TECNICHE DI RAPPRESENTAZIONE E MODELLIZZAZIONE DEI DATI

— Part1 —

(2 CFU out of 6 total CFU)

Link moodle: https://moodle2.units.it/course/view.php?id=11703

Teams code: 0ftoq)8

Dr. Milena Valentini | 20/10/2023


https://moodle2.units.it/course/view.php?id=11703

Python: numpy

Are array operations convenient?

import numpy as np Which speed up can | achieve?
import time

#Define large matrices
large_matrix_1 = np.ones((1000, 1000))x*5
large_matrix_2 = np.ones((1000, 1000))x2

#Empty matrix to be filled
result_large_matrix_1 = np.zeros((1000, 1000))

#Operate on them with for loop
t0 = time.time()
for 1 in range(1000):

for j in range(1000):

result_large_matrix_1[1, j] = large_matrix_1[1, jl**2 + np.logl@(large_matrix_1[1, J]) +
np.sqgrt(large_matrix_2[1, J]) + large_matrix_2[1, JI*%3

print('For loop takes {0} seconds'.format(time.time()-t0))

#Operate on them with array operations

t0 = time.time()

result_large_matrix_2 = large_matrix_1%*2 + np.logl@(large_matrix_1) + np.sqrt(large_matrix_2) + large_matrix_2%%*3

print('Array operation takes {0} seconds'.format(time.time()-t0))

print('The result is the same: {0}'.format(np.all(result_large_matrix_1 == result_large_matrix_2)))
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Python: numpy

Are array operations convenient?
Lmport numpy as np Which speed up can | achieve?

import time

#Define large matrices
large_matrix_1 = np.ones((1000, 1000))x5
large_matrix_2 np.ones( (1000, 1000))%2

#Empty matrix to be filled
result_large_matrix_1 = np.zeros((1000, 1000))

#0Operate on them with for loop
t0 = time.time()
for 1 in range(1000):

for j in range(1000):

result_large_matrix_1[i, j] = large_matrix_1[i, jl**2 + np.logl@(large_matrix_1[1i, j]1) +
np.sqrt(large_matrix_2[1, j]) + large_matrix_2[1, JI1*x*3

print('For loop takes {0} seconds'.format(time.time()-t0))
#Operate on them with array operations
t0 = time.time()

result_large_matrix_2 = large_matrix_1%%2 + np.logl@(large_matrix_1) + np.sqrt(large_matrix_2) + large_matrix_2%%*3

print('Array operation takes {0} seconds'.format(time.time()-t0))

print('The result is the same: {0}'.format(np.all(result_large_matrix_1 == result_large_matrix_2)))

For loop takes 2.521970272064209 seconds
Array operation takes 0.018016815185546875 seconds

The result 1s the same: True
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Python: numpy

Other relevant features of numpy

>>> import numpy as np

>>>

>>> a = np.array([2, 5, 6, 9, 12, 18, 21])

>>> min a = np.min(a)

>>> max a = np.max(a)

>>> mean a = np.mean(a)

>>> std a = np.std(a)

>>> print('Min = {}, max = {}, mean = {}, std = {}'.format(min a, max a, mean a, std a))
Min = 2, max = 21, mean = 10.428571428571429, std = 6.477590885002648
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Python: numpy

Other relevant features of numpy

>>> import numpy as np

>>>

>>> a = np.array([2, 5, 6, 9, 12, 18, 21])

>>> min a = np.min(a)

>>> max a = np.max(a)

>>> mean a = np.mean(a)

>>> std a = np.std(a)

>>> print('Min = {}, max = {}, mean = {}, std = {}'.format(min a, max a, mean a, std a))
Min = 2, max = 21, mean = 10.428571428571429, std = 6.477590885002648

>>> b = np.array([7, 5, 3, 2, 6, 1, 4, 8])
>>> sorted b = np.sort(b)

>>> print(sorted b)

[1 2 3 45 6 7 8]

>>> print(sorted b[::-1])

[8 7 6 5 4 3 2 1]

Tecniche di rappresentazione e modellizzazione dati Dr. Milena Valentini | 20/10/2023



Python: numpy

Other relevant features of numpy

>>> import numpy as np

>>>

>>> a = np.array([2, 5, 6, 9, 12, 18, 21])

>>> min a = np.min(a)

>>> max a = np.max(a)

>>> mean a = np.mean(a)

>>> std a = np.std(a)

>>> print('Min = {}, max = {}, mean = {}, std = {}'.format(min a, max a, mean a, std a))
Min = 2, max = 21, mean = 10.428571428571429, std = 6.477590885002648

>>> b = np.array([7, 5, 3, 2, 6, 1, 4, 8])
>>> sorted b = np.sort(b)

>>> print(sorted b)

[1 2 3 45 6 7 8]

>>> print(sorted b[::-1])

[8 7 6 5 4 3 2 1]

>>> val = np.arange(0, 5, 0.3)
>>> print(val)
[0. 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3. 3.3 3.6 3.9 4.2 4.5 4.8]
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Python: libraries

PR ‘The
( Project py
A Python library is a collection of codes and modules.
It contains bunches of code that can be used
repeatedly in different programs for specific operations.
We use libraries so that we don’t need to write the .
code again in our program that is already available. O P}/TO rC h
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Python: libraries

matpl@t,ib Plot types User guide Tutorials Examples Reference Contribute Releases Q

Latest stable release
3.8.0: docs | release notes

Last release for Python 2
2.2.5: docs | changelog

Install

pip conda

pip install matplotlib

matpl«tlib

A Python library is a collection of codes and modules.

It contains bunches of code that can be used
repeatedly in different programs for specific operations.

We use libraries so that we don’t need to write the
code again in our program that is already available.

Matplotlib 3.8.0 documentation

Matplotlib is a comprehensive library for creating static, animated, and interactive visualizations.

Parts of a Figure

Here are the components of a Matplotlib Figure.

ylabel

47 i Title §
@ - ax.set title | — Blue signal
Minor tick Orange @ |
ax.yaxis.set minor_locator | Legend
] ; | 5 ax.legend

Major tick label
ax.yaxis.set major formatter

ax.set ylabel

Major tick ;
ax.yaxis.set major locator

y Axis fig.subplots i
ax.yaxis | i
N 0.250.5%=75 1. 251 501 75 2. 252 502 75 3. 2
0 x Axis 1
ax.Xaxis s Iabel Mmor tick Iabel
ax.xaxis.set minor formatter
xlabel

O

Ana’wy of a flgure iy i

W Ma rker;--I
ax.scatter

| g, 0, ©
Ao

Axes i ax.spines

ax.set xlabel
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Python: libraries

matplitlib

Cheat sheet Version 3.5.0

Quick start (AP |

import numpy as np
import matplotlib as mpl
import matplotlib.pyplot as plt

X
Y

np. linspace(®, 2*np.pi, 100)
np.cos (X)

fig, ax = plt.subplots()
ax.plot(X, Y, color="green’)

fig.savefig(“figure.pdf”)
plt.show()

Anatomy of a figure

O An@\y of a figure
[ | Tow

h =

|
_— i
™/ T \"T T Y T T T T T T T T T Y
025(0S0 P75 4 125 150 L2L 5 225 250 275 4 335 35035
& latw!

Subplots layout

(][] subplot(s](rows,cols,..)
[]E][] fig, axs = plt.subplots(3, 3)

LI

[:::::] G = gridspec(rows,cols,..)
[::] ax = G|O,

L]

ax.inset_axes(extent)

d=make_axes_locatable(ax)
ax = d.new_horizontal (’10%’)

Getting help

& matplotlib.org

€ github.com/matplotlib/matplotlib/issues

D discourse.matplotlib.org

& stackoverflow.com/questions/tagged/matplotlib
I https:/gitter.im/matplotlib/matplotlib

¥ twitter.com/matplotlib

B3 Matplotlib users mailing list

Basic plots

7z
—|
X

SLE S

v

<5

%2?;28

plot([X]),Y,[fmt],..)
X, Y, fmt, color, marker, linest;

scatter (X,Y,..)
X, Y, [s]izes, [c]olors, marker, cm:

bar[h](x, hewght,m)

Xhelg,ht i, .._'.‘_,'."1 MOl

imshow(Z,..)
Z, cmap, interpolation, extent,

contour[f](lx ,|Y Z,m)
‘, Y Z evels, COL1015, €X ’

pcolormesh(lx ,LY),Z,.)
.,1 ,Z, ........ vinax, cimal

qu1ver(lx ,LY),U V,m)
X, Y,U,V,C, units, ax

pie(X,..)
Z, explode, labels, colors, radiu

text(x, y text,“)
X, y, text, , Size, weight,

f111[ between][x]( )
){ r1, YZ,C I, Wiere

Advanced plots

1Y

-
—i
—

E}

-
P
e

Y
Y
VY

Hi a4
2 e LLIE
R

step(X Y, [fmt] ,m)
XY, fme, r, M

boxplot(X,..)
X, notch

, SYIN, otsirap,

errorbar(x Y,xerr,yerr,..)
XY, T, fm

hist(X, bins, ..)
X, bins, range, density, welg

violinplot(D,..)
D, positions, widths, vert

barbs([X],[Y], U, V, .)

eventplot(poswtwons,n)
positions, orientation, lineoffset

hexb1n(X Y C,m)
X, Y, C, gridsize, bi

Scales (API)

ax.set_[xy]scale(scale,..)

linear log
YWWWM any values :/\M values > 0

symlog logit
'AANNM any values /Avv\\ 0 <values< 1

-- ‘o
- .

Projections AP

subplot(..,projection=p)

p='polar’ p="3d’

7 p=ccrs.0rthographic()
‘ ?\ import cartopy.crs as ccrs

Lines m

linestyle or 1s

...... —_—— —_— i — R R

(0,(0.01,2))

LN wen LT LN

capstyle or dash_capstyle
| S— . T

'butt" "round" "projecting"
Markers AP |
ORI OO AV

X ‘D' e Ay

LYoo't ‘st Pt vans p' '>»!

A ;A, ‘ S A
1020 '3 At et ' 5 6 7
@ 4 9 &2« 7T L OO0 Q S
‘$A5USASUIVITINS IS5 TS5 505308508 " S8

' o 4

markevery
0—0—0—0-0— o0 ————00000-
10 10,-1] (25, 5) [0, 25, -1]
Cn?
‘name’
(R,G,B[,A])

TPRRGGBB[AA ]

,
X

w?
-7

Colormaps (AP}
plt.get_cmap(name)
Uniform
viridis
magma
[ plasma
Sequential
Greys
Y1OrBr
Wistia
Divergin
Spectral
coolwarm
RdGy

ualitative
table

(BB R ERE" B B E BRass

Cyclic

twilight

Tick locators AP |
from matplotlib import ticker
ax.|[xylaxis.set_|[minor |major|_locator (locator)
ticker.NullLocator ()

icker.M 4 tor(8.5)

YY) 10 15 20 25 30 35 a0 as 50
ticker.FixedLocator([®, 1, 5]) .
° 1 5
ticker.LinearLocator (numticks=3)

Y 2% 5o
ticker.IndexLocator(base=€, ffset=6.2

&!S 075 1)5 175 225 275 3 s 4 475
ticker.AutolLocator ()

0 1 2 3 H .

ticker.MaxNLocator (n=4)

Yy 15 30 as
icker,Logl: r =1 n icks=1

w' 1w 10' 10* w' w' w' 1w
Tick formatters
from marplotlib import ticker
ax.|[xy|axis.set_[minor |major ]| _formatter(formatter)

ticker.NullFormatter()

.2

ticker.FixedFormatter(['zero', 'one', 'two', ..])

e one wo trven four
t1cker.Fur3cForrlatter(1antda X, pos: "[?.2f1" % x)

(0.00) 11.00) 12.00) 13.00) [4.00) (5.00
ticker.FormatStrFormatter ('>%d<') i

’;< »le >;< »;< e ’;<
ticker.ScalarFormatter()

0 H 2 3 H s
ticker.StrMethodFormatter (' {x}"')

00 10 20 30 a0 50

ticker.PercentFormatter (xmax=5)
0% e aan eom 8% 100%

Ornaments
ax.legend(..)
handles, labels, loc, title, frameon
Legend -~
w::m.“‘ / .“.\ s el ow e (el
el 1 Label 3
‘hhﬁ¢u=u naries redygy cuioe { mc)
?—@- eI 2 K?—?- Label 4
tardurzaad
Durdaecx el

ax.colorbar(..)
mappable, ax, cax, orientation

0.0 01 02 0.3 04 os o6 07 oe 09 10

ax.annotate(..)

text, xy, xytext, «ycoords, ox rds, arrowpro
[eXl —— @
xytext xy

textcoords xycoords

Event handling [ API

fig, ax = plt.subplots()
def on_click(event):
print(event)
fig.canvas.mpl_connect(
’button_press_event’, on_click)

Animation

import matplotlib.animation as mpla

T = np. linspace(®, 2*np.pi, 100)

S = np.sin(T)

line, = plt.plot(T, S)

def animate(i):
line.set_ydata(np.sin(T+i/50)

anim = mpla.FuncAnimation(

plt.gcf(), animate, interval=

plt.show()

)

5)

Styles AP}
plt.style.use(style)
“ L classic . grayscale
- \ // - o
: \\\ /,,/' : -.:
o '.\X/:X Trrereret B S S S f
ggplot ) seaborn fast
N\, | - 7
'4 - \ ' 4
AN B \\\\w//// 1 \/

=
/
§

.................

Quick reminder

ax.grid()

ax.set_[xy]lim(vmin, vmax)
ax.set_[xy]label(label)
ax.set_[xy]ticks(ticks, [labels))
ax.set_[xy]ticklabels(labels)
ax.set_title(title)
ax.tick_params (width=10, ..)
ax.set_axis_[on]|off] ()

fig.suptitle(title)
fig.tight_layout()

plt.gef(), plt.gca()
mpl.rc(’axes’, linewidth=1, ..)
[fig|ax].patch.set_alpha(®)
text=r’S$\frac{-e*{i\pi}}{2*n}$’

Keyboard shortcuts

(ct)+[s ] save [ett]+[w] Close plot
Reset view [f ) Fullscreen 0/1

View forward [ b ] View back

@ Pan view E] Zoom to rect

E] X pan/zoom Y pan/zoom
@ Minor grid 0/1 Major grid 0/1
()X axis log/linear Y axis log/linear

Ten simple rules

1. Know your audience

2. Identify your message

3. Adapt the figure

4. Captions are not optional
5. Do not trust the defaults
6. Use color effectively

7. Do not mislead the reader
8. Avoid “chartjunk”

9. Message t trumps beauty
10. Get the right tool
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Python: libraries

Axes adjustments
plt.subplots_adjust( ... )

figure height

000
top axes width ——»
&
2
e g
left  Bottom  wepace—p \

right |

< figure width :2
Extent & origin AP |
ax.imshow( extent=..., origin=... )

orgine="upper*

(a.9)
extant=(0,10.0.5]

origine‘upper
L))

azent=(10,0,05]

ongne"lower origine"ower*

' wa
! extant=(0,10,0,5] @xent={10,0,0,5)

-] 1) o 0
Text alignments (AP |
ax.text( ..., ha=... va=.., ... )

l oy top
— center
—4 baseline
bottom
(0.0)
center right

Text parameters m

ax.text(..., family=..., size=..
ax.text(..., fontproperties=..

The quick brown fox

The quick brown fox

The quick brown fox
The quick brown fox

The quick brown fox

The quick birown iax

P gk beown o

The quick brown fox jumps over the lazy

., weight=_.)
2

xx~large (1.73)
x~large (1.44)

large (1.20)
nedium (1.00)
small (90.83)
x-small (0.69)
xx~small (0.58)

dog black (900)

The quick brown fox jumps over the lazy dog bold (760)

The quick brown fox jumps over the lazy dog
The quick brown fox jumps over the lazy dog

The quick brown fox jumps over the lazy cog

The quick brown fox jumps over

semibold (600)
normal (400)
ultralight (100)

the lazy dog monospace

The quick brown fox jumps over the lazy dog serif
The quick brown fox jumps over the lazy dog sans
The quick brown fox jumps. over the lazy dog cursive
The quick brown fox jumps over the lozy dog italic
The quick brown fox jumps over the lazy dog normal
THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG small-caps
The quick brown fox jumps over the lazy dog normal

Uniform colormaps

viridis
plasma
inferno

ma gma

cividis

Sequential colormaps

Greys
Purples
Blues
Greens
Oranges
Reds
YLOrBr
YLOrRd
rRd
PuRd
RdPu

O

BuPu
GnBu
PuBu
YLGnBu
PuBuGn
BuGn

YLGn

Diverging colormaps

Spectral

coolwarm

bwr

seismic

Qualitative colormaps

Pastell

Pastel2

Paired
Accent

Dark2

setl

Ser2

Set3

table

tab2e

tab2eb

tab2éc

Miscellaneous colormaps

terrain

ocean

cubehe Lix

rainbow

twilight

Color names (AP
black floralwhite darkturquol
- k N darkgoldenrod BN cadetblue =
BN dimgray [ goldenrcd rhiue
BN dimgrey cot;ullk htblue
[— N deepskyblue
j — m chiffon skyblue
B darkgray khaki Eghtskyblue
N darkgrey palegoldenrod N stociblue
siver | E— ld aliceblue
Bghtgray vory dodgerbiue
Sghtgrey beige BN sghtsiategray
gainsboro lightyellow BN sghtsiategrey
whitesmoke ghto {ategray
w N cbve BN siategrey
white ™ bghtsteeiive
— _— gl:;'nb  — . e
S hgnicors) BN yeliowgreen Ghostwhie
BN indianred [— lavender
et e T
B g dartblve
B carkred honeydew - mediumblue
- r [ darkseagreen b
- b ) s lue
siated
m—eimon W fOreigreen
N tomato N limegreen BN mediumsiateblue
0 darksalmon B darkgreen mediumpu
L coral - o B rebeccapurple
BN orangered | — xnm BN biuveviolet
Bghtsalmon B lime BN ndigo
BN sienna | m— BN darkorchid
seashell _— mz:mm BN derkviolet
BN chocolate [0 springgreen BN mediumorchid
B saddiebrown mintcream thistle
s N medium plum
pea [ mediumaguamarine 0 vicket
e peru aquamarine | m—r w
kne! I turquoi agonta
bisque - liohseso — o
—_ B mediu olse fuchsl
:hnmoe ':mn gy — ..
antiquewhite i BN orchid
tan paleturquoise B mediumvicletred
navajowhite I darksistegray BN deeppink
blanchedalmond I darksistegrey T hotpink
moccosin | — B peevioiered
moccasin
gomqln palewol
wheat aqua nk
oldisce cyan htpink
Image interpolation

bilinear

spline3é

splinelé

bessel

lanczos

Legend placement

n

ax.legend(loc="string”, bbox_to_anchor=(x y))

2: upper left 9: upper center 1: upper right
6: center left 10: center 7: center right
3: lower left 8: lower center 4: lower right
A: upperright/ (-©.1,8.9) B: centerright/ (-©.1,8.5)
C:lower right/ (-©.1,8.1) D: upperleft/ (8.1, -8.1)

E: upper center / (£.5,-6.1) F:upperright/(©.9,-0.1)

G: lowerleft/(1.1,8.1) H:centerleft/(1.1,8.5)
I:upperleft / (1.1, £.2) J: lower right / (©.9,1.1)

K: lower center / (8.5,1.1) L:lower left ) (£.1,1.1)

Annotation connecti

on styles m

arc3, arc3, angle3,
rad=0 rad=0.3 angleA=8,
angleB=90
° / L] /' °
o/ ° o
angle, angle, arc,
angleA=-98, angleA=-98, angleA=-98,
angleB=1880, angleBb=180, angleB=@,
rad=0 ° rad=10 ° armA=8, °
armi=29,
‘—‘ J rad=0 AJ
° ° °
bar, bar, bar,
fraction=0.3 fraction=-8.3 angle=180,
fraction=-0.2
° L] ©
° ° °
Annotation arrow styles (AP}
L3 # @< ® @ > % P> F
- <~ -> <=>
0 - ® ® o S ® ®
<|- -|> <|-|> 1-
+ & o] [o L] I I & & —~
- 1-[ - 1->
D Gl ® 0 e— ¥ O N 66—
<-[ ¢ simple fancy wedge

How dol ..

.. resize a figure?

— fig.set_size_inches(w, h)

.. save a figure?

— fig.savefig("figure.pdf”)

.. save a transparent figure?

— fig.savefig("figure.pdf”, transparent=True)

.. clear a figure/an axes?

— fig.clear() — ax.clear()

.. close all figures?

— plt.close("all”)

.. remove ticks?

— ax.set_[xy]ticks([])

.. remove tick labels ?

— ax.set_[xy]ticklabels([])

.. rotate tick labels ?

— ax.tick_params(axis="x", rotation=90)

.. hide top spine?

— ax.spines[top].set_visible(False)

.. hide legend border?

— ax.legend(frameon=False)

.. show error as shaded region?

— ax.fill_between(X, Y+error, Y-error)

.. draw a rectangle?

— ax.add_patch(plt.Rectangle((0, 0), 1, 1)

.. draw a vertical line?

— ax.axvline(x=0.5)

.. draw outside frame?

— ax.plot{..., clip_on=False)

.. use transparency?

— ax.plot{(..., alpha=0.25)

.. convert an RGB image into a gray image?

— gray = 0.2989*R + 0.5870*G + 0.1140"B

.. set figure background color?

— fig.patch.set_facecolor(“grey”)

.. get areversed colormap?

— plt.get_cmap(“viridis_r")

.. get adiscrete colormap?

— plt.get_cmap(“viridis”, 10)

.. show a figure for one second?

— fig.show(block=False), time.sleep(1)

Performance tips

scatter(X, Y) s Low
plot(X, Y, marker="0", 1s="") fast
for i in range(n): plot(X[i]) slow
plot(sum([x+[None] for x +in X],[])) fast
cla imshow({..) . /as.draw slow
im.set_data(..), canvas.draw() fast
Beyond Matplotlib

Seaborn: Statistical data visualization

Cartopy: Geospatial data processing

yt Volumetric data visualization

mpld3: Bringing Matplotlib to the browser
Datashader: Large data processing pipeline
plotnine: A grammar of graphics for Python

Matplotlib Cheatsheets

Copyright (c) 2021 Matplotlib Development Team
Released under a CC-BY 4.0 International License

NUMFQCUS

OPEN CODE = BETTER SCIENCE
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Python: plotting examples

@author: milenavalentini

i

import numpy as np
import matplotlib.pyplot as mpl

x_vector_1 = np.array(I[1,2,3,4,5,6,7,8,9,10,11,12])
y_vector_1 = np.array(I[1,2,3,4,5,6,7,8,9,10,11,12])
x_vector_2 = np.array([2,4,6,8,10,12])
y_vector_2 = np.array([1,3,5,7,9,11])

mpl.plot(x_vector_1, y _vector_1, color='red’', marker='o"', linestyle='dashed’,
linewidth=2, markersize=12, label='vectors 1')

mpl.plot(x_vector_2, y vector_2, color='blue’, marker='+"', linestyle='dotted’,
linewidth=4, markersize=20, label='vectors 2"')

mpl.x1im(@,16)
mpl.ylim(@,13)

mpl.xlabel( 'x axis')
mpl.ylabel( 'y axis')

mpl. legend()

mpl.show()
mpl.savefig( 'a first plot.png"')

Tecniche di rappresentazione e modellizzazione dati Dr. Milena Valentini | 20/10/2023



Python: plotting examples

@author: milenavalentini

Hnin

import numpy as np
import matplotlib.pyplot as mpl

x_vector_1 = np.array(I[1,2,
y_vector_1 = np.array(I[1,2,

x_vector_2 = np.array(I[2,4,

y_vector_2 = np.array([1,3,
mpl.plot(x_vector_1, y vector_1, ‘red', marker='0"', linestyle="'dashed’,
linewidth=2, markersize=12, 'vectors 1')
mpl.plot(x_vector_2, y_vector_2, ‘blue’, marker='+"', linestyle='dotted’, i ¢ 1
linewidth=4, markersize=20, label='vectors 2') 12 - veLtors_
, vectors 2
mpl.xlim(@,16) -
mpl.ylim(@,13) 10 -
mpl.xlabel( 'x axis')
mpl.ylabel( 'y axis') ] -
mpl. legend() w
E
mpLl.show() = B
mpl.savefig( 'a_first_plot.png')
4 4
2 |
o
O ] || L L L .l |
0 . 4 b 8 10 12 14 16

X axis
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Python: plotting examples

@author: milenavalentini

i

import numpy as np
import matplotlib.pyplot as mpl

x_vector_1 = np.array(I[1,2,3,4,5,6,7,8,9,10,11,12])
y_vector_1 = np.array(I[1,2,3,4,5,6,7,8,9,10,11,12])
x_vector_2 = np.array([2,4,6,8,10,12])

y_vector_2 = np.array([1,1.5,4.1,3.5,4.5,5.5])

mpl.plot(x_vector_1, y vector_1, color='black', marker='0o', linestyle='dashed’,
linewidth=2, markersize=5, label='vectors 1')

mpl.plot(x_vector_2, y vector_2, color='green', marker='d’, linestyle='solid’,
linewidth=4, markersize=5, label='vectors 2"')

mpl.errorbar(x_vector_1, y vector_1, yerr=0.5, xerr=1, color='black"')
mpl.errorbar(x_vector_2, y vector_2, yerr=.75, color='green')

mpl.x1lim(@,16)
mpl.ylim(0,13)

mpl.xlabel( 'x axis"')
mpl.ylabel( 'y axis')

mpl. legend()

mpl.show()
mpl.savefig( ‘a _first _plot.png"’)
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Python: plotting examples

@author: milenavalentini

i

import numpy as np
import matplotlib.pyplot as mpl

Ar ,8,9,10,11,12])
HAr ,9,10,11,12])

x_vector_1 = np.array([
y_vector_1 = np.array([

1
1

x_vector_2 = np.array([2,4,6
y_vector_2 = np.array([1,1.5

mpl.plot(x_vector_1, y _vector_1, color='black', marker="'o', linestyle='dashed’,
linewidth=2, markersize=5, label="'vectors 1"')

mpl.plot(x_vector_2, y_vector_2, color='green’, marker='d’', linestyle='solid’, | == yectors 1
linewidth=4, markersize=5, label='vectors 2') 12 | -
== vectors 2
mpl.errorbar(x_vector_1, y vector_1, yerr=0.5, xerr=1, color="'black"') —
mpl.errorbar(x_vector_2, y vector_2, yerr=.75, color="'green') 10+
mpl.xlim(9Q,16)
mpl.ylim(@,13) B -
mpl.xlabel( 'x axis') E
mpl.ylabel( 'y axis') -
- b
mpl. legend()
mpl.show()
mpl.savefig( '‘a_first _plot.png"') 4 -
‘1
O T T 1 T T T L T
0 . 4 b 8 10 12 14 16

X axis
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Python: plotting examples

@author: milenavalentini

i

import numpy as np
import matplotlib.pyplot as mpl

list 1 = [1,2,3,4,5,6,7,8,9,10,11,12]

list 2 = [1,2,3,4,5,6,7,8,9,10,11,12]

list 3 = [2,3,4,5,6,7,8,9,10,11,12]

list 4 = [1,1.5,1.2,4.1,1.7,3.5,4.5,8.5,5.5,8.2,5.7]
x_vector_1 = np.array(list_1 + list 3) *x 1.2
y_vector_1 = np.array(list_2 + list 4) / 0.75

mpl.scatter(x_vector_1, y vector_1, c='orchid', edgecolors='black’', marker="'.",
s=150, label='scatter dots')

mpl.x1lim(0,16)
mpl.ylim(0,13)

mpl.xlabel( 'x axis')
mpl.ylabel( 'y axis')

mpl. legend()

mpl.show()
mpl.savefig( ‘a_scatter plot.png"')
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Python: plotting examples

@author: milenavalentini

nimnn

import numpy as np
import matplotlib.pyplot as mpl

list 1 ,8,9,10,11,12]
list 2 ,8,9,10,11,12]

list_3 ,8,9,10,11,12]
1

list_4 . - I LI s R ARG P e D e B2 S e |

x_vector_1 np.array(list_1 + list_3) x 1.2
y_vector_1 = np.array(list_2 + list_4) / 0.75
mpl.scatter(x_vector_1, y_vector_1, c='orchid', edgecolors="'black', marker="'."', ~ | O O scatter dots
s=150, label='scatter dots') 12
) _
mpl.x1im(0,16) O O
mpl.ylim(@,13) 10 -
mpl.xlabel( 'x axis') O
mpl.ylabel( 'y axis’)
mpl. legend() B 1 © O
W O
mpl.show() <
mpl.savefig( 'a_scatter_plot.png"') gi B ')
O
4 4
2 1 -
0 || | | || L]
D 8 10 12 14 16
X axis
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Python: plotting examples

import numpy as np
import matplotlib.pyplot as plt
import scipy.optimize as sopt

#We generate random data, drawn from a gaussian centered at 2.5, standard deviation of 5.5
original_mu = 2.5

original_sigma = 5.5

my_data = np.random.normal(original _mu, original_sigma, 10000)

#We create an histogram of these data

#We do not use weights, but we ask for the probability density function to be returned. The integral of this
curve will be 1.

#We use 100 bins, we could have defined bins ourselves

gauss_hist, bin_edges = np.histogram(my_data, bins = 100, density = True)

#F1it curve to data using scipy.optimize

#We need to define a function to use for the fit. In our case, we fit a gaussian

#I place the function here for example, but this should really go at the top of the script

#This function returns the probability density of a Gaussian curve, 1.e. consistent with our 'observed'
values (our histogram)

def gauss_for_fit(xvals, mu, sigma):

p_of x = (1./np.sqrt(2*np.pikxsigmaxx2))xnp.exp(—(((xvals—mu)*xx2)/(2xsigmax**2)))
return p_of_x
#We perform the fit: scipy.optimize 1is only one of the many methods to do this!

fit _params, fit_covariance_matrix = sopt.curve_fit(gauss_for_fit, bin_centers, gauss_hist)
bestfit_mu, bestfit_sigma = fit_params
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Python: plotting examples
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Python: input/output

#Inizio dal file contenente le proprieta' delle parent particles
filename = ‘my file.dat"’

# load data from the file my file.dat, whose header 1s as follows:
# M(M_Sun) rho(gr/cm3) T(K) ..

mass = []
density = []

temperature = [] How to read from a file

with open(filename, 'r') as ppf:
header = ppf.readline() # skip the first line of the file (header)
for line 1in ppft:
line = line.strip()
columns = line.split()

mass.append(float(columns[0]))
density.append(float(columns[1]))
temperature.append(float(columns([2]))

#Transform lists i1nto arrays
mass_array = np.array(mass)
density array = np.array(density)
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Python: input/output

How to read from a file

with numpy.loadtxt

import numpy as np

data_filename = 'path/filename'

data = np.loadtxt(data_filename, delimiter=' ', usecols=(0, 1, 8, 12), unpack=True)
1st _column = datal[@]

2nd _column = datal[1]

8th _column = datal[2]

12th _column = datal[3]
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Python: input/output

# here I open my file
datafile = "/path/filename.txt"

datafile_id = open(datafile, 'w+') How to write a file

arrayl =

array2 = ..

array3 = x_s[ids]

array4 =

arrayb =

arrayl3 = ..

data = np.array(larrayl, array2, array3, array4, array5, .., arrayl3, ..])

data = data.T

# here I transpose my data, so to have it in columns

np.savetxt(datafile_id, data, fmt=['%d’, '%e’, '%e', '%e', '%e', .., '%e’, ...], header="ID
d_sun (pc) Xx_star(pc) y _star(pc) z_star(pc) .. [M/H] ')

# here the ascii file 1s populated

datafile id.close()
# close the file
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Python: exercise

Exercise 1.

Create two arrays (for instance with numpy.arange).
Let’s call them array_1 and array_2.

Put some zeros in at least 10 entries of array_2.
Goal: compute array_1 / array_2

Intermediate steps to perform:

|. — use numpy.where to identify the zeros in array_2, and then compute array_1 / array_2
only when the zero entries are not involved.

Il. — Use numpy.where to replace the zeros in array_2 with 0.001, and then compute array_1 / array_2
for all the entries.

Ill. — Try to compute array_1 / array_2 (with array_1 and array_2 being the original arrays without modifications)
and print the indices of the resulting array where the division by zero occurs (use numpy.isinf).
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Python: exercises

https://github.com/MilenaValentini/TRM_Dati/blob/main/Nemo_6670.dat

Columns of interest in the file:

M_ass
b-y
age_parent [Gyr]

My,

—4

1

%,
e®,
o0y
e®y
9%y
%y
9%y
9%y

%y

L
%,
e %y
e®,y

0.00 Gyr -
0.05 Gyr -
0.11 Gyr -
0.18 Gyr -
0.25 Gyr -
0.33 Gyr -
0.41 Gyr -
0.51 Gyr -
0.61 Gyr -
0.73 Gyr -
0.85 Gyr -
0.99 Gyr -

1.14 Gyr
1.30 Gyr

1.48 Gyr -
1.68 Gyr -
1.89 Gyr -
2.13 Gyr -
2.39 Gyr -
2.67 Gyr -
2.99 Gyr -
3.33 Gyr -
3.70 Gyr -
-4.57 Gyr
4.57 Gyr -
5.06 Gyr -
5.60 Gyr -
6.20 Gyr -
6.85 Gyr -
o 71.57 Gyr -
8.35 Gyr -
9.21 Gyr - 10.15 Gyr
10.15 Gyr - 11.19 Gyr _|
11.19 Gyr - 12.32 Gyr
12.32 Gyr - 13.56 Gyr

4.12 Gyr

0.05 Gyr
0.11 Gyr
0.18 Gyr
0.25 Gyr
0.33 Gyr
0.41 Gyr
0.51 Gyr
0.61 Gyr
0.73 Gyr
0.85 Gyr
0.99 Gyr
1.14 Gyr
1.30 Gyr
1.48 Gyr
1.68 Gyr
1.89 Gyr
2.13 Gyr
2.39 Gyr
2.67 Gyr
2.99 Gyr
3.33 Gyr
3.70 Gyr
4.12 Gyr

5.06 Gyr
5.60 Gyr
6.20 Gyr
6.85 Gyr
7.57 Gyr
8.35 Gyr
9.21 Gyr

0.0

0.2

1.0
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Python: exercises

https://github.com/MilenaValentini/TRM_Dati/blob/main/Nemo_6670.dat .

Split the data in age bins (use np.where), 0
and use a for loop to (over)plot data in different age bins.

matplotlib.pyplot.figure(“my_figure”, figsize=(14,11))

https://matplotlib.org/stable/gallery/color/named_colors.html

M,

Useful for the scatterplot:

a = matplotlib.pyplot.scatter(array_x, array_y, c=array_z, cmap="“colormap”)

https://matplotlib.org/stable/qgallery/color/colormap reference.html

matplotlib.pyplot.colorbar(a)

0.00 Gyr -
0.05 Gyr -
0.11 Gyr -
0.18 Gyr -
0.25 Gyr -
»*s 0.33 Gyr-
0.41 Gyr -
e 0.51 Gyr -
o 0.61 Gyr -
0.73 Gyr -
0.85 Gyr -
0.99 Gyr -
1.14 Gyr -
1.30 Gyr -
1.48 Gyr -
1.68 Gyr -
1.89 Gyr -
2.13 Gyr -
2.39 Gyr -
2.67 Gyr -
2.99 Gyr -
3.33 Gyr -
3.70 Gyr -
4.12 Gyr -
o 4.57 Gyr -
5.06 Gyr -
» 5.60 Gyr -
6.20 Gyr -
» 6.85 Gyr -
7.57 Gyr -
o« 8.35 Gyr -
9.21 Gyr -

0.05 Gyr
0.11 Gyr
0.18 Gyr
0.25 Gyr
0.33 Gyr
0.41 Gyr
0.51 Gyr
0.61 Gyr
0.73 Gyr
0.85 Gyr
0.99 Gyr
1.14 Gyr
1.30 Gyr
1.48 Gyr
1.68 Gyr
1.89 Gyr
2.13 Gyr
2.39 Gyr
2.67 Gyr
2.99 Gyr
3.33 Gyr
3.70 Gyr
4.12 Gyr
4.57 Gyr
5.06 Gyr
5.60 Gyr
6.20 Gyr
6.85 Gyr
7.57 Gyr
8.35 Gyr
9.21 Gyr
10.15 Gyr

10.15 Gyr - 11.19 Gyr _|
11.19 Gyr - 12.32 Gyr

o 12.32 Gyr - 13.56 Gyr

0.0 0.2 0.4 0.6 0.8

1.0
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https://matplotlib.org/stable/gallery/color/colormap_reference.html

