cgzong@nlpr.ia.ac.cn
http://www.nlpr.ia.ac.cn/English/cip/cqzong.htm

N0.95, Zhongguancun East Road L hitp://www.ia.ac.cn
én.sl.n Beljing 100080, China Tel. No.: +86-10-6255 4263




NLPR

Hidden Markov Model, HMM

N N
HMM
Probabilistic CFG, PCFG Probabilistic

Link Grammar
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NLPR

5.1 N

u
S=V\{,V\é,' . °’V\{n
P(s)=P(w)P(V\5Iw)P(V\éIw,vxs)---P(\%Iw,---,%):1__[P(wlw,---,w_1) ... (5.1

-1 L L

| P(W| |WL1""W|—1)
L=5000, | = 3, 1250
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NLPR

5.1 N
WLV, Wy
SV, Wy, oo+, Wy)
P(W |WL’”"W—1) — P(W |S(WL’”"W—1)) (5'2)
n-1
S(V\i,V\é,“°,W)=5(V1,Vz“°,Vk) Iff Hl:(W—n+2’°°"W):H2:(Vk—n+2’”"Vk)
...(5.3)
n n-gram
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NLPR

5.1 N
¢ n=1 | W,
n-gram uni-gram  monogram
® n=2 n-gram bi-gram
® n=3 n-gram tri-gram
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NLPR

5.1 N
1I=1
1 D.p9=1
:<BOSw; w, ... w,, <EOS>
n>2 n-gram P(s
m-+1
P(S) H P(W |W| n+1 (54)
w/ Wi W W W w, <BOS>
W, <EOS>
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NLPR

5.1 N

John read a book
<BOS> John read a book <EOS>

P(John read a book) = P(John|<BOS>)P(read|John)
P(a|read)P(book|a)P(<EOQS>|book)
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NLPR

5.1 N
1
ta shi yan jiu sheng wu de
/ /
/[
CString = argmax P(CString | Pinyin)

CString

_ argmax P(Pinyin] CStﬁ ng? P(C3ring)
CSrring P(Pingyin)

= argmax P(Pinyin| CSring) P(C3ring)
CString

= argmax P(C3ring)
CString
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5.1 N

N
> 1 N
2
> 1 N
2
>
> n-gram.
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5.1 N

NLPR

H | | N 2 1 | |
Seg = argmaxP(Seg| Tex)
Seg

v e P SE0)P(S20)
Seg P(Text)

=argmax P(Text | Seg) P(Seg)
Seg

=argmaxP(Seg)
Seg

NLPR, CAS-IA  2004-3-18 10



J

51 N
N-gram P(W | n+1
c(W, n+)
F)(VV | n+1 f (VV | n+1 = :
Z C( n+l)
Zw c(W_pg Wi p.g
C(Wii:ﬁ+1
- i1
f(w (W) W W
NLPR, CAS-IA  2004-3-18

NLPR

...(5.5)
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NLPR

51 N
¢ (training data)
¢ (maximum likelihood, ML)

*John read Moby Dick”
“Mary read a different book”,
“She read a book by Cher”
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NLPR

5.1 N

c(< BOS>John) 1

> c(<BOS>w) 3

c(John read) 1

> c(dohn w) 1

c(read @) 2

Malread= ch(read W) "3

c(@ book 1

Y ola w 2

c(book <EOS>) 1
> c(book w) 2

1 2 1 1

P(John read a book) = §><1>< 37575 0.06

Es | NLPR, CAS-IA  2004-3-18 13

P(Johnk BOS>) =

P(read| John =

P(book|a) =

P(< EOS>|book) =



NLPR

5.1 N

Sparse
Data Problem
Cher read a book
c(Cher read) O

P(read|Cher) = ZWC(Cher ) =7

P(Cher read a book) =0
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5.1 N

u (Data Smoothing)
4 ,

2 PO W, W, W) =1

¢
< (Perplexity)

Chen, Stanley F. and Joshua Goodman. 1998. An
Empirical Study of Smoothing Techniquesfor Language Moddl.
Available from the website:

http://’www-2.cs.cmu.edu/~sfc/html/publications.html.
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5.1 N

n-gram P(w [ W2,
P(s) =[] P(w, [w/2)
T I (ty, ..., tir)

P(T) = H P(t,)
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NLPR

5.1 N
1
H =——log, P
o(T) W g, P(T)
W, T
P PP(T) PR(T) =277
n-gram 50 1000

6 10 hits'word
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NLPR

5.1 N

u (Approaches to data smoothing)

4 1 (Lidstone, 1920; Johnson, 1932)
1

uni-gram Wy, Wa, W;
1/3, 0, 2/3 1

2/6, 1/6, 3/6
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NLPR

5.1 N
2-gram
-
_ Lrcww)
V142, oW .w)
V
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NLPR

51 N
3 V| 11

P(John read a book) = P(John|<BOS>)P(read|John)
P(a|read)P(book|a)P(<EOS>|book)
2 2 3 2 2
14 12 14 13 13

~ 0.0001

P(Cher read a book)
= P(Cher|<BOS>)P(read|Cher)P(a|read)P(book|a) P(<EOS>|book)

1 1 3 22
1412141313

~ 0.00003

Es | NLPR, CAS-IA  2004-3-18 20



NLPR

51 N
4 (Discounting)
1
(1) Good-Turing
|. J. Good 1953 Turing
N n, I

n'grarT] W11W21...1Wn
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NLPR

5.1 N
N:im ... (5.6)
N=Ynr =+, SEEES
r=0 r=0 nf
Good-Turing r
p -1 .. (5.7)

Ny E(nr+1)’ Ny E(nr)
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5.1 N

anxR:l—%<l ... (5.8)

r>0

n
N

Good-Turing
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5.1 N
(2) Back-off /
S. M. Katz 1987
K 0 1)
(n-1)gram
r>0

P(Wn |W1"'Wn_1) =< (1_a(f (Wlwn)))

f(w)

NLPR, CAS-IA

W

2004-3-18

NLPR

\0[( fowg---w ) P(W, [W,---w, ;)

Katz
K(
n-gram

f(Wl--.Wn) f(Wl...Wn)>K

f(Wl.“Wn—l)
f(Wan)S K
.. (5.9)
24



(3)

1

5.1 N

K n-gram
L K=L"
r
" reo
Pr=<b(K_nO) r:O (510)
Nn,
Ny b
NLPR, CAS-IA  2004-3-18 25



5.1 N

b
nl
b am, <t ... (6.11)
(4)
I
o N
((L-a)r
r>0
p=4 N ... (6.12)
n r=0
n
o N

1 NLPR, CAS-IA  2004-3-18 26



NLPR

5.1 N
¢ (Deleted I nterpolation)
tri-gram
bi-gram
bi-gram uni-
gram
POW, | W) = AP (Wg | W) + P (W, [Wo) + 4P (Ws) ... (5.13)
L+A,+4,=1
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5.1 N

> A, A, Ag
heldout data
P |ww) Pwlw) P
Ay Aoy Ag
Perplexity
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NLPR

5.2
N S,
S,y
t o t S
1,2,...,t-1

P(qt :Sj |qt—1:S’qt—2 =S,)

4 1 t
t-1
P(q:Sj|q—1:S’q—2:S<"”):P(q:Sj|q—1:S) -+ (5.195)
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!'_ 5.2

. 2 (5.15) t
P =Sq,=8)=g 1<i,j<N - (5.16)
Q
a, >0 .. (617)
iaij =1 (518)
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NLPR

5.2

1.0 0.4 0.3

& 107

Start
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!'_ 5.2

S, ..., S

PSS, S)=PE)PS [PS]S,S) PSS, S4)
=PQ)PS [SPS]S)--AS [S)
T-1

= 7g, 1_1[333+1 . (5.17)
t=

m=P(q,=S)
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NLPR

Pt p) =PS =)PS =13 =)PS =p|S, =)
=1.0x 0.3x 0.6
=0.18
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NLPR

5.2
(Hidden Markov Model, HMM)

HMM HMM
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NLPR

2. M (

> A=a; (& (
3) ( a) )

-8, =P(q,,=S |q=9), 1<i,j<N
3; 20 .. (5.18)

N

1 NLPR, CAS-IA  2004-3-18 35




NLPR

5.2
HMM
4. % Vk
B=h () (B ] k
)
B K=RQ=v%[q=S), 1<j<N, 1<k<M
J b)=0 ... (5.19)

\ibj(k):l
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NLPR

50 ... (5.20)

HMM 1=(AB ) 1=(SQAB7)
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5.2

HMM
1=(ABn)

1) t=1
(2)
3) S
(4)

(5) t =t+1, t<T,

NLPR, CAS-IA  2004-3-18

NLPR

0=0,0, -0,

=7 G =3
b (K), Q=\

aij qt+1 = Sj
3) (4)

38



!'_ 5.2

J HMM
(1) 1 =(AB,7x) 0=0,0,,-+0
P(O| 1)
(2) 1=(ABn) 0=0,0,,--,0
Q = 0,4, -0y
(3) 0=0,0,-,0

1=(ABn)
P(O] )
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!'_ 5.2

J

1 P(O] 1)
(2) #=(AB7) 0=0,0, 0
PO| 1) S
Q= 4,4, - Gy
P(Q | ’u) - 7Z-Q1aq1Q2 aqz% o aqt—qu e (521)
PO[Q 1) =b,(G)-b,(G,) b, (Cr) .. (5.22)

P(O,Q| 1) =PQ] 1)P(O]Q, 1)
POl ) =) POQ|x) =D PQI1PO|Q x) ... (5.23)
Q Q
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O §e)
@ O
State s, O
O O
1 2 3
Time, t
NLPR, CAS-IA  2004-3-18

NLPR
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!'_ 5.2

. 1 POl 1)
¢
1=(ABnz) N
T NT
¢ (The forward procedure)
¢ A0
a([)=PQ0,--Q,q4 =S |4 ...(5.24)
(1) POl 1)
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!'_ 5.2

PO] 1) Or 0=Q,0, Q4

PO|w) =) PQO, 0,0 =S | )
S

=3 e () (525
o (1) t+1 t
D, (N)
(1) =12 (), 1o, (O.,) . (5.26)
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t t+1
(1) Qg (1)
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!'_ 5.2

8.1:
(1) ()=7h(Q), 1<i<N
(2) N
a.,(j) =D o @()a;lb,(0,) 1<t<T-1
(3)

PO[u)=>" a; (i)
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5.2

at(i) -1 N
S O(N)
t N at(l),---,at(N)
O(N) x N = O(N2) t=1,2,...,T

O(N°T)
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NLPR

5.2
¢ (The Backward procedure)
. (i) p#=(AB,x)
t S Ot+1ot+2 o OT
£1)=PQ.Q..-G1q=3,4 .. (5:27)
(1) t  t+1 S S S
C)t+1

(2) t+1 S

Ot+1ot+2 o OT
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!'_ 5.2

4 (The backward procedure)

a'j ij (Q+1)
ﬂt+1(j)

FO=Yab @A) 62
Pr (X), Br_1(X),-+, Br(X) (x HMM )
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!'_ 5.2

.
(1) B.()=1, 1<i<N
(2 N
ﬂt(i)=Zajbj(Q+1)ﬂt+1(J) T-1>t>1 1<i<N
(3) POl )= 7 A()
O(NZT)
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5.2

S
S,
S
SV
t t+1
£.() Bia(i)
1 NLPR, CAS-IA  2004-3-18 0



!'_ 5.2

t(1Kt<T) o % 1)=Pla =3[0

7.(1)=P(q =S |0, = E\(QP?;’SM) ... (5.29)
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!'_ 5.2

1 HMM t i 0.0,,---,Q
(1)
2 L S HMM _Q+1’Q+2’°”’OI'
. (i)
P =S.,0| 1) = ()>xA() ... (6.30)
RO| 1) t
PO1 ) = et ()% A () - (831)
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!'_ 5.2

y () = — 2 WA .. (5.32)

t
g, = argmax(y, (1))
I<i<N
(jt qt+1
0 B4, =0
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!'_ 5.2

u O
Q= argmaxP(Q|O, 1) - (533)
Q
Viterbi algorithm:
Viterbi o, (1) t HMM
S Q.0,---Q

0= max RG,G+q=5.00-Ql) - (639
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!'_ 5.2

O (1) =[max &, (1)a;]-0; (O, ... (5.35)
Viter bi
1 5,)=zh(0), 1<i<N
w,(1)=0

5.(j) = max[5,,()a;]-b; (0), 2<t<T, 1<j<N

v (j)=argmax{5,,(i)a;]-b;(0), 2<t<T, 1<i<N
° Qr =argmax(s, ()] P(Q) = maxs (i)

1I<i<N
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5.2

Viterbi

(4)

qt — Wt+1(qt+1)’ t:T _11T _2,"',1

O(N 2T)
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NLPR

5.2

O:OUO21""OF
u=(AB,r)

P(O| ) 7%, &, bk
O PO] 1)

Baum-Welch or Forward-Backward
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NLPR

5.2
O Q=0,0,-0
HMM
7T —5(q118)
. Q 9 g
' Q of of
Zt 15 qt 'Xé‘(quS)
> 5., S)
5(x,Y) X=y , o(xy) =1
oxy)=1 v k
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!'_ 5.2

)
2.9 G.S; x5(0,v) ... (5.36)
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5.2

Expectation-Maximization, EM

Ho
(5.36)

Hy Hy
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!'_ 5.2

HMM 0=0,G, G t
| t+1 j
&0,))=Pq=3.0,=5 |04

_ P(q =3,9.,=S,,0[4)
PO| )

_ at (l)a” bj (Ot+1)ﬁt+1(j)
P(O| 1)

_ N ats)aijbj (Q[+1)ﬂt+l(j) (537)

> 23 (0)B.4()
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5.2

O
O
O
S
t+1 ®
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H 0=0,0,-0 t
a0 =Z§t (1)) ... (5.38)

U
1) o S 7 =71
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q; = Q 0 o}
(@ 3 =5 : qi
DA
> )
) b, (k) = R q; Vi
j o ”
_ ZT:17/t(j)><5(q )
W) ... (5.39)(1-3)
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NLPR

5.2
€ Baum-Welch _
) 703, b
4 ; =1
{28 =1 1<i< N
j=1
N ib(k)ﬂ 1<i<N ... (5.40)
k=1
1 =0.
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¥

(2) EM
) (5.37) (5.38)
i) i)
7%, & Bk Hi
i) i =i+l ) i)

|logP(O| 44,,) —10gP(O] 1) [k &
(3)

NLPR, CAS-IA  2004-3-18
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EG, ) @)
(5.39)
7, &, b(K



5.2

EI
& Viterbi

& Forward-Backward

[Rabiner and Juang, 1993: pp. 365-368]
http://htk.eng.cam.ac.uk/
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NLPR

4 N

¢ uni-gram, bi-gram, tri-gram
u

¢ 1) Good-Turing 2) Back-off 3)

4)

¢ Baum-Welch
4

5 L
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+ 3

1)

2) Viterbi

3) HMM Baum-Welch ( )
2
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Good-Turing
2. http://icl.pku.edu.cn/
bi-gram
3. HTK (http://htk.eng.cam.ac.uk/)
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