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import numpy as np
# Create an array with 1077 elements.
arr = np.arange(1le7)
# Converting ndarray to list
larr = arr.tolist()
# Lists cannot by default broadcast,
# so a function is coded to emulate
# what an ndarray can do.
def list_times(alist, scalar):
for i, val in enumerate(alist):
alist[i] = val * scalar
return alist
# Using IPython's magic timeit command
timeit arr * 1.1
>>> 1 loops, best of 3: 76.9 ms per loop
timeit list_times(larr, 1.1)

>>> 1 loops, best of 3: 2.03 s per loop
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import numpy as np

# Creating a 3D numpy array

arr = np.zeros((3,3,3))

# Trying to convert array to a matrix, which will not work
mat = np.matrix(arr)

# "ValueError: shape too large to be a matrix."
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import numpy as np

# First we create a list and then

# wrap it with the np.array() function.

alist = [1, 2, 3]

arr = np.array(alist)

# Creating an array of zeros with five elements

arr = np.zeros(5)

# What if we want to create an array going from © to 100°?
arr = np.arange(100)

# Or 10 to 1002

arr = np.arange(10,100)

# If you want 100 steps from © to 1...

arr = np.linspace(@, 1, 100)

# Or if you want to generate an array from 1 to 10

# in logl®@ space in 100 steps...

arr = np.logspace(0, 1, 100, base=10.0)

# Creating a 5x5 array of zeros (an image)

image = np.zeros((5,5))

# Creating a 5x5x5 cube of 1's

# The astype() method sets the array with integer elements.
cube = np.zeros((5,5,5)).astype(int) + 1

# Or even simpler with 16-bit floating-point precision...

cube = np.ones((5, 5, 5)).astype(np.floatl6)
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# Array of zero integers

arr = np.zeros(2, dtype=int)

# Array of zero floats

arr = np.zeros(2, dtype=np.float32)
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# Creating an array with elements from @ to 999

arrld = np.arange(1000)

# Now reshaping the array to a 10x10x10 3D array

arr3d = arrld.reshape((10,10,10))

# The reshape command can alternatively be called this way
arr3d = np.reshape(arrld, (10, 10, 10))
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# Inversely, we can flatten arrays
arrdd = np.zeros((10, 10, 10, 10))
arrld = arr4dd.ravel()
print(arrild.shape)

Wl ol BB (Sl w5 s3b5 sla s 4 sbal] sl =L

P & i dabls )3 baodld len I Led K asd YU ,d il IS i o)yl a8 anily azily (bls 4
51 iged (Sl iy e s e 35 bt S o1 2l o] ol ) S Lo 51 S
plgn o3 S1ad aaled V 55arr3d jl alp eSS W s Y 4l YU ke parrld jlalp eSS

A8 ool dladls I al)] 3,8 b (¢l numpy . copy @b | was &y sl o)

$2,95) gbal,l -Y-1-Y

3 Sk JEl b slacsly &S p’\f Sl Ll s g liel b andt slael 31 glae gamme 10 ses Laal,l
o=l 0o, 5Ll s GUls s (gode oS (¢ d)u&léuﬂgpﬁsduoquw Sy gl ez

recarray &G tle g e ¢l numpy .recarray L S | NumPy ;5 .05l Lo o sl Ll 5 0 Dbl 5l 4,8
V.:SL;G‘))J,O ‘) L;Le.lj.a ﬁuﬁ J’i) BLIED) L)'l\ )\ ‘.L.::L» waSc;f é'b‘ .a\.s‘};dd g;w&u)b d‘f

# Creating an array of zeros and defining column types
recarr = np.zeros((2,), dtype=('i4,f4,a10"))

toadd = [(1,2., " 'Hello"),(2,3.,"World")]

recarr[:] = toadd
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# Creating an array of zeros and defining column types
recarr = np.zeros((2,), dtype=('i4,f4,ale"))
# Now creating the columns we want to put

# in the recarray

coll = np.arange(2) + 1

col2 = np.arange(2, dtype=np.float32)

col3 = ['Hello', 'World']

# Here we create a list of tuples that is

# identical to the previous toadd list.
toadd = zip(coll, col2, col3)

# Assigning values to recarr

recarr[:] = list(toadd)
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# Assigning names to each column, which

# are now by default called 'f0', 'f1', and 'f2'.
recarr.dtype.names = ('Integers' , 'Floats', 'Strings')

# If we want to access one of the columns by its name, we
# can do the following.

recarr['Integers']

# array([1, 2], dtype=int32)
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alist=[[1,2],[3,4]]
# To return the (0,1) element we must index as shown below.
alist[@][1]
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# Converting the list defined above into an array
arr = np.array(alist)

# To return the (0,1) element we use ...

arr[0,1]

# Now to access the last column, we simply use ...
arr[:,1]

# Accessing the columns is achieved in the same way,
# which is the bottom row.

arr[1,:]
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S gl sl s 5l o o

# Creating an array

arr = np.arange(5)

# Creating the index array

index = np.where(arr > 2)
print(index)


http://atpy.readthedocs.io/en/stable/
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#(array([3, 41),)

# Creating the desired array

new_arr = arr[index]

eslzul numpy.delete() ) sws 5l Al o 58 ol gl s S SUL ol sla bl 51 & 0 dal e conl S
Lpd SU sl gt o oS diten ola okl 5 Laal)] (2b onl G205 Sl e (gl 53 S

# We use the previous array
new_arr = np.delete(arr, index)

oslar il 50 b sy 40 slaaslys gl Al sl S sesla syl Sl 43155 o numpy . delete ~U 5l eslinal gbr 4,
S

index = arr > 2
print(index)
[False False True True True]
new_arr = arr[index]
S A=l e 6l 8 sl ‘q,mlr.g_»ol:ﬁlﬁ Cs e S QV’“S oslazal G 6\45)'\ sl ar s ol e Sy fus
False s True las & o~ J§J&.c Sheslanal b adl s oo el 0 03,80 Lol J.:,\:f Wdools 85w el s 5 ool Jled L

el nUmpy . where &G 5l 5a s ob Gl S s | I & s
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S S Jos S aslinal | 58 gla S Jas 514315 o NUMPY slanlT 5l oslinal olSia 55 s does g i 55 g0 Anmilio
NumPy ;3 s 4S (5LS ds dpal = ddly LT (650 Glhin b 8108 o anslie 6 i o by I slie 5505
Sl eslial Ly (S il 5 e G 25 53 sl plnil Laag)T L o sl (618 51 poons Bls 53 peds plnil il e

el 0 03551 (Ll esls Jialad V=Y IS 534S S e I slae IS

Plot A Plot B Plot C

das oo 0L 1) 095k 53 188 kil KK 45 ls ged aw VY IS

# Creating an image
imgl = np.zeros((20, 20)) + 3
imgl[4:-4, 4:-4] = 6
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imgl[7:-7, 7:-7] = 9

# See Plot A

# Let's filter out all values larger than 2 and less than 6.
indexl = imgl > 2

index2 = imgl < 6

compound_index = index1l & index2

# The compound statement can alternatively be written as
compound_index = (imgl > 3) & (imgl < 7)

img2 = np.copy(imgl)

img2[compound_index] = @

# See Plot B.

# Making the boolean arrays even more complex

index3 = imgl ==

index4 = (index1 & index2) | index3

img3 = np.copy(imgl)

img3[index4] = ©

# See Plot C.

2 S e pud Allon Cusyd 29 edlitul 1l 5l a8 ol e o Jg (g0 claglesS )l oby p&in 4
g abl Cuwyd ilate G038 K coles > a5 S L asilebe (sS4 1y Jor (slalesS )T b ¢ sl
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el u""“:’fl’”‘ Sl 4 aS was rl}u‘ Slles 4l 5l e slaalys sy Al col (S (ot I s

import numpy as np

import numpy.random as rand

# Creating a 100-element array with random values
from a standard normal distribution or, in other
words, a Gaussian distribution.

The sigma is 1 and the mean is @.

= rand.randn(100)

Here we generate an index for filtering

out undesired elements.

index = a > 0.2

b = a[index]

# We execute some operation on the desired elements.
b=0>b**2 -2

# Then we put the modified elements back into the
# original array.

alindex] = b

H H o HHH
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Opening the text file with the 'r' option,
which only allows reading capability

= open( 'somefile.txt', 'r")

Parsing the file and splitting each line,
which creates a list where each element of
it is one line

alist = f.readlines()

Closing file

.close()

H H H b HH

-h

After a few operations, we open a new text file

to write the data with the 'w' option. If there

was data already existing in the file, it will be overwritten.
= open( 'newtextfile.txt', ‘'w')

Writing data to file

.writelines(newdata)

Closing file

.close()

= H h H - HFHFHF

Jm e 810 2l S Ll Al illanil s e Sl L5 e ek 03l DL B 4 els o 5 e
laall s Laesls wodt v JLaS) Ad dals ol LS 5 5l T isn0lole 5 Waesls 4 oo s o0T il S5
Sae b laesls 31 cons planil loadtxt o« NUMPY wl 5 51 SO L 0l oo 5 Il o5 dal 2 4y 8 o 2 NumPy
LSl & Sl Laesls gann &S Slo U adl s S sl fae s 5Ly Toadtxt ) gius o7 sl sl el Ot 3

S 03 | Laesls doadtxt wl  Sale Oles 4 numpy . savetxt i eslizul b ol oo (olisl b o slisl i
import numpy as np

arr = np.loadtxt('somefile.txt")
np.savetxt('somenewfile.txt")

i ey 3L La0 s g 58 Ll il 1) Laesls Wil o s 5L Toadtxt w2 Al Coslite O g p cw S|
o=l Lol s S8 (Jle ol 53 5 Ll recarray g5 3 Ksd o 0l g S plaesls oyp cnl 5355

s r.:ab} Iy odezen (go3ls Olaxt Lo
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# example.txt file looks like the following

#

# XR21 32.789 1

# XR22 33.091 2

table = np.loadtxt('example.txt",

dtype={'names': ('ID', 'Result', 'Type'),'formats': ('S4"', 'f4', 'i2')})
# array([('XR21', 32.78900146484375, 1),

# ('XR22', 33.090999603271484, 2)],

# dtype=[('ID', '|S4'), ('Result', '<f4'), ('Type', '<i2"')])

s il adls s O 4 O gt 2 ol Sl eslial b ol 5 e ok Olg recarry Ll sy se s oS a0l sl
A e el numpy . array Jyess slagll s Cl Gol b Oles wlis 052w 8 & o 2ws table[ ‘Result’]
Olaxstlw (50,0505 (sl Olaabsl LB 5 5855 b, NUMPY gany VA (sasend )5 1)l 2ulS K recarray (Ll

G sl 5l eslial oy op g (sl g Ol p Sy cpl S Tyl sy sie S b 4 nUMpY . recarry (gesls

2l matplotlib.mlab
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import numpy as np

# Creating a large array

data = np.empty((1000, 1000))

# Saving the array with numpy.save
np.save('test.npy', data)

a3 g plonil | S i numpy . recarray . tofile s ol o 6l Ol & NUMPY s 45es o 2 03 Sis cnl T


http://matplotlib.org/api/mlab_api.html
http://matplotlib.org/api/mlab_api.html
http://cxc.harvard.edu/contrib/asciitable/
https://docs.scipy.org/doc/numpy/reference/generated/numpy.recarray.tofile.html
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# If space is an issue for large files, then
# use numpy.savez instead. It is slower than
# numpy.save because it compresses the binary
# file.

np.savez('test.npz', data)

# Loading the data array

newdata = np.load('test.npy")
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3x +6y -5z =12

X =3y +2z =-2 (\-Y)
5x -y +4z =10

3 6 -5([x 12

1 -3 2 |qy =42 (Y-Y)

5 -1 4|z 10
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import numpy as np

# Defining the matrices

A = np.matrix([[3, 6, -5],
[1J '3: 2]:

[5) '1) 4]])

B = np.matrix([[12],

['2]:

[1e]11)

# Solving for the variables, where we invert A
X = A ** (-1) * B

print(X)

# matrix([[ 1.75],

# [ 1.75],

# [ 0.75]1])

O samlio 5 AX Garlons b Solu & il 5o Lok A3l 0 250.75 5 Y=1.75 X=1.75 4l oliws sla pize ey
a0 Yo OV¥sles oKiws 5055 o3l NumPy L Slles &5 o ¢l>.u" oS J sy Laacwb s Bl slagl s b
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import numpy as np

a = np.array([[3, 6, -5],

[1J _3J 2])

[5, -1, 4]1])

# Defining the array

b = np.array([12, -2, 10])

# Solving for the variables, where we invert A
x = np.linalg.inv(a).dot(b)

print(x)

# array([ 1.75, 1.75, 0.75])

numpy.matr‘ix u;:j‘) 4sz>u hg.\i))‘ Sl U'»"J:'é" (\JSLA‘ ‘CMA‘L;LA.G‘&}FCJW[;&})QJ))J u;:j‘)jéjﬁ
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https://docs.scipy.org/doc/numpy/reference/generated/numpy.linalg.svd.html
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S Bt ool gabslas G5 S el Jde Jls ol o b aST Al 23 3l curve Fit LI, s slaesls
ol f{x)=ax+b

import numpy as np
from scipy.optimize import curve_fit
# Creating a function to model and create data
def func(x, a, b):
return a * x + b
# Generating clean data
x = np.linspace(@, 10, 100)
y = func(x, 1, 2)
# Adding noise to the data
yn =y + 0.9 * np.random.normal(size=1len(x))
# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn)
# popt returns the best fit values for parameters of
# the given model (func).
print(popt)

PCov e leslanal L1y (i3l cudS Al g o b il Y olie 4 s L il o i3l ST popt slis

2
—(x—n) (1)

w‘))\km‘)lﬁmdbw‘O-jd:iJlﬂ.ﬁH cé‘oﬁjj&;-:és&-ia 4@‘) L').ﬂ)J

# Creating a function to model and create data
def func(x, a, b, c):
return a*np.exp(-(x-b)**2/(2*c**2))
# Generating clean data
X = np.linspace(0, 10, 100)
y = func(x, 1, 5, 2)
# Adding noise to the data
yn =y + 0.2 * np.random.normal(size=1len(x))
# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn)
# popt returns the best-fit values for parameters of the given model (func).
print(popt)
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# Two-Gaussian model
def func(x, a@, be, co, al, bl,cl):
return ad*np.exp(-(x - b@) ** 2/(2 * co ** 2))\
+ al * np.exp(-(x - bl) ** 2/(2 * cl1 ** 2))
# Generating clean data
X = np.linspace(0, 20, 200)
y = func(x, 1, 3, 1, -2, 15, 0.5)
# Adding noise to the data
yn =y + 0.2 * np.random.normal(size=1en(x))
# Since we are fitting a more complex function,
# providing guesses for the fitting will lead to
# better results.
guesses = [1, 3, 1, 1, 15, 1]
# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn, p@=guesses)
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from scipy.optimize import fsolve
import numpy as np

line = lambda x: x + 3

solution = fsolve(line, -2)
print(solution)

from scipy.optimize import fsolve
import numpy as np
# Defining function to simplify intersection solution
def findIntersection(funcl, func2, x0):
return fsolve(lambda x : funcl(x) - func2(x), x@)
# Defining functions that will intersect
funky = lambda x : np.cos(x / 5) * np.sin(x / 2)
line = lambda x : ©.01 * x - 0.5
# Defining range and getting solutions on intersection points
x = np.linspace(9,45,10000)
result = findIntersection(funky, line, [15, 20, 30, 35, 40, 45])
# Printing out results for x and y
print(result, line(result))
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import numpy as np

from scipy.interpolate import interpld

# Setting up fake data

x = np.linspace(9, 10 * np.pi, 20)

y = np.cos(x)

# Interpolating data

fl = interpld(x, y, kind='linear")

fq = interpld(x, y, kind='quadratic')

# x.min and x.max are used to make sure we do not
# go beyond the boundaries of the data for the
# interpolation.

xint = np.linspace(x.min(), x.max(), 1000)
yintl = fl(xint)

yintq = fq(xint)


https://en.wikipedia.org/wiki/Spline_interpolation
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import numpy as np

import matplotlib.pyplot as mpl

from scipy.interpolate import UnivariateSpline

# Setting up fake data with artificial noise
sample = 30

= np.linspace(1l, 10 * np.pi, sample)

= np.cos(x) + np.logl@(x) + np.random.randn(sample) / 10
Interpolating the data

= UnivariateSpline(x, y, s=1)

x.min and x.max are used to make sure we do not
go beyond the boundaries of the data for the
interpolation.

H H H HH< X
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xint
yint

np.linspace(x.min(), x.max(), 1000)
f(xint)
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import numpy as np

from scipy.interpolate import SmoothBivariateSpline as SBS

# Defining a function

ripple = lambda x, y: np.sqrt(x**2 + y**2)4np.sin(x**2 + y**2)
# Generating sample that interpolation function will see

xy= np.random.rand(1000, 2)

X, y = xy[:,0], xy[:,1]

sample = ripple(xy[:,0] * 5 , xy[:,1] * 5)

# Interpolating data
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fit = SBS(x * 5, y * 5, sample, s=0.01, kx=4, ky=4)
interp = fit(np.linspace(®, 5, 1000), np.linspace(@, 5, 1000))
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http://www.sympy.org/en/index.html
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import numpy as np

from scipy.integrate import quad

# Defining function to integrate

func = lambda x: np.cos(np.exp(x)) ** 2

# Integrating function with upper and lower
# limits of © and 3, respectively

solution = quad(func, @, 3)

print(solution)

# The first element is the desired value

# and the second is the error.

# (1.296467785724373, 1.397797186265988e-09)
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import numpy as np

from scipy.integrate import quad, trapz

# Setting up fake data

X = np.sort(np.random.randn(150) * 4 + 4).clip(e,5)
func = lambda x: np.sin(x) * np.cos(x ** 2) + 1

y = func(x)

# Integrating function with upper and lower

# limits of © and 5, respectively

fsolution = quad(func, @, 5)

dsolution = trapz(y, x=x)

print('fsolution = ' + str(fsolution[@]))
print('dsolution = ' + str(dsolution))

print('The difference is ' + str(np.abs(fsolution[@] - dsolution)))
# fsolution = 5.10034506754

# dsolution = 5.04201628314

# The difference is 0.0583287843989.

Stloms (51 S (slaoals Sl trapz o sl Jlo 3 (ol S o SIS LBl 215 LB S ol 5 L S quad b
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(ol 0535l 3,13 35 > argmin s argmax median std mean J_ls 5 Lol glal =5 NumPy ,>

Las o b & Iy NumPy (gl =5 oLl oslial LUl o5 dzes sladze el numpy.arrays
import numpy as np
# Constructing a random array with 1000 elements
X = np.random.randn(1000)
# Calculating several of the built-in methods
# that numpy.array has
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mean = x.mean()
std = x.std()
var = x.var()
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https://en.wikipedia.org/wiki/Probability_density_function
https://en.wikipedia.org/wiki/Cumulative_distribution_function
https://en.wikipedia.org/wiki/Quantile_function
https://en.wikipedia.org/wiki/Quantile_function
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Alpha Cauchy Erlang Fisk
Gamma Gilbrat Invgauss Laplace
Logistic Lognorm Lomax Maxwell

Nakagami Norm Powerlaw Rayleigh
Rdist T Triang Wald

import numpy as np
from scipy.stats import norm
# Set up the sample range

X =

np.linspace(-5,5,100

SCIPY ;5 sy 0585 ¥ 51 (1 gad N Y-Y ISS

0)

# Here set up the parameters for the normal distribution,

# where loc is the mean and scale is the standard deviation.
dist = norm(loc=0, scale=1)

# Retrieving norm's PDF and CDF

pdf
cdf

dist.pdf(x)
dist.cdf(x)
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# Here we draw out 500 random values from the norm.
sample = dist.rvs(500)
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PDF=(1-p)"p (1)

import numpy as np

from scipy.stats import geom

# Here set up the parameters for the geometric distribution.
p = 0.5

dist = geom(p)

# Set up the sample range.

x = np.linspace(@, 5, 1000)

# Retrieving geom's PMF and CDF

pmf = dist.pmf(x)

cdf = dist.cdf(x)

# Here we draw out 500 random values.
sample = dist.rvs(500)
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import numpy as np

from scipy import stats

# Generating a normal distribution sample
# with 100 elements

sample = np.random.randn(100)

# normaltest tests the null hypothesis.
out = stats.normaltest(sample)
print('normaltest output')

print('Z-score = ' + str(out[@]))


https://docs.scipy.org/doc/scipy/reference/stats.html
https://en.wikipedia.org/wiki/Probability_mass_function
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print('P-value = ' + str(out[1]))

# kstest is the Kolmogorov-Smirnov test for goodness of fit.

# Here its sample is being tested against the normal distribution.
# D is the KS statistic and the closer it is to © the better.

out = stats.kstest(sample, 'norm")

print('\nkstest output for the Normal distribution')

print('D = ' + str(out[@]))

print('P-value = ' + str(out[1]))

# Similarly, this can be easily tested against other distributions,
# like the Wald distribution.

out = stats.kstest(sample, 'wald")

print('\nkstest output for the Wald distribution')

print('D = ' + str(out[@]))

print('P-value = ' + str(out[1]))
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import numpy as np

from scipy import stats

# Generating a normal distribution sample

# with 100 elements

sample = np.random.randn(100)

# The harmonic mean: Sample values have to

# be greater than @.

out = stats.hmean(sample[sample > 0])
print('Harmonic mean = ' + str(out))

# The mean, where values below -1 and above 1 are
# removed for the mean calculation

out = stats.tmean(sample, limits=(-1, 1))
print('\nTrimmed mean = ' + str(out))

# Calculating the skewness of the sample

out = stats.skew(sample)

print('\nSkewness = ' + str(out))

# Additionally, there is a handy summary function called
# describe, which gives a quick look at the data.
out = stats.describe(sample)

print('\nSize = ' + str(out[0]))
print('Min = ' + str(out[1][@]))
print('Max = ' + str(out[1][1]))
print(‘Mean = ' + str(out[2]))

print('Variance
print('Skewness
print('Kurtosis

"+ str(out[3]))
"+ str(out[4]))
"+ str(out[5]))
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https://docs.scipy.org/doc/scipy/reference/stats.html
https://docs.scipy.org/doc/scipy/reference/stats.html
http://rpy2.bitbucket.org/
https://en.wikipedia.org/wiki/R_(programming_language)
http://pandas.pydata.org/
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import numpy as np

from scipy.cluster import vq

# Creating data

cl = np.random.randn(100, 2) + 5

c2 = np.random.randn(30, 2) - 5

c3 = np.random.randn(50, 2)

# Pooling all the data into one 180 x 2 array
data = np.vstack([cl, c2, c3])

# Calculating the cluster centroids and variance


https://networkx.github.io/
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# from kmeans

centroids, variance = vq.kmeans(data, 3)

# The identified variable contains the information
# we need to separate the points in clusters

# based on the vq function.

identified, distance = vqg.vq(data, centroids)
# Retrieving coordinates for points in each vq
# identified core

vgqcl = data[identified == 9]

vqc2 = data[identified == 1]

vgc3 = data[identified == 2]
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import numpy as np

import matplotlib.pyplot as mpl

from mpl_toolkits.mplot3d import Axes3D

from scipy.spatial.distance import pdist, squareform

import scipy.cluster.hierarchy as hy

# Creating a cluster of clusters function

def clusters(number = 20, cnumber = 5, csize = 10):

# Note that the way the clusters are positioned is Gaussian randomness.
rnum = np.random.rand(cnumber, 2)
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rn = rnum[:,0] * number
rn = rn.astype(int)
rn[np.where(rn < 5 )] = 5
rn[np.where(rn > number/2. )] = round(number / 2., 0)
ra = rnum[:,1] * 2.9
ra[np.where(ra < 1.5)] = 1.5
cls = np.random.randn(number, 3) * csize
# Random multipliers for central point of cluster
rxyz = np.random.randn(cnumber-1, 3)
for i in range(cnumber-1):
tmp = np.random.randn(rn[i+1], 3)
x = tmp[:,0] + ( rxyz[i,0] * csize )
y = tmp[:,1] + ( rxyz[i,1] * csize )
z = tmp[:,2] + ( rxyz[i,2] * csize )
tmp = np.column_stack([x,y,z])
cls = np.vstack([cls,tmp])
return cls

# Generate a cluster of clusters and distance matrix.
cls = clusters()

D = pdist(cls[:,0:2])

D = squareform(D)

# Compute and plot first dendrogram.

fig = mpl.figure(figsize=(8,8))

axl = fig.add_axes([0.09,0.1,0.2,0.6])

Y1 = hy.linkage(D, method='complete")

cutoff = 0.3 * np.max(Y1[:, 2])

Z1 = hy.dendrogram(Y1l, orientation='right', color_threshold=cutoff)
axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

# Compute and plot second dendrogram.

ax2 = fig.add_axes([0.3,0.71,0.6,0.2])

Y2 = hy.linkage(D, method="'average')

cutoff = 0.3 * np.max(Y2[:, 2])

Z2 = hy.dendrogram(Y2, color_threshold=cutoff)
ax2.xaxis.set_visible(False)
ax2.yaxis.set_visible(False)

# Plot distance matrix.

ax3 = fig.add_axes([0.3,0.1,0.6,0.6])

idx1l = Z1['leaves']

idx2 = Z2['leaves']

D = D[idx1,:]

D = D[:,idx2]

ax3.matshow(D, aspect='auto', origin='lower', cmap=mpl.cm.Y1GnBu)
ax3.xaxis.set_visible(False)
ax3.yaxis.set_visible(False)

# Plot colorbar.

fig.savefig('cluster_hy fol.pdf', bbox = 'tight')

SCIPY :pgus Joad
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# Same imports and cluster function from the previous example
# follow through here.
# Here we define a function to collect the coordinates of
# each point of the different clusters.
def group(data, index):
number = np.unique(index)
groups = []
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for i in number:
groups.append(datal[index == 1i])
return groups
# Creating a cluster of clusters
cls = clusters()
Calculating the linkage matrix
= hy.linkage(cls[:,0:2], method='complete")
Here we use the fcluster function to pull out a
collection of flat clusters from the hierarchical
data structure. Note that we are using the same
cutoff value as in the previous example for the dendrogram
using the 'complete' method.
cutoff = 0.3 * np.max(Y[:, 2])
index = hy.fcluster(Y, cutoff, 'distance')
# Using the group function, we group points into their
# respective clusters.
groups = group(cls, index)
# Plotting clusters
fig = mpl.figure(figsize=(6, 6))
ax = fig.add_subplot(111)
colors = ['r', 'c', 'b', 'g', 'orange', 'k', 'y', 'gray']
for i, g in enumerate(groups):
i = np.mod(i, len(colors))
ax.scatter(g[:,0], g[:,1], c=colors[i], edgecolor='none', s=50)
ax.xaxis.set_visible(False)
ax.yaxis.set_visible(False)
fig.savefig('cluster_hy f02.pdf', bbox = 'tight')
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import numpy as np
from scipy.misc import imread, imsave
from glob import glob
# Getting the list of files in the directory
files = glob('space/*.JPG")
# Opening up the first image for loop
iml = imread(files[@]).astype(np.float32)
# Starting loop and continue co-adding new images
for i in range(1, len(files)):
print(i)
iml += imread(files[i]).astype(np.float32)
# Saving img
imsave('stacked_image.jpg', iml)
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import numpy as np
from scipy.misc import imread, imsave
from glob import glob
# This function allows us to place in the
# brightest pixels per x and y position between
# two images. It is similar to PIL's
# ImageChop.Lighter function.
def chop_lighter(imagel, image2):
sl = np.sum(imagel, axis=2)
s2 = np.sum(image2, axis=2)
index = s1 < s2
imagel[index, 0]
imagel[index, 1]
imagel[index, 2]
return imagel
# Getting the list of files in the directory
files = glob('space/*.JPG")
# Opening up the first image for looping
iml = imread(files[@]).astype(np.float32)
im2 = np.copy(iml)
# Starting loop
for i in range(1, len(files)):
print(i)
im = imread(files[i]).astype(np.float32)
# Same before
iml += im
# im2 shows star trails better
im2 = chop_lighter(im2, im)
# Saving image with slight tweaking on the combination
# of the two images to show star trails with the
# co-added image.
imsave('stacked_image.jpg', iml/iml.max() + im2/im2.max()*@.2)

image2[index, 0]
image2[index, 1]
image2[index, 2]
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import numpy as np
from scipy.sparse.linalg import eigsh
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from scipy.linalg import eigh

import scipy.sparse

import time

N = 3000

# Creating a random sparse matrix

m = scipy.sparse.rand(N, N)

# Creating an array clone of it

a = m.toarray()

print('The numpy array data size: ' + str(a.nbytes) + ' bytes')
print('The sparse matrix data size: ' + str(m.data.nbytes) + ' bytes')
# Non-sparse

t0 = time.time()

resl = eigh(a)

dt = str(np.round(time.time() - t@, 3)) + ' seconds’
print('Non-sparse operation takes ' + dt)

# Sparse

t0 = time.time()

res2 = eigsh(m)

dt = str(np.round(time.time() - t0, 3)) + ' seconds’
print('Sparse operation takes ' + dt)
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import numpy as np

import matplotlib.pyplot as mpl

import scipy.ndimage as ndimage

import skimage.filters as skif

# Generating data points with a non-uniform background
X = np.random.uniform(low=0, high=100, size=20).astype(int)
y = np.random.uniform(low=0, high=100, size=20).astype(int)
# Creating image with non-uniform background

func = lambda x, y: x**2 4 y**2

grid_x, grid_y = np.mgrid[-1:1:100]j, -2:2:100j]

bkg = func(grid_x, grid_y)

bkg = bkg / np.max(bkg)

# Creating points

clean = np.zeros((100,100))

clean[(x,y)] += 5

clean = ndimage.gaussian_filter(clean, 3)

clean = clean / np.max(clean)

# Combining both the non-uniform background

# and points

fimg = bkg + clean

fimg = fimg / np.max(fimg)

# Defining minimum neighboring size of objects
block_size = 3

# Adaptive threshold function which returns image

# map of structures that are different relative to

# background

adaptive_cut = skif.threshold_adaptive(fimg, block_size, offset=0)
# Global threshold

global thresh = skif.threshold_otsu(fimg)

global cut = fimg > global_thresh

# Creating figure to highlight difference between

# adaptive and global threshold methods

fig = mpl.figure(figsize=(8, 4))
fig.subplots_adjust(hspace=0.05, wspace=0.05)

axl = fig.add_subplot(131)

ax1l.imshow(fimg)

axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

ax2 = fig.add_subplot(132)

ax2.imshow(global cut)

ax2.xaxis.set _visible(False)
ax2.yaxis.set_visible(False)

ax3 = fig.add_subplot(133)

ax3.imshow(adaptive cut)

ax3.xaxis.set_visible(False)
ax3.yaxis.set_visible(False)
fig.savefig('scikit_image_f01.pdf', bbox_inches="tight")
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import numpy as np

import matplotlib.pyplot as mpl

import scipy.ndimage as ndimage

import skimage.morphology as morph

# Generating data points with a non-uniform background

X = np.random.uniform(low=0, high=200, size=20).astype(int)
y = np.random.uniform(low=0, high=400, size=20).astype(int)
# Creating image with non-uniform background

func = lambda x, y: np.cos(x)+ np.sin(y)

grid_x, grid_y = np.mgrid[0:12:200], 0:24:4007j]

bkg = func(grid_x, grid_y)

bkg = bkg / np.max(bkg)

# Creating points

clean = np.zeros((200,400))

clean[(x,y)] += 5

clean = ndimage.gaussian_filter(clean, 3)
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clean = clean / np.max(clean)

# Combining both the non-uniform background

# and points

fimg = bkg + clean

fimg = fimg / np.max(fimg)

# Calculating local maxima

Iml = morph.is_local maximum(fimg)

x1, y1 = np.where(lml.T == True)

# Creating figure to show local maximum detection

# rate success

fig = mpl.figure(figsize=(8, 4))

ax = fig.add_subplot(111)

ax.imshow(fimg)

ax.scatter(x1, yl, s=100, facecolor="none', edgecolor='#009999")
ax.set_x1im(0,400)

ax.set_ylim(o,200)

ax.xaxis.set_visible(False)

ax.yaxis.set_visible(False)
fig.savefig('scikit_image_f02.pdf', bbox_inches='tight")
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import numpy as np

import pyfits

import matplotlib.pyplot as mpl

import skimage.morphology as morph

import skimage.exposure as skie

# Loading astronomy image from an infrared space telescope
img = pyfits.getdata('stellar cluster.fits')[500:1500, 500:1500]
# Prep file scikit-image environment and plotting

limg = np.arcsinh(img)

limg = limg / limg.max()

low = np.percentile(limg, 0.25)

high = np.percentile(limg, 99.5)

opt_img = skie.exposure.rescale_intensity(limg, in_range=(low, high))
# Calculating local maxima and filtering out noise

Im = morph.is_local_maximum(limg)

x1, yl1 = np.where(1lm.T == True)

v = limg[(y1, x1)]

lim = 0.5

X2, y2 = x1[v > 1lim], yli[v > lim]

# Creating figure to show local maximum detection

# rate success

fig = mpl.figure(figsize=(8,4))
fig.subplots_adjust(hspace=0.05, wspace=0.05)

axl = fig.add_subplot(121)

ax1l.imshow(opt_img)

axl.set_x1im(@, img.shape[1])

axl.set_ylim(@, img.shape[0])

axl.xaxis.set_visible(False)

axl.yaxis.set_visible(False)

ax2 = fig.add_subplot(122)

ax2.imshow(opt_img)

ax2.scatter(x2, y2, s=80, facecolor="none', edgecolor="#FF7400")
ax2.set_x1im(@, img.shape[1])

ax2.set_ylim(@, img.shape[0])

ax2.xaxis.set_visible(False)

ax2.yaxis.set_visible(False)

fig.savefig('scikit image_f@3.pdf', bbox_inches="tight")
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http://www.stsci.edu/institute/software_hardware/pyfits
http://heasarc.nasa.gov/docs/heasarc/fits.html
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import numpy as np

import matplotlib.pyplot as mpl

from mpl_toolkits.mplot3d import Axes3D

from sklearn import linear_model

from sklearn.datasets.samples_generator import make_regression
# Generating synthetic data for training and testing

X, y = make_regression(n_samples=100, n_features=2, n_informative=1,\
random_state=0, noise=50)

# X and y are values for 3D space. We first need to train

# the machine, so we split X and y into X_train, X test,

# y _train, and y_test. The *_train data will be given to the
# model to train it.

X_train, X_test = X[:80], X[-20:]

y_train, y test = y[:80], y[-20:]
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# Creating instance of model

regr = linear_model.LinearRegression()

# Training the model

regr.fit(X_train, y _train)

# Printing the coefficients

print(regr.coef )

# [-10.25691752 90.5463984 ]

# Predicting y-value based on training

X1 = np.array([1.2, 4])

print(regr.predict(X1))

# 350.860363861

With the *_test data we can see how the result matches
the data the model was trained with.

It should be a good match as the *_train and *_test
data come from the same sample. Output: 1 is perfect

# prediction and anything lower is worse.
print(regr.score(X_test, y_test))

# 0.949827492261

fig = mpl.figure(figsize=(8, 5))

ax = fig.add_subplot(111, projection='3d")

# ax = Axes3D(fig)

# Data

ax.scatter(X_train[:,0], X_train[:,1], y_train, facecolor='#00CC00")
ax.scatter(X_test[:,0], X test[:,1], y_test, facecolor="#FF7800")
# Function with coefficient variables

coef = regr.coef_

line = lambda x1, x2: coef[@] * x1 + coef[1] * x2
grid_x1, grid_x2 = np.mgrid[-2:2:10j, -2:2:10]]
ax.plot_surface(grid_x1, grid_x2, line(grid_x1, grid_x2),
alpha=0.1, color="k")

ax.xaxis.set_visible(False)

ax.yaxis.set_visible(False)

ax.zaxis.set_visible(False)
fig.savefig('scikit_learn_regression.pdf', bbox="tight")

#
#
#
#
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import numpy as np

from sklearn.cluster import DBSCAN

import matplotlib.pyplot as plt

# Creating data

cl = np.random.randn(100, 2) + 5

c2 = np.random.randn(50, 2)

# Creating a uniformly distributed background

ul = np.random.uniform(low=-10, high=10, size=100)

u2 = np.random.uniform(low=-10, high=10, size=100)

c3 = np.column_stack([ul, u2])

# Pooling all the data into one 150 x 2 array

data = np.vstack([c1l, c2, c3])

# Calculating the cluster with DBSCAN function.

# db.labels_ is an array with identifiers to the

# different clusters in the data.

db = DBSCAN(eps=0.95, min_samples=10).fit(data)

labels = db.labels_

# Retrieving coordinates for points in each

# identified core. There are two clusters

# denoted as © and 1 and the noise is denoted

# as -1. Here we split the data based on which

# component they belong to.

dbcl = data[labels == 9]

dbc2 = data[labels == 1]

noise = data[labels == -1]

# Setting up plot details

x1, x2 = -12, 12

yl, y2 = -12, 12

fig = plt.figure()

fig.subplots_adjust(hspace=0.1, wspace=0.1)

axl = fig.add_subplot(121, aspect='equal')
axl.scatter(ci[:, @], cl1[:, 1], 1lw=0.5, color="#00CCOO")
axl.scatter(c2[:, 0], c2[:, 1], 1lw=0.5, color="#028E9B")
axl.scatter(c3[:, 0], c3[:, 1], 1lw=0.5, color="#FF7800")
axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

axl.set_xlim(x1, x2)

axl.set_ylim(yl, y2)

axl.text(-11, 10, 'Original')

ax2 = fig.add_subplot(122, aspect='equal')
ax2.scatter(dbci[:, @], dbci[:, 1], lw=0.5, color="#00CCO0")
ax2.scatter(dbc2[:, @], dbc2[:, 1], 1lw=0.5, color="#028E9B")
ax2.scatter(noise[:, O], noise[:, 1], 1lw=0.5, color='#FF7800")
ax2.xaxis.set _visible(False)
ax2.yaxis.set_visible(False)

ax2.set_xlim(x1, x2)

ax2.set_ylim(yl, y2)

ax2.text(-11, 10, 'DBSCAN identified')
fig.savefig('scikits 422 exl.pdf', bbox_inches="tight")
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import timeit
import numpy as np

# Create an array with 1077 elements.
arr = np.arange(le7)

# Converting ndarray to list
larr = arr.tolist()

# Lists cannot by default broadcast,
# so a function is coded to emulate
# what an ndarray can do.

def list_times(alist, scalar):
for i, val in enumerate(alist):
alist[i] = val * scalar
return alist

# Number of tries
N = 10

# We are not using IPython's magic timeit command here. This enables you to
# run the script in as a script.

# NumPy array broadcasting

timel = timeit.timeit('arr * 1.1', 'from __main__ import arr', number=N) / N
print(timel)

# List and custom function for broadcasting
time2 = timeit.timeit('list_times(larr, 1.1)°,

"from __main__ import list_times, larr', number=N) / N
print(time2)

Y o @
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import timeit
import numpy as np

# Create an array with 1077 elements.
arr = np.arange(le7)

# Converting ndarray to list
larr = arr.tolist()

# Lists cannot by default broadcast,
# so a function is coded to emulate
# what an ndarray can do.

def list _times(alist, scalar):
for i, val in enumerate(alist):
alist[i] = val * scalar
return alist

# Number of tries
N = 10

# We are not using IPython's magic timeit command here. This enables you to
# run the script in as a script.

# NumPy array broadcasting

timel = timeit.timeit('arr * 1.1', 'from _ _main__ import arr', number=N) / N
print(timel)

# List and custom function for broadcasting
time2 = timeit.timeit('list_times(larr, 1.1)',

'from __main__ import list times, larr', number=N) / N
print(time2)

¥ Jte

# Creating an array of zeros and defining column types
import numpy as np

recarr = np.zeros((2,), dtype=('i4,f4,a10"))
toadd = [(1, 2., "Hello"), (2, 3., "World")]
recarr[:] = toadd

# Creating an array of zeros and defining column types
recarr = np.zeros((2,), dtype=('i4,f4,a10"))

# Now creating the columns we want to put
# in the recarray

coll = np.arange(2) + 1

col2 = np.arange(2, dtype=np.float32)
col3 ["Hello', 'World']

# Here we create a list of tuples that is
# identical to the previous toadd list.



g Amir.Hossein.Namadchi@Gmail.com

toadd = zip(coll, col2, col3)

# Assigning values to recarr
recarr[:] =list(toadd)

# Assigning names to each column, which
# are now by default called ‘f@', 'f1', and 'f2'.

recarr.dtype.names = ('Integers', 'Floats', 'Strings')

# If we want to access one of the columns by its name, we
# can do the following.

print(recarr['Integers'])
#[1, 2]

import numpy as np
alist = [[1, 2], [3, 4]]

# To return the (0,1) element we must index as shown below.
alist[0][1]

# Converting the list defined above into an array
arr = np.array(alist)

# To return the (0,1) element we use ...
arr[0, 1]

# Now to access the last column, we simply use ..
arr[:, 1]

# Accessing the columns is achieved in the same way,
# which is the bottom row.
arr[1, :]

# Creating an array
arr = np.arange(5)

# Creating the index array
index = np.where(arr > 2)
print(index)

# Creating the desired array
new_arr = arr[index]

# We use the previous array
new_arr = np.delete(arr, index)

index = arr > 2
print(index)
new_arr = arr[index]

P Jle
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import numpy as np
import matplotlib.pyplot as plt

# First let us create an image
imgl = np.zeros((20, 20)) + 3
imgl[4:-4, 4:-4] = 6
imgl[7:-7, 7:-7] 9

# See subplot A

# Let's filter out all values larger than 2 and less than 6
indexl = imgl > 2

index2 = imgl < 6

compound_index = indexl & index2

# The compound statement can alternatively be written as
compound_index = (imgl > 3) & (imgl < 7)

img2 = np.copy(imgl)

img2[compound_index] = @

# See plot B

# Making the boolean arrays even more complex we can do
index3 = imgl ==

index4 = (indexl & index2) | index3

img3 = np.copy(imgl)

img3[index4] = ©

# See subplot C

fig = plt.figure(313, figsize=(6, 6))

fig.subplots_adjust(hspace=None, wspace=None)

axl = fig.add_subplot(131)

ax1l.imshow(imgl, origin="'lower left', interpolation='nearest',
vmin=0, vmax=10, cmap=plt.cm.Greens)

axl.xaxis.set_visible(False)

axl.yaxis.set_visible(False)

axl.set_title('Plot A'")

ax2 = fig.add_subplot(132)

ax2.imshow(img2, origin="lower left', interpolation='nearest’,
vmin=0, vmax=10, cmap=plt.cm.Greens)

ax2.xaxis.set_visible(False)

ax2.yaxis.set_visible(False)

ax2.set_title('Plot B')

ax3 = fig.add_subplot(133)

ax3.imshow(img3, origin="lower left', interpolation='nearest’,
vmin=0, vmax=10, cmap=plt.cm.Greens)

ax3.xaxis.set_visible(False)

ax3.yaxis.set_visible(False)

ax3.set_title('Plot C")

fig.savefig('ch212_ f@1l.pdf', bbox_inches="tight")

plt.close(fig)
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import numpy.random as rand

#
#
#
#
a

#
#

Creating a 100-element array with random values
from a standard normal distribution or, in other
words, a Gaussian distribution.

The sigma is 1 and the mean is @.

= rand.randn(100)

Here we generate an index for filtering
out undesired elements.

index = a > 0.2

b

#
b

#
#
a

#
#
#

= a[index]

We execute some operation on the desired elements.
=b ** 2 -2

Then we put the modified elements back into the

original array.

[index] = b

Note, example is modified to allow execution without errors.

Make sure there is a file called 'somefile.txt' in the same
directory as this Python script.

Opening the text file with the 'r' option,
which only allows reading capability
= open( 'somefile.txt', 'r'")

Parsing the file and splitting each line,
which creates a list where each element of
it is one line

alist = f.readlines()

#
£

#

Closing file
.close()

Noted changed from example in book

alist.append(str(1))

- H H

-h =

After a few operations, we open a new text file
to write the data with the 'w' option. If there

was data already existing in the file, it will be overwritten.

= open('newtextfile.txt', 'w')

Writing data to file
.writelines(alist)

F Jto
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# Closing file
f.close()

import numpy as np

# Loading and existing file
arr = np.loadtxt('somefile.txt")

# Saving a new file
np.savetxt('somenewfile.txt', arr)

# Opening an existing file with the append option
f = open('existingfile.txt', 'a')

# Creating some random data to append to the existing file
data2append = np.random.rand(100)

# With np.savetxt we replace the file name with the file handle.

np.savetxt(f, data2append)

f.close()

import numpy as np

# example.txt file looks like the following
#

# XR21 32.789 1

# XR22 33.091 2

table = np.loadtxt('example.txt"',
dtype={'names': ('ID', 'Result', 'Type'),
"formats': ('S4', 'f4', 'i2"')})

# array([('XR21', 32.78900146484375, 1),

# ('XR22', 33.090999603271484, 2)],
# dtype=[('ID', '|S4'), ('Result', '<f4'), ('Type', '<i2')])

import numpy as np

# Creating a large array
data = np.empty((1000, 1000))

A Jle
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# Saving the array with numpy.save
np.save('test.npy', data)

# If space is an issue for large files, then
# use numpy.savez instead. It is slower than
# numpy.save because it compresses the binary
# file.

np.savez('test.npz', data)

# Loading the data array
newdata = np.load('test.npz")

import numpy as np

# Defining the matrices

A = np.matrix([[3, 6, -5],
[1) '3) 2])
[5: '1) 4]])

B = np.matrix([[12],
['2]1
[1e]11)

# Solving for the variables, where we invert A
X = A ¥k (-1) * B

print(X)

# matrix([[ 1.75],

# [ 1.75],

# [ ©.75]1])

a = np.array([[3, 6, -5],
[1) '3) 2])
[5, -1, 4]11)

# Defining the array

b = np.array([12, -2, 10])

# Solving for the variables, where we invert A
x = np.linalg.inv(a).dot(b)

print(x)

# array([ 1.75, 1.75, 0.75])

import numpy as np
from scipy.optimize import curve_fit
import matplotlib.pyplot as plt

1 Jo
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# Let's create a function to model and create data
def func(x, a, b):
return a * x + b

# Generating clean data
x = np.linspace(@, 10, 100)
y = func(x, 1, 2)

# Adding noise to the data
yn =y + 0.9 * np.random.normal(size=1len(x))

# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn)

#tpopt returns the best fit values for parameters of the given model (func)
print(popt)

# Plot out the current state of the data and model
ym = func(x, popt[@], popt[1])

fig = plt.figure()

ax = fig.add_subplot(111)

ax.plot(x, y, c="k', label='Function")

ax.scatter(x, yn)

ax.plot(x, ym, c='r', label='Best fit')
ax.legend(loc="upper left')
fig.savefig('scipy 311 exl.pdf', bbox_inches="'tight")

1Y Jte

import numpy as np
from scipy.optimize import curve_fit
import matplotlib.pyplot as plt

# Let's create a function to model and create data
def func(x, a, b, c):
return a * np.exp(-(x - b) ** 2 / (2 * c ** 2))

# Generating clean data
x = np.linspace(@, 10, 100)
y = func(x, 1, 5, 2)

# Adding noise to the data
yn =y + 0.2 * np.random.normal(size=1len(x))

# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn)

#tpopt returns the best fit values for parameters of the given model (func)
print(popt)

# Plot out the current state of the data and model

ym = func(x, popt[@], popt[1], popt[2])
fig = plt.figure()
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ax = fig.add_subplot(111)

ax.plot(x, y, c='k', label="Function")

ax.scatter(x, yn)

ax.plot(x, ym, c='r', label="Best fit')
ax.legend(loc="upper left')
fig.savefig('scipy_311_ex2.pdf', bbox_inches="tight")

import numpy as np
from scipy.optimize import curve_fit
import matplotlib.pyplot as plt

# Let's create a function to model and create data

def func(x, a0, bo, co@, al, bl, cl):
return a0 * np.exp(-(x - be) ** 2 / (2 * co ** 2))\
+ al * np.exp(-(x - bl) ** 2 / (2 * c1 ** 2))

Generating clean data

= np.linspace(0, 20, 200)

= func(x, 1, 3, 1, -2, 15, 0.5)

y2 = func(x[np.where(x > 10)], 0, 1, 1, -2, 15,0.5)

H< X #H

# Adding noise to the data
yn =y + 0.2 * np.random.normal(size=len(x))

# Plot out the current state of the data and model
fig = plt.figure()

ax = fig.add_subplot(111)

ax.plot(x, y, c="k', label='Function")
ax.scatter(x, yn)

# Executing curve_fit on noisy data
popt, pcov = curve_fit(func, x, yn, pe=[1, 3, 1, 1, 15, 1])

#tpopt returns the best fit values for parameters of the given model (func)

print(popt)

ym = func(x, popt[@], popt[1], popt[2], popt[3], popt[4], popt[5])

ax.plot(x, ym, c='r', label='Best fit')
ax.legend()
fig.savefig('scipy 311 ex3.pdf', bbox_inches="'tight")

import numpy as np
from scipy.optimize import fsolve
import matplotlib.pyplot as plt

# Defining line function
line = lambda x: x + 3

1P Jto
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# Solving for solution
solution = fsolve(line, -2)
print(solution)

# Plotting output

fig = plt.figure(figsize=(8, 4))

ax = fig.add_subplot(111)

x = np.linspace(-5, 5, 1000)

y = line(x)

ax.hlines(®, -5, @, color='black', alpha=0.15, linestyle='--")
ax.plot(x, y, label='Function')

ax.scatter(solution[@], @, marker='o',\

edgecolor="red', facecolor='none', s=100, label='Root')

ax.legend(loc="upper left')

ax.set_xlim(-4.5, -1.5)

ax.set_ylim(-1.5, 1.5)
fig.savefig('scipy 312 exl.pdf', bbox_inches='tight"')

import numpy as np
from scipy.optimize import fsolve
import matplotlib.pyplot as plt

# Defining function to simplify intersection solution
def findIntersection(funcl, func2, x0):
return fsolve(lambda x: funcl(x) - func2(x), x@)

# Defining functions that will intersect
funky = lambda x: np.cos(x / 5) * np.sin(x / 2)
line = lambda x: ©.01 * x - 0.5

# Defining range and getting solutions on intersection points
X = np.linspace(0, 45, 10000)
result = findIntersection(funky, line, [15, 20, 30, 35, 40, 45])

# Plotting ouptut

fig = plt.figure(figsize=(8, 4))

ax = fig.add_subplot(111)

ax.plot(x, funky(x), label='Funky func')

ax.plot(x, line(x), label='Line func')

ax.scatter(result, line(result), marker='o",
edgecolor="red', facecolor='none', s=100)

ax.legend(loc="lower left')

ax.set_xlim(@, 45)

ax.set_ylim(-1, 1)

fig.savefig('scipy_312_ex2.pdf', bbox_inches="'tight")

import numpy as np
from scipy.interpolate import interpld

1% Jo
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import matplotlib.pyplot as plt

# Setting up fake data.

X = np.linspace(9, 10 * np.pi, 20)

y = np.cos(x)

# Interpolating data

fl = interpld(x, y, kind='linear")

fq = interpld(x, y, kind='quadratic')

# Xx.min and x.max are used to make sure we do not
# go beyond the boundaries of the data for the

# interpolation.

xint = np.linspace(x.min(), x.max(), 1000)

yintl = fl(xint)

yintqg = fq(xint)

# Plotting output
fig = plt.figure(figsize=(8, 4))
ax = fig.add_subplot(111)
ax.plot(xint, yintl, label='Linear')
ax.plot(xint, yintqg, label='Quadratic")
ax.scatter(x, y, marker='o0",
edgecolor="red', facecolor='none', s=50)
ax.legend(loc="upper left')

ax.set_x1im(@, 10 * np.pi)
ax.set_ylim(-2, 2)
fig.savefig('scipy_32_ex1l.pdf', bbox_inches="tight")

import numpy as np
from scipy.interpolate import UnivariateSpline
import matplotlib.pyplot as plt

# Setting up fake data with artifical noise.

sample = 30

x = np.linspace(1, 10 * np.pi, sample)

y = np.cos(x) + np.logle(x) + np.random.randn(sample) / 10

# Interpolating the data.
f = UnivariateSpline(x, y, s=1)

# x.min and x.max are used to make sure we do not
# go beyond the boundaries of the data for the

# interpolation.

xint = np.linspace(x.min(), x.max(), 1000)

yint = f(xint)

yclean = np.cos(xint) + np.logl@(xint)

# Making figure.
fig = plt.figure(figsize=(8, 4))

YA Jto
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ax = fig.add_subplot(111)
ax.plot(xint, yint, label='Interpolation')
ax.plot(xint, yclean, label='Original', c='orange')
ax.scatter(x, y, marker='o",

edgecolor="none', facecolor='black', s=20)
ax.legend(loc="upper left')

ax.set_x1im(1, 10 * np.pi)
fig.savefig('scipy_32_ex2.pdf', bbox_inches="tight")

14 Jte

import numpy as np
import matplotlib.pyplot as plt
from scipy.interpolate import griddata

# Defining a function
ripple = lambda x, y: np.sqrt(x ** 2 + y ** 2) + pp.sin(x ** 2 + y ** 2)

# Generarting gridded data
grid_x, grid_y = np.mgrid[0:5:1000], 0:5:1000] ]

# Generating saplte that interpolation function will see
Xy = np.random.rand(1000, 2)
saplte = ripple(xy[:, @] * 5, xy[:, 1] * 5)

# Interpolating data
grid_z0 = griddata(xy * 5, saplte, (grid_x, grid_y), method='cubic')

# Making figure.
fig = plt.figure(figsize=(8, 4))

X0, x1 0, 1000

yo, yl = 0, 1000

axl = fig.add_subplot(121)

axl.imshow(ripple(grid_x, grid_y).T, cmap=plt.cm.Blues,

interpolation="nearest")

axl.scatter(xy[:, @] * 1e3, xy[:, 1] * 1e3, facecolor='black’,
edgecolor="none', s=1)

axl.xaxis.set_visible(False)

axl.yaxis.set_visible(False)

axl.set_xlim(x@, x1)

axl.set_ylim(yo, y1)

ax2 = fig.add_subplot(122)

ax2.imshow(grid_z@.T, cmap=plt.cm.Blues, interpolation='nearest’,
vmin=0.05, vmax=7.87)

ax2.xaxis.set_visible(False)

ax2.yaxis.set_visible(False)

ax2.set_x1lim(x@, x1)

ax2.set_ylim(yo, y1)

fig.savefig('scipy_32_ex3.pdf', bbox_inches="tight")
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import numpy as np
import matplotlib.pyplot as plt
from scipy.interpolate import SmoothBivariateSpline as SBS

# Defining a function
ripple = lambda x, y: np.sqrt(x ** 2 + y ** 2) + pp.sin(x ** 2 + y ** 2)

# Generarting gridded data
grid x, grid_y = np.mgrid[0:5:10007j, 0:5:10007 ]

# Generating saplte that interpolation function will see
Xy = np.random.rand(1000, 2)

X, y = xy[:, 0], xy[:, 1]

saplte = ripple(xy[:, @] * 5, xy[:, 1] * 5)

# Interpolating data
fit = SBS(x * 5, y * 5, saplte, s=0, kx=4, ky=4)
interp = fit(np.linspace(@, 5, 1000), np.linspace(9, 5, 1000))

# Making figure.
fig = plt.figure(figsize=(8, 4))

X0, x1 = 0, 1000

ye, yl = 0, 1000

axl = fig.add_subplot(121)

ax1l.imshow(ripple(grid_x, grid_y).T, cmap=plt.cm.Blues,

interpolation="nearest")

axl.scatter(xy[:, @] * 1le3, xy[:, 1] * 1le3, facecolor='black"',
edgecolor="none', s=1)

axl.xaxis.set_visible(False)

axl.yaxis.set_visible(False)

axl.set_xlim(x@, x1)

axl.set_ylim(yo, y1)

ax2 = fig.add_subplot(122)

ax2.imshow(interp.T, cmap=plt.cm.Blues, interpolation='nearest’,
vmin=0.05, vmax=7.87)

ax2.xaxis.set_visible(False)

ax2.yaxis.set_visible(False)

ax2.set_x1lim(x@, x1)

ax2.set_ylim(yo, y1)

fig.savefig('scipy 32 ex4.pdf', bbox_inches="'tight")

from scipy.integrate import quad
import numpy as np
import matplotlib.pyplot as plt

Yo Jlo
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# Defining function to integrate
func = lambda x: np.cos(np.exp(x)) ** 2

# Integrating function with upper and lower
# limits of © and 3, respectively

solution = quad(func, ©, 1000)
print(solution)

# The first element is the desired value
# and the second is the error.

# Plotting output

fig = plt.figure(figsize=(8, 4))

ax = fig.add_subplot(111)

x1 = np.linspace(-1, 4, 10000)

x2 = np.linspace(9, 3, 10000)

ax.plot(xl, func(x1l), label='Function")

ax.fill between(x2, 0, func(x2), alpha=0.2)
ax.set_xlim(-1, 4)

ax.set_ylim(e, 1.05)

fig.savefig('scipy_ 331 _exl.pdf', bbox_inches="'tight")

import numpy as np
from scipy.integrate import quad, trapz
import matplotlib.pyplot as plt

# Setting up fake data.

X = np.sort(np.random.randn(150) * 4 + 4).clip(@, 5)
# x = np.clip()

func = lambda x: np.sin(x) * np.cos(x ** 2) + 1

y = func(x)

# Integrating function with upper and lower
# limits of @ and 5, respectively.
fsolution = quad(func, @, 5)

dsolution = trapz(y, x=x)

print('fsolution = ' + str(fsolution[@]))
print('dsolution = " + str(dsolution))

print('The difference is ' + str(np.abs(fsolution[@] - dsolution)))

fig = plt.figure(figsize=(8, 4))

ax = fig.add_subplot(111)
x1 = np.linspace(-1, 6, 10000)
x2 = np.linspace(@, 5, 10000)

ax.plot(x1, func(x1l), label='Function")
ax.fill between(x2, 0, func(x2), alpha=0.2)

ax.scatter(x, y, marker='o', edgecolor='none', facecolor='red',

s=7, zorder=3, label='Data points')
ax.legend(loc="upper left')
ax.set_xlim(-1, 6)
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ylim(@, 2.5)
efig('scipy 332 exl.pdf', bbox_inches='tight")

string

subprocess

numpy as np

scipy.stats as s
matplotlib.pyplot as plt

ng up fiture size and spacing
1t.figure(figsize=(8, 9))
plots_adjust(hspace=0, wspace=90)

istributions that will be plotted
["'norm', 'lognorm', ‘'gamma', 'invgauss', 'cauchy',
'logistic', 'maxwell', ‘powerlaw', 'rdist',
'wald', 'alpha', 'rayleigh', 'triang', 'lomax',
'laplace', 'gilbrat', 'fisk', 'erlang', 't', ‘'nakagami']

np.sort(dists)

D in enumerate(dists):
nt(D)

np.linspace(-5, 5, 1000)
c = s._dict_ [D]

dist = func(loc=0)
pdf = dist.pdf(x)
ept:

dist = func(e.7)
pdf = dist.pdf(x)

= fig.add_subplot(5, 4, i + 1)
str.upper(D[0]) + D[1::]
plot(x, pdf, label=D)
xaxis.set_visible(False)
yaxis.set_visible(False)
set_xlim(-4, 4)
set_ylim(@, pdf.max() * 1.5)
legend(loc="upper right', markerscale=0.0001, prop={‘size': 10})

= plt.gca().get_legend()
xt = leg.get_texts()

nes = leg.get_lines()

me = leg.get_frame()
.setp(llines, linewidth=0)
.draw_frame(False)

\Al
ax.set_
fig.sav
import
import
import
import
import
# Setti
fig = p
fig.sub
# The d
dists =
dists =
for i,
pri
X =
fun
try:
exc
ax
D =
ax.
ax.
ax.
ax.
ax.
ax.
leg
lte
11i
fra
plt
leg
savenam

fig.sav

e = 'scipy_341_ex1.pdf"
efig(savename, bbox_inches="tight")
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# Calling OS for pdfcrop (Unix and Linux based systems only)
try:

subprocess.call([ 'pdfcrop’', savename, savename])
except:

print('This feature will only work if pdfcrop is available')

Yf Jlw
import numpy as np
from scipy.stats import norm
# Setup the sample range
x = np.linspace(-5, 5, 1000)
# Here set up the parameters for the normal distribution.
# where loc is the mean and scale is the standard deviation.
dist = norm(loc=0, scale=1)
# Calling norm's PDF and CDF
pdf = dist.pdf(x)
cdf = dist.cdf(x)
# Here we draw out 500 random values from
sample = dist.rvs(500)
YO Jle
import numpy as np
from scipy.stats import geom
# Here set up the parameters for the normal distribution.
# where loc is the mean and scale is the standard deviation.
p = 0.5
dist = geom(p)
# Setup the sample range
x = np.linspace(@, 5, 1000)
# Calling norm's PMF and CDF
pmf = dist.pmf(x)
cdf = dist.cdf(x)
# Here we draw out 500 random values from
sample = dist.rvs(500)
Y5 Jlo

import numpy as np
from scipy import stats
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# Generating a normal distribution sample
# with 100 elements
sample = np.random.randn(100)

# The harmonic mean: Sample values have to
# be greater than 0.

out = stats.hmean(sample[sample > 0])
print('Harmonic mean = ' + str(out))

# The mean, where values below -1 and above 1 are
# removed for the mean calculation

out = stats.tmean(sample, limits=(-1, 1))
print('\nTrimmed mean = ' + str(out))

# Calculating the skewness of the sample
out = stats.skew(sample)
print('\nSkewness = ' + str(out))

# Additionally, there is a handy summary function called
# describe, which gives a quick look at the data.
out = stats.describe(sample)

print('\nSize = ' + str(out[0]))
print(‘'Min = ' + str(out[1][@]))
print('Max = ' + str(out[1][1]))
print('Mean = ' + str(out[2]))

print('Variance
print('Skewness
print('Kurtosis

"+ str(out[3]))
"+ str(out[4]))
'+ str(out[5]))

import numpy as np
from scipy.cluster import vq
import matplotlib.pyplot as plt

# Creating data

cl = np.random.randn(100, 2) + 5
c2 = np.random.randn(30, 2) - 5
c3 = np.random.randn(50, 2)

# Pooling all the data into one 150 x 2 array
data = np.vstack([c1l, c2, c3])

# Calculating the cluster centriods and variance
# from kmeans
centroids, variance = vq.kmeans(data, 3)

# The identified variable contains the information
# we need to separate the points in clusters

# based on the vq function.

identified, distance = vqg.vq(data, centroids)

# Retrieving coordinates for points in each vq

YV Jlo
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# identified core

vgqcl = data[identified == 9]
vqc2 = data[identified == 1]
vqc3 = data[identified == 2]

#Setting up plot details
x1l, x2 = -10, 10
yl, y2 = -10, 10

fig = plt.figure()
fig.subplots_adjust(hspace=0.1, wspace=0.1)

axl = fig.add_subplot(121, aspect='equal')
axl.scatter(ci[:, @], cl1[:, 1], 1lw=0.5, color="#00CCOO")
axl.scatter(c2[:, 0], c2[:, 1], 1lw=0.5, color="#028E9B")
axl.scatter(c3[:, @], c3[:, 1], lw=0.5, color="#FF7800")
axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

axl.set_xlim(x1, x2)

axl.set_ylim(yl, y2)

axl.text(-9, 8, 'Original')

ax2 = fig.add_subplot(122, aspect='equal')
ax2.scatter(vqcl[:, @], vqcl[:, 1], 1lw=0.5, color="#00CCOO")
ax2.scatter(vqc2[:, 0], vqc2[:, 1], lw=0.5, color="#028E9B")
ax2.scatter(vqc3[:, 0], vqc3[:, 1], lw=0.5, color="#FF7800")
ax2.xaxis.set_visible(False)

ax2.yaxis.set_visible(False)

ax2.set_xlim(x1, x2)

ax2.set_ylim(yl, y2)

ax2.text(-9, 8, 'VQ identified')

fig.savefig('scipy 351 _exl.pdf', bbox_inches="'tight")

YA Jto

import numpy as np

from scipy.spatial.distance import pdist, squareform
import scipy.cluster.hierarchy as hy

import matplotlib.pyplot as plt

# Creating a cluster of clusters function
def clusters(number=20, cnumber=5, csize=10):
# Note that the way the clusters are positioned is Gaussian randomness.
rnum = np.random.rand(cnumber, 2)
rn = rnum[:, @] * number
rn = rn.astype(int)
rn[np.where(rn < 5)] =5
rn[np.where(rn > number / 2.)] = round(number / 2., @)
ra = rnum[:, 1] * 2.9
ra[np.where(ra < 1.5)] = 1.5

cls = np.random.randn(number, 3) * csize
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# Random multipliers for central point of cluster
rxyz = np.random.randn(cnumber - 1, 3)
for i in range(cnumber - 1):
tmp = np.random.randn(rn[i + 1], 3)
x = tmp[:, 0] + (rxyz[i, @] * csize)
y = tmp[:, 1] + (rxyz[i, 1] * csize)
z = tmp[:, 2] + (rxyz[i, 2] * csize)
tmp = np.column_stack([x, y, z])
cls = np.vstack([cls, tmp])
return cls

# Generate a cluster of clusters and distance matrix.
cls = clusters()

D = pdist(cls[:, 0:2])

D = squareform(D)

# Compute and plot first dendrogram.

fig = plt.figure(figsize=(8, 8))

axl = fig.add_axes([0.09, 0.1, 0.2, 0.6])

Y1 = hy.linkage(D, method="'complete")

cutoff = 0.3 * np.max(Y1[:, 2])

Z1 = hy.dendrogram(Y1l, orientation='right', color_threshold=cutoff)
axl.xaxis.set_visible(False)

axl.yaxis.set_visible(False)

# Compute and plot second dendrogram.

ax2 = fig.add_axes([0.3, 0.71, 0.6, 0.2])

Y2 = hy.linkage(D, method="'average')

cutoff = 0.3 * np.max(Y2[:, 2])

Z2 = hy.dendrogram(Y2, color_threshold=cutoff)
ax2.xaxis.set _visible(False)
ax2.yaxis.set_visible(False)

# Plot distance matrix.

ax3 = fig.add_axes([0.3, 0.1, 0.6, 0.6])

idx1l = Z1['leaves']

idx2 = Z2['leaves']

D = D[idx1, :]

D = D[:, idx2]

ax3.matshow(D, aspect='auto', origin='lower', cmap=plt.cm.Y1lGnBu)
ax3.xaxis.set_visible(False)

ax3.yaxis.set_visible(False)

# Plot colorbar.
fig.savefig('scipy 352 exl.pdf', bbox="tight")

import numpy as np
import scipy.cluster.hierarchy as hy
import matplotlib.pyplot as plt

# Generate random features and distance matrix.

Y4 Jt
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def clusters(number=20, cnumber=10, csize=10):
# Note, the way the clusters are positioned is gaussian randomness
rnum = np.random.rand(cnumber, 2)
rn = rnum[:, @] * number
rn = rn.astype(int)
rn[np.where(rn < 5)] =5
rn[np.where(rn > number / 2.)] = round(number / 2., 0)

ra = rnum[:, 1] * 2.9
ra[np.where(ra < 1.5)] = 1.5

cls = np.random.randn(number, 3) * csize

# Random multipliers for central point of cluster
rxyz = np.random.randn(cnumber - 1, 3)
for i in range(cnumber - 1):
tmp = np.random.randn(rn[i + 1], 3)
x = tmp[:, @] + (rxyz[i, @] * csize)
y = tmp[:, 1] + (rxyz[i, 1] * csize)
z = tmp[:, 2] + (rxyz[i, 2] * csize)
tmp = np.column_stack([x, y, z])
cls = np.vstack([cls, tmp])
return cls

# Here we define a function to collect the coordinates of
# each point of the different clusters.
def group(data, index):
number = np.unique(index)
groups = []
for i in number:
groups.append(datal[index == 1i])

return groups

# Creating a cluster of clusters
cls = clusters()

# Calculating the linkage matrix
Y = hy.linkage(cls[:, 0:2], method='complete")

Here we use the fcluster function to pull out a

collection of flat clusters from the hierarchical

data structure. Note that we are using the same

cutoff value as in the previous example for the dendrogram
using the 'complete' method.

cutoff = 0.3 * np.max(Y[:, 2])

index = hy.fcluster(Y, cutoff, 'distance')

HOoH B HH

# Using the group function, we group points into their
# respective clusters.
groups = group(cls, index)

# Plotting clusters

fig = plt.figure(figsize=(6, 6))

ax = fig.add_subplot(111)

colors = ['r', 'c', 'b', 'g', 'orange', 'k', 'y', 'gray']
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for i, g in enumerate(groups):
i = np.mod(i, len(colors))
ax.scatter(g[:, @], g[:, 1], c=colors[i], edgecolor="none', s=50)
ax.xaxis.set_visible(False)
ax.yaxis.set_visible(False)

fig.savefig('scipy_ 352 ex2.pdf', bbox="tight")

import numpy as np
from scipy.misc import imread, imsave
from glob import glob

# Getting the list of files in the directory
files = glob('space/*.JPG")

# Opening up the first image for loop
iml = imread(files[@]).astype(np.float32)

# Starting loop and continue co-adding new images
for i in range(1, len(files)):

print(i)

iml += imread(files[i]).astype(np.float32)

# Saving img
imsave('scipy_36_ex1.jpg', iml)

import numpy as np
from scipy.misc import imread, imsave
from glob import glob

# This function allows us to place in the
# brightest pixels per x and y position between
# two images. It is similar to PIL's
# ImageChop.Lighter function.
def chop_lighter(imagel, image2):
sl = np.sum(imagel, axis=2)
s2 = np.sum(image2, axis=2)

index = s1 < s2
imagel[index, 0]
imagel[index, 1]
imagel[index, 2]
return imagel

image2[index, 0]
image2[index, 1]
image2[index, 2]

# Getting the list of files in the directory
files = glob('space/*.JPG")

v Jlo

¥y Jle



v4 Amir.Hossein.Namadchi@Gmail.com

# Opening up the first image for looping
iml = imread(files[@]).astype(np.float32)
im2 = np.copy(iml)

# Starting loop

for i in range(1, len(files)):
print(i)
im = imread(files[i]).astype(np.float32)
# Same before
iml += im
# im2 image shows star trails better
im2 = chop_lighter(im2, im)

# Saving image with slight tweaking on the combination

# of the two images to show star trails with the

# co-added image.

imsave('scipy 36_ex2.jpg', iml / iml.max() + im2 / im2.max() * 0.2)

Y Jle

import numpy as np

from scipy.sparse.linalg import eigsh
from scipy.linalg import eigh

import scipy.sparse

import time

3000
reating a random sparse matrix

N
#
m = scipy.sparse.rand(N, N)

n o n

# Creating an array clone of it
a = m.toarray()

print('The numpy array data size: ' + str(a.nbytes) + ' bytes"')
print('The sparse matrix data size: ' + str(m.data.nbytes) + ' bytes')

# Non-sparse
t0 = time.time()

resl = eigh(a)
dt = str(np.round(time.time() - t@, 3)) + ' seconds’
print('Non-sparse operation takes ' + dt)

# Sparse

t0 = time.time()

res2 = eigsh(m)

dt = str(np.round(time.time() - t@, 3)) + ' seconds’
print('Sparse operation takes ' + dt)

Yy Jto
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import numpy as np

import matplotlib.pyplot as plt
import scipy.ndimage as ndimage
import skimage.filter as skif

# Generating data points with a non-uniform background
X = np.random.uniform(low=0, high=100, size=20).astype(int)
y = np.random.uniform(low=0, high=100, size=20).astype(int)

# Creating image with non-uniform background
func = lambda x, y: x ** 2 4+ y ** 2

grid_x, grid_y = np.mgrid[-1:1:100]j, -2:2:100j]
bkg = func(grid_x, grid_y)

bkg = bkg / np.max(bkg)

# Creating points

clean = np.zeros((100, 100))

clean[(x, y)] += 5

clean = ndimage.gaussian_filter(clean, 3)
clean = clean / np.max(clean)

# Combining both the non-uniform background
# and points

fimg = bkg + clean

fimg = fimg / np.max(fimg)

# Defining minimum neighboring size of objects
block_size = 3

# Adaptive threshold function which returns image

# map of structures that are different relative to

# background

adaptive_cut = skif.threshold_adaptive(fimg, block_size, offset=0)

# Global threshold
global_thresh = skif.threshold_otsu(fimg)
global cut = fimg > global_thresh

# Creating figure to highlight difference between
# adaptive and global threshold methods

fig = plt.figure(figsize=(8, 4))
fig.subplots_adjust(hspace=0.05, wspace=0.05)

axl = fig.add_subplot(131)
ax1l.imshow(fimg)
axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

ax2 = fig.add_subplot(132)
ax2.imshow(global cut)
ax2.xaxis.set_visible(False)
ax2.yaxis.set_visible(False)

ax3 = fig.add_subplot(133)
ax3.imshow(adaptive cut)
ax3.xaxis.set_visible(False)
ax3.yaxis.set_visible(False)
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fig.savefig('scikits_411_ex1.pdf', bbox_inches="tight")

import numpy as np

import scipy.ndimage as ndimage
import skimage.morphology as morph
import matplotlib.pyplot as plt

# Generating data points with a non-uniform background
X = np.random.uniform(low=0, high=200, size=20).astype(int)
y = np.random.uniform(low=0, high=400, size=20).astype(int)

# Creating image with non-uniform background
func = lambda x, y: np.cos(x) + np.sin(y)
grid_x, grid_y = np.mgrid[0:12:200j, 0:24:4007]
bkg = func(grid_x, grid_y)

bkg = bkg / np.max(bkg)

# Creating points

clean = np.zeros((200, 400))

clean[(x, y)] += 5

clean = ndimage.gaussian_filter(clean, 3)
clean = clean / np.max(clean)

# Combining both the non-uniform background
# and points

fimg = bkg + clean

fimg = fimg / np.max(fimg)

# Calculating local maxima
Iml = morph.is_local maximum(fimg)
x1, y1 = np.where(lml.T == True)

# Creating figure to show local maximum detection
# rate success
fig = plt.figure(figsize=(8, 4))

ax = fig.add_subplot(111)
ax.imshow(fimg)

ax.scatter(x1, yl, s=100, facecolor='none', edgecolor="'#009999")

ax.set_xlim(@, 400)
ax.set_ylim(e, 200)
ax.xaxis.set_visible(False)
ax.yaxis.set_visible(False)

fig.savefig('scikits_412 exl1l.pdf', bbox_inches="tight")
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import numpy as np

import pyfits

import skimage.morphology as morph
import skimage.exposure as skie
import matplotlib.pyplot as plt

# Loading astronomy image from an infrared space telescope
img = pyfits.getdata('stellar cluster.fits')[500:1500, 500:1500]

# Prep file scikit-image environment and plotting

limg = np.arcsinh(img)

limg = limg / limg.max()

low = np.percentile(limg, 0.25)

high = np.percentile(limg, 99.5)

opt_img = skie.exposure.rescale_intensity(limg, in_range=(low, high))

# Calculating local maxima and filtering out noise
Im = morph.is_local_maximum(limg)

x1, yl = np.where(1lm.T == True)

v = limg[(y1, x1)]

lim = 0.5

X2, y2 = x1[v > 1lim], yi[v > lim]

# Creating figure to show local maximum detection
# rate success

fig = plt.figure(figsize=(8, 4))
fig.subplots_adjust(hspace=0.05, wspace=0.05)

axl = fig.add_subplot(121)
ax1l.imshow(opt_img)
axl.set_x1im(@, img.shape[1])
axl.set_ylim(@, img.shape[0])
axl.xaxis.set_visible(False)
axl.yaxis.set_visible(False)

ax2 = fig.add_subplot(122)

ax2.imshow(opt_img)

ax2.scatter(x2, y2, s=80, facecolor='none', edgecolor="#FF7400")
ax2.set_x1im(@, img.shape[1])

ax2.set_ylim(@, img.shape[0@])

ax2.xaxis.set _visible(False)

ax2.yaxis.set_visible(False)

fig.savefig('scikits_412_ex2.pdf', bbox_inches="tight")

Y5 Jo

import numpy as np

from sklearn import linear_model

from sklearn.datasets.samples_generator import make_regression
import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

# Generating synthetic data for training and testing
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X, y = make_regression(n_samples=100, n_features=2, n_informative=1,
random_state=0, noise=50)

# X and y are values for 3D space. We first need to train

# the machine, so we split X and y into X_train, X_test,

# y_train, and y_test. The *_train data will be given to the
# model to train it.

X_train, X_test = X[:80], X[-20:]

y_train, y_test = y[:80], y[-20:]

# Creating instance of model
regr = linear_model.LinearRegression()

# Training the model
regr.fit(X_train, y train)

# Printing the coefficients
print(regr.coef )
# [-10.25691752 90.5463984 |

# Predicting y-value based on training
X1 = np.array([1.2, 4])
print(regr.predict(X1))

# 350.860363861

With the *_test data we can see how the result matches
the data the model was trained with.

It should be a good match as the *_train and *_test
data come from the same sample. Output: 1 is perfect
prediction and anything lower is worse.
print(regr.score(X_test, y test))

H H H H

fig = plt.figure(figsize=(8, 5))
ax = fig.add_subplot(111, projection='3d")

# Data
ax.scatter(X_train[:, @], X_train[:, 1], y_train, facecolor='#00CC00")
ax.scatter(X_test[:, 0], X test[:, 1], y_test, facecolor='#FF7800")

# Function with coefficient variables
coef = regr.coef_
line = lambda x1, x2: coef[@] * x1 + coef[1l] * x2

grid_x1, grid x2 = np.mgrid[-2:2:10j, -2:2:107]

ax.plot_surface(grid_x1, grid_x2, line(grid_x1, grid_x2),
alpha=0.1, color='k")

ax.xaxis.set_visible(False)

ax.yaxis.set_visible(False)

ax.zaxis.set_visible(False)

fig.savefig('scikits_421 ex1l.pdf', bbox='tight"')
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import numpy as np
from sklearn.cluster import DBSCAN
import matplotlib.pyplot as plt

# Creating data
cl = np.random.randn(100, 2) + 5
c2 = np.random.randn(50, 2)

# Creating a uniformly distributed background

ul = np.random.uniform(low=-10, high=10, size=100)
u2 = np.random.uniform(low=-10, high=10, size=100)
c3 = np.column_stack([ul, u2])

# Pooling all the data into one 150 x 2 array
data = np.vstack([cl, c2, c3])

# Calculating the cluster with DBSCAN function.
# db.labels_ is an array with identifiers to the
# different clusters in the data.

db = DBSCAN(eps=0.95, min_samples=10).fit(data)
labels = db.labels_

# Retrieving coordinates for points in each

# identified core. There are two clusters

# denoted as © and 1 and the noise is denoted
# as -1. Here we split the data based on which
# component they belong to.

dbcl = data[labels == 9]

dbc2 = data[labels == 1]

noise = data[labels == -1]

# Setting up plot details
x1l, x2 = -12, 12
yl, y2 = -12, 12

fig = plt.figure()
fig.subplots_adjust(hspace=0.1, wspace=0.1)

axl = fig.add_subplot(121, aspect='equal')
axl.scatter(ci[:, 0], c1[:, 1], 1lw=0.5, color='#00CCO0")
axl.scatter(c2[:, 0], c2[:, 1], 1lw=0.5, color="#028E9B")
axl.scatter(c3[:, 0], c3[:, 1], 1lw=0.5, color="#FF7800")
axl.xaxis.set visible(False)
axl.yaxis.set_visible(False)

axl.set_xlim(x1, x2)

axl.set_ylim(yl, y2)

axl.text(-11, 10, 'Original')

ax2 = fig.add_subplot(122, aspect="equal')

ax2.scatter(dbcl[:, @], dbcl[:, 1], lw=0.5, color="#00CCOO")
ax2.
.scatter(noise[:, @], noise[:, 1], lw=0.5, color="#FF7800")
.Xaxis.set_visible(False)

ax2.

ax2
ax2

ax2

scatter(dbc2[:, 0], dbc2[:, 1], 1lw=0.5, color="#028E9B")

yaxis.set_visible(False)

.set_xlim(x1, x2)
ax2.

set_ylim(yl, y2)
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ax2.text(-11, 10, 'DBSCAN identified')

fig.savefig('scikits_422_ex1l.pdf', bbox_inches="tight")
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