An introduction to the Zoo of libraries
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What is this talk about?

= A brief review on the use of some python scientific libraries.
= What is Machine Learning?: Introduction and basic libraries.

= Good programming practices: How to code and be understood.
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What is Anaconda for?

) ANACONDA DISTRIBUTION

Most Trusted Distribution for Data Science

ANACONDA NAVIGATOR

Desktop Portal to Data Science

ANACONDA PROJECT

Portable Data Science Encapsulation

DATA SCIENCE LIBRARIES

Data Science IDEs Analytics & Scientific Computing Visualization Machine Leaming

B # e 2] (8N [ene@

{:Aupyterlabl[Gimmnl Q@QQQ?J @ ‘ {"m“xmalplollih ‘Hzo H‘thsano
| pask L J

and many more!

CONDA

Data Science Package & Environment Manager
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Python basics for data analysis:

Python For Data Science Cheat Sheer CEEI T T TT)
5> 8 - e Import Bbaries pandas i

b>> import numpy Outaanapis  Mathine maming
b) P>> import aumpy

. 6] Selectiveimport u-“"“"’!’ * matplotit

= 2»> from math import pi
Variables and Data Types Selecting List Elements Index starts at o Scansfcomputing 30 ploming
Subsel 1 Install Python

Python Basics

(14,5,6,7

3,4,

»>> my_lisc[1] Selectitem at index 1 Sl
> my_list[-3] Select ard st tem
3 a Jupyter

Sellect tems a index 1 and 2

Selectitems after index o ANACONDA spyder .

Select items. reane e hate
o> a2 Sewised b ithdacondn Gocumms wihlvecode
: | aleatons,
33> x-2 Subtraction of two variables.

5 Numpy Arrays Also see Lists
535 %02 Maliplication of twovarizbles e -
b2> xer2 Exponentiation of a varlable P> my
i o
P33 k42 Faraloder b vorkbly Selecting Numpy Array Elements. index starts st 0
Division of a variable Subset
| b>> my_arzay(1 Select tem at index 1
Types and Type Conversion L Slies
List Methads E>> my_arcay(0:2] Select items at index 0and 1
atz() ua® | varlables 10 strings | T 3 &
Getthe index of anitem aczariin, 211
B 5 —— Countanitem Subset 2D Numpy arrays
ables 1o integers oty i Lo m o) my_2darcaylrows, columns]
5.0, 1.0 Variabiestofioats b>> my_list.remove('! Remove antem 15, 6]
ol £10:1]) Remove anitem Numpy Array Operations
bool () \ " Variables to booleans | my_LisT, reverse () Reversethe list RS T
1 [ . ae Append an tem g  digposbinny
’ b " List.pop (-1} Remove anitem b
Asking Far Help y_list.insert(0,"1") | Insertan item ;5
) Sort the st + bp.acray(ls, 6, 7. 1)

the dimensions of the amay
Append ters toan aray

5)| Insert items inan iay.

Delete ftensin an aray

Meanof the aray

55> ap. A

(my_
>>> np.delete (my_

Stiing 1o wpercase
String to lowarecase.
Countstring elérments
ig.replace(te’, *i') | ReplaceSuingeements
g.steip () Strip whitespaces
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A quick start: the use of the Interpreter.

To start (very quick!):
= Install the Python interpreter on your computer.
(Linux distributions also frequently include Python and it is
upgraded.)

= Call interpreter:

= |t has an interactive mode to introduce instructions one by one and
see the result.

1>>>1+1

22

3 >>> a = range(10)

4 >>> print a

50,1, 2,3, 4,5,6,7,8, 9]
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Basic ideas:

In a statically typed language, every variable name is bound:

e to a type (at compile time, by means of a data declaration).
e to an object.

» In a dynamically typed language, every variable name is (unless it is
null) is bound only to an object.

1x =1
"text" # dynamic typing :)

2 X
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Data types:

A list of the most common data types:

Class Description Immutable?
bool Boolean value v

int integer (arbitrary magnitude) '
float floating-point number '

list mutable sequence of objects

tuple immutable sequence of objects v

str character string v

set unordered set of distinct objects

frozenset | immutable form of set class v

dict associative mapping (aka dictionary)

https://docs.python.org/2/library/types.html
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Data types:

A list of the most common data types:

Class Description Immutable?

bool Boolean value v

int integer (arbitrary magnitude) '
| float floating=point number oL .
| list mutable sequence of objects |
ITIJ'm‘E ][[I[[Iulm)lL hl.,(lLI.l.,ll(.L, O ODJECEs v s

str character string v

set unordered set of distinct objects

frozenset | immutable form of set class v

dict associative mapping (aka dictionary)

https://docs.python.org/2/library/types.html
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Differences in the Python Syntax

In C or C4++: use of ; at the end of statements

1 if (a>b)

2 foo();
3 bar();
2 baz();

In python: indentation level of your statements is significant! Last
statement is executed out of the conditional:

1if(a>b):
2 foo()
3 bar ()
2 baz()

Workshop en técnicas
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Python Syntax: control flow instructions

Control flow

0
if a>b:

] foo() while a>b:

elif b!=c: foo()

bar() bar()
else:

baz()

continue

for i in list:
baz(i)
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Function definition:

1 def function(x,y,z):
2 x=3*y
3 return x+y-z

Also functions can be pass as values:

1 def func(x, pl,p2):
2 return plx(x)+p2

Workshop en técnicas
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Python Boolean and Math operators

Math operators:

Name Function symbol

+ Addition Adds values on either side of the operator. a+b=30

- Subtraction Subtracts right hand operand from left hand operand. a—-b=-10

* Multiplication Multiplies values on either side of the operator a* b =200

/ Division Divides left hand operand by right hand operand b/a=2

% Modulus Divides left hand operand by right hand operand and returns remainder b%a=0

** Exponent Performs exponential (power) calculation on operators a**b =10 to the power 20

Boolean:

Operation Result

xory if x is false, then y, else x

x and y if x is false, then x, else y

not x if x is false, then True, else False

Cecilia Jarne Scientific Programming with Python
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Strings

It is possible to use ' or *“ on string definition:

1 a= "I am Cecilia"
2 b= I am from Argentina’

To print on screen we use the print function:

print (’-—-Al11 rigth!!!-——-’)
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= Very useful structure on python.

= Index and slice access.

1al0] al[1] a[2:5] a[2:10:2]

= Comprehension list:

1 [x*#*2 for x in range(1,11)]
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List Methods

list.append(obj)

Appends object obj to list.

list.count (obj)

Returns count of how many times obj occurs in list.

list.extend(seq)

Appends the contents of seq to list.

list.index(obj)

Returns the lowest index in list that obj appears.

list.insert(index, obj)

Inserts object obj into list at offset index.

Cecilia Jarne Scientific Programming with Python

ilia.jarne@ungq.edu.ar
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More List Methods

list.pop(obj=list[-1])

Removes and returns last object or obj from list.

list.remove(obj)

Removes object obj from list.

list.reverse()

Reverses objects of list in place.

Cecilia Jarne Scientific Programming with Python

ilia.jarne@ungq.edu.ar
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Main reason to use python in scientific programing

Three main libraries:

= NumPy:
http://www.numpy.org/

= SciPy:
http://www.scipy.org/

= MatPlotLib:
http://matplotlib.org/

All are open source!

Cecilia Jarne Scientific Programming with Python cecilia.jarne@ungq.edu.ar
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Main reason to use python in scientific programing

= NumPy provides functionality to create, delete, manage and operate
on large arrays of type “raw” data (like Fortran and C/C++ arrays).

= SciPy extends NumPy with a collection of useful algorithms like
minimization, Fourier transforms, regression and many other applied
mathematical techniques.

» Both packages are add-on packages (not part of the Python standard
library) containing Python code and compiled with (fftpack, BLAS).

» MatPlotLib is a nice library to plot (but there are others as Seaborn
or Bokeh).

Workshop en técnicas
e programacié ceniica

Cecilia Jarne Scientific Programming with Python cecilia.jarne@ungq.edu.ar 18 /77


mailto:cecilia.jarne@unq.edu.ar

Numpy Basics:

Python For Data Science Cheat Sheet

Indexin

Also see Lists

Array dimensions

Length of arra
lumber o array dimensions

Number of array elements

NumPy Basics

Subsetting
b>> atal
Lear Python for Data Science I

at www.DataCamp.com

Datatypeotamy cloments >, o
Name of data type )
Convertanartay o diferent ype siicing

b>> np.into(np.naar: et 2o, S

Python. It provides a high
object, and tools for working with these arrays.

axzay(l

Use the following import convention: NumPy

p>> cll, .1
srrap(if e, 2 1

Arithmetic Operations
o

Select the element at the 2nd index

Select the element at ow o column 2
(equnalent to 01 21

Select items atindex 0and 1

Select items at rows 0 and 1in column 1

Array Mathematics S>> bl m seecalitemsatrowo
L5, 220 valent

(equivalent to b (0:1, +1)
Sameas (1,111

> import numpy as np o> g = ubtraction e
weyitios, 0., 0.1, o Reversedarray =
NumPy Arrays ST g )
L o Boolean Indexing
b>> np. subtract (2, Subtraction
Darray 2D array 3Darray | i i - b>> ala<2] Select elements from & less than 2
axis2, (AR aeray (i)
sty o BRI Fancy Indexing
S p>> np.add(b,a) Addition p>> blll, 0, 1, 01, [0, 1, 2, 011 ‘Select elements (1,01, ,1), 1,2 and (0,0)
3
axiso—>| [Sey Diviion a4 2, 5, LS
vl . sesessen, 1 Y b5 bl 0, 1, 0] Selecta subset of the matri' rows
(R b e bl [ and columns
Creating Arrays b>>a b : Mutipication [
(TR
B>> » = np.azzay(11,2,3D) Tl i
Bo5 b = mpuareay([(1.5,2,%), (4,5,6)1, deype = float) b>> np.mutciply (2,5 Wutipicaton
Bo e mpnarray(1(1.5,2,3), (45,61, ((5,2,1), (45,611, o ) -
dtype - float) sart (b) s Transposing Array
- o it snes f anrray b>> 1 = op. transpose (o) Permute array dimensions
Initial Placeholders o3 (b) Element-wise cosine b>> 1.1 Permute array dimensions
10321 ementwie natealogartm
F>> npzeres (13,400 Greateanarmay of zer0s el s Changing Array Shape
p>> nes ((2,3,4),dtype=np. int16)| Create an array of ones T T p>> b.ravel() Flatten the array
b5 @ = np.arange (10,25, 5) eate an atay of evenly EMERTT b>> g.zesnape(s, -2 Resh:
spaced values (step viue)
5> np.Linspace(0,2,9) feate an aray of evenly Comparison Adding/Removing Elements
: Spaced values (number of samples) 5> h.resize((2,6)) Return anew array with shape (2,6)
p>> e = np.full((2,2),7) te a constant P> P
[>> £ = np.eye(2) Create a 2X2 identity matrix 4 P> LS
£35 np-candeon-random((2,2)) Jpe— ) ) - i
B3 foemptycisean Create an empy array i Eement-uise comparison Combining Arrays
! b (2,01, axism0) |
- - - AGareqate Functions 22 o vstack (a,5) Stack arrays vertically (ow-vise)
'Saving & Loading On Disk SEL] sempdif s, 2

F>> a.sun() Array-wise sum

wray, 20 55> aiming) Array-uise minimum value
Fray.net', o, ) B35 bpax(axto-0) Masdmum value of n sy row
b5 np-tosa (my_arvay-npy®) B broma Comulat
- - - 63 ireanty Mean
Saving & Loading Text Files [<sqaroviney Medimn
£ alcorrecat) Conelstion coeficient

Standard deviation

reate a view of the array with the same data
Create a copy of the array

£>> np.std (b)

5>> np.heplit(a, 3)
arzay (1) aeay (12])  aczay (

>0 Low()
Signed 64-bit integer types 55> np.copy (a)

. Bos 1 = accopy() Create a deep copy of the aray e v
b e e ot e it B

Python object type

Stackarrays vertically (row-wise)
Stackarrays horizontally (column-wise)

Create stacked column-wise arrays

Create stacked column-wise arrays

Split the array horizontally at the 3rd
n1 | index

Splitthe array vertically at the 2nd index

Fived-length string type
Fixed-length unicode type
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NumPy is the fundamental package for scientific computing in Python.

A powerful N-dimensional array object.
Sophisticated (broadcasting) functions.
Tools for integrating C/C++ and Fortran code.

Useful linear algebra, Fourier transform, and random number
capabilities.

Operations on matrices and vectors in NumPy are very efficient
because they are linked to compiled in BLAS/LAPACK code.
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Things from Numpy
gNumPy

NumPy functionality:

Polynomial mathematics.

Statistical computations.

Pseudo random number generators.

Discrete Fourier transforms.

Size / shape / type testing of arrays.
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Fundamental things from Numpy: np.array

ﬂ NumPy

There are 5 general mechanisms for creating arrays:

» Conversion from other Python structures (e.g., lists, tuples).
= Intrinsic numpy array creation objects (e.g., arange, ones, zeros, etc.)
= Reading arrays from disk, either from standard or custom formats.

= Creating arrays from raw bytes through the use of strings or buffers.

Use of special library functions (e.g., random).
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Scipy Basics:
Python For Data Science Cheat Sheet

) ; You'lluse the 1 ina1 and sparse modules. Note that =c:py. 1inalg contains and expands on nurpy. Linal.
SciPy - Linear Algebra f>> fron scipy inport Linalo. Matrix Functions

Learn More Python for Data Science a = 2
Creating Matrices Addition
5> np.add (3,0) Addiion

e — s
mat ([[3,4], [5,6]11) Division

‘The SciPy library is one of the core packages for

e 5 : ¢ . e o5 op.divide a,0)
scientific computing that provides mathematical g S ToT IRl 2sic Matrix Routines Multiplication
bos a b

algorithms and convenience functions built on the

Di

Multiplication operator

NumPy extension of Python. Inverse oo [
- Inverse naliply (0, uiplication
Interacting With NumP) Also see NumPy. e ) o aroduct
Tranpose matrix
Canjugate ransposition :
@3,59,6911) Tensor dot product
B> (0,5.6)1, 103,2,1), (4,5,6)1) Trace Kronecker product
FETES | Exponential Functions
Create  dense meshgrid 0 2> Linalg.exon2 (B
(Greteanapenmes £ Ui P> i © Seiomporiony
tack arrays vertically (ow-wise) N .
e stckad oo isys Logarithm Function
Crask(c) | Matsixrank b3> Linalg 1

Shape Manipulation Determinant ‘Trigonometric Functions
A Determinant. 5>> Linalg.simm(D) Matrixsine

b>> linslg.dst (8)

B> b-iatcenn) Flatten the aray Solving linear problems 2> iimate.com(o) Matixcosine |

> (b)) Stack arrays horizontally colum-wise) Solverfordense matrices inalg. tons § q

p>> nolvstacki(a,b)) Stackarrays vertically (row-wise) Solver for dense matrices Hyperbolic Trigonometric Functions

B>> np.napl Spi - 23 Flinalg. sinn (D

B rpvpatic s Spitthe array verticallyat the and ndex | cquation o> Linalg.cosnn (D) Hyperbolic matrix cosine
555 linal " Hyperbolic matix tangent

Generalized inverse

Polynomials b>> linalg.piny(C) Compute the pseudo-inverse of a matrix Matrix Sign Function
— solver) b> np.signa(a) Matrxsign function

(least-squares sol

B o eoyrac i acal, Crate polynomial object o> dinals pin2 @) Computehepeudo-nvers of a marix
Vectorizing Functions Creating Sparse Matrices

>> Linalg.sqrem (3) Matrix square root

rbitrary Functions
> Linalg. fuum(h, lanbda x: xvx) | Evaluate matrx function

B> e myfunc(a)
ED B> 7 = np.eye (s, o Cratea 242 denty mtie
£7 G < niimar (up. Laentity (2)) | Crate s emity man
B Cie SThiE - —
i o2 matrix(©)
ze (myfunc) Vectorize functions o e rix (o) | Compressed oare Cormnmatix b>> 1a, v = Linalg.eig(n) Solve ordinary or generalized
H | e e o cigenualue problem or square matrx
Type Handling H - oot bs 11, 12 = 1a Unpack eigenvalues
() | Identify sparse matrix p>> vi:,0] First eigenvector

Retur the real part of the array elements S>> vl Second eigenvector

Return the ima S 5, s Matrix Routines S>> Linalg.eigvale(a) Unpack eigenvalues
lex parts close

Lose ¢ co1-1000 | Retum a realaray i compl o
st 5 |Castobject toa datatype
pi) j ype Inverse . p>> U,5,Vh = linalg.svd (B Singular Value Decomposition (SVD)
Other Useful Functions > sparse. 1inalg. dav(n) inverse i e ) ’
Norm p>> sig = 1 (5,4, 8)
B> np-angle b, deg=1oc) gl of b>> spacs . Norm LU Decomposition
> 9= e-linsasei0m.t,narsy (Create an artey ofevenly spaced values Solving linear problems b>> £,L,D - Linalg.Ls(C) LU Decomposition
b>> g [3:) 4= np.oi ot b>> spars apsc n
B> np.umcap (9) Unwiap Sparse Matrix Decompositions
=(0,10,%  Create anarray of evenly spaced values joscse) Sparse Matrix Functions

bo> nplselect (lecal, 1o22)) Ia, v = sparse.itnal 1#,1) | Ea

conditons b>> sparse.ttnal T F>> sparse.1inalg.svds i, 2) SV

b>> mise.factorial (a) Factorial
e scont ) |Combine N things takenat ktime - =
it central derivative DataCamp
jnt || p>> help (scipy. Linalg,diagav
33 nbate (o mateid] Learn Python for Data:
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One of the core packages. SciPy is built on top of NumPy and
implements many specialized scientific computation tools:
= Manly user-friendly.
= Efficient numerical routines such as routines for numerical integration
and optimization.

Clustering.

Fourier transforms.

numerical integration, interpolations.

data I/O, LAPACK.

sparse matrices, linear solvers, optimization.
signal processing.

statistical functions.
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Matplotlib basics and How do we prepare data in general?

Python For Data Science Cheat Sheet

Matplotlib
Learn Python Interactively at www.DataCamp.com

Matplotibisa Python 20 ploting brary which pmduces

p 12 variety of
and i vnteractlve enwmnmems across
platforms.

X matplotllb

oy a5 o
> . Linspacs (0, 10, 100)
55> y = mplcos (x)
SR i

2+ np. randon. random( (10, 1

p.mgrid(-3:3:1003, ~3:3:1005)

¢ got_sanple data
normal.npy'))

Plot Anatomy & Workflow

‘The basic steps to creating plots with matplotlib are:
Preparedata 2 Createplot 3 Plot 4 Customizeplot 5 Saveplot & Show plot
£ pert potplotiib.pyplot os it
o 2
S €T
R bt (111) €TED
b>> $ie, 7, coler= iigneblue, Mnewlathes) €T
SR E e
5150381,

Lset_xlin(l, 6.5)
pu saTetly(*Zo0.pr)
Bit

e Customize Plot
[Mathtet

0

er Bt n k2 e B>> plt.title(r'Ssigra =158, fontsiz
0 3 ra_

s ot x, 'y, "alpha =
55 pmux, i emrkn) N Limits, Legends & Layouts
55 R e ns, -

Limit & Autescaling
map="seisnic’) b,
Stthespect oo e poc o

i St imits for x-:
B e o gt e ) 5> axlset lin(0,10.5) S orsans”

23 Sstnecel " Legends

S5 Setatite and cand y-axi labels

o ="nb Joad (et sample.Sara e3.

(2) Createpiot ________________J

55> import matplotlib.pyplot as pit

55> fig
555 tigz
(Axes
Al ploting is done with respect to an Azxes. In most cases, a
ubplotwil it youtneads Asibpltis an s on 2 gridsystare.

axes ()
5% o =g 2dd_subplot (221) 4 rou-col-nun
53> ax3 = fig.add_subplot (212)

lig3, axes - pit.subplots(nzous=2,ncols=2)
figh, axes2 = pit.subplots(ncols-3)

fig, ax = pit subplots()
nes

p>> ax.zet (titiexran Bxangie hwes’,
ylabel

No overlapping plot elements

Soxl mu {5206, 12,001y
bos ax.tick parans (aris
irection
Tengthe10)

Make y-ticks longer and goin and out

fSsq sttt

P> ax ety

Subplot Spacing

5,
hapace=0.3,
TeFeoo.125

T e
b>> ax.amnotate singt, b0
Boteom=0.1)
b5 dig.tight_Layout ()
i Spines
553 sl aptnea
Bl st

Fitsubplot(s) in o the figure area

op) .set_visible Make thetop ai ine for a lotnvisible
ST bm s T 40 (1 outwarar, 10)) Mave te o s n oot

Save figures
> Pt savetig (" fo.png")

= mm,u
B33 Sxesti1 &) ot 20 feld of arrows

53> ax.scatter (x,y)

Draw unconnected paints, scaled o colored
Plot verticalrectangles (constant widh)

gures
5>> plt.savetig(*foo.ong", transparent=i:ic)

5y,
B35 SRl Hretnelot v, 0,01 | Piota 3D feldof mows

by mesid, ol par(tiz i oo
Tonline (6145) Drawa horizontal e across axes
53> axes[0)1] axvl )\EYO @)

B3> axiill (x, 3, colos

) o
S T ST o) | itbetweenyavesando

Data Distributions

[3) PlottingRoutines ] @_
foos — ——— ————————————— ]

>>> plt.chow()

55> axi.nist(y) Plota hstogram
55> ax3boxplot (y)
o violinplot(z) | Makeavioinplol

2D Data or Images
Clearar

= pit.subplots()

Cecilia Jarne

Colormapped or RG arays

5> axes2[0) peotor (aata2) Peudocolor lotof 20 aray e thearie e
S S BeSSantnnen) | Poebdocoor ot or 2Dy it
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Matplotlib

& matplotlib

Is a Python 2D plotting library which produces publication quality figures
in a variety of hardcopy formats and interactive environments across
platforms. Can be used in:

Python scripts.
The Python and IPython shell.
The jupyter notebook.

Web application servers.

Graphical user interface toolkits.
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How to start?

It is necessary to import libraries:

-

import numpy
import scipy
import matplotlib.pyplot

N

w

There are different way to import libraries:

[

import numpy
import numpy as np
from numpy import *

[XIENN]

| use:
import numpy as np

-

2 import scipy as sp
3 import matplotlib.pyplot as pp
4 import matplotlib.pyplot as plt ......,,..,..I.I..P.m.c.
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A quick example:

How to create data set, plot and save in .txt

from math import *

import numpy as np

import matplotlib.pyplot as pp

#File creation

f_out_max = open("tabla.txt", "w")

#data generation

x = np.arange (441)

Sinl = 1*np.sin(2*pi*(25/441.0)*x)

Sin2 = 0.25%np.sin(2*pi*((25./2)/441.0)*x)
Sin = Sin1+Sin2

Vec = np.c_[x,Sin]

#printing

print ("Vec: ",Vec.shape)

#save in .txt file

np.savetxt (f_out_max,Vec,fmt="7%f",delimiter="\t" ,header="x #f(x)")
f_out_max.close()

#plot figure

pp.figure()

pp.plot(x*1./44100.,Sin, color="r",label="Sin vs. x")
pp-xlabel("Time [s]")

pp.savefig("fig 01.jpg",dpi=200)

Cecilia Jarne Scientific Programming with Python
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A quick example:

How to create data set, plot and save in .txt

from math import *

import numpy as np

import matplotlib.pyplot as pp

#File creation

f_out_max = open("tabla.txt", "w")

#data generation

x = np.arange(441)

Sinl = 1xnp.sin(2*pi*(25/441.0)%*x)

Sin2 = 0.25%np.sin(2*pi*((25./2)/441.0)*x)
Sin = Sin1+S8in2

Vec = np.c_[x,Sin]
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print ("Vec: ",Vec.shape)

#save in .txt file

np.savetxt (f_out_max,Vec,fmt="7%f",delimiter="\t" ,header="x #f(x)")
f_out_max.close()

#plot figure

pp.figure()

pp.plot(x*1./44100.,Sin, color="r",label="Sin vs. x")
pp-xlabel("Time [s]")

pp.savefig("fig 01.jpg",dpi=200)
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A quick example:

How to create data set, plot and save in .txt

from math import *

import numpy as np

import matplotlib.pyplot as pp

#File creation

f_out_max = open("tabla.txt", "w")

#data generation

x = np.arange (441)

Sinl = 1*np.sin(2*pi*(25/441.0)*x)

Sin2 = 0.25%np.sin(2*pi*((25./2)/441.0)*x)
Sin = Sin1+Sin2

Vec = np.c_[x,Sin]

#printing

print ("Vec: ",Vec.shape)

#save in .txt file

np.savetxt (f_out_max,Vec,fmt="7%f",delimiter="\t" ,header="x #f(x)")
f_out_max.close()

#plot figure

pp.figure()

pp.plot(x*1./44100.,Sin, color="r",label="Sin vs. x")
pp-xlabel("Time [s]")

pp.savefig("fig 01.jpg",dpi=200)
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A quick example:

How to create data set, plot and save in .txt

from math import *

import numpy as np

import matplotlib.pyplot as pp

#File creation

f_out_max = open("tabla.txt", "w")

#data generation

x = np.arange (441)

Sinl = 1*np.sin(2*pi*(25/441.0)*x)

Sin2 = 0.25%np.sin(2*pi*((25./2)/441.0)*x)
Sin = Sin1+Sin2

Vec = np.c_[x,Sin]

#printing

print ("Vec: ",Vec.shape)

#save in .txt file

np.savetxt (f_out_max,Vec,fmt="7%f",delimiter="\t" ,header="x #f(x)")
f_out_max.close()

#plot figure

pp.figure()

pp-plot(x*1./44100.,Sin, color="r",label="Sin vs. x")
pp-xlabel("Time [s]")

pp.savefig("fig 01.jpg",dpi=200)
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We obtained

A basic figure and table in a .txt file:

# X #f(x)
15 0.000000 | 0.000000
1.000000 | 0.392994
10 2.000000 | 0.740813
3.000000 | 1.003819
o5 4.000000 | 1.152764
5000000 | 1.172342
o 6.000000 | 1.062998

7.000000 0.840786
8.000000 0.535279
9.000000 0.185801
10.000000 -0.163538
11.000000 -0.469389
12.000000 -0.694586
710?000 0.002 0.004 0.006 0.008 0.010 13000000 '0812779
Time (<) 14.000000 -0.811673
15.000000 -0.694499
16.000000 -0.479506
17.000000 -0.197559
18.000000 0.111860 ...
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How to open a table in .txt or .cvs

A very easy way is using Numpy:

1 import numpy as np

2

3 file_name_you_want = np.loadtxt(fname,delimiter=" ")
4

5 print "First column element: ",file_name_you_want [0]

6 #to get the full column:

7

8 Transpose_your_file = file_name_you want.T

9

10 print "First column: ", Transpose_your_file[0]
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How to perform a simple fit and nicely plot it

1 import numpy as np

2 import matplotlib.pyplot as pp

3 from scipy.optimize import curve_fit

4

5 def fitFunc(t, a, b, c):

6 return a*np.exp(-bxt) + c

7

8t = np.linspace(0,4,50)

9 temp = fitFunc(t, 2.5, 1.3, 0.5)
10 noisy = temp + 0.25%np.random.normal(size=len(temp))
11 fitParams, fitCovariances = curve_fit(fitFunc, t, noisy)

13 pp.figure(figsize=(12, 6))

14 pp.ylabel("Temperature (C)", fontsize = 16)

15 pp.xlabel("time (s)", fontsize = 16)

16 pp.x1im(0,4.1)

17 pp.errorbar(t, noisy, fmt = "ro", yerr = 0.2)

18 sigma = [fitCovariances[0,0], fitCovariances[1,1], fitCovariances[2,2] ]

19 pp.plot(t, fitFunc(t, fitParams[0], fitParams[1], fitParams[2]))

20 pp.plot(t, fitFunc(t, fitParams[0] + sigma[0], fitParams[1] - sigma[1], fitParams[2] + sigma[2]))
21 pp.plot(t, fitFunc(t, fitParams[0] - sigma[0], fitParams[1] + sigma[1], fitParams[2] - sigma[2]))
22 pp.savefig("dataFitted.pdf", bbox_inches=0, dpi=600)

23 pp.show()
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How to perform a simple fit and nicely plot it

1 import numpy as np

2 import matplotlib.pyplot as pp

3 from scipy.optimize import curve_fit

4

5 def fitFunc(t, a, b, c):

6 return a*np.exp(-bxt) + c

7

8t = np.linspace(0,4,50)

9 temp = fitFunc(t, 2.5, 1.3, 0.5)
10 noisy = temp + 0.25%np.random.normal(size=len(temp))
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21 pp.plot(t, fitFunc(t, fitParams[0] - sigma[0], fitParams[1] + sigma[1], fitParams[2] - sigma[2]))
22 pp.savefig("dataFitted.pdf", bbox_inches=0, dpi=600)

23 pp.show()
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How to perform a simple fit and nicely plot it

1 import numpy as np

2 import matplotlib.pyplot as pp

3 from scipy.optimize import curve_fit

4

5 def fitFunc(t, a, b, c):

6 return a*np.exp(-bxt) + c

7

8t = np.linspace(0,4,50)

9 temp = fitFunc(t, 2.5, 1.3, 0.5)
10 noisy = temp + 0.25%np.random.normal (size=len(temp))
11 fitParams, fitCovariances = curve_fit(fitFunc, t, noisy)

13 pp.figure(figsize=(12, 6))

14 pp.ylabel("Temperature (C)", fontsize = 16)

15 pp.xlabel("time (s)", fontsize = 16)

16 pp.x1im(0,4.1)

17 pp.errorbar(t, noisy, fmt = "ro", yerr = 0.2)

18 sigma = [fitCovariances[0,0], fitCovariances[1,1], fitCovariances[2,2] ]

19 pp.plot(t, fitFunc(t, fitParams[0], fitParams[1], fitParams[2]))

20 pp.plot(t, fitFunc(t, fitParams[0] + sigma[0], fitParams[1] - sigma[1], fitParams[2] + sigma[2]))
21 pp.plot(t, fitFunc(t, fitParams[0] - sigma[0], fitParams[1] + sigma[1], fitParams[2] - sigma[2]))
pp.savefig("dataFitted.pdf", bbox_inches=0, dpi=600)

23 pp.show()

N
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How to perform a simple fit and nicely plot it

1 import numpy as np

2 import matplotlib.pyplot as pp

3 from scipy.optimize import curve_fit

4

5 def fitFunc(t, a, b, c):

6 return a*np.exp(-bxt) + c

7

8t = np.linspace(0,4,50)

9 temp = fitFunc(t, 2.5, 1.3, 0.5)
10 noisy = temp + 0.25%np.random.normal(size=len(temp))
11 fitParams, fitCovariances = curve_fit(fitFunc, t, noisy)
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16 pp.x1im(0,4.1)
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18 sigma = [fitCovariances[0,0], fitCovariances[1,1], fitCovariances[2,2] ]

19 pp.plot(t, fitFunc(t, fitParams[0], fitParams[1], fitParams[2]))

20 pp.plot(t, fitFunc(t, fitParams[0] + sigma[0], fitParams[1] - sigma[1], fitParams[2] + sigma[2]))
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N
N}
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How to perform a simple fit

We obtained the fit parameters:

[ 2.595658 1.74438726 0.69809511]

The covariance matrix:

[[ 0.02506636 0.01490486 -0.00068609]
[ 0.01490486 0.04178044 0.00641246]
[-0.00068609 0.00641246 0.00257799]]

25
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1 import matplotlib.pyplot as pp
2 pp.specgram(signal, NFFT=nfft, Fs= sample_rate, noverlap=par, cmap=’jet’)

Amplitude [Arbitrary units]

— Time signal
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Numerical integration

1 from scipy.integrate import odeint

2dy/dt = func(y, t0, ...)
odeint (func, X0, t)

3sol =
04
oo mn
O30 ) witn
02 epsilon'0.3
N gamma:24000
2 01ffess &5
] beta:0.6
-
E-01
-02
-03
-04
6000 0.002 0,004 0,006 0,008 0,010 0012 0014
6000 t
See yO=aut
4000
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3
£ 0
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What else do we need todo with data?

Cﬂnsrai‘uhfmns,
ik oni_-, took Yov

] T
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What can we do with data?

We are interested in:

Data Visualization.

Data Analysis (Identify features from the data).

Data Classification.

= Implementation of different algorithms as intelligent as we can get.
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Which are the available algorithms?

Linear

Tree-based

%)
2
-
S
]
17}
=
f
=
2
=z

TYPE

NAME

Linear
regression

Logistic
regression

Decision
tree

Random
Forest

Gradient
Boosting

Neural
networks

DESCRIPTION ADVANTAGES DISADVANTAGES
‘Sometimes too simple to cap-
Easy to understand - x ‘ture complex relationships
‘The “best fit” line through all data you clearly see what the between variables.
points. Predictions are numerical. Y
biggest drivers of the L
model are. e
‘Sometimes too simple to cap-
‘The adaptation of linear regression to ture complex relationships.
problems of classification (€.g., yes/no Also easy to understand. between variables.

questions, groups, etc.)

‘Agraph that uses a branching method
to match all possible outcomes ofa
ision.

Takes the average of many decision
trees, each of which is made with
asample of the data. Each tree is
weaker than a full decision tree, but by
combining them we get better overall
performance.

Uses even weaker decision trees, that
are increasingly focused on “hard”
examples.

Mimics the behavior of the brain.
Neural networks are interconnected
neurons that pass messages to each
other. Deep learning uses several

Easy to understand and
implement.

Asort of “wisdom of the
crowd”. Tends to result
invery high quality
models. Fast to train.

X Tendency for the modelto
“overfi”,

X Notoftenused onts own for
prediction because i’ alsooften
00 simple and not powerful
enough for complex data.

X Not easy to understand
predictions.

X Asmallchange n the feature
Set o training set can create

Can handle extremely
complex tasks - no other
algorithm comes close in

X Noteasyto understand
predictions.

X Very,very slowtotrain,
because they have so many
layers. Require  lot of power.

yers of
after the other.

g

x

understand predictions.
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machine learning?

—~ — — — — ARTIFICIAL INTELLIGENCE
A technique which enables machines
to mimic human behaviour

MACHINE LEARNING
Subset of Al technique which use
isti to enable

to improve with experience

Deep Learning

DEEP LEARNING
______ Subset of ML which make the
computation of multi-layer neural
network feasible
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What we have?

Approaches of Al

the intelligence of machines methodology

methodology

Machine Neural
hasApproach Learning Network

Genetic
Algorithm

methodology

hasApproach Knowledge basedon
Base
Approach
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We can use Scikit learn

classification " scikit-learn
algorithm cheat-sheet

dimensionality
reduction
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Scikit-learn Basics:

Pytho“ For DataScience Cheat Sheet @EEIALANEEE] Evaluate Your Model’s Performance
Scikit-Learn

Lear Python for dta science at yww DataCampcom Linear Regression Accuracy Score
b>> from sklearn.linear_model import >> knn.acore (¥_test, y_test) ecimatorscoe mthod
@ b>> It = LinearRegression (normalize=": ) o> cron skiearn.metrics tnport accuracy_score
33 aceuracy. score (y_rest, v_pred)

- Support Vector Machines (SVM) ‘

Scikit-learn b>> from sklearn.svm import SVC Classification Report
: " 555 sve = SVC (kernel='linear') 5> fren siteam

Scikit-learn is an open source Python library that Naive Bayes

implements a range of machine leaming, .‘” b>> from sklearn.naive_bayes import GaussianNs

b>> gnb = GaussianN()

ics inport. classitisation_report [Precsion,recall firscore
fication report (y_test, ¥ dsupport

s import. confusion natrix
y_prea))

i KNN
@igorithins vaing sunifiedinte:face, b>> from skiearn import neighbors Regression Metrics

ic Exa 55> knn n n_ne [ MeanAbsolute Error |
A Basic Example. ! Mean Absolute Error

Unsupervised Learning Estimators >> £ron sktessn.metzics tupo

e = (3, ~0.5, 21

Principal Component Analysis (PCA) B33 faan. absolute_error(y_true, y_pred)
£ arn. o on import BCA Mean Squared Error

>> pea = ponents=0.95) b>> from skleasn.metrics im

KMean: £33 rean_sauaced.exzor (y_te

forn s
Connini >> from skleazn.cluster import KMeans
Eorsct; > ="KMeans (n_clusters=3, random state=0)

v pred)

T —— G

Supervised learning

Adjusted Rand Index
Also see NumPy & Pandas | [l SUPIENINY Fit the model to the data b>

> fron sklearn.metrics import adjusted_rand_score
L3 adiusted rand score(y trve, v pred)
Homogeneity

> Eron sklexrn.metrics inport homogeneity_score
23 nomogeneity, score s, trues ¥_pred)

matrices. i Unsup Learning §
DataFrame, are also acceptable. b>> k_means.fit (x_train} Fit the model to the data

b>> pea medel = peatic_transfora (¢ train) |Fit to data, then transform it
]

Prediction
s Supervised Estimators i L
Training And Test Data b>>'y_pred = svc.predict (np.random.randam( (2,5))) | Predict labels
> s - droredictictess predctibos
Unsupervised Estimators NGl [ TuneYourModel
Unsupervised Estimators Tune Your Model
L>> y_pred = k_means.p (x_test) Grid Search

epr

£33 X train, & test, 5 trai, 3y tect = o splic o

T Trom sklearn.czors vallastion Lepert Train

Vi scacer0

Standardization Encoding Categorical Features
> fron ov1 =

F>> from Trport. LabelE
[>>> enc = LabelEncoder () -
cfit_tranatorm y) Randomized Parameter Optimization

inport

[>> fron sklearn.oreprocessing import Imputer ‘ b>> rscarch - Rinddnisedstatehey test
2

ter(missing_values=0, strategy='mean’, axis=0)
orm (4_train)

b>> rsearch it (x train, y train)
5> print (zeeatch.best store )

DataCam)

om sklearn.p import. Pol:
PolynomialFestures (3)
2yt

LeompythonorDat Sincecrscivly
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Scikit-learn Basics:

Hands on in the afternoon to learn some basic use of a set of functions!
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Neural Networks:

axon
. terminals
in,
output layer
input layer in, b f out
hidden layer
in,
bias
Xl.
X. W, Threshold
2 .
Summer unit
Artificial Neuron
X : ? :
n w, w, w_ w, - Weights of Connection
b x, X, % % -Inputs | b -Bias oo éenieas
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Neural Networks:

Amostly complete chart of

omwmes  Neural Networks ... R 8 e o
0 imecn ot 5 s AT

: oo oo E o
B Noisynpurcetl Percepran(®)  Feed Forward (FF)  Racial Basis Network (RGF) X o205 X O RGOS
@ vissencel e ol e o

© rovanisicagenceu

@ spiking Hicden Cell

@ cumcet 9
TN ayaYaY:
@ vt ol A AR AR,

3
Wby O
RO VAV AW

@ recrencen
@ vemorcau

@ oiternttiemoryceu

3 ‘A} PN e %
R e A

Kernel

© convolutionor Pool
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How do we implement this algorithms?

= From zero with math libraries and python.

= Using dedicated open source frameworks:

e Tensorflow.
o Keras.
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Keras Basics:

. Keras

Keras: A high-level neural networks API, written in Python and capable of
running on top of TensorFlow, CNTK, or Theano. It was developed with a
focus on enabling fast experimentation. Being able to go from idea to
result with the least possible delay is key to doing good research.
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Keras Basics:

Python For Data Science Cheat Sheet

Model confguration
st ll weight tensors inthe model

Keras
P> fron keras.models

Learn Python for data science at www.DataCamp.com [52 moaar < Seapantizny

® o el

mport Sequentia

€ ——— 1 R N ol comai e (o
q — Binary Classfcation b>> odel compilo optind
Keras is a powerful and easy-to-use deep learning library for B>> from keras.layers inport Dense
Theano and TensorFlow that provides a high-level neural i s ‘“*""":f;“ e MLP: Mull'\'CliSS Classification
networks APl to develop and evaluate deep learning models. Kermel_initiali niforn’, h
A Basic Example b>> node1.add (penae (5, kernel. inic. untforn’, actvation="re1u*y) | | J]L MLP: Regression
= b>> model.add(ense (1, kernel i izer='unifor’ ,activation="signoid"))| | J>> 1 compl.
p>> from keras.models import Sequential Multi-Class Classificati
s P> from reras.layers inport Dropont
e it Sinne (031 Recurrent Neural Network
> model.add (benze (512, sctivat ion-" relu , input_shape=(184,)))  Bacumens ol ot

1000,11) > model add (Deopout (0'2))
5> model._add (Dense (512

5> moe1 adal
5> model.add (bense (10, activation="softmax’)) ==
Regression Model Training
>> modelad (Denae (64, ac nps_dintrain_data-shapel1))] T e mmm
ssentropy’, b>> modeladd (bense 1)

]

s etey 1) tusesa) Convolutional Neural Network (CNN) cemanie

-
b>> model.fic (data, 1abels, epochs-L0, b
e predict (dat: onvzD, Haxeool 1ng2b, Flatt:

bos predictions -
e, input, shape=x_train.shapel

Data Also see NumPy, Pandas & Scikit-Learn ] | Gédiionard

tvation="relu))

b>> model nse(1, activa
b>> model . conpile (opt ini zer
Tosa="bin

tnspr | P> rodels it (x_traind,
y Eraind

validation data=(x_testd,y testd))

Evaluate Your Model's Performance

tda- | [Ipor Livation(*relu’))
o e ks i (S 55 hodel otze=(2,210)
totheszaie tese split moduleof sxieacs. cxoss valicaticn. [>> model.addl e

mode1
Keras Data Sets b>> model?.

oston_housing, b>> model2
o mode

add (Conv2D (64, (3,3), padding="same'))
tion(*reli))

fo13. predict (x testd, batch s

5> fron keras.datase! Taem32)
te13.predict_classes (x_testd, batch_size-32)

Load_data ()
nousing. load daca )

Toad, odels imporc load model
b>> mode13. save (*model file.hs')
b>> my modél = load model (iny modei.nst)

Tora

Wlayers inport Enbeading, LSTM
nbedding (20000, 126))

2dd (L5TH (128, dropout=0.2, recurrent_dropout=0.2))
2dd (Dense (1, act ivat ion='sigmoid’))

>> fron skle: ectlon Inport train_tes:
23 o train cest spITE (K,

validation data=(x testd,y testd),

" H callbacks=[e: Eopping_mon.

n = to_categorical (ytrain, nun classes)
to_Categorical (y Test, hun_classe:
frain3, num
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Keras Basics

A second Afternoon tutorial!

e
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To Finish: How to “code” to be understood?

What is this part of the talk about?

= Try to remove bad habits of coding alone.

= Adopt useful tools that can make the collaborative development task
easier.

= At least allow you to crosscheck your work with others!
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Summary of the general ideas:

= Group work.

= Re-usable code.

= Version control Software.
= Clear documentation.

» Do not reinvent gunpowder (that is, use tested libraries for standard
calculus).
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The actual problem:

Cecilia Jarne

PROGRAMMING FOR NON-PROGRAMMERS

INCLUDE:

LIMITED_ PROGRAMMING
SKILLS

DEFINE:
DEADLINE

when does
it need to
get done?

LOAD CODE BY
PREVIOUS PERSON
ON PROJECT

WHILE
Project not (FINISHED)
input = rand(typing)

SET
self esteem: LOW

FOR (time = o0)
DEBUG DEBUG DEBUG

'm a
hack!
B

IF code (works)
—>EUPHORIA++

SET self esteem:
ABOVE NORMAL

L am...
THE ONE.

~

JORGE CHAM © 2014

Scientific Programming with Python

(NOT)

organize + comment
code for next
person on project

yeah
:\ghf.

WWW.PHDCOMICS.COM

cecilia.jarne@unq.edu.ar
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First step: My code, our code... Whose is the code?

Need to consider all levels for different audiences:

Code annotations: formatting, comments.

Structure-level documentation (functions, classes).

End-user reference material.

Introduction for new users...

» ... and new developers (often left out!)
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Code will be read much more often than written.

= Clarity wins over cleverness.

= Choose a style and stick with it: block structure, indentation, line
length, variable naming, ...

» Know the conventions of the language community (in Python, look
for PEP 8).

Be consistent with others!
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Code comments

In python: In C:

1 # Here my nice and elegant comment 1 /* Here my nice and elegant comment

of my code in Python of my code in Cx/
2

3 //also like this if is only one
In fortran 90: line

1 !* All characters after an
exclamation mark are
considered as comments *
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Code comments

Explain the intention and not the work:

1 def tripleTuple(x): 1 def tripleTuple(x):

2 # assign x to y 2 y=2=xXx

3y = X 3 # apply foo scaling, see [34]
4 # assign x to z eq (2.3)

5Z = X 4 y =2

6 # double y 5 Zh=13

1y =2 6 return (x, y, z)

s # triple z 7

9z =3

10 # create tuple

1t = (x, Yy z)

12 # return the tuple
13 return t

= Deviations from standard.

= Unexpected choices of implementation.
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Dual audience: developers and end users.
Describe role of function.

Intended input / output.
Mention side effects!
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Automatic tools

Extract documentation from code

= Pydoc
= Doxygen
= Sphinx

Spagnes
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Documentation: Pydoc

Pydoc extracts docstrings defined in
http://www.python.org/dev/peps/pep-0257/

= A docstring is a string literal that occurs as the first statement in a
module, function, class, or method definition.
= Such a docstring becomes the _doc_ special attribute of that object.

= Every Python installation has pydoc, no extra work required.
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Documentation: Doxygen

Supports C++, C, Obj-C, C#, PHP, Java, Python.
IDL, Fortran, VHDL, Tcl.

Can extract structure from undocumented files.
Graphical visualization of dependencies.

Can write general pages, too.
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Documentation: Sphinx

Automatic extraction of Python docstrings conversion from Doxygen.

Great support for additional structure.

Used in standard library, matplotlib, scipy, numpy.

Like most Python projects, excellent support for beginners:

sphinx-quickstart
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Some considerations

New developers need an intro.

Very different requirements than users.

Doxygen alone is not enough.

At minimum, prepare some paths to follow through the code docs.
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Other good practices

Version control system: git

Checkins over ime —————»

WWww.git-scm.com
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Other good practice: Version control software

= Storing Versions Properly (Allows to document changes on the code).

= Allows a team of people to work programing together, all using the
same files.

= Ordered way of multiple people editing the same files.
= Allows restoring Previous Versions.

= Allows shear the changes for all contributors.
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Other nice practice: version control software

An example of a project:

clouds.py README

sunshine.py rain.py Manual.tex
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example for version control system: git

> git init

> git status

On branch master

Initial commit

mothing to commit (create/copy files and use to track)
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ersion control system: git

> vim clouds.py

> git add clouds.py

> git commit -m ’ cases added’
[master (root-commit) f42bee9]

1 file changed, 1 insertion(+)
create mode 100644 clouds.py

2
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example for version control system: git

> git log

commit £28ef8b10951a4ecc95dc911bbe7018e3c0225fc
Author: Cecilia Jarne <cecilia.jarne@unq.edu.ar>
Date: Mon Oct 26 12:36:46 2015 -0300

cases added

2

cecilia.jarne@unq.edu.ar

Workshop en técnicas
e programacié ceniica

67 /77

Cecilia Jarne Scientific Programming with Python


mailto:cecilia.jarne@unq.edu.ar

ersion control system: git

> vim wind.py

> git status

On branch master

Untracked files:

(use to include what will be committed)
wind.py

nothing added to commit

2
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example for version control system: git

> git branch cumulus

It is a pointer (does not copy the

code!)
D e N

> git checkout cumulus

master cumulus*
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example for version control system: git

>vim clouds.py

> git add clouds.py

> git commit -m ’added parametrization [cumulus]’
> git commit -m ’added parametrization

Cecilia Jarne Scientific Programming with Python
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example for version control system: git

> git merge cumulus master

or

> git merge master

master

cumulus®
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ersion control system: git

To delete files

> rm wind.py

> git status

On branch master

Changes not staged commit:

(use to update what will be committed)

(use to discard changes working directory
)

deleted: wind.py

no changes added to commit (use and/or
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An example for version control system: git

Some commands on workspace, staging area, local repository

= init #to create repository

= status # repository status

= add #add to the stage

= commit #save in the repository what is in stage
= branch #new branch

= checkout #switch branch

= diff #show differences between branches

= log #show commits
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> git clone https://github.com/<USER>/HOgit.git

> git pull
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O- 1. git commit
Eﬂ 2. git push

il 3. leave building
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Final remarks

= Python is a very versatile language to write scripts or complex
programs combining C, or Fortran, and other Scientific libraries.

= Scientific libraries with a lot of examples are well doc. Think on what
do we need?

= Possibility of re-use and improve existing code.

= A guide of style
in: https://google.github.io/styleguide/py guide.html

= Matplotlib examples: http://matplotlib.org/gallery.html
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More about our work and who we are:

https://wtpc.github.io/
Classes and material will be at:
http://ceciliajarne.web.unq.edu.ar/investigacion/
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