Matrix
2D Array
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INFEER{C R tuple >
Ooncs s puiER 7y AN

>>> np.ones((5,3))

array([[1., 1., 1.],
(1., 1., 1.1,
(1., 1., 1.1,
(1., 1., 1.1,
[1., 1., 1.11)




7CTOS

>>> np.zeros((3,5))

array([[0., 0., 0., 0., _
9., 0., 0., 0., 0.1,

0., 0., 0., 0., '




diag

>>> np.diag([1,2,3,4,5])

array([[1,
[0,
[0,
[0,
[0,

’

’

-

OO ONOS

-

SO0 WO S

’

’

’

’

’

S ,~,rOOSOS

’

0],
0],
0],
0],

{ER AR -
(A 3==L 7 =

P25 FE R R Y
AITR




i Frange, reshape
A B AR



1 2 3 4 5 6 7 8 9]

10
19
28
37
46
55
64
73

11
20
29
38
47
56
65
74

12
21
30
39
48
57
66
75

13
22
31
40
49
58
67
76

14
23
32
41
50
59
68
77

15
24
33
42
51
60
69
78

16
25
34
43
52
61
70
79

17
26
35
44
53
62
71
80

18.
27 |
36
45
54
63!
72
81!




& R —#ERES

TT=BES12181

A = np.array([range(1,82)])
B = np.reshape(A,(9,9))

print(B) g —#ERES > BE

5| % AR5

1 2 3 4 5 6 7 8 9]
10 11 12 13 14 15 16 17 18]
(19 20 21 22 23 24 25 26 27]
28 29 30 31 32 33 34 35 36]
37 38 39 40 41 42 43 44 45]
46 47 48 49 50 51 52 53 54]
55 56 57 58 59 60 61 62 63]
64 65 66 67 68 69 70 71 72]
73 74 75 76 77 78 79 80 81]]




{1 FH{shape 1] E[J B 51] /)N



A = np.array([range(1,82)])
B = np.reshape(A,(9,9))
print(np.shape(A))
print(np.shape(B))

————————

(1, 81)
(9, 9)




i 1



A = np.array([range(1,82)])

B = np.reshape(A,(9,9))

C = np.transpose(B)
print(C)

T—

OOoO~NOULTE WN

10
11
12
13
14
15
16
17
18

19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36

37
38
39
40
41
42
43
44
45

46
47
48
49
50
51
52
53
54

55
56
57
58
59
60
61
62
63

64
65
66
67/
68
69
70
71
72

73]
74]
75]
76]
771]
78]
79]
80]
81] ]




array

A = np.array([range(1,5)])

S

>>> A = np.array([range(1,5)])

>>> A

array([[1, 2, 3, 4]])




array l'ranspose

A = np.array([range(1,5)])
np.transpose(A)

S

>>> A

. B

>>> B
array([[1]
[2.

np.array([range(1,5)]1)
np.transpose(A)

r—
W
L ]

el ™ w




10
11
12
13
14

t+1.01
T 0.79
T 0.56
I 0.34
T 0.11
1-0.11
1-0.34
1-0.56
1-0.79
--1.01

N U X < X
<

np.
np.

np.
np.

arange(-5, 5, 0.25)
arange(-5, 5, 0.25)
np.meshgrid( *xi: X, Y)

sgrt(X**2 + Yx%2)
sin(R)
fx,y) = sin(y/(x* + y))



https://matplotlib.org/stable/gallery/mplot3d/surface3d.html#sphx-glr-gallery-mplot3d-surface3d-py

J(x,y) = sin(x + y))

1.0

o7

0.56 :

0.34 =

0.11

-0.11

-0.34 - 0.0

-0.56

-0.79

-1.01 £ 05
9 # Make data.
10 X = np.arange(-5, 5, 0.25)
11 Y = np.arange(-5, 5, 0.25)
12 ¥, Y = np.meshgrid( *xi: X, Y)
13 Z = np.sin(X+Y)|



import matplotlib.pyplot as plt
import numpy as np
from matplotlib import cm
from matplotlib.ticker import LinearLocator
fig, ax = plt.subplots(subplot kw={"projection": "3d"})
# Make data.
.arange(-5, 5, 0.25)
.arange(-5, 5, 0.25)

np.meshgrid(X, Y)
.Sin(X+Y)

P10 € surrace.

surf = ax.plot surface(X, Y, Z, cmap=cm.coolwarm,
linewidth=0, antialiased=False)

# Customize the z axis.
ax.set zlim(-1.01, 1.01)
ax.zaxis.set major locator(LinearLocator(10))
# A StrMethodFormatter is used automatically
ax.zaxis.set major formatter('{x:.02f}")
# Add a color bar which maps values to colors.
fig.colorbar(surf, shrink=0.5, aspect=5)
plt.show()



n=4
P = np.random.randint(o,10,(n,n))

X print(P)
@1, Z= FE & - \
BN S=P@P.T PTRXEPHEER
‘ S = np.matmul(P,P.T)
>>> P S T >>> P.Tl= rﬂ
array([[6, 6, 5, 2], array([[6, 9, 7, 4],
9, @, 3, 8], 6, 0, 6, 7],
7, 6, 0, 31, 5, 3, 0, 1],
4, 7, 1, 111) 2, 8, 3, 111)
>>> S >>> S2
array([[101, 85, 84, 73] array([[101, 85, 84, 73]

85, 154, 87, A47]
84, 87, 94, 73

| 85, 154, 87, 47]
| 84, 87, 94, 73]
| 73, 47, 73, 67]

hd - -
hed - -




Import numpy as np
initialization: B,C

START |
shapeB = np.shape(B)
shapeC = np.shape(C)
|
>
foriin range(shapeB[0]) en d
v
forjin range(shapeC[1])
|
Ansli,j] = Bli,:] @ C[:,j]
p |
<




START

Import numpy as np
initialization: B,C

shapeB = np.shape(B)
shapeC = np.shape(C)

foriin range(shapeB[0])

v

forjin range(shapeC[1])

Ansli,j] = Bli,:] @ C[:,]]

[[2 53 9] [[2317]
[38 3 0] [58 7 9]
[1 7 3 0] [3335]
[7 95 0]] [900 0]

end

shapeB = np.shape(B)
shapeC = np.shape(C)
foriin range(shapeB[0]):
for j in range(shapeC[1])
ansli,jl = B[i,:] @ C[:,j]




[r— p— pe— p—

NSO IN S
—I~NMM O
M OO M S
AN N MO

d bl —) —]

]

@) IS IO O
mMm M M LWn
N 0O M~ O
AN M S

[[119 55 46 74]

[ 55 82 68 108]

[ 46 68 59 85]

[ 74 108 85 155]]



T-FE5

1 2 3 4 5 6 7 8 9]

110
119
128
137
146
155
164
173

11
20
29
38
47
56
65
74

12
21
30
39
48
57
66
75

13
22
31
40
49
58
67/
76

14
23
32
41
50
59
68
77

15
24
33
42
51
60
69
78

16
25
34
43
52
61
70
79

17
26
35
44
53
62
71
80

18.
27 |
36
45 ]
54
63!
72
81!




11
20
29
38
47
56
65
74

12
21
30
39
48
57
66
75

13
22
31
40
49
58
67
76

14
23
32
41
50
59
68
77

15
24
33
42
51
60
69
78

16
25
34
43
52
61
70
79

17
26
35
44
53
62
71
80

(1 2 3 4 5 6 7 8 9
110
119
128
137
146
|55
164
173

18.
27 |
36
45
54
63!
72

81

1]

A = np.array([range(1,82)])
B = np.reshape(A,(9,9))
C — B[1:9’0:4]

| —

array( [

10,
19,
28,
37,
46,
55,
64,
(73,

11,
20,
29,
38,
47,
56,
65,
74,

12,
21,
30,
39,
48,
57,
66,
75,

13
22
31]
40 ]
49 ]
58]
67]
76]

el W W W W w




T k5

C = Bl1:9,5:0]

1 2 3 4 5 6 7 8 9
10 11 12 13 14|15 16 17 18|
19 20 21 22 23|24 25 26 27|
28 29 30 31 32|33 34 35 36|
(37 38 39 40 41|42 43 44 45]
46 47 48 49 50|51 52 53 54|
55 56 57 58 59|60 61 62 63|
64 65 66 67 68|69 70 71 72|
73 74 75 76 77|78 79 80 81] ]




[[1 2 3 4 5 6 7 8 9]
10 11 12 13 14|15 16 17 18|
(19 20 21 22 23|24 25 26 27|
28 29 30 31 32|33 34 35 36|
(37 38 39 40 41|42 43 44 45]
46 47 48 49 50|51 52 53 54|
(55 56 57 58 59|60 61 62 63
64 65 66 67 68|69 70 71 72|
73 74 75 76 77|78 79 80 81]]

[[15, 16, 17, 18],
A = np.array([range(1,82)]) [24, 25, 26, 271,
B = np.reshape(A,(9,9)) [33, 34, 35, 36],
C = BJx: .5 [421 431 44: 45];

_[LQSQ] N [51, 52, 53, 54],
[60, 61, 62, 63],
[69, 70, 71, 721,
[78, 79, 80, 81]]




T-FEi5

A = np.array([range(1,32)])
B = np.reshape(A,(9,9))

0 1. 2. 3. 4. 5. 6. 7 8

C =B[3:8,2:6]

[[1 2 3 4 5 6 7 8 9]
10 11 12 13 14 15 16 17 18]
19 20 21 22 23 24 25 26 27
28 29 [30 31 32 33|34 35 36.
(37 38 (39 40 41 42|43 44 45]
46 47 (48 49 50 51|52 53 54]
55 56 |57 58 59 60|61 62 63.
(64 65|66 67 68 69|70 71 72]
73 74 75 76 77 78 79 80 81]]

o O~ 0O B WIN — O
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array([[ 1,

[ 6,
[11,
[16,
[21,

10]
15]
20]
25]

hd - - -




array([[ 1, 2, 3, 4, 5],
6, 7, 8, 9, 10],
11, 12, 13, |14, 15],
16, 17, 18, |19, 20],
21, 22,| 23, (24, 251]])

A = np.array([range(1,26)])

B = np.reshape(A,(5,5))

C = Bl1:5,0:2]

D = Bl1:5,3:5]
[ 6’ 7] [[ 9; 10]1
16, 17] 119, 201,
[21, 22] [24, 25]]




A = np.array([range(1,26)])
B = np.reshape(A,(5,5))

C = Bl1:5,0:2]
D = Bl1:5,3:5] /&SR - XK tuple »
E = np.hstack((C,D)) BEzLasIYN2EREA FF3E]

array([[ 6, 7, 9, 10],
(11, 12, 14, 15],
[16, 17, 19, 20],
[21, 22, 24, 25]1])




>>> E = np.hstack((C,D,C,D))

>>> E

array([[ 6, 7, 9, 10,
[11, 12, 14, 15,
[16, 17, 19, 20,
(21, 22, 24, 25,

6, 7,
11, 12,
16, 17,
21, 22,

14,
19,
24,

10],
15],
20],
25]1)




P15 P I RS e 7 T 4 A



array([[ 6,

A = np.array([range(1,26)]) Hé '
B = np.reshape(A,(3,5)) [21:
C = Bl1:5,0:2] [ 9,
D = Bl[1:5,3:5] [14,
E = np.vstack((C,D)) [19,
— — [24 ’

12],
171,
22],
101,
151,
201,
25]11)




I ED )

A = np.array([range(1,26)])
B = np.reshape(A,(5,5))

| = np.eye(5)

B=B+1

array([[ 2., 2., 3., 4.,
6., 8., 8., 9.,
11., 12., 14., 14.,
16., 17., 18., 20.,
21., 22., 23., 24.,

10. .
15. ]
20. |
26. .

d ™ - - -




v el

>>> np.random.rand(3,2)

array( [

0.93655909, 0.95197349]
:0.04122792, 0.98316528]
0.33106862, 0.37519673]

>>> np.random.rand(3,2)*2-1

array([[-0.46935926,
[ 0.75553641,
[ 0.71628121,

’

’

1)

-0.58594718],
0.68798631],
-0.0851020111)



Inner product to arrays

Row vector,
>>> a = np.array([1,2,3]) not a matrix
>>> b = np.array([4,5,6]1) © with one row
>>> np.transpose(a) @ b
32



ISP

shapeB = np.shape(B)
shapeC=np.shape(C)
ans = np.zeros((shapeB[o],shapeCli1]))
for i in range(shapeB[o]):
for j in range(shapeC[1]):
ansli,j| = Bli,:] @ Cl:,j]




5 FEL R B 38 £ TR i

1 2 3 4 5 1 00 0 0
6 7 8 9 10 O 1 0 0 O
11 12 13 14 151 +|0 0 1 O O
16 17 18 19 20 0 0 0 1 0
21 22 23 24 25 0 0 0 O 1

= A vy sE] i




D = np.array([range(1,26)])
| = np.eye(5)

A = np.reshape(D,(5,5))
A=A+l

- L L L]
| WSS [y GN [ G B G [ G—

[T -~ - -

AR




D = np.array([range(1,26)])
| = np.eye(5)

A = np.reshape(D,(5,5))
A=A+l

x = np.array([[1],[0L[1][-1L[1]])
b = np.matmul(A,x)

([ 2., 2., 3., 4., 5.1,|[[ 11, [[ 6.1,
[ 6., 8., 8., 9., 10.1,| [ @], [15.],
[11., 12., 14., 14., 15.1,| [ 11, [26.],
[16., 17., 18., 20., 20.]1,| [-1], [34.],
[21., 22., 23., 24., 26.11| [ 1]] [46.]]




Ax=b

ﬁn%A%Tiﬁﬁ%E@
x=A"1b

MTEABLD » DA EpE

78 55 B AP P e j A B x




J FE P iy

[ 0.19021739,
[—-0.51086957,
[—-0.21195652,
[ 0.08695652,
[ 0.38586957,

from numpy.linalg import inv
iINVA = inv(A)

-0.5326087 ,
0.63043478,
-0.20652174,
-0.04347826,
0.11956522,

—-0.25543478,
-0.22826087,

0.79891304,
-0.17391304,
-0.14673913,

0.02173913,
-0.08695652,
-0.19565217,

0.69565217,
—-0.41304348,

0.29891304
0.05434783.
-0.19021739.
-0.43478261
0.32065217.

(S - - -



VA RE P R SR A 2R

from numpy.linalg import inv
INVA = inv(A)
xhat =invVA @ b

[[ 1.00000000e+001,
' 1.77635684e-15],
' 1.00000000e+00],
~1.00000000e+00] ,
' 1.00000000e+00] ]




124858

{1 7B

J FE e

A = np.random.rand(n,n)
from numpy.linalg import inv
INVA = inv(A)

12 = np.matmul(A,invA)

A B AR
f2xEfEHE

K [&EZ

=~/8 75

=15 FI| B

{1 7B &




JFE e

n=>5
A = np.random.rand(n,n)
from numpy.linalg import inv

INVA = inv(A)
12 = np.matmul(A,invA)
| = np.eye(n)
33032;5223751382&15 absErr = np.sum(np.sum(np.abs(l - 12)))

sTEI12Binp.eye(n) =ZE

pane N NHEESEERISYII



R B ot g S L

arq 5T .. A1.4999 A1.5000
ads 1 5% c e A 4999 4 5000
A49991 49992 -+ 4999 4999 U1999 5000

A5000,1 950002 -+ 95000.4999 %5000,5000



R B ot g S L

el T2 " = ©000
5000 x 5000

A = np.random.rand(n,n)
from numpy.linalg import inv
B FEEA invA = inv(A)

12 = np.matmul(A,invA)

| = np.eye(n)

absErr = np.sum(np.sum(np.abs(l - 12)))

>>> absErr
3.207674463751382e-15



R B ot g S L

n = 5000
A = np.random.rand(n,n)
rrom numpy.linalg import inv

invA = inv(A)
| B KR A 12 = np.matmul(A,invA)
= 45 e | = np.eye(n)

absErr = np.sum(np.sum(np.abs(l - 12)))

>>> absErr
3.207674463751382e-15



R B ot g S L

n = 5000
A = np.random.rand(n,n)
from numpy.linalg import inv

INVA = inv(A)
12 = np.matmul(A,invA)
| = np.eye(n)
FEEGA A 1B absErr = np.sum(np.sum(np.abs(l - 12)))

B8 {1 AE

>>> absErr
3.207674463751382e-15



>>> n = 5000
. A = np.random.rand(n,n)
. from numpy.linalg import inv
.. invA = inv(A)
.. I2 = np.matmul(A, invA)
. I = np.eye(n)
... absErr = np.sum(np.sum(np.abs(I - I2)))
>>> absErr
0.000107675820854387



X1

Mean square error 107-6 \

X — pX /
tanh(x) = X2
et +e™

y_hat = r(1:3)*tanh(a*tanh(a0*x(1,:)'+b0)+b)+r(4)

sin(x1+x2)




1.00 ~

0.75 A

0.50 A

0.25 A

0.00 A

—0.25 ~

—0.50 ~

—0.75 A

—1.00 -



X1

T~

7

5%2 X2
1x1

3X5
5%x1
. 3x1
3 X
@* r0:2) mme

y
SVeED A —

X1

Len=2

1 1x3

5x1

3x1



a0 = np.array([[-0.3918, -0.3918], [-0.0975, -0.0975],
[-0.3304, -0.3303], [-0.2186, -0.2185],
[-0.3472, -0.3472]1)
b0 = np.array(
[[-3.5903], [0.1043], [1.9609], [1.1944], [-1.0927]1])
a = np.array([[-0.6988, -0.1312, 0.5554, -2.1678, -0.1380],
[-0.2736, -4.3798, 0.7643, 5.0048, -2.2072],
[0.4992, -3.2731, -0.8272, 2.2502, 0.5677]])
b = np.array([[0.6347], [-0.3891], [-0.1289]1])
r = np.array([-16.7872, 7.2905, 36.4077, 7.4048])

5%x2
Number of

adaptable
parameters = 37/

X1

X2

Len=2

3% 1 1x3

S5x1

3x1

3x1



X1

X2

Len=2




X1 —»

X2 —»

a0

b0

5x1

5x1

O-O-
/o




a0 = np.array([[-0.3918, -0.3918], [-0.0975, -0.0975],
[-0.3304, -0.3303], [-0.2186, -0.2185],
[-0.3472, -0.3472]1)
b0 = np.array(
[[-3.5903], [0.1043], [1.9609], [1.1944], [-1.0927]1)
a = np.array([[-0.6988, -0.1312, 0.5554, -2.1678, -0.1380],
[-0.2736, -4.3798, 0.7643, 5.0048, -2.2072],
[0.4992, -3.2731, -0.8272, 2.2502, 0.5677]1])
b = np.array([[0.6347], [-0.3891], [-0.1289]])
r = np.array([-16.7872, 7.2905, 36.4077, 7.4048])




X1

T~

X2 |

1 /

00
4 nem a
1/

18 z = a0 @ x[0, :]

16 hO = np.reshape(z, np.shape(b0)) + b0
20 v = np.tanh(ho)

21 hl a@v+Dhb

22 v2 = np.tanh(hl)

23 y_hat = r[0:3] @ v2 + r[3]



def mysin(x):
a0 = np.array([[-0.3918, -0.3918], [-0.0975, -0.0975],
[-0.3304, -0.3303], [-0.2186, -0.2185],
[-0.3472, -0.3472]1)
np.array(
[[-3.5903], [0.1043], [1.9609], [1.1944], [-1.0927]1])
a = np.array([[-0.6988, -0.1312, 0.5554, -2.1678, -0.13807,
[-0.2736, -4.3798, 0.7643, 5.0048, -2.2072],
[0.4992, -3.2731, -0.8272, 2.2502, 0.5677]1])
b = np.array([[0.6347], [-0.3891], [-0.1289]])
r = np.array([-16.7872, 7.2905, 36.4077, 7.404817])
z = a0 @ x[0, =]
h0 = np.reshape(z, np.shape(b0)) + b0
\" np.tanh(ho0)
hl = a @ v +Db
v2 = np.tanh(hl)
y hat = r[0:3] @ v2 + r[3]
return y hat

o
o
Il



X = np.arange(-5, 5, 0.25)
Y = np.arange(-5, 5, 0.25)
X, Y = np.meshgrid(X, Y)
shapeX = np.shape(X)
Z = np.zeros((shapeX[0],shapeX[1]))
Vv = np.random.rand(1l,2)
for 1 i1n range(shapeX[0]):
for j 1in range(shapeX[1l]):

v[0,0] = X[1,7]
v[i0,1]= Y[1,]]
Z[1,]] = mysin(Vv)



import matplotlib.pyplot as plt

import numpy as np

from matplotlib import cm

from matplotlib.ticker import LinearLocator

fig, ax = plt.subplots(subplot kw={"projection": "3d"})

np.arange(-5, 5, 0.25)
np.arange(-5, 5, 0.25)

np.meshgrid(X, Y)
np.sin(X+Y)
Plot the surface.

surf = ax.plot surface(X, Y, Z, cmap=cm.coolwarm,
linewidth=0, antialiased=False)

# Customize the z axis.

ax.set zlim(-1.01, 1.01)

ax.zaxis.set major locator(LinearLocator(10))

# A StrMethodFormatter is used automatically

ax.zaxlis.set major formatter('{x:.02f}")

# Add a color bar which maps values to colors.

fig.colorbar(surf, shrink=0.5, aspect=5)

plt.show()



