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import urllib.request

import numpy as np

from numpy.linalg import svd, inv, matrix_rank
import matplotlib.pyplot as plt

from scipy.linalg import sqrtm

url = "http://www.cs.ucr.edu/~eamonn/discords/qtdbsel102.txt"
f name = "data.txt"

# AO> 00— REET
urllib.request.urlretrieve(url, f_name)

# T—AHh
data = np.loadtxt(f_name, delimiter="¥t")
data = data[2000:5000,1]

plt.plot(data)
plt.show()
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w = 50 # HHEDIE
m=2 #z®DORT
T = 1000 # FZBXMHE

x, x_after =[], []
for i in range(w, T):
x.append(datali-w: i])

x_after.append(datali: i+w])

X_p = np.array(x).T
x_f = np.array(x_after).T

x(&x (0Hm550&EH) ------- (950 5 1000 &#EH)
x_after (& (50 "5 100 &EB) ------- (1000 5 1050 FB) D>7—4~TY,
By ZE IR EE

IS A—=% A,Q,C,R ZEPDEREEETROE T,
FI(F. WZRDHFT, X DT I(SEETIDOEKRTT .

—_ T
Spf - Xpr
Spp = XpXp
Sr = XeXyp
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s pf=xp@xfT
S pp=Xxp@x_p.T
s ff=xf@x_fT

# 175 W
W = inv(sgrtm(s_pp)) @ s_pf @ inv(sgrtm(s_ff))




RIC, WICDWTHEHEBEZROET,
ZUT, BEENMAKZVIEIC m KOEEFEND MLZEKRSDOET,

# EERFERT NL
left, _, right = svd(W)
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# RFREAT ML m R

alpha, beta =[], []

for i in range(m):
alpha.append(inv(sqrtm(s_pp)) @ left[:,i])
beta.append(inv(sgrtm(s_ff)) @ right[i,:])

R Z, , Z7ERDFET,
Zy, =[a' -, a™ " X,

Zf = [ ﬁl A ﬁm ]T Xf

# z 728
z_p = np.array(alpha) @ x_p
z_f = np.array(beta) @ x_f
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X = [x(l) S x(T-w) ]

Z = [Z(l) S 7(T-w) ]

Z, = [z2® -, 20" ]

7. = [z0 .., zT-w-1) ]

R#&(C A Q,CRZKDET,

A= (z.27) (22T )

Q = T—\j/—l
C = (XzT)(2z")"

(Z+ - AZ—) (Z+ - AZ—)T

R= —(X-CZ) (X-CZ )T

#A,Q C R

X = np.copy(x_p)

Z = np.copy(z_p)
Z_plus = z_p[:,1:]
Z_minus = z_pl[:,:-1]

A= (Z plus @ Z_minus.T) @ inv(Z_minus @ Z_minus.T)

Q= ((Z_plus-A @ Z minus) @ (Z_plus-A @ Z_minus).T)/(T-w-1)
C=(X@ZT)@inv(Z@ Z.T)

R=((X-C@2)@(X-C@ 2).T)/(T-w)
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2(t-1) U FOR TESHR.

Pz | X,y ) = NEE | gy Vieq)
ROFAEINT ut, Qt ZHEELE T,

K, = Q-1 CT (R+ CQ,_, CT )1

we = Aoy + K(x® - CAu_y )

Vi = (I, - K.C)Qs—y

Q =Q+ AV, AT

def update(A, Q, C, R, g, X, mu, m):
kt=g@CT@inv(R+C@qg@C.T)
mut=A@mu+kt@x-C@A@ mu)
v_t=(np.eye(m) -k t@C) @q
gt=qg+A@v_t@A.T

return mu_t, g_t

272U, p0,Q0 DYFME(LEH(CERXET .

q = np.eye(m)
mu = np.zeros(m)

H

FHEIE
HEEa (IUTORTER=NET.
a(x®) = (x® - CAu—)" TN x®@ - CApp—y )

Y= R+ CQ,4 cT

def anomaly_score(A, C, R, g, x, mu):
sigma=R+C@q@C.T
predict=C@A @ mu
score = (X - predict).T @ sigma @ (x - predict)
return [score, predict, sigma]
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for i in range(2000): —> 0M5 1999 FT

result_score, result_predict, result_sigma = [], [], []
begin = 950
end = 1000

for i in range(2000):
#t-1
x = data[begin + i: end + i]
mu, g = update(A, Q, C, R, g, X, mu, m)

#t
x = data[begin + i+ 1l:end +i + 1]
result = anomaly_score(A, C, R, g, X, mu)

result_score.append(result[0])
result_predict.append(result[1])

sigma_predict = np.array(result[2])

sigma_predict = sigma_predict[-1, -1] - sigma_predict[-1,:-1] @ XF5#:<
inv(sigma_predict[:-1,:-1]) @ sigma_predict[-1,:-1].T

result_sigma.append(np.max([sigma_predict, 0]))
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result_score = np.array(result_score)
result_predict = np.array(result_predict)
result_sigma = np.array(result_sigma)

#boundary_upper = result_predict[:,-1] + 2*np.sqgrt(result_sigma)
#boundary_lower = result_predict[:,-1] - 2*np.sqrt(result_sigma)

plt.figure(figsize=(12,12))

plt.subplot(2,1,1)

plt.plot(data[1000:3000], label="true")
#plt.fill_between(np.arange(2000), boundary_upper, boundary_lower,
facecolor="y',alpha=0.3)

plt.plot(result_predict[:,-1], label ="predict")

#plt.xlim(1300,1400)

plt.legend()

plt.subplot(2,1,2)
plt.plot(result_score, label="score")
#plt.xlim(1300,1400)

plt.legend()
plt.show()
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