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B dp[0,0]=a[0,0]/ % — 47(3]) & 4=
B dp[x,y] = min(dp[x-1,y]+a[x,y],dp[x,y-1]+a[x,y])
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Baum-Welch: FEe{#

def baum_welch(pi, A, B):

f = file(".\\text\\1.txt")

sentence = f.read()[3:].decode('utf-8") # E£lv /L

f.close()

T = len(sentence) # WJIF7/

alpha = [[@ for 1 in range(4)] for t in range(T)]

beta = [[© for 1 in range(4)] for t in range(T)]

gamma = [[@® for 1 in range(4)] for t in range(T)]

ksi = [[[® for J in range(4)] for i in range(4)] for t in range(T-1)]

for time in range(100):
calc_alpha(pi, A, B, sentence, alpha) # alpha(t,1i):25Zlamda.
calc_beta(pi, A, B, sentence, beta) # beta(t,1): Z&lamda FAFT
calc_gamma(alpha, beta, gamma) # gamma(t,1i): Zclamda? G FEHT
calc_ksi(alpha, beta, A, B, sentence, ksi) # ksi(t,1,7): Zclamda o
bw(pi, A, B, alpha, beta, gamma, ksi, sentence) #baum welch =%
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def calc_alpha(pi, A, B, o, alpha):
for i in range(4):
alpha[e][i] = pi[i] + B[i][ord(o[@])]

—r T = len(o)
Hlj E'Jﬁrﬂ temp = [@ for i in range(4)]

del i
for t in range(1, T):
for 1 in range(4):
for j in range(4):
temp[j] = (alpha[t-1][j] + A[J][1i])
alpha[t][i] = log_sum(temp)
alpha[t][1i] += B[i][ord(o[t])]

def calc_beta(pi, A, B, o, beta):
T = len(o)
for i in range(4):
beta[T-1][i] = 1
temp = [@ for i in range(4)]
del 1
for t in range(T-2, -1, -1):
for i in range(4):
beta[t][i] = ©
for j in range(4):
temp[3] = A[1][J] + B[J][ord(o[t+1])] + beta[t+1][]]
beta[t][i] += log_sum(temp)
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def bw(pi, A, B, alpha, beta, gamma, ksi, o0):

T = len(alpha)
for i in range(4):
pi[i] = gamma[@][i]
sl = [@ for x in range(T-1)]
s2 = [@ for x in range(T-1)]
for i in range(4):
for j in range(4):
for t in range(T-1):
si[t] = ksi[t][i][]]
s2[t] gamma[t][1]
A[i][7] = log_sum(sl) - log sum(s2)
sl = [@ for x in range(T)]
s2 = [@ for x in range(T)]
for i in range(4):
for k in range(65536):
valid = ©
for t in range(T):
if ord(o[t]) == k:
sl[valid] = gamma[t][i]
valid += 1
s2[t] = gamma[t][1i]
if valid == ©:
B[i][k] = infinite

else:
B[1i][k] = log_sum(sl[:valid]) - log_sum(s2)
AR AR E TS 64/71 oS



def viterbi(pi, A, B, 0):

T = len(o) # YA

delta = [[©@ for 1 in range(4)] for t in range(T)]

Viterbi pre = [[©® for i in range(4)] for t in range(T)] # 7 — /4

for 1 in range(4):
delta[@][i] = pi[i] + B[i][ord(o[©])]
for t in range(1, T):
for 1 in range(4):
delta[t][i] = delta[t-1][@] + A[©][i]
for j in range(1,4):
vj = delta[t-1][J] + A[J][1]
if delta[t][i] < v3:
delta[t][i] = vj
pre[t][i] = ]
delta[t][i] += B[i][ord(o[t])]
decode = [-1 for t in range(T)] # #775. [AHEH & 807
q =9
for 1 in range(l, 4):
if delta[T-1][1i] > delta[T-1][qg]:
g=1i
decode[T-1] = g
for t in range(T-2, -1, -1):
q = pre[t+1][q]
decode[t] = q
return decode
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O #4, %it$adF%k, A4F£AF M, 2012

1 Christopher M. Bishop. Pattern Recognition and Machine Learning
Chapter 10. Springer-Verlag, 2006

[J Radiner L,Juang B. An introduction of hidden markov Models. IEEE
ASSP Magazine, 1986

[0 Lawrence R. Rabiner. A tutorial on hidden Markov models and
selected applications in speech recognition. Proceedings of the
IEEE 77.2, pp. 257-286, 1989

[ Jeff A. Bilmes. A gentle tutorial of the EM algorithm and its

application to parameter estimation for Gaussian mixture and
hidden Markov models. 1998.

0 https://en.wikipedia.org/wiki/Hidden Markov model
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