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def PCA (X, k):

m = X.shape[0]

U reduced = U[:,
Z = X @ U _reduced

return 2

Sigma = (X.T @ X) / m
U, S, V = svd(Sigma)
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X = np.array([[1, 1, 1, O, O],
[21 2/ 2/ Or 0], Wyl (sssl,
[+, 1, 1, 0, 0J, N N e el
o, EEaaE
L e e 20 20 ERERE RN
[0, 0, 0, 3, 3], 11 0 2 2
o, 00 0t 1D T

mu = X.mean (axis=0)

X;norm = X - mu
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m = X.shape[0]

Sigma = (X norm.T @ X norm) / m 'S14 0 - 07
U, S, V = np.linalg.svd(Sigma) S = 0 S%Z 0
print(S) 0 O Shn

[8.72e+00 1.58e+00 6.69e-02 [40798=16 11356547
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U red = U[:, :3]

X proj = X norm * U red
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X approx = X proj @ U red + mu
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k=0 ’/U//z‘—‘.’ [&1/9'0/’ 'J{/
repeat
{

k=k+1

try PCA(X) with k components

1 2
compute Ureduced' Z(l)r Z(Z)' ) Z(m)r xc(zp)prox' xc(lp)prox' B xc(l?ogrox
12?11||x(i)—xg) rox”2

} until 2== L < 0.01

T2
X |
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m, n = X.shape

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

Sigma = (X.T @ X m _ i

gm ( ) / S11 0 0

U, S, V = np.linalg.svd(Sigma) 0 Syy e 0
S =

for k in range(l, n + 1): 0 0 Snn.

total var = np.sum(S[:k]) / np.sum(S)
if total var >= 0.99: break

return k

[8.72e+00 1.58e+00 6.69e-02 4.79%e-16 1.35e-47]
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X = np.array([[1, 1, 1, O, O],

[21 2/ 2/ OI O]I 44.}9’(5’(-‘2’6)’)

[1, 1, 1, 0, oI, 111 0 o

[5, 5, 5, 0, 0], 2 2 2 o0 o
1 1 1 0o o

L e e 20 20 ERERE RN

[o, o, 0, 3, 3], EEEERE

0, 0, 0, 1, 117) [0 o (ol (SR s

# Singular Value Decomposition
U, Sigma, VT = svd(X)
print (Sigma)

[9.72e+00 5.29e+00 6.84e-01 4.12e-16 1.36e-16]
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X approx = U[:, :1] @ np.diag(Sigma)[:1, :1] @ VT[:1, :]

print ("SSE = {:.2f}".format(np.linalg.norm(X - X approx) ** 2))

X approx = U[:, :2] @ np.diag(Sigma)[:2, :2] @ VT[:2, :]

print ("SSE = {:.2f}".format(np.linalg.norm(X - X approx) ** 2))

X approx = U[:, :3] @ np.diag(Sigma)[:3, :3] @ VT[:3, :]

print("SSE = {:.2f}".format(np.linalg.norm(X - X approx) ** 2))
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1 1 "

- ) palein trace(A) =04+0=1+4+(-1)

A_1]= —1)><[1]:A=—1

Ll il (1) Lol jhad olic ggomma bofug polde fgome .azgi O

1RV - (5015) pob saw - sl gal5 - pabls 513k



2339 (slo)lsy g o339 Nslie auwlas

oy yp______________________
.03.3'9 ).:JLQA ML?DQ O
Ax=2Ax=>A—-A)x =0

[o)\o ze Loy ‘J.:)] | o).o.».n UAAJ)J[A g_i:A — Ax uM.a).sl.A u.:‘).sl.u [

03.39 ﬁ’d&o ML?DO JL.A O

3 1
A= [1 3 trace(A)  det(A)
\
det(4 — Al) = olet([3I’1 BiAD — 12— 614+8=0>1=42
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