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In [2]: | # ORNY NET ZXZ@E>TENTHD

class Robot: # U TD—ETFH>TWWEEZEZNT X

def

__init (self, state, memory): # WHIREZEA/cEFICA TS 7 N EESE# (£

ginY  init  ERFSTUNSB)

def

def

def

def

def

rr

self = 710 N%E#ET, self.state &, ATt 7D state EWSEHZIET,
TDar5lE, self.state IC state DEZAAATEIEEEXRT

rro

self.state = state
self.memory = memory

stand up(self): # T 710 NDHHDFIHICIZL T self ZANSD
self.state = 'stand up' # ANESKEZEFH TE3

sit down(self):
self.state = 'sit down'

memorize(self, memory): # A 7T MG I IEIC, FIHEETCEHTES

self.memory = memory

get state(self):
return self.state

get memory(self):
return self.memory



In [3]: my robot 1 = Robot('sleep', 'nothing') # 27 7X%( init @D5|#) EE EFZDTZXDA

T NDERST S
print (my robot 1l.get state()) # A7t k. XV v RNE(selfZEMELIEF1#/-5) &L,
AT O NCEmHTES

print(my robot 1.get memory()) # ZEAELICHW/=KEN Y KERTHS

sleep
nothing



In [4]: my robot 1l.stand up() # AESRENEH 15
print(my robot l.get state())
my robot 1.memorize('ERFZENIcW\') # WNESKENEFHE 15

print(my robot 1.memory)

stand up
BRFZBNZL



In [5]: my robot 1 = Robot('stand up', 'nothing')
my robot 2 Robot('sleep', 'T—AVENL")
my robot 1l.sit down() # [/ NIDIREZZZTHONR Y h2DIKEICIFZEZ S5 Z 750
print(my robot 1l.get state())
print(my robot 2.get state())

sit down
sleep
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In [6]: import numpy as np

class Gaussian:
def init (self, dim):
OV RNZ O (BEWEED)
AT NEEREEFICHDICETE B,
AIEBIKEE D RTHATE IC (&€ S

rra

self.dim = dim

rr

self = A7t NEIFT, self.dim I, A7~ D dim EWSEHEET,
LD@mHIE, self.dim /C dim DEZAATEIEZEZEKT
self.set mean(np.random.randn(dim)) # 7 717 ~D mean EVWSEHEZTAIC

HIEA1E
self.set cov(np.identity(dim))

def set mean(self, mean):
if mean.shape != (self.dim,): # [EZE>/ V1 XD THEKEZEH L L>ETSE
raise ValueError('input shape inconsistency') # L>—% LI/ TTO0 A%
RrIEs

self.mean = mean

def set cov(self, cov):
if cov.shape != (self.dim, self.dim):
raise ValueError('input shape inconsistency')
if np.linalg.eigvalsh(cov)[0] <= O0:
raise ValueError('covariance matrix must be positive semidefinite.')
self.cov = cov

def log pdf(self, X):
R ONYMERT

Parameters

X : numpy.array, shape (sample size, dim)

Returns



N

SHUET

log pdf ZE L FIEZ¢

o AfJld sample sizexdim D array
o HIFRKRE sample size D array
s BT — Y OHERBREONHZEE LW



log pdf(self, X) DEX

1 3 D 1
log p(x | 1, %) = =7 (x = ) X7 (x = ) = —log 27 — Zlog |Z|

D 1
1. —?log 2 — Elog 12| DEtE

1
2.——(x — )" N x — p) OFE

2
A X HDIRT NILOBE (TF—49 D—E D)
B. X NTHDE (F— W EHEH > TENZFNICDWTEEL 2 W)



D 1
1 — 5 log 27 — 2log || DFE

log I& np.log,logdeterminant [& np.linalg.slogdet TEIETE5DT



In [30]: dim = 5
cov = np.identity(dim) # & DHZTELITITFETESHHEIDS

- 0.5 * dim * np.log(2 * np.pi) - 0.5 * np.linalg.slogdet(cov)[1]

out[30]: -4.594692666023363
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In [31]:

dim = 10

X = np.ones(dim)

mean = np.zeros(dim)

cov = 2.0 * np.identity(dim)

centered X = X - mean
print(centered x)

(r. 1. 1. 1. 1. 1. 1. 1. 1.

1.

]



In [33]: cov_inv centered x = np.linalg.solve(cov, centered x)
print(cov_inv_centered x)

[0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5]



In [10]: -0.5 * (centered x @ cov_inv_centered x)

out[10]: -2.5
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In [46]: dim = 3
sample size = 10

X = np.arange(sample size * dim).reshape(sample size, dim)
mean = np.ones(dim)

cov = 2.0 * np.identity(dim)

print (X, mean)

([l 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]] [1. 1. 1.]



In [54]: centered X = X - mean
print(centered X)

[[-1. 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.



In [48]:

cov_inv_centered X

np.linalg.solve(cov, centered X.T).T

print(cov_inv_centered X)

[

L B e B e B I B |

[10.

[11

[13.

N Ol NN e O

.5

13

N o W e O
e & e e e o

10.
.5 12.

0
5 2.
3
5 5.
6
5 8.
9
5 11.
12.
.5 14.

.5]

]

.5]

]

.5]

]

.5]

]
5]
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In [50]: -0.5 * np.sum(centered X * cov_inv_ centered X, axis=1)

Out[50]: array([-5.0000e-01, -7.2500e+00, -2.7500e+01, -6.1250e+01, -1.0850e+02,
-1.6925e+02, -2.4350e+02, -3.3125e+02, -4.3250e+02, -5.4725e+02])
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In [57]: import numpy as np

class Gaussian:
def init (self, dim):
OV RNZ O (BEWEED)
AT NEEREEFICHDICETE B,
AIEBIKEE D RTHATE IC (&€ S

rra

self.dim = dim

rr

self = A7t NEIFT, self.dim I, A7~ D dim EWSEHEET,
LD@mHIE, self.dim /C dim DEZAATEIEZEZEKT
self.set mean(np.random.randn(dim)) # 7 717 ~D mean EVWSEHEZTAIC

HIEA1E
self.set cov(np.identity(dim))

def set mean(self, mean):
if mean.shape != (self.dim,): # [EZE>/ V1 XD THEKEZEH L L>ETSE
raise ValueError('input shape inconsistency') # L>—% LI/ TTO0 A%
RrIEs

self.mean = mean

def set cov(self, cov):
if cov.shape != (self.dim, self.dim):
raise ValueError('input shape inconsistency')
if np.linalg.eigvalsh(cov)[0] <= O0:
raise ValueError('covariance matrix must be positive semidefinite.')
self.cov = cov

def log pdf(self, X):
R ONYMERT

Parameters

X : numpy.array, shape (sample size, dim)

Returns



In [63]: my gaussian = Gaussian(2)
X = np.zeros((10, 2))
my gaussian.set mean(np.zeros(2))
my gaussian.log pdf (X)

Out[63]: array([-1.83787707, -1.83787707, -1.83787707, -1.83787707, -1.83787707,
-1.83787707, -1.83787707, -1.83787707, -1.83787707, -1.837877071])
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o DRLMESHBWNWEEF, BEELEWEHDEEMILLIEDEDTEZZDE
F
L. EFNFNDOFIEZEELT, FoTHLHEINDS
o FISIORKESDF VI ETD
o TENIIRED
4 HAEDLETE T TRICEET S



1fit Z5ENSE K,

o AJ1ld sample sizexdim D array X
® self.mean & self.covZ X CEIBUICRAEEE TEHNI D
2.sample ZTEH S B &Ko

o AJf1ld sample size
o H/71FF1tT self.mean. NElself.cov DIERDHICHEDELE



In [17]:

import numpy as np

class Gaussian:

def

HIHHE

def

f.mean).
ov)[1]

def

__init (self, dim):

VR NT O (BIEWVWRED)
AT O NEEBEFICIDICEITES B,
PAEBIK BE DTRAME IC (€ S

rra

self.dim = dim

rr

self = A7t O RN%E#59, self.dim Id. A7t D dim EWVWSEHEIET,
FDep5lE. self.dim I dim DIEZHAT B EEZEXRT

rr

self.set mean(np.random.randn(dim)) # 7 717 ~D mean EVWSEHEZTAIC
self.set cov(np.identity(dim))

log pdf(self, X):
" ERERER DN ERT

Parameters

log pdf : array, shape (sample size,)

if X.shape[l] != self.dim: # AJDEZFTv 7L TWFET

raise ValueError('X.shape must be (sample size, dim)')
return -0.5 * np.sum((X - self.mean) * (np.linalg.solve(self.cov, (X - sel
T).T), axis=1) \

-0.5 * self.dim * np.log(2.0 * np.pi) - 0.5 * np.linalg.slogdet(self.c

fit(self, X):
"X BRSO TRLEEE TS

Parameters
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In [18]: my model = Gaussian(2) # my model &U\57 70 KAV



In [19]: print(my model.mean, my model.cov) # F19, HBEiT/Z/F> TS

[0.06926293 0.64405604] [[l. 0.]
[0. 1.]]



In [20]: my model 1 = Gaussian(2) # MDA 7Tt KN6ENS

print(my model 1.mean, my model 1l.cov) # FilE o> ZNLICHIEHES S0 my model &l
EZRD

[-0.93757404 0.30236143] [[l. 0.]
[0. 1.]]
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In [21]: X = np.random.multivariate normal(np.array([l1.0, 2.0]), np.array([[l1.0, 0.9], [0.9
, 4.0]11), size=100)

import matplotlib.pyplot as plt

plt.scatter(X[:, 0], X[:, 1])

plt.show()

<matplotlib.figure.Figure at 0x107eab358>



In [22]: my model.fit(X) # X C&mALMEEZ LT, mean, cov ZZHT S
print(my_model.mean, my model.cov)

[1.01330311 1.7047761 ] [[1.03724927 0.90638818]
[0.90638818 3.468452 1]



In [23]): # V2TV A IZAXETEE BEEICHLSHD
X = np.random.multivariate normal(np.array([1.0, 2.0]), np.array([[1.0, 0.9], [0.9
;, 4.01]1), size=10000)
import matplotlib.pyplot as plt
plt.scatter(X[:, 0], X[:, 11])
plt.show()
my model.fit(X)
print (my model.mean, my model.cov)

0% o

[0.9831826 1.97393797] [[1.02144834 0.9293782 ]
[0.9293782 4.04855921]]



In [24]: # YTV TFZHL THS
sample = my model.sample(10000)
plt.scatter(sample[:, 0], sample[:, 1])
plt.show()
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In [25]: my model.mean = np.array([0, 0, 0]1) # A7t NDEHICIEEZ 7T EEHTEDD
BOUEBEICREL THIZ—H 1AL



In [26]: my model.set mean(np.array([0, 0, 01)) # XYV v RNDHETHINDY 1 IDF v %ai7/&>7TL)
B/E®, ErAbEIZ—DHTIEES

ValueError Traceback (most recent call last)
<ipython-input-26-d630bfc41£f7b> in <module>()

-———> 1 my model.set mean(np.array([0, 0, 0])) # XYY ROPRTEINDTAZXDF v
TZITE>TWBEH, BrAEIT7—NHETIEERS

<ipython-input-17-1ldcee8c239e9> in set mean(self, mean)

58 def set mean(self, mean):
59 if mean.shape != (self.dim, ):
--=> 60 raise ValueError('input shape inconsistency')
61 self.mean = mean
62

ValueError: input shape inconsistency



In [ ]: my model.set mean(np.array([0, 0]))
my model.set cov(np.identity(2))
np.exp(my model.log pdf(np.array([[0,0]]))) # 1AXJTD Normal distribution /c<& 0.4
SSWEDT, ZRw/iEL0.16< 50VWDIFT
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class Dice:

def init (self, n faces):
self.n faces = n faces
self.set prob(np.ones(self.n faces) / self.n faces)

def set prob(self, prob array):
if not np.allclose(prob array.sum(), 1.0):
raise ValueError( 'prob array must be normalized.')
if prob array.shape != (self.n faces,):
raise ValueError(f'prob array must be of shape ({self.n_faces},)')
self.prob array = prob array

def fit(self, X):

rr

Parameters

X : array, shape (n faces, )

X[i] & i EHDOBE /O ERT

rr

self.set prob(X / X.sum())

def sample(self, n trials):

rra

Parameters

n trials : int

I3 EIRB[EI#H

Returns

X : array, shape (n_ faces,)

X[i] & i EHDBEN /O ERT

rora

return np.random.multinomial(n_trials, self.prob array)






In [ ]: £from scipy.linalg import eigh

class PCA:

def

def

__init (self, input dim, n components):

self.input dim = input dim
self.n _components = n_components
self.set encoder(np.eye(self.input dim)[:self.n components, :])

set encoder(self, encoder):
if encoder.shape != (self.n components, self.input dim):
raise ValueError(f'encoder must have shape {(self.n components, self.i

nput dim)}')

> le-4:

def

def

def

if np.abs(encoder @ encoder.transpose() - np.eye(self.n components)).max()

raise ValueError('encoder must be orthonormal.')
self.encoder = encoder

fit(self, X):
eig val, eig vec = eigh(X.T @ X)
self.set encoder(eig vec[:, -self.n components:].transpose())

transform(self, X):
return X @ self.encoder.transpose()

inverse transform(self, z):
return z @ self.encoder



In

import matplotlib.pyplot as plt
from sklearn.datasets import fetch olivetti faces

# T — 5 E R

dataset = fetch olivetti faces()

num examples, row size, col size = dataset['images'].shape
X = dataset['data']

# FIICLTHEL (LB THEEBALXLETE)

X mean = X.mean(axis=0)
X centered = X - X mean

n_components=20

pca = PCA(X.shape[l], n components)
pca.fit (X centered)



In

In

[

z = pca.transform(X centered)
X rec = pca.inverse transform(z) + X mean
idx = 190

f, (ax1l, ax2) = plt.subplots(1l, 2)
axl.imshow(dataset['images'][idx], cmap=plt.cm.gray) # ‘70 DE5

ax2.imshow(X rec[idx].reshape(row size, col size), cmap=plt.cm.gray) # 7Z/0‘FEALIE
i

plt.show()



