [(y-Gaussian(=,par))
err = [y-Gaussian(x,par))
return err

def rnd{start,end):
return random.rand() #{end-start) +start

Creation of random datas

fgenserate datas

p=[rnd(0,100) ,rnd(3,6) ,rnd{1,6) ,rnd (0, 10)]

®x=arange (0,10,0.1)

v=Gaussian(x, )

percent=0.1

r=vy+(y*percent) * (random.rand(size(v)1-1/2.) .
#print vy Flt
pfit=[max(y), 1,5, min(y)]#initials parameters

fitParam, success = optimize. leastsg(residuals,pfit, args=(x,r)]

print fitParam, success

Bplotting

g=Gnuplot, Ghuplot )

curve=Gnuplot.Data(x, v, with='1lines']) F)I()t
curvea=cnuplot.Data(x,r,wvith='points")
curvefit=GCGnuplot.Data(x,Gaussian(x, fitParam) ,vith="'linespoints")
g.ploticurve, curvel , curvefic)
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C2A  FEIT: RESULT
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C2Aa OBJECTS

Object have some things in common

CIaSS OurClass (object) :
m Datas (variables) N&ass oot e
y g.
B ConStrUCtor (\(arlables argl=0#not necessary
Inltlallzathn) \ arg2=0#not necessary
B Methods (fonctions) __init_ (self, argl, arg2):
"""Method docstring."™"

self.argl = argl
self.arg?2 = arg2

printargs (self) :
"""Method docstring."""
print self.argl
USlng print self.arg2
>>>P=0OurClass (‘one’ ,two’)
>>>P.printargs ()
one
Two

>>>"ab cd e’ .split() -> ["ab’, " cd’,"e’]

It is an object
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C2A OBJECTS: EXAMPLE

wn

gaussian class
class gaussian:
def __init_ (self,height=10,fwmh=1,center=10,o0ffset=1.0):

Gaussian model to fit the peak to get exact zero position
height of gaussian
is related to the FWHM
center of gaussian
background
self.height=height
self.fwmh=fwmh
self.center=center
self.offset=o0ffset

def calculate(self,x):
return self.height*exp(-((x-self.center)**2)/self.fwmh**2)+self.offset

def getFormula(self):
return "height*exp (- ((x-center) **2)/fwmh**2)+offset"

if name ==' main ': ]
import numpy

from pylab import * o
x=numpy.arange(0,20,0.1)

#define Gaussian 4
g=gaussian ()

#set a parameter 3
g.height=5.0
y=g.calculate (x)
#plot

plOt(X’Y) 0 5 10 15 2
show ()
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EXAMPLE : CLASS « MODEL » WITH INHERITANCE

Class model:
fhere list of datas
author=« »
description=« »
modelFunction=None

Classe model

def  init (self)
#initialization Classe myMOdel
def fit(self):
#here a fitting routine
code

def fitWwithBounds (self) : | class myModel (model) :
#here another routin "

r o
autre code author=« olivier »

description=« mymodele »
modelFunction=myfunction

def myfunction (self) :
#III

>>> mod=myModel ()
>>> mod.fit ()
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C22A INHERITANCE AND FIT MODEL

import numpy
from scipy import optimize

cesmeder (T Base model

description=""

parameters=None

def _init_ (self):
pass return (par[0]-par[3]) *numpy.exp (- ((x-par[2])**

class modelGaussian (model) :
def GaussianFunction(self,par,x):

won

Gaussia
get

odel to fit the peak to
t zero position

def modelFunction(self,par,x): tre

#need to be redefined in child class parameters definition
y=x
return y modelFunction=GaussianFunction #function
author="0Olivier Tache"
def residuals(self,par,x,y): description="example of class for fit by gaussian m
L |
calculate difference between datas (x) and model if name ==' main ':
v g=modelGaussian ()
print par e e e
err=(y-self.modelFunction (par,x)) x=numpy.arange (0,100.0,1)
return err y=g.evaluate ([50.0,5,40,10],x%)
# ________________
def fit(self,pl0,x,y): values,success=g.fit ([40.0,3,42,11],x,V)

fit by model

pO0 : initials parameters for fit

x and y are values to be fitted

L |
fitvalues,success=optimize.leastsqg(self.residuals,p0,args=(x,vy))
return fitvalues,success

def evaluate(self,par,x):
return self.modelFunction(par,x)
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C22A9 REFERENCES

www.python.org P pl:r[hOl']

Numpy (http://numeric.scipy.org/)
WWW.SCiPy.org

www.gnuplot.info

Python xy www.pythonxy.com
Python.developpez.com

Transparents inspirés de “Introduction to
Scientific Computing with Python”
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C2A  EXERCICES

Mon premier programme :

Ecrire un programme qui définit la fonction y=cos(x/5) et qui calcule toutes les
valeurs de y pour x variant de -10 et +10

Calculer I'intégrale de la fonction

Tracer la fonction

Introduire une variable r pour faire varier la fonction précédente

Calculer I'intégrale et tracer la fonction !

Fitter la fonction pour retrouver la variable r.
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PYSAXS L
- packages of libraries for SAXS data treatment and

modeling

- Graphic interface

- With python, researchers can validate and modify the
source code

- With GuiSAXS, standard users can analyze easily datas
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GUISAXS

File Edit Datatreatrnent Compute Gnuplot Tools Help File Plot Help
Data set :
C(3-2011-06-20-DKNC-1800s_TIFF.rgr |
v | CG5-2011-06-20-DKMNC-1800s_TIFF.rar scaled
C(3-2011-06-20-4M400-1800s_TIFF.rar | 103 : :
6 20150020 NMA0.3008 THE rer scaled —  CG-2011-06-20-NM400-300s_TIFF.rgr scaled
v| CG-2011-06-20-MM400-300s_TIFF.rgr scaled | — CG-2011-06-20-DKNC-1800s TIFF.rgr scaled
CG-2011-06-204upolen-1800s_TIFF.rar e _ O0F-200- -
7] G5 2011.06 20 kypolen £500s,_TIFFsgr scaded . | , CG-2011-06-20-lupolen-1800s_TIFF.rgr scaled
G-2011-06-20-tetradecancl-1800s_TIFFrar [~ L|St Of datas 10° F CG-2011-06-20-NM400-1800s_TIFF.rgr scaled 4
wdata ;
relgrence 6.0 :
refergnce 6.0 model . .
refere 6.0 model model . Plots with matplotlily
| _
- 10°} 5
Data set Informations \ We Can Cnoose WICh
infos...
on datas are plotted
| 107 | —
Informations : 2 .
Welcome to GUISAXS P 107 o E
Informations about data treatment 103
10 10*
| ) q (A-1) ,
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Cea FITTING WITH MODELS

&) pySAXS datas =NACE X
File Plot Help
10° : :
: — [Imol ICSM - CV model
101 ) : — Imol ICS5M - CV
: — Imo25 - ¢cV
10t
107
—_— 10'3 e Y |
@) Parameter for Imogolite Single Wall Si/Ge =HEEN X
|Description : Imodolite single wall variable thickness
|iwthor : Antoine Thill
Chi carre : 3419036.97777
|| Model parameters :
Parameter Value Fit ? Min Max
Si or Ge concentration (mol/fl) : 1.336e-01 ¥ fit 0.000e+00 0.133605508231
Si or Ge in tube drcumference : 2.016e+01 ] fit 0.000e+00 59.0
<
ratio of Siin the wall : 0,000 +00 it 0.000e+00 0.000e+00
[ Wall thickness (&) : 6.000e-+00 Ot 0.000e+00 1,200e+01
imogolite tube length (&) :  4.099e+02 [t 0.000e+00 500.0 , ,
10* 10° 10t
Fit ] l Fit with bounds ¥ type : CLOSE
— — q (A-1)
L
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