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. Section2 numpy

localhost:Z858/noteboaistutors tior2 il - cioy nandas

Section 2 - numpy, scipy, and pandas

Jonathan Woodring Los Alamas National Laboratory

modules k

o numMPy: provides fast matrx and array operatons

» SCpy: a set of specific analysis tools

« panaas: atabular data model for numpy arrays
data input/output in this section

« SQite3: to and from SQLite data
« NUMpPy: to and from binary data

import numpy as np

# LNg SLdNgard name Tor rampy L35 TR
mport numpy

2 e

# from numpy 1mpart

o - 1 :-I‘ o F o
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* T utorial J _ SectionZ2 numpy

« c localnost imotan PLEOrIE S AT . : o : - o=

HivwIwIea

« uUMEy - provides fase matrix and arrav aperabons
o« SCPYy B ¥eLol specnc anays:s toors
« panuay o labular data mooael lor numpy arrays

data input/output in this section

o pgite . tn and from SQutes data
« numpy 0 and from binary data

In| |: ™apert numpy as np

| import numvk

P ’

comparing numpy arrays to Python
lists
-«-wnﬁ &  Macnine Vigw Oovices Heo pyvis64 (Linked Base for pyvis64 and pyvisb4-cooy) B 8 928




w ¥ tutorial/ _ Section2 numpy

« &, localhost. 8888/notebookerurarial/saction: mpy sciov pandas ipynb # 'y

=il ' nsert : | python 2 Q
In L1): 1ImperT numpy as np 2

g rhe stanaard name for numpy 15 no

import numpy

2

$ from NumDy imc

#F Oy i -

- 4 B et

'pylab inline -=no-import-all [
Populating the interactive namespace from numpy and matplotlib

comparing numpy arrays to Python
lists

In [ ]: import time

range(0, 1000000)
range{0, 1000000)

a D> n

=T Mna n'_'-"'.= ', :.",,.. i '_J" g T=1 "‘-"'I'..n‘ T = e
Cl = [0] * 1000000
= s ‘ T = A " _..!'_.'_.,; 0 C W verto

start = time.time() 5
« Work 5 Machine  View  DOevices  Hep pyvisé4 (Linked Base for pyvis64 and pyviséd-cooy) =il 8 927
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e S e _1.-__...__..

o C |Y localhost:8888/notebookstutarial/Section?2 numpy scipy pandas ipynb# e =

=dil y n<set o K e i f |F.-:"I'." i O
WPULGLH““ LIS LINLSTIOULLYC T1IGWCOPaLT 11 Uil 1Ny aiid imgaipLlvil Lik

comparing numpy arrays to Python
lists

In [ i: import time
- § .--!- ni | H III.'-.1 [ ]
A = range(0, 1000000)
B8 = range(0, 1000000)
i oy _' o '1 v _'|"' __.,.___ :" :.I'H':I = e '. ._‘._.:_‘__._.....
= [0] * 1000000
8 lots Lime T A + 8 (s0ding THO vectors
start = time.Cime()
for 1 in range(0, len(A));| I
Cl{1] = A[1] + B[i]
list _time = time.time() - start
print adone in Af seconds’ . list_time

In[ ): #C=A+ E, with numpy arrays
# Initializz ] E m Che (1S
A= nurrp',r ar‘ray{al numpy , inte4)
o TP R P Tt T L

<« Work ﬁ" Maching View Dm Helg pyvis64 (Linked Base for pyvis64 and pyviséd-cooy) =il 3 9127 |




L G | locathost.3888/n0

In [3]:

1 gl A -

# SIS Tima ( =A +8 (&adIng Twe VactTors
start = time.time()
for 1 in range(0, len(A)):
Cl(i] = A[1] + B[1i]
list_time = time.time() - start

print 'done in %f seconds' % list_time
done in 0.257647 seconds

£ C=4 +~8, Lﬁ!ru'Hmwnr-ir"ir*

# initializing A and R from the [isrs
A = numpy.array(A, numpy.ints4)
B = numpy.array(B, numpy.int&4)

# lets time € = A + 8, agaln
start = time,time()

Ca=A+8B

array time = time.time() - start

print 'done in %f saconds’' “. array_time
done in 0.002438 seconds

#f how much faster s numpy
print 'C = A + B with lists:', list time

Pyl Hor

Fy O




Fie Edil

T=1re Ingart ol ﬂ..arl'u'.l l-hlu' F-r‘]l;'f' d G

B = numpy.array(B, numpy.int&4) -

# lets time £ = A + §, again
start = time.time()

Ca=A+B
array_time = time.time() - start

print 'done 1in %f seconas’ . array time
done in 0.002438 seconds

k3

« Work S Machine  View  Oovicos  Mew Pyvis64 (Linked Base for pyvisé4 and pyviséd-cooy) =il aﬁ

¢ how much faster (s numpy
print 'C = A + B witn lists:', list_time
print 'C = A + B with numpy:', array_time

print 'speedup: ' + str(list_time / array_time) + times faster’
# just to show they are =Qual

print 'does ClL == Ca?', numpy.all(Cl == Ca)

« Numpy Is fast
1. Uses machine native code, rather than intepreted
2. Data elements are typed. rather than PyObjects
3. Vectorization (SIMD)
« Multi-dimensional indexing is more natural: (1.1 vs. [1[}]
- Operations over collections (vectors/arrays) like R and Matiab (Implicit
vectorization):
* There's a reason we use Matlab. Fortran, R and Numpy for numerical




- : — - : _ ey Section2_rumpy
* c ]Qcalhnst . sinrin -r eipgl] e [ a I ' n ™ - il " - E

| , | " | -
anr f 1 & K w1 m Py | i irra?.—um )
print ‘spesdup: « str(list_time / array_time) ¢ rtumes fasta

H | wa I s 3 il &

print ‘Joes UL = 377, numpy,.dLLICL = Ca)

C= A+ 8with lists: 0.25/647037506
L= A+ B with humpy: 0.00243306838984
spesdup: 105.676706435 Limes faster
does CL = Ca? True

-

Numpy s fasre
1. Uses machine native code . rather than intepreted
4 Duta elements are typed. rather than PyOQbjects
3. Vectorization (SIMD)
« Muit-dimensional Indexing s mor= matural. (1)1 vs. [0]
« Operatons over collections (vectors/arrays) ke R and Matiab (implicte
vectonzation):
o There's a reason we Use Matlab, Fortran, R and Numpy tor numerical
camputing
« Cnnical mass from e community
s It's the non-standard “standard” llbrary for all things numencal

A simple heat transfer simulation

«Werd #  Macine View  Devoos  tew pyvisB4 (Linked Base lor pyvisB4 and pyvisGe-cogy) ﬂ 5 1 aualﬁ
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-

« C " localhost InatanoaksTuroralksacte | - — . o=

il - i - i [ait Neit sbnok 1aved [

A simple heat transfer simulation

L '.-v-._"""."'lt [ l'II-Lr'.I .1"'1 “!TE.'

III”L ;"-*‘d--'l-:-] A - g Wy
Aat Srce TATDIMTEL) .,
plt-Tigura(,

plY. ImErOwWL T ray)
pLT.AnT, Sy

plr.relargars)
pLL. 1 0ul)

- J j
Ny TRt A)

In ' 5 fTey aAmum
rl itararela ghepe
g2d4lp 1




¢« — C | locahost
plt.figure() i
plt.1imshow(array
plt.set cmap |
plt.colorbar
plt. show
show_temp(A
\ ), 20] B M5
[ 1t
n [
1 =

| « Work & Maching Vigw Cevices Hek pyvis64 (Linked Base for pyvis64 and pyvis64-cooy) = 38 9:25



In [6): # our lirrle simularion
def iterare(A, steps):
scale = .5 f 4.0

F LTSrale
T

for L in ranqetﬁ steps].

# shifts gy on

left = nun’py rull{ﬁ -1,
right = numpy.roll(A, 1,
up = numpy.rall(A, 1, 1)
down = numpy,.roll(A, -1,

F | e T or red] matn
e =

P |

delta = left « right « up ¢+ down - 4 * A

e U B & 'l iy i *
& DOaCe & will gN/ R

A = delta * scale + A

return A

Inl J: # run it
A = iterate(A, 200)

# show where we ended

shnu _temp(A)

< Work S  Machine  View  Dewces  Hop Pyvis64 (Linked Base for pyviséd and pyviséd-cooy) =il & 2:30 |
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« € ) localhost 865E/notebaasuTonalrsacnon mumi oY pands o w - =

A= lteratelA, X0) b

. T ——
F 5K (gl g geeyien

show_tamp(A)

In[ |: print A[20, 20) # s-alers
print A{ZC, =] = Al21, 21]
prant numpy.mean(A) & resucioons
print numpy.sum(A - 95 = A)
print A*A & slssenr oles myiripl

print A.dot(A) » marrix mulrigly (mopy. ST

Reading and Writing Binary Data

[n [ I ¥ e=nrra Fhe ¢Tara) ...i.-“.h-...... 1= a FE" [ PAry 1 Vs

A rnFATal ' a1 )

[« Worh # Macmne  View  Dewees  tep Mmhuwmm = ﬁ 9730 |
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tutorial/

e Work

oy localhost

e

retfurn A

(20, 20]
r:.‘-*wlw‘:

-

Helo

L

sectiond numpy

L0900

pyvisS4 (Linked Base lor pyvis64 and pyvis64-cooy)
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&




. Home 3 Section2 numpy

| 5 localhost - A -

0 5 0 15 0 &5 X X

In [ ]: print A[20, 20] ¢

]
print A[20, 20) = A[21, 21]

print numpy.mean(A) & reauct

print numpy.sum(A - .95 * A)
print A*A = ' vl
print A.dot(A) # tri LL14 mpy. JoC (A, A

Reading and Writing Binary Data

In it J:
LLofile('a . bin')

™

¥ -— - “ ™ e

B = numpy.zeros( (40, 40}, numpy.float32)
show_temp(B)

-

e Work & Machine  View Dewvces  Hep pyvis64 (Linked Base for pyviséd and pyvis64-cooy) =i 23 931




= Section2_rnumpy

4 -+ C locahostE853BInotepooks/ruranalSaections numpy S

ANCOAS ||
= At b Py i i el ] biben |
I &F YO LO0 JL s 1O LL L OJILIILD w4y 2. 03 JI50L
6
31.54674721]
[ 46.08278656 S2.93860245 76.8356781 ..., 128.51898193
52.93860626]
[ 27.444867163 31.04674721 45.85025513 ..., 76,.8356781
<
31.54674721 |
| 18.84751756 21.676055S1 31.54674721 ..., S2.53860626
31.54674721 21.67605551]]
[[ 173429.734375 185506.84375 222377.28125 ..., 28588B8.3125
222377 .28125 18S506.8437S ]
[ 185506.875 198424.984375 2Z37862.953125 ..., 305796.815
Z37862.96875 198424,584375]
| 222377.265625 237862.9375 2B5135.625 veey J06975.9375
285139.65625 237862.5687S |
“wep
{ 285888.3125 305796.8125 ¥B6575.9375 ..., 971270.875
3H6575.9375  305796.8125 |
[ 222377.265625 Z37862.937% J85139. 65 .--s 3BB575.9375
2B85139.65625 2 Z37862.96875 |
[ 185506.875 198424.984375 2Z3/862.953125 ..., 305/96.815

237862.56875  198424,584373] ]

Reading and Writing Binary Data

— e -

« Work S  Machne  View  Dewces e PywisS4 (Linked Base for pyvis64 and pyvisbd-cooy) =il g s31 |

Py ttiam 2

= CIILTLS

76.8356781

45.8552627

)




* 7~ butoriall

- SectionZ2 rumpy

C |5 localhost BE88/notebos
s e 4'.

B =
show_temp(B)

show = ICT

- e - ]

. eac A back, have

! DO 110 —~cf

b 11N

= e

"o

-

# o also have [C
ar hesy 5 wi

numpy .reshape(B,

Wl 568

show _temp(B)

"~ "w e

-

_—

b owrdd L

nunpy Zeros( (40, 40), nurrm; ﬂuatazl

rechane i1

§ -
Fip= .
. ;|

(40, 40))

9N

.r "

Wt roer

nurrpy frumf.Lle( A LJ.‘:1 ‘ nuﬁpy float32)

[he same shope 4 ',l
Ty )

v
Aa)

010
008
006
004
co2
000
-0 02
=0 04
-0 06
-0.08
-0.10

mmmummm @l 8 932 |




. SectionZ numpy =

Inl )¢ = Chough LI we use numby's binas

F W= Ik ! ot )Y

A%

1
.y

a a2 il 3 ¥
numpy.savel A.npy ', A)
C = numpy.load( A.npy ')

priot numpy.all((A = B) & (A = C))
show_tamp(C)
v i ey 5T BN a11 P . I

import struct

f = gpenl'Abin', 'r')

# -y LT - B r " s

print srructr.unpack( #Ffv', f . read(15))

- - - g

<« work & m- W Oevces Hew pyvisS4 (Linked Base lor pyvisS4 and gyvisS4-cooy) £ | u ;;33??\



Home * tutorial/ Section2 numpy

| € i localhost =
! 3 LR = | ) - 1 2 -
In (10] = use t
numpy.savel ‘A.npy’', A)
C = numpy.Lload( 'A.: )
T
& -
print numpy.all((A = B) & (A == ())
'.Ehl:"ﬂ_t e ( '_.:
True
2800
2000
160
200
200 -

« Work & Machine View Qevices Heip pyvis64 (Linked Base for pyvis64 and pyvis64-cooy) 2 22




= Section2_numpy - x

2 numpy scipy pandas.ipynb# S

. 4

e Edil e Ingert Cail Kernel Heip | Pvthon2 O

In [11]: @ struct is *r'-e way To read binary 1f vou want
# more control over reading the binary data
# say for instante, reading binary headers
import struct

f = open('A.bin', 'r')

# reag 16 bytas ang unpack them into 4 floars
print struct.unpack( ffff',6 f.read(16)) E

f.close()

(4.047885417938232, 4.341418743133545, 5.238766193389893, €.788B429737091064
5)

Indices and Slices

Inl ]: # clear it for now

= numpy.zeros( (40, 40), numpy.float32)
# ":" means all indices in rthar dimension
# row, column indexing
A[10,:] = 10000.0

¢m3 “ u- n-_ Hep Mﬂ.ﬂuhhmmm ﬂg_mli




Indices and Slices

¢ mumew.Zersel (A, 1. numpy. TioeT3)

-

’ ey M reiiel L Teoar mieeedl
- =7, e L W ]

Al )= OOV .4

sime TaTELA)

£ awrray ov ¢ alioe
Y RIT . N ) NOE B -
TR R . o

Al S, eeamg2] » Aftm iamn 2] ™ L.

siom_tompiA)

$ rugmt wy -
& ripgr 7];' . . £ I.
AltRr .ol A2 " 1 8

Abmw remp(A)



Machune

" tutonrial x ' sectiond mumpy «

A NUMDY .Zeros| . ), numpy.float32)
= | = 1
show temp(A
%)
i)
=
il
—
=y

.-.I-u. - - - = -

View Cevices Help pyvisfd (Linked Base lor pyvis64 and pyvis64-cooy) B g 9:33



- Section2 numpy

L -

g2 Thae

show_temp(A)

In [ }: # transpose

show_temp(A)

Selections

A = numpy.load( 'A.npv')
show temp(A)

#F 3na get rHhe mean
mean_v = numpy.mean(A)
print 'mean:’', mean_v

<« Work s  Machine View Uevices Heip

In I l : i ”'ngr'{-'rl wilil . .l'_l f '-'-.:'.:‘..--.-1:‘: Ir
-.I'.;-.\-ll:.-' L iy ! lS 51

A[15:25,:]1 = A[30,:] * 1.5

r ha . r-.:: - oy
Lt - ad EMI ~

Al:,15:28] = nunpy.transpésém[lﬁ:.zﬁ.:IJ » 1.5

b = i T =
R CRALEALE LNE

" 41 {
g3 ol .‘.ﬂHA ¢

o R ——
£ LA LA

In[ ]: # let's load our saved data

pyvis64 (Linked Base for pyvis€4 and pyvis64-cooy)

sl 8 935 |




F O

o x tutorial/ u aectiong mumpy

AT

.

AlLs,iads s = numpy.transposelAl Ty

Machine view Cewices Help pyvisfd (Linked Base for pyvisG4 and pyvis64-cooy) 2l




~ Section2 numpy - x

¢ < C |] locahost:8888/notebookstutorial/Section2 numpy_scipy_pandas.ipynb# W=
=
File Edit e Insert Call Kernel HHelp l Python 2 Q
Ed

Selections

In[ ]: # ier's load our saved dara
A = numpy.load('A.npy’)

show_temp(A)

# ang get the mean
mean v = numpy.mean(A)
print 'mean:’, mean_v L3 E

# .5 * mean(A) < A < mean(A)
B=(A<mean_v) & (A > .5 * mean_v)

this 15 a boolean array where

each element 1s True or False Daseg
on [he contiilon

show_temp(B)

LU

In [ ]: # negate A wnere B 1s true
#l.e.,8=(A<mean vl & (A>.5" mean_y)
A[B] = -AlBI]

# we coulo have also out the axpression -

< Work &  Machine  View  Oevces Mo pywis84 (Linked Base for pyvis64 and pyvisGd-cooy) =l g 9.6




- & 14
! v gy
' Home = torak n SeClionsd MNuUMmpy

¢ - localhost

8= (A <mean_v) & (A = mean_v)
show_temp(B
|

|-- ark S Machine Viow Oevices Hep pywisé4 (Linkeg Base for pyvis64 ana pyvisé4-cooy) B 38 9:37 ]
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¢ - C [} locahost:8888/notebookstutorial/Section2 numpy scipy_pandas.ipynb# W=
File Edut View Insert Cell Kernel Help | Python 2 ©
r 9 > N o & o N » -

In[ ): # negate A wnere 8 15 True
#Le, B8=(A<meany) & (A > .5 * oean_v)
Al2] = -A[B]

& we (0Ulg have also put ThHe sxpression
# 10 The brackets, 1.6.,
#4=4A[(A<meanv) & (4>.5 " peanv)]

show_temo(A)

nl i: ¢ shere is the temp grester than 25867
I = numpy.where{A » 2500.0)

¢ I [s Che Inaices where IT 15 True

# where I{2] are the 15, ana Iil] are the js
print I[0]

print I[:]

print I[C][0], I[1]fC] # £ 5,7 8

# we Ccan molfy A wilh the rrigex array
AlIl = 0.0

# this 1s eguivalent: A[T(8], Ill]] = 6.8

show _temp(A)




- Section2 numpy

In [19]:

¥ wherea 15 The Tamp grearter Than 25067

I = numpy.where(A > 2500.0) 1

- 4 i l5 Che LIdLCES wf = L 1 L€

£ where I[@] are the 1s, and II1] are the J]s
print I[Fl

print I[!]

print I[0][0], I[1][0] # { 6,7 @&

# we can modify A with the index array

A[1] = 0.0

=

" T, 1t e e | |
CIlS 1S5 EQULValant: ALLIOo), Ll4

show_temp(A)

[16 16 1616 16 17 17 17 1717 1717 1818 18 18 18 18 18 18 18 19 19 19 19
19 19 19 19 19 20 20 20 20 20 20 20 20 20 21 21 21 21 21 21 21 21 21 22 22
2NN N2 202323232323 2323 2424 24 24 24]

(18 19 2021 22 17 1819 20 21 22 23 16 17 18 19 20 21 22 23 24 16 17 18 19
2021 2223241617 1819 2021 22 2324 1617 18 19 20 21 22 23 24 16 17
18 19 20 21 22 23 24 17 18 19 20 21 22 23 18 19 20 21 22]

16 18

< Work ‘gP Machine  View  DOewices  Heip puulﬂd{UnhuﬁEhllur;uminilnﬂ:quhidﬂxnya sl 28 937




¥ g

ALI[O], I[1] + 10]

ALI[O]. I[1] - 10] = A(D] 1
ACTIO] + 10, T[1]] = A(I]
A[I[O) - 10, TI1]1] = A1)

show_temp(A)

Followup numpy resources

o -
| F "

- ...'._"IL; it

« LUnear algebra

« Most mathematical functions

+ Simple statstics and analysis functions

« Reductions and scans (any, all, sum. prod. etc.)

« Advanced ingexing, selection, and set cperations

« Masked arrays

« Interfacing with C/Cython

Creating vour own vectonzed functons and reductions

< Work S  Macnine View Uevices reg pyvisé4 (Linked Base for pyvisS4 and pyvis64-cogy)

s 38 sas



Home x ¥ _ tutorial/ Section2 numpy

K & localhost Lk CUIL L

In [20): # since [ are Indices e Ca T the T
A[I[0], I[1] + 10] = A[l
A(I[0], I[1] - 10] = A[I]
ALI[Q] + 10, LI[1]l] = AlI] 1
A(I[C) - 10, I[1l]] = AlI]
show temp(A)
a ] 2400
5 { 2000
- 1600
= 1200

30

=40

« Work &  Machine View Uevices Help pyvis64 (Linked Base for pyvis64 and pyvis64-cooy) s 2 9:38



< Wort Machine View Uevicos Hop

x 1 tutorial - Section2 rumpy

C 1) localinost:8688/notebacks/tutorial’Sectior

= - .

0 S 0 15§ 8 5 ¥ B

Followup numpy resources

ik LifY pd gt |

e e e Dl Lol oo .

o LNEar aigedra

« Moet marnemabceal functions

« Simple srabsbrs ana analyds funcoons

« Reduchons and scans iany, all surm, prod, otc

« Advanced ndowng. séiecton. andg set operations

« Masked arrays

« Intadacnag wirh C/Cvthon

« Creatind your own vecthnzed ALncrions and reductans
« Many ather fegtuies check autthe

Reading SQLite Data

r . ’ S . . =t TP d X ol es . —

il - - J i o & i

import sqiites

pyvis64 (Linked Base lor pyvis64 ang pyvisd-cooy) = 2 938 !
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In [21]:

In [ ]:

1-“-;3 Maching  View  Dewvices Hm Mﬁ“hhmmw ﬂag;

Reading SQLite Data

# for next section, we'll need some sglire this rime around

import sqlite3

# gel o gatawase comection angd a ‘cursor”
conn = sqlite3d.connect( 'COOG.sglited')
cursor = conn.cursor

g NOw we CAan exeryure SQL on the Jgarapass
cursor.execute{ SELECT name] sal FROM sqlite master WHERE type="tabls*')

¥ ang get Jdata Mmap he Cursar

i = cursor.next()

print i[0)

print 1[1] m

GOOG
CREATE TABLE GOOG (adj_close real, close real, date datetime, high real, lo
w real, open real, volume integer)

¢ 3 useful module 15 sqlalchemy for interacting with many
# databases, but here ! am just going to use raw SOL code
cursor.executel 'SELECT date, close - gpen FROM GOOC WHERE close > gpen * 1.C

& Che cursor 1s ;.:'-"I:;:
& gates whera Google closed 7% hiagner ang bv how much




Sccttunz _numpy - x

& - C [3locahost 5858/notehooks/rurarial/Saction2 num Py SCipy nandas ipynp# €2

S

i

File Edit ity Insert Cell Karne| Help | Pvthon 2 Q

In [22]: # o useful movule 1s sglalchamy for Lnteracting with many
# gstabases, DUl here I am just going (o use raw SQL code
cursor.execute{ 'SELECT dates, close - open FROM GOOG WHERE close = open * 1.C

# the cursor is ireraple
# cdares where Google closed ™ higher and by how much
for 1 in cursor:
print 1
— I
(U'2004-08-20 00:00:00', 7.299999999999997)
(u'2004-11-11 00:00:00', 13.890000000000015)

(u'2008-10-13 00:00:00', 25.22999999999596)
(u'2008-10-28 00:00:00', 29.69999959999595)

In[ ]l: # a nelper funcrion to convert SOL data To numpy arrays l
def query(cursor, command, dtype):
cursor.execute({command)
return numpy.array{(1[0] fer L in cursor], dtype)

X = query(cursor, 'SELECT date FROM GOOG', numpy.datetimesd)
Y = query(cursor, 'SELECT close SROM GOOG', numpy.float32)

# plot the gata
plt.figure()
plt.xlabel( 'date’)




C

~ Section2_numpy

1 localhost: 8888/notebookstutorial/Sectiond numpy scipy |

=0t J | nsart " (_.l"irf'|‘_’|. q--u--.-F__'

# plot the gata
plt.figure()

plt.xlabel( 'date’')
plt.ylabel('close’)
plt.plot(Xx, Y)
plt.title('Coogle close')
plt.show()

Google ciose

ARRREEEE

05 L10 115 120 125 130 L35 140
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Polynomial Fit

# L5 Fil Uhe (ROgeEe Stock Lo @ curve

Amport scipy.optimize a4s optimize

& ConvertT dates IO intégers for sase

X = numpy.array(x, numpy,intsd)

¢ i Tineas mooer

P SCLipy. QOTIMIZE usSes LMCroepection to figure

F Ut Lthe mawer of suoel parameters
def poly(x, a, b):
returm a « b*x

# I & [84ST Sqares *ir
ab, cov = optimize.curve fitipoly, X, Y)

¢ & are the mode! paramsters, and cov is
print ‘'model parameters: ', ab
print 'Coverlance malrix:\n', cov

& (2 PLUC (e Curve, e g (D Oeals
# 3 Tixeg Tunclion Irom our Garameters

import functools

COVAariaiceE Malrix

Z |Pvttion 2 ©
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C | localhost:8888/noreboe kstutorial/Section2 numpy scipy pandas. lpynb# bk,

Edit View Cell Kernel Help | Python 2 ©

{17! |

130 138 140

N[ l: # a® can oven & CuDIs "“"f
# TuUST 300 BOre DAraRSTErS yaur sooel curve
def poly(x, a, b, c, d):
el a¢sd s ec*y*yoago*yeox*x

2 g0 the optimization ang ‘freezing” the functien
ab, cov = gptimize.curve fitipoly, X, Y)
fixed = functools.partial{poly, a=abl(0], b=abll], c=ab[2], d=abl3])

¢ plar averyrhing

plt.figure()

pit.plotix, Y)

pit.plotix, fixed(Xx))

plt.xlabell gate )

plt.ylabell 'clase')

plt.legendl| Fit", 'erigiral’l)

plt.title( 'cubitc tir to Soogle close data’)
plt.show!)
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€« C |9 localhost.BEE8/notanoaksitutoriaiSection2 numpy scipy pandas o
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ST FIL S -
plt.plotiX, Y)

pir.plotiX, fixed(X))

plt.xlaball 13?4 )

Plt ‘lﬂbﬁlt !"f'j

plt.légenal| 'f wiginal'})
plt.titlel’ ' cobic flx t2 Toogle (lase daty
plt.show()

culnc 11t to Google close data
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Power Spectrum
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< NUMPY SCipy pandas.i

Power Spectrum

Inl 1: # time sanples
delta = numpy.pi / 8
time = numpy.arange(O0, 1€ * numpy.pi, delta)

2 2 made up signal

raw = numpy.sin(time = 2 + numpy.pi) +
numpy.sin(time - numpy.pi = .5) = 2 +.
numpy.sin{time = .29) = 3

& same nalse

nolse = (numpy.random,rand(time.size) - .5)

£ our noisy silpnal

signal = raw + noise 1

plt.figure()
plt.plot(time, raw)
plt.plot(time, signal)
plt.plot(time, noise)
plt.titlel ‘'signal’)
plr.xlabel( 'Time )

imp Machine  View Dewcos  Hep mmhhmmm ﬂ 3_9;.;5
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L(- <+ € '} localhost:8888/notebooks/tutorial/Section2 numpy scipy pandas.ipynb# o=
File £dit View insert Ceil Kernel Help [ Python 2 Q
i " - ¥
plt.legend([ 'raw', ‘signal’', ‘noise’']) =
plt.show()
. :
4l
2F
- I
-2
-3 |
" 10 20 © 40 50
ome
In[ ): # lert's do some Fourier analysis l

from scipy import fftpack

# standard gefinition of power spectrum
power = numpy.abs(fftpack.fftisignal)) *~ 2

# frequencies from sampling spacing

‘pi" e ra -, - M*‘* ¥ o d e - - P, .
i s S——— DO Y~ W SO Rl e ey =R I e ¥, iy 5

g
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Convolution

ka3

In [ ]: # let's smooth the -_'.;gr_a:

from scipy.signal import gaussian

# gaussian kernel of 9 widgth, stodev of 1.5

kernel = qaussianlﬁ. 1.5)

- am i pmmemes Amamem s m=aT b

< Work & Machne  Vew Owwces  Hep  pyvis6d (Linked Base for pyvisé4 and pyvis6d-cooy) ﬂaj
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Inf[ J:

inl]:

« Work s  Machine  View  Oewces  Hep

J i nsert e Karne| Help

frequencies

Convolution

# (&l 5 smoolh the signad
from scipy.signal import gaussian

’ ‘1'!;" -l..'l'i"r -.M' i ar 9 -‘I_T*'-1 ‘5-!'-1{19‘-

"

kernel = qaussiﬂnlg 1.5)
srea = numpy.trapz(kernal)
kernel = kernel / area

g ;IL_E ‘_rti k“_f rllt-'i

plt.figure()
plt.plot(kernel)

plt.title( 'Gaussian kernel ')
plt.show()

- Tas .
r ‘:llr.—l‘l e ] JT: an

from scipy.signal impert convolve

# Dad Ihe signac on oath endas

smooth = numpy.concatenate([signali-4:], signal, signal[:4]])

# Covoive LT

,n-#-.-lb-l-h o dl--l.n--a-'l o A — |ﬁ-qn--q-1

STULONalr >eCction

-

0

;ui-liuju-njh-tt:prulll-nlprullicnqn

I

B B sas
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In [ }J: # cenvolution
from scipy.signal impert convolve

# pad rhe signal on borh enas

smooth = T.my.cuncatenateltstml[#-q:]. signal, signal([:4]])

# comwolve AL
smooth = convolve(smooth, kernel, ‘valld')

# plot rhe agata

plt.figure()

plt.plot(time, smooth)
plt.plot(time, signal)
plt.title( 'signal')

plt.xlabel( ' time')

plt.ylabel( 'amplitude ')
plt.legend([ 'smoothed’, ‘nolsy'])
plt.show() l

In [ ]: # power spectrum again
smooth power = numpy.abs{fftpack.fft(smooth)) ** 2
smooth _power = smooth_power[i]
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) localhost:8888/notebooks/tutorial/Section2 numpy _scipy_pandas.ipynb# i,

= E
View Insert Ceill Kernel Help | Python 2 ©
B

# convolve It
smooth = convolve(smooth, kernel, 'valid')

# plotr the dara

plt.figure()

plt.plot(time, smooth)
plt.plot(time, signal)
plt.title('signal’)
plt.xlabel('time")

plt.ylabel( 'amplitude’')
plt.legend([ 'smoothed', 'noisy'])
plt.show()




- Section2_numpy

| C [} localhost: 8888/notebookstutorial/Section2 numpy scipy pandas. ipynb# =
File Edil = nsert Karnel el Pvthon 2 Q
plt.xlabel!'frequencies’ -

plt.ylabel( power')
plt.yscale('log')

plt.legend([ 'smoothed', ‘original‘])
plt.show()

power spectrum

10°
10* b
10 }
10°
10°
10}
10}
E 107}
10}
10}
w0}
10°}
10}

109 02 04 06 08 10 12 T4

fequencies

Writing data to SQLite

In [ I: # we'll create a new Jdatabase

< Work S Machine  View  Oewces  Hep Pyvis6d (Linked Base for pyvis64 and pyvisé4-cooy) =il 3 47



~ SectionZ2_rnumpy

4= -+ C |9 locaihost8888/norebaakstutonalfSactionZ numpy scipy pandas. ovno# =

Eile el IOl Kermel ST Python 2 O
requanices A

Writing data to SQLite

F - =N e 5 e L3 Hidse=
cann = sqliteld.connect! 'signals.salites’)
cursqr = cann.cursor()

In !

L

T -

¥ s ] ’ . | '._' - 3= __ " B 1-_1_-;1
curmr.nnute_ Lﬂ& = TRAE sig=sl liwe. resl, ras re2dl, smooth redl)’)
§ Ny w rame ri a (0 e [P0
for 1, J, . m -‘Ltt,me sj.qnl-. smuthl-

cursor.execgtel " TNSERT INTO sigrsl wRUEsS fr, 7, ', 1. 1, @)

conn.commit() & “oomir the traTaTIOS

f % R e Oomry 5 EEd
corsnur.execute( SELET Lo FOOM zigne, WERE 40 smooth’ = ')

Inl |

-w

B Cop CLass wrore Tne saneth gnal
A b - —_ i
& pyrmey v The T arna .l s ! d

tor L Is cursor:
prinr {[0]

..mj Machine  View  Oewces  Hep W&Mhhmmm ﬂa 947
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Edit Wisw Insert Cail Carrel Help Fa [Fjalﬂcr' 2 0

for 1 in cursor:
print 110}

6.67568436668
3. 4845100065

LNk T pandas reference

« Provides "data frames." which are similar to R data frames
« Has functionality similar to plyr/dplyr
= |.e., some DSL for SQL-ike queries without SQL
« Provides tabular representarions of your numpy, dict, and list data
» A useful syntax addition on top of numpy for doing complex data slicing and
selection
« Easy input and output to tabular/columnar data formats
« Direct to and from CSV, HDF, SQLite, atc.

In [ 1: # we'll sqlachemy this time arournd
# which can alsQ conneCt (o other datapases I
Import sqlalchemy
engine = sglalchemy.create engine("sqlite:///iris.sqlite3”)

& candas knows how To reac & tabie using sqlachemy




- € Y localhost B858/notenoasTuUroraliSactiond NuMny Sapy pandas oyno =

=it i rreme] " asdj o el mip Pvttinn = O

ImperY pancas -
ANport pangdas 4% 00 # C7UF 40 TUDIC A

Iriz = pandas.read adl _taplel"Jise”, ongine)
prist lris.celumnG

& 358 (5 =
W
&

mﬂ!ln"’i - lh"‘lll".; -'j w2 -d'li:‘

Ingeai v inges , Jd'Ummamed: O', u'Sepalisngt™', .'Sepalwior™ , J'Petallengt
N, c'Petaiwidin', u'ftpecies |, atype='chisen’,

A Vi ST ] '.” | ]
|index b Sepall ength | SepalWidth Pttall.tnqmlpetm Spec
on 1 S 1 15 1.4 C= L&erns
1|1 i =3 3.5 .- 02 setos
2|2 3 a7 39 (3 02 seros
3|2 - 4= 3.3 B 02 seros
3|4 3 56 3A 13 02 Seros
- L
- L | L e il - e ﬂ
et wr=n tristiris, %, ¥
plt. *igerel)
}' 1] .."T Cay | 1§53 a — -~ AT S T W e
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plt.figure() =
# se{ecT two Columhs (3 S&rliss 10 CaNoas par Scs

plr.plot(irisix], irisiy], 'a’)

plt.xlabel(x)

plt.ylabel(y)

show_iris(iris, ‘Sepaliengmn’, 'Petallength')

'

PetallLength
i~
.
.3
’.

o3 ™
3 .
| easciopiest, #
1 Ih‘ e
40 4% S0 £s ) &% 70 TS 80
Sepallengt
ﬁ

In 1: & selectring muitigies coclumns oy 8 list of column names
iris = iris[['Sensilength’', ‘Sepalwiath', "Peraliength , 'Sfersiwictn’, ‘Spec
iris.head()

s
« Work ﬁf’ Machine  View  Dewces  Hep pyd-liuuﬁh-!!Illt:ayﬂiltlnuprdhliiunyl sl 28 951 ]
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& -+ € |]localhost8588/notebooksrutoriaiSaectionZ numpy scipy pandas.ipynb# oy

File =dit

— Section2 numpy

W e Irnsar C il Larnal el ’ ["-”_r”h'ﬂ" <« O

N i, el _ |
40 45 a0 25 &0 a3 10 15 aq

SepaiLengtn

Inl ]:

Inl[ ]:

Inf[ ]

In [ 1:

# selecting multipie colums by a List of column names
iris = iris[['SepalLengtn’', 'Sepalwidth’', ‘PetallLengtn', ‘Peétalwidth', 'Spec
iris.head()

B e CLEL N i St e ’
15 overloaged Lo alse do ingex selection

2 ()
# L.8 , FOow S&lactlion
sel = 1ris(10:51:10]

show iris(sel, '<epallLength’', ‘Petalisnath’)
sel

# with [] vou can also boglean select
sel = iris(iris.Species = 'versicolor’']

show iris{sel, 'SepallLength’, 'PetalLzangth’')
sel. head()

# ang use mulriple colupns In your query
sel = iris[(iris.Species == 'versicolor') & (1iris.PetallLength < 3.%)] I

show iris(sel, 'SepallLength’, ‘Petallength’)
5!1. -
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& = C [} locahost:8888/notehoak situtorial/SectionZ numpy scipy pandas.ipynb# W=
A
File Edit View Insert Cell Kernel Help | Python 2 Q
R s, Sai, : | I
30 45 50 S5 &0 &5 J0 /5 80
Sepailength
In [37]1: # selecting multiple columns by a list of column names
iris = iris(['SepalLength’, 'Sepalwidth', 'PetallLength', 'Petalwidth', 'Spec
iris.head()
T e e T e T e el v
outi37]: : - -
SepalLength  SepalWidth | PetalLength | PetalWidth | Species
0|51 35 1.4 0.2 setosa
1{49 3.0 1.4 0.2 setosa
2147 3.2 1.3 0.2 setosa
3146 3.1 s - 0.2 setosa
4|50 36 14 0.2 seltosa
Inl ): # [] is overloaded to also do index selection
# 1l.e., row selection
sel = 1ris(10:51:10]
show iris(sel, ‘'Sepallength’, 'PatalLength’) !

sel
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C | localhost:8888/notebockstutorial/Section2 numpy scipy pandas.ipynb#
Edit B nsert Kearne| Help
20
15} ¢ o
-
%5 50 55 50 65 70
Sepallength
In [39]: # with [] you gan also boolean select
sel = irisiiris.Species == 'versicolor’|
show_iris(sel, ‘Sepallengrh’', ‘PetalLength’)
sel. head()
out[39]:
SepalLength  SepalWidth | PetalLength | PetalWidth | Species
S50|7.0 3.2 4.7 1.4 versicolor
51|64 3.2 4.5 15 versicolor
52|65 3.1 48 1.5 versicolor
53|55 23 4.0 1.3 versicolor
54|65 2.8 46 15 versicolor

'y

Pvthon 2 Q
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L o C | localhost E668/Noranoaketutorialisactions NuMpy SCipy pandas ovno# ey =
Filg = it FFi ritert =l K e Ty =iy lr.r!'u."f- 2 0
'Iﬂ'ﬂ.’_.l.l’u\ﬂtl, el ETwr e, Lo N, [S M o TR
s2l_head() E
Quzi3sl: SepalLength | SepalWidth | PetalLength PetalWidth | Species
50|70 32 4.7 1.4 versicalor
51|64 32 4.0 15 versicolor
52|65 31 4.9 15 versicolor
53(55 |23 40 13 versicolor
54|65 28 4.6 & versicolor
55,
L
S50} L ]
- -
L] -
: > -e . 1
8 45 . a0 A
= - L L
: 12,
4n L] . &
L] - .
-
< .
L] - - 'ﬂ
.e ,
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[(— C [} localhost:8888/notebocks/tutorial/Section2 numpy scipy pandas.ipynb# N =
File Edit J1ew nsert Kermel Help | Pythen 2 Q
] SIIOW LI IS{SEL, SeUsiLengin , relallengun ) =
sel_head()
Our{39]: SepalLength | SepalWidth  PetalLength | PetalWidth | Species
50|7.0 3.2 4.7 1.4 versicolor
51|64 3.2 45 16 versicolor
52|69 3.1 49 L5 versicelor
53|55 23 4.0 13 versicolor
54|65 2.8 456 1.5 versicolor

3.5
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4 < € 0} localhost B8858/norepoaketutoriaiiSection fumpy SCipy pandas ipyno# ey

-

File =T [} T Iy et i W evrpre| iy F4 [r-,!hm, 2 0

In[ ]: # we ran change any columr T0 be an (noex
iris.index = iris._Spacies
iris.head()

# there 13 aiso multi-dimensional troexirag,
& for N-D indexing, bul we woni'l g0 Into that

In[ J: # rher rhar m2ans you can do indexing by labels
# [abel ingexing in pandas 15 rignr-inclusive
# s.e, different from List/aray slicng
sel = iris['setosa’: virgunica’]

show_iris(sel, 'Sepallength’', 'Petallength’)
sel[::25]

Inl 1: # ro adn more axplicit seleaction, use
v . lor, Jiloc, ana .ix (labals, integers, mixed)

# this selects a columm (a series in pandas parlance)
® L2, catapanel locfrowls), colenis)]
sel = iris.locliris.Petalwidth <« 1.8, 'Petallength’|

plt.figure()

plt.plotisel, 'c’')

plt.ylabel( Perail sngth')
1t.sh -




ne =YV T nitoriall 00 AY " Section2 nrumpy  x
« C | locathost:8588/norebookstutorial/Section2 numpy scipy pandas oyno#
il :_.,I.r e [Takil il | "'i'-*l |f...l_ F--!*I..r ...

fF (BD¥l (Mmaeang 1a Danmes I's —S0fT I lusive
# .. Wrferent frog listrarray wlicing

sel iris[ wetvesa' s wirginica ']

show irisisel, 'Sopsllengin', 'Petslisngth’)
sel::25

ur(42]: SepallLength | SepalWidth | Petallength | PetalWidth | Species
Species
selosa % | 3.5 14 0.2 setosa
setosa S0 35 16 02 serosa
versicolor |7 0 3.2 4.7 14 versicolor
versicolor |5 6 30 4.4 1.4 versicolor
virginica (&85 3.3 5.0 25 virglaica
virginica |72 3.2 6.0 18 virginica

L
& .. .' LI

1. .
: :
_gn L M:.%'J.l.':.:.
s —AJ& L4 R | ST g

L I I -
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L(- =+ C 1 localhost:28888/notebookstutorial/Section2 numpy scipy _pandas.ipynb# w9

File Edit i insert Call Kerne| elp ’ IFj,ft*'u::n 20

In[ ]: # to do more explicit selection, use
# .loc, .ilpe, and .ix (labels, intagers, mixed)

# this selects a colimn (3 Series in pandas parlance)
# 1.e., datapanel. loc[rowl(s), columnis)]
sel = iris.loc[iris.Petalwidth < 1.8, 'Petallength’]

plt.figure() I
plt.plotisel, 'o')

plt.ylabel( 'PetallLength')

plt.show()

Inl ]: # you can also do multiple rows and columns
sel = iris.locl:,[ 'Petallength’, 'SepallLength']]

show iris(sel, 'Perallength’', 'SepalLength’)
sel.head()

In [ ]: #» as you can see, pandas {5 very SQL.- Lika/R-11ike
# and you can even do aggregation
sel = iris.groupby( 'Species’)
sel.aggregate(numpy.mean)

In[ 1: # and do something like
B = (iris.SepallLength » 6.0) & (iris.Sepalwidth < 2.7) l
sel = iris.loc[B,['Species’', 'Petalwidth', ‘PetallLength']]
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L o C [ localhost:86588/notebooksutorial/Section2 numpy scipy pandas.ipynb# o=
File Edit vir=" nsert Kernel Help Pvthon 2 O
gk 2 3 a 5 6 7 -
Petailength
In [45]: # as you can see, pandas Ls very SQL- Like/R-like
# and you can even do aggregatlion
sel = iris.groupby( 'Specles')
sel.aggregate(numpy.mean) I
Qutl4s]: sepallength | Sepalwidth | Petall ength | Petalwidth
Species
setosa 5.006 3.428 1.462 0.246
versicolor |5.936 2.770 4.260 1.326
virginica |6.588 2.874 5.552 2.026
In[ 1: # and do something like
B = (iris.Sepallength > 6.0) & (iris.Sepalwidth < 2.7)
sel = iris.loc[B,['Species’', 'Petalwidrth’', 'PetalLanath']]
show_iris(iris[B], 'Petalwidth', 'Petallength')
sel.groupby( 'Speclies').aggregate(numpy.max)
In [ ]: # you can even do joins

df = pandas.DataFrame({'Specles': ['versicolor', 'virginica’'l, 'researcher’: ﬂ

AT T B | S |
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=+ € 3 localihost.86868/notebocks/tutorial/SectionZ numpy scipy pandas.ipynto# =
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VETSICOILE (D 900 F LT “ .L0u L.3z0 =
virginica |6588 2974 5552 2.0286
In i J: # and 9o sometrung (Llie

In [ Js

B = (iris.Sepallength > 5.0) & Q.ris.Scpalimth < 2.7
sel = iris.loclB,['Specles’', 'Petalwidth', 'Petallengtnh']]

show_iris{iris{B], 'Peralwidth',6 ‘Petralliength’)
sel.groupby( 'Specizs ) .aggregate{numpy.max)

# yOU CAN Sven T TOINS

df = pandas.DataFrame{{ 'Species': {'versicolor’, 'virgimica'], 'researcner :

sel = pandas.merge(iris, df, on='Species’)
sell::15]
P = " = g

¢ ang when you are all mone, outpur rhe darta back ro
# SQuite {or any other gatapase wath sglalchesy)

engine = sglalchemy.create_enginel sgllite:///select.salites’)
sel.to_sql('select’', engine)

copy = pangas.read sql_table( 'sslsct', engine)
copy([::1%5]
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L‘- 2+ € [ localhost - 8886/notebookstutorialiSection2 numpy _scipy_pandas.pynb# W=
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versicolor |15 4.9 =
virginica |25 6.9

70 =

65§

B0}
8 .
s 55 .

S0 é .

45} ® -

49

12 14 16 18 20 22 14
PetalWidth
Inl 1: # you can even do joins
df = pandas.DataFrame({ 'Species’': ['versicolor', 'virginica'], 'researcher’;
sel = pandas.merge(iris, df, on='Species’)
sell::15] l
o - —— ———— e ———] ’
= .
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W = — ] ,
QuLL47]: Sepallength | SepalWidth | Petallength | Petalwidth  Species researcher
0 |70 3.2 4.7 1.4 versicolor| Roger
15(6.7 3.1 44 14 versicolor | Roger
30|55 2.4 3B 1.1 versicolor| Roger
45|57 3.0 a2 1.2 versicolor | Roger
60|65 3.2 5.1 2.0 vrginica |jane
75072 3.2 6.0 18 virginica | Jane
90|6.7 ¥, 5.6 24 virginica | jane

In[ 1: # ang when you are all done, curpur the data back teo
# SQLite lor any other database with sglalchemy)

engine = sglalchemy.create_engine( 'sqlite:///select.sglitel’)
sel.to_sql{'sel=ct’, engine)

copy = pandas.read sql _table( selscr’', engine)
copyl[::15])
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