NumPy
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o AaAFIHaNTUsTINANRT LI UMNIINENAES
o Huudie &u wazvinousHunn

e https://www.numpy.org/

o L3i'l6iunAY Python siaddfindaLiin

C:\> plp |nsta” numpy T& Thonny - C\Users\somch\Google Drive\2110101-Mooc\Exercises\101-example:
File Edit View FRun Device Tools @ Help
JdE - Q :t‘;; 2 T Manage packages...

@ Open system shell...

numpy-01.py gEN_EXErCise.| e e
Open Thenny program folder...
schools = Open Thonny data folder... !
schools. si Manage plug-ins...
Options...
matches = []

2110101 janssumaunltaas W4 (02/04/65) 2



alstAudaya: NumPy Array

Array: AanistAudayatiunalrarduidaadulal
ARNERFE ualldaunnm1g LU
— naasluasdiAudayatfedunus (TatAuinuliu)

— Audayaldviaradis
o 1 4ifd : vector [1, 2,3, 4]
o 2 i : matrix _1 O]
o n fifi : tensor [(1) ]]

— 1of tuple 11lu index Lﬁa“l?jwaua‘lumwﬂ
iy a tiuanised 2 696

i af (1,2)] wiaasdiau a[l,2] Ale
— {1 operators way methods Tviladvruunue
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List vs. NumPy Array: szagmniinnaan

9

def all pair distances(points):
points ilu nested list 1iu[[0,0]1,[0,3],[4,0]
= len (points)
= [[0.0]*n for i1 in range(n)]
for 1 in range(n):
for j in range(i+l, n):
dx = points[i] [0] - point[j][O0]
dy = points[i] [1] - point[j][1]
D[i][J] = D[3j]1[i] = (dx**2 + dy**2)**0.5
return D

List

OB #*

def all pair distances (points):

# points ilu NumPy array NumPy Array
n = len(points)

X = points[:, 0] n1snaaay n = 2000
Y = points[:, 1] List: 5.44 s.
dX = X - X.reshape(n,1) NumPy: 0.337 s.
dY = Y - Y.reshape(n,1)

D = (dX**2 + dy**2)**(0.5 12N Tad1enI1 &

2110101 FenssumaunILeas return D 1/i'1\‘]'1ulf'§'.) ﬂjjujﬂ 4




NumPy Array Tu 2110101 (fiaLiien)

NN NTELLLUAN 9
indexing
element-wise operations
broadcasting
Worduminaula

(sum, min, max, argmin, argmax, mean, std, dot)
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ANTRNILSE

import numpy as np

= np.array([1,2,3,4]) # &9n &6

= np.array([[1,2],[3,4]],£float) # &9n&s6

= np.ndarray( (2,3) ) # &9anaua @ 'lig

= np.ndarray( (2,3), int)

= np.zeros( (2,3), int) # &9auauia A1 0 uue
= np.ones( (2,3), int) # &9auauia A1 1 uue

= np.zeros like (f, float) # auawiau £ @10 viua
= np.ones like( e, float) # wunawmidaue a1 1 vua
= np.identity( 4, int) # identity matrix aua 4x4
np.arange(040, 1.0, 0.1) # [0.0,0.1,0.2,..,0.9]
" int A&, float A6 (range 'leiud int)
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e array.shape @u tuple vansaasiaaauadif
—a = np.ones( (3, 4) )
Av'l6 a.shape tiu (3, 4)

« a.shape[0] fa 3 tHdudruwruuan
* a.shape[1l] fa 4 (dudrurumaauil

e len( array.shape ) W Huaurauasdia
—a = np.ones( (3, 4) )
A¢'l6 len( a.shape ) ilu 2
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array.reshape( newshape )

Ungiayalu array nndagduuulvinseann shape

a = np.arange (8) # [01 2 3 45 6 7]
b = a.reshape((2,4)) # [[0 1 2 3],

[4 5 6 7]]
c = b.reshape((4,2)) # [[0 17,

[2 3],

[4 5],

[6 7]]
d = c.reshape (8) # [01 2 345 6 7]
d = c.reshape((2,3)) # vnlu'la
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e a.T @a transpose wavaLsEl a

e afilfA, a.T wlaua

e a il 21{if, a.T Aa transpose uaJdtunIng a
a = np.arange (8) [01 2 3 45 6 7]
print (a) [0 1 2 345 6 7] [[O0]
print(a.T) [[0 1 2 3] [1]
b = a.reshape((2,4)) [4 5 6 7]] [2]
print(b) [[0 4] [3]
print (b.T) [1 5] _Mm_>[4]
c = a.reshape((1,8)) [2 6] o [5]
print(c) [3 7]] f [6]
print(c.T) [[0 123456 7]] [7]]

dadutneg: a luunfiau c (shape liwidiau)
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1o tuple szusinuntsluased

import numpy as np

def count ones( A ):
c =0
for i in range( A.shape[0] ):
for j in range( A.shape[l] ):
if A[i,3j] ==
c +=1
return c

\iau AL, §1 widlaudu A[ (i, j)]

lenazgINATiud N 1 1w A fiey np.sum(A==1) AwWa
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Slicing: start : stop : step

e siluuu: A[ t@anual, lRanmaauil |
e 5239: Al tQanual ][ asvit'luluidanmadui ]

a=1[[1,2,3],[4,5,6]1,[7,8,9],[10,11,12]]
print( a[::2] ) ¥ [[1,2,3]1, [7,8,9]]
print( a[::2][::2] ) ¥ [[1,2,3]]
A = np.array (a)
print( A[::2] ) ¥ [[1 2 3]
# [7 8 9]]
print( A[::2][::2] ) # [[1 2 3]]
print( A[::2, ::2] ) # [[1 3]
IRaNUAIA  ARANUA # [7 911
print( A[::-1, ::-11 ) # [[12 11 10]
[ 9 8 7]
[ 6 5 4]
[ 3 2 1]]
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Fancy Indexing

a=[0,10,20,30,40,50,60,70,80,90]

= np.arange (0, 100, 10)

= a[0::2] # b = [0 20 40 60 80]
= a[ [8,1,9,0] ] # ¢ = [80 10 90 O]

c[ [True,False,False,True] ] # d=[80 O]

AR Q0 O p #*
I

np.array([[1,2,3],[4,5,6],([7,8,9],[0,1,0]])
Al [1,3,2], [2,0,1] 1

*+ #* o P

A[l,2], A[3,0], A[Z2,1] B

[6 O 8]
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IR

# A is a 2-d array
def get column from bottom to top( A, c ):
return # ussiaLhen

def get odd rows( A ):
return # ussviaLaen

def get even rows last column( A ):
return # ussviaLaen

def get diagonall( A ): # A is a square matrix

return # &a9UITNG

def get diagonal2( A ): # A is a square matrix

return # &a9UITNG
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ANTUNIANRLARIT LR LU L9E

lar&na1T lvinunndasnivainauay =

A = np.zeros(8)

A[2:5] = 9 [0099900 0]
A = np.ndarray((4,4), int) 3 3 3 3
A[:, :]1 =9 9 9 9 9
11 9 T@nAwal, Nhraaul 29 9 9 9
B = np.zeros((4,4), int) 1 010
2 2 2 2
B[:, 0::2] =1 1010
B[l::2, :] = 2 2 2 2 2]

1a 1 TumaduldauaInnLa?
1a 2 Tunarfuaynneadaui
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Q/

ANTAUALLLGRZAN TUATLTE AL

A liiénsnacm wazdunatiluanse

a = np.array ( [1, 2, 3, 4, 5] )
b=a+1 # [2 3 4 5 6]

c = a**2 + 1 # [2 5 10 17 26]

d = a/2 # [0.5 1.0 1.5 2.0 2.5]

def toCM( inches ):

return inches * 2.54

d = np.array ([0, 10, 12, 100])
print (toCM(d))

[ O. 25.4 30.48 254. ]
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naawaAdundlu math 41U numpy 6ael

a = np.array( [10, 100, 1000, 10000] )

b = np.logl0(a) ¥ [1., 2., 3., 4.]
c = np.array( [np.pi, 2*np.pi, 3*np.pi] )
d = np.sin(c/2)

# [ 1.0000000e+00, 1.2246468e-16, -1.0000000e+00]
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ANsLUFa LN auaTuaLstiAugLAaIS

Wsauaaulvidanas wazdunatiuanse True/False

a = np.array( [1, 2, 3, 4])
b=a>3 # l6 [False False False True]
c = a%2 == # 16 [True False True False]

GavnN1tuAILIULRUATUALSE a

def count _odds( a ): - | 1u Python
return sum( a%$2 == 1 ) True §@11
False §@A1 0

def get odds( a ):
return a[ a%2 == 1 ] # Ldanawigdadil True

def get odd positions( a ):

pos = np.arange (a.shape[0])

return pos|[ a%2 == 1 ]
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IR

def toCelsius( f ):
# £ = [ temperature in Fahrenheit, ...]

def BMI( wh ):
# [[wl,hl], [w2,h2], ...]

def distanceTo( P, p )
# distance from p to all points in P
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wuutniia: Logistic Regression

g0V ualan p(x) Atndeu x Lsalumm?jmuo
ANANWNUTANENANN (x,) AULNTALRA LIS (x4)

1
p(x) = 1+ e —logit(x)

logit(x) = —3.98 + 0.1x, + 0.5x4

FoLdaulsinsu BTUQTLD‘UTQ‘VIEI ILRZLATALRREURDY
UnL3eaun auuua LWBﬂ']H')ﬂLN&ﬂTS‘VI']H'\EI
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Element-Wise Operations

x = [1,2,3]

y = [4,5,6]

z =X +y # concatenation -2 [1,2,3,4,5,6]
u = np.array([1,2,3])

v = np.array([4,5,6])

w=u+yv # element-wise addition

# [1+44 245 3+6] = [5 7 9]

np.array([[1,2,3], [4,5,6], [7,8,9]])
I = np.identity(A shape[0] ,int)

B = I*A element-wise multiplication
1 2 3 1 0 O 1 0 O
4 5 6 0 1 0[=|0 5 O
7 8 9 0 0 1 0 0 9
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Element-Wise Logical Operators

FHrdae—Trae—talse,tatse—arnd—ttatse,—True—True,—talse—]
FHrdae—Trae—talse,—talse——or—ftatse,—True,—True,—talse—]

—rot—talse,—Ttrue,—True,—tatse——

[ True True False False ] & [ False True True False ]

| True True False False ] | [ False True True False ]

~ [ False True True False ]

siavldiaiadniung &, |, ~ &11rFun15vin and, or, not wuUMIA A
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Element-Wise Logical Operators

a = np.array( [9, 3, 0, 2, 6] )

b =a[ a < 5]

b = a[ [False, True, True, True, False] ]
#[ 3, 0, 2 ]

b=a[ 2 < a< 5] # Ho

b=a[ 2 < aand a < 5] # Ho

b=a[ 2<a & a<25] # Mo

b =a[(2 < a) & (a < 5)] # Ok

#af [T,T,F,F,T] & [F,T,T,T,F]]
#al [F,T,F,F,F] ]
# [3]
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maeg @ Matrix Translation

X Yy
[[-7 2]
[-5 7]
[-1 0]] [[ O -1]
[ 2 4]
[ 6 -3]]

siavn1stnannIaluniewdn 7, avany 3 Aawnnaaale [7, -3]

Ml = np'arraY([ [_71211[_51711[_110] ])
T = np.array([ [7,-3]1,[7,-31,[7,-3]1 1)
M2 =M1 + T
[[-7 2] [[7 -3] [[ O -1]
[-5 71 + [7 -3] l& [ 2 4]
[-1 O0]] [7 =311 [ 6 -3]]
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IR

def sum 2 rows( M ):

def sum left right( M ): ‘ ‘ ‘ ‘ ‘ ‘

def sum upper lower( M ):

def sum 4 quadrants( M ):

def sum 4 cells( M ):
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Broadcasting

. Lﬁ'ammtgﬂ 2 sunAIwIaLLL element-wise
waaLstvgaslaula lutvinau )

 5¥uUAY broadcast ansEAILRN (W31
g2961) TvilauratvinAunauineu

1 2] 2 31 [1 2

2 3]1+(3 4| @™ 23+34]

5 6. 2 31 Is 6
+  WALN9ASA broadcast ai'le
1 2 2

2 3 4]+]3 4] 3+[}L§Z]
5 6 4
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maen9: Matrix Translation

X Yy
[[-7 2]
[-5 7]
[-1 0]] [[ O -1]
[ 2 4]
[ 6 -3]]

siavn1stnannIaluniewdn 7, avany 3 Aawnnaaale [7, -3]

Ml = nP-arraY([ [_71211[_51711[_110] ])

- . . |T = np.array([ [7,-3],[7,-31,[7,-31 1)
JUWIVINY®  |yo = M1 4+ T

Ml AU T

GSeauuaisng M2 = M1 + np.array( [7, -3] )

[[-7 2] [[-7 2] [[7 -3]
[-5 71 + [7, -3] [-5 71 [7 -3]
[-1 O]] [-1 O]] [7 -311]
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faating: broadcast éatdn

np.array([[1,2],[3,4],[5,6]])
np.array([2]) + x

2+1 242
=|24+3 2+4+4
2+5 246
w = np.array([lO 20]1) + x
1 Opp2 0 1 2 10+1 20+ 2
[10 20] + 3 4 10 201+1|3 4|=|10+3 20+ 4
109720 5 6 10+5 20+6

np.array([[10],[20],[30]]) + x

10 10 1 2 10+1 10+ 2
=1200020| + |3 4|=120+3 20+ 4
30 30 730 5 6 30+5 30+6
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sating: broadcast ddn Tvivingalual

np.array([[1,2],[3,4],[5,6]])
np.array([2]) + x

2+1 2+ 2]
2+3 244
2+5 246

(1) (3, 2)
(3, 2) (3, 2)
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sating: broadcast ddn Tvivingalual

np.array([[1,2],[3,4],[5,6]])
np.array([10 20]) + x

10+ 1
10+ 3
110+ 5

(2)
(3, 2)

2110101 janssumaunltaas W4 (02/04/65)
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(3, 2)
(3, 2)
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sating: broadcast ddn Tvivingalual

np.array([[1,2],[3,4],[5,6]1])
np.array([[10],[20],[30]]) + x

10+ 1 10 + 27
203 20+ 4
30+5 30+ 6.

(3, 1) (3, 2)
(3, 2) (3, 2)
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AIaend: broadcast 11y 2 6

1 1,1 4 pub 5 6
2|+ [4 5]=I2 2|+ |4 5]=I6 7]
3 3 "3 495 7 8

qa1158 X 6ia9N159 dX AaInn 9 Aayalu x
1 1 p2g 3 1 1,1 0 1 2
1 2 3]—[2]=[1 2 3]—[2 2 2]=[—1 0 1
3 1 9 3 3 3 3 -2 -1 0

def dx( x ):
XT = x.reshape((x.shape[0],1))
return x - xT
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AIaeNd: broadcast 11y 2 6

1 1 1 1 1 4 5
2|+ [4 5] 2 2|1+ 1[4 5] 2 2|l+1|4 5
3. 3 3. 3 3 4 5
(3, 1) (3, 2) (3, 2)

(2) (2) (3, 2)
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MIALNI: MINAAIUINAATU X

x=[1 2 3]
N 2 3] 1 1 1 0 1 2
1 2 3]—|2 = 2 31 —12 2 2{=]-1 0 1
|3 2 3 3 3 3 -2 -1 0
def dx( x ):

xT = x.reshape((x.shape[0],1))
return x - xT
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wuuinia: Outer Product

Auidauldsunsuasieansaniiugasaous 1 9 12 9heanvil
feA1g9 NumPy Taerlasiaglaieiu

[ 3 4 5 6 7 8 9 10 11 12]

2

4 6 8 10 12 14 16 18 20 22 24]
6 9 12 15 18 21 24 27 30 33 36]
8 12 16 20 24 28 32 36 40 44 48]
0 15 20 25 30 35 40 45 50 55 60]
18 24 30 36 42 48 54 60 66 72]
14 21 28 35 42 49 56 63 70 77 84]
16 24 32 40 48 56 64 72 80 88 96]
18 27 36 45 54 63 72 81 090 99 108]
20 30 40 50 60 70 80 90 100 110 120]
22 33 44 55 66 77 88 99 110 121 132]
36 48 60 72 84 96 108 120 132 144]]

RPoOwooJdJoUhbd WDN R
=
N

B

-_-—_ e -|m-r-aLr-{TrTcfT™Mmc™MM <1t
=
N
N
1Y
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Worduinaulazas NumPy

D.SUM
D.Mmax, np.argmax
D.Min, np.argmin
D.mean, np.std
D.dot

o
o I I I3 3
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np.sum

a= |1 2 3 4 5] sum [15
10 9 8 7 6 sum 40
11 12 13 14 15 sum 65
120 19 18 17 161 sum |90

sUm sum sum sum sum np.sum(a, axis=1)

42 42 42 42 42]

np.sum(a, axis=0)

np.sum(a) 2a9vienuala 210
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np.min

a=[1 2 3 4 5] mn [1]
10 9 8 7 6 min 6

11 12 13 14 15 min 11
120 19 18 17 161 min |16

min min min  min  min np.min(a, axis=1)

[1 2 3 4 5]

np.min(a, axis=0)

np.min(a) 2asienua'ls 1

np.max Aa&1e np.min wea'lagA1NNARA
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s=[2 2 8 4 5] mn [0
10 9 8 7 6 min 4
11 12 13 14 15 min 0
20 19 18 17 161 min 4
min min min min  min np.argmin(a, axis=1)

0O 0 O 0 0]

np.argmin(a, axis=0)

np.argmin(a) wasieuua'ls 0

np.argmax AA&a1e np.argmin we ' las1uruaaIAININRe
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np.mean

a=[1 2 3 4 5] mean [3.0]
10 9 8 7 6 mean 8.0

11 12 13 14 15 mean | 13.0
20 19 18 17 161 mean [18.0.

mean mean mean mean mean np.mean(a, axis=1)

[ 10.5 105 10.5 10.5 10.5]

np.mean(a, axis=0)

np.mean(a) vagvisnua‘le 10.5

np.std Aade np.mean we'latdedluUNIATFIU
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e np.dot(vector, vector)
[1 2 3]‘[4 5 6]=1-442-5+3-6=2

e np.dot(vector, matrix)

4 7
1 2 3]s 8]=[[1 2 3] [45 6] [123][789]]
6 9
=[32 50]
1 2
3 4]-[2 3] =1[[1 2]-[2 3] [3 4]-[2 3] [5 6]-[2 3]]
> 0 —[8 18 28]

e np.dot(matrix, matrix) ARan1sAat matrix

7 8
[411 é EJX[fl 13] = [15389 16544]
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\iau np.???(a,b) w3a a.???(b) A'ls

import numpy as np

x = np.array([[1,2,3],[4,5,6]])

y = np.array([[7,8],[9,10],[11,12]])
a = np.dot(x, y)

a = x.dot(y)

b = np.sum(x,axis=0)

b = x.sum(axis=0)

Cc = np.mean(x, axis=1l)

c = x.mean (axis=1)
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draeing: s1a'lasanluddarf

s ULNEANWITAUFITTIANIMIA D
2NN 25 170
yinplalo 30 1 — [25 30 45]
§Angta 45 um )
Tugddarvineruunanaanislasail

Qo

UNs a9A13 WS WOUR  @NT

d1uny 75 120 70 90 80
75 120 70 90 80

1IN R 80 90 100 70 50 —> lgo 90 100 70 50
gfmzia 50 45 70 65 50 50 45 70 65 50

[25 30 45]-/80 90 100 70 50|=[6525 7725 7900 7275 5750]

75 120 70 90 80} daily income
50 45 70 65 50

@ weekly income
np.sum(..) = 35175
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sredusa'lausyAngu ek

MO --> 6525
TU --> 7725
WE --> 7900

UL INITONURITTIAI21MTAE
297NV 25 un

m}'mm 30 1N TH --> 7275
gnnsia 45 10 FR --> 5750
TuddavincuanngaIng laaeil weekly income = 35175
SN » p daily average = 7035.0
Uns JANT WD NWOUR  @Na B £ 1 d = WE A
es sales ay = ou—]ﬂv!uLNa
e 75 120 70 90 80 Sales loss on: MO, TH, FR < 7500
2106 80 9 100 70 50 Curry Rice --> 10875
sfvza 50 45 70 65 50 Fried Rice --> 11700

Seafood Suki --> 12600
Best menu = Seafood Suki

6525 7725 7900 7275 5750]

dailyincomes = np.dot (prices, dailysales)
weeklyincome np.sum(dailyincomes)
dailyaverage = np.mean(dailyincomes)

best day index = np.argmax(dailyincomes)
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sedusa'ladsyAngdaif

def report(prices, dailysales, breakeven) :
days — ["MO" , 11 TU" , "WE" , 11 TH" , 11 FR"]
menus = ["Curry Rice", "Fried Rice", "Seafood Suki"]

dailyincomes = np.dot(prices, dailysales)
for 1 in range(len(days)) :

print (days[i], '-->', dailyincomes|[i])
print ("weekly income =", np.sum(dailyincomes))
print ("daily average =", np.mean(dailyincomes))

print ("Best sales day =", days[np.argmax(dailyincomes)])

loss = np.array(days) [dailyincomes < breakeven]
print("Sales loss on:", ", ".join(loss))

menuincomes = np.sum(dailysales,axis=1) *prices
for 1 in range(len(menus)):
print (menus[i], '-->', menuincomes[i])

print ("Best menu =", menus[np.argmax (menuincomes) ])

2110101 3Ain55uAQN
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LUUNAYR: TATAZULUUTINGNAINALLUULDRE

ID Midterm Final Project

data = np.array([[610011, 80, 90, 70],
[610022, 50, 80, 68],
[610033, 70, 85, 80],
[610044, 60, 50, 90],
[610055, 90, 74, 70]11])

weight = np.array([0.3, 0.5, 0.2])

AZULUUINAUDY 610011 = 0.3x80 + 0.5x90 + 0.2x70 = 83.0

2113 1ATININASULUUTINAINIAZLUULRR LA ININNA
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