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!I- 5.1 EXMZ

W E—ESCF (A)F) RO ?

FHFE=AFERR, PRkt
REBURIRE, S SNAEmA]
FR) 189 i U

& Ul—B o (B)F) NEALG AN R ?
& RIEA)F1 A KRR T B A B 2R
p(wy) X p(w,) X... Xp(w,)

A

N
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BRI S=W, W, ... w FIGIBER.
p(s) = p(wy) X p(w,|wy) X p(walww,) X...
X p(Wml\Nl"'Wm-l)

:f[ p(W| |W1"'Wi—1) (5-1)

1S

I=1 B, p(wq|wg) = p(wy)o
EEg Ll

R FRK: (BRBEFEM) HL, H5% 5/100
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W L=5000, m =3, HHZSHKIE H N 1250 14!
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& OB RR T %

IR P 5B TTIN L B w, w, .. w
R B FHTR S(Wy W,y oow wi ), BEFHTRHIEL
i3z T IR SRANF jﬁéésmiﬂ@%fc - NIA:

POW, [ W, W) = POWE | S(W, -+, W)

e. (5-2)
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& 11X 53 FHr 2L

KA DI SR B R — N0, JHEBXHEN
P s h BB n-1 AN JoAEE], B

Hi:w,w, ... ... Wiintg Wi - Wiy VTVi ......
n-1
4 A N\ \11
A,0 Vv, Viena Vien+2 - Vieeg Vi -+e -+

S(Wy, Wy, -+, W) = S(Vy, V-,V )
iff Ho:(w_ ., W)=H,:(v_ ,-Vv) [ - (53)

i—n+lr 0 VY

A



3 5.1 EABE=

XFER THIBSHEEMRA n TR (n-gram)#=EH .

BE,

< Y n=1/, BNHBES i L ERETT w ST .
—ILXVEWHEE A uni-gram BY monogram;

< 24 n=2 B, 2-gram (bi-gram) #FR A1 L /R B] REE;

< 24 n=3 B, 3-gram(tri-gram)#EFR N 20 5 /R 0] b,
WKIR KA

A
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AT RIEAGERE =1 AR, FRATHR

UER) T A TR F4F

CAEER) 7B B P sm e

HHMERFA 1, B D p(s)=1, T

: <BOS>w, w, ..

m

<E0S>. AR—fKH:, *FFn>2 K n-gram, p(s)ﬁfu

RN

m+1

p(s) = Hp(vvl 1)

A

Hor, W BRERFF W, . W Wi M owg FF
W N <EOS>

... (5-4)
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& ZE4:

2]+ John read a book
®inkrid: <BOS> John read a book <EOS>

Unigram: <BOS»>, John, read, a, book, <EOS>

Bigram: (<BOS>John), (John read), (read a),

(a book), (book <EQS>)
Trigram: («BOS>John read), (John read a),

(read a book), (a book <EOS>)
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<BOS> John read a book <EQS>

T2 AR RN -

p(John read a book) =
p(read
p(book

0(John|<BOS>) X
John) X p(a|read) X

a) X p(<EOS>|book)

[’k FaE: (AREZHEMR) #X, £5% 14/100
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!'_ 5.1 EXMZ

CString = arg max p(CString | Pinyin)

CString
_ argmax p(Pinyin | CStr_lng)_x p(CString)
CString p(Pingyin)
= arg max p(Pinyin|CString) x p(CString)

CString

=arg max p(CString)

CString
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CString = {ESSLHF R AR, fhszy

¥
a=
%t
e

IR, AR

REVR, MEREBEEER, ... ...}
BAFH 2-gram:

p(CString,) =p(#&3L|<BOS>) X p(HF 7t | 52) X

PCEEABIEFT) X p(HI|E) X p(<EOS>| 1Y)

p(CString,) =p(ff|<BOS>) X p(SLH|fih) X p(Rr|ZL5) X

A

o (8|80 X p(BI|4EHD) X p(<EOS>|H7)
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RiAHERHMER
> 2JLIEE: 1) 1‘12{3 4 N2
2) MRU—TCIEEHERS
> A THET B Wi S — ik
> FEeESt. WEIFFRAEET n-gram.
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Seg = argmax p(Seg | Text)

Seg

_ arg max p(Text| Seg) x p(Seg)
Seg p(TeXt)

=argmax p(Text|Seqg) x p(Seq)

Seg

=argmax p(Seq)

Seg

A
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WRR 27Tk

p(Segl) =p(fil|<BOS>) X p(R/fit) X p(Wf FLAE ) X
p(#Wt FTAE) X p(HI1#) X p(HI|<EOS>)

p(Seg2) = p(fil|<BOS>) X p(&: |fil) X p(BF 5| &) X

p(ZEMB 5T) X p(HI|2EHD) X
0(H1|<EOS>)

[B]El: AAMA]IR1S n TTIRAEIREL?

R FRK: (BRBEFEM) HL, H5% 21/100
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!’_ 5.2 S¥AIT

S HNEEHR:
> I Zx1B8 8 training data): F T B AR, e
R SHH B AER .
> B A (AR {31 (maximum likelihood Evaluation, MLE) :
IR R T E AR R 7V

A



!'_ 5.2 S¥AIT

%t n-gram, S pw|w5,) F
LR AGTHR 1R

(W |W n+1) f(W |W n+1)

=N

Yorrd

C(W._,1)
Z o |n+1) ...(5-H)
Hrr, ), o) BREGSEE wit fE4 sk
LR B, B c(wih) - B w B4
f(w (W) RIELE Wi, REBET W

IS, 278 w5 w; FIELRIREL




!’_ 5.2 S HIT

Bitn, %5EYIZRiER
“John read Moby Dick”,

“Mary read a different book”,
“She read a book by Cher”

& 2 JLILER A FHIBER?

B




5.2 S HIT

o(John [< BOS >) = c(<BOS >John) 1 o(a|read) = c(read a)
> c(<BOS>w) 3 > c(read w)
c(a book) 1
o(read | John) = Suonn_read) 1 p(book | a) = ( ) 1
> c(John w) 1 D cla w) 2
5(< EOS | book) = c(book <EOS >) 1
> c(book w) 2
1 2 1 1
p(John read a book) = 3 x1x 3X5%5 " 0.06
<BOS>John read Moby Dick<EOS>
<BOS>Mary read a different book<EOS>
<BOS>She read a book by Cher<EQOS>
R FRK: (BRBEFEM) HL, H5% 26/100



!I- 5.2 S HIT

p(Cher read a book) = ?

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

o(Cher |< BOS >) = c(<BOS >Cher) 0

> c(<BOS>w) 3
o(read | Cher) = c(Cher read) O ?

> c(Cher w) 1
T/&, p(Cher read a book) = 0

<BOS>John read Moby Dick<EOS>
<BOS>Mary read a different book<EOS>
A wAK (ARETEA <BOS>She read a book by Cher<EOS>




!'_ 5.2 S HIT

Jo] E :
BIRE = (FHR) (Sparse Data) 5|2 FEE 2 o) 53,
AN{RT IR 7

¥3E T8 (data smoothing)

R FRK: (BRBEFEM) HL, H5% 28/100



5.3 ML B

R FRK: (BRBEFEM) HL, H5% 29/100



!L 5.3 ¥IEF=E

& IR FAREREE:
VAR AR T RINERAE, 5 TN Y
5, fEIFEFEMETH, “WEHFHHL” , HE
TR, SUERBRIREARIERR.
0@@% AR B 15 5 AR R B

®EEKZR: Z PIW, | W, Wy, -+, W) =1

A



!l- 5.3 WiE-FR

> [o] [ — 2B R E X »

H

St F—AFWE B n-gram, HERN pw (w7, ,
TCATHE A F IR

p() = [ p(w 1w L)

R RATER T B I MIFHER (4, ... tr), T

BAAS H’ﬂ%ﬁﬁ

A

p(T) =H o(t,)




ki

A p K

N

3 5.3 ¥IEF=E

d p(w [wiy) XTI R AZ S -

H,(T) =—V%Iogz p(T)

T

/EA H, T Eﬂﬂlﬁiﬁi T Hﬁﬂﬁ

BB PP (T) EUK: PR(T)=2""

n-gram Xy

)

- FLE AN B PR B B Y B — A 50~1000,

W F32 X I3 Bl 6~10 bits/word.

A




!I- 5.3 WiE-FR

& HIEF BT E
(1) In13%(Additive smoothing )

AR, §—MEHHBIERENL.
wtm, XF uni-gram, B wy, w,, wy =A4ME, R
SRR 13,0, 2/3, INLETHEMR?

216, 1/6, 3/6




3 5.3 ¥IEF=E

Xt 2-gram A&
p(Wi |Wi—1) -
2.

1+0(W, W)
[ c(w,_w)]

o I+c(wi,w)
VY, e(wiw)

,éiﬁﬂﬂﬁlﬂﬁ (¢

: 11

i
‘Ll
<
Ry
=
ax
C

{A] e




!L 5.3 W’ELEiF

FERITH 3 AT HIBIT

pP(Cher read a book) = p(Cher|<BOS>) X

n(read|Cher) X p(a|read) X p(boo
0(<EOS>|book)

<BOS>John read Moby Dick<EOS>
<BOS>Mary read a different book<EOS>
<BOS>She read a book by Cher<EQS>

A FRE: (ARETEM) HX, H5%

K|a) X

JFR:

pP(Cher|<BOS>) = 0/3
p(read|Cher) = 0/1
p(alread) = 2/3
p(book|a) = 1/2

P(<EOS>|book)=1/2

35/100




5.3 ¥IEF=E

FCE: V=11 <BOS>John read Moby Dick<EOS>

—k=a ¢

‘\——A

<BOS>Mary read a different book<EOS>
FrEblE: <BOS>She read a book by Cher<EOQS>

p(Cher|<BOS>) = (0+1)/(11+3) = 1/14
p(read|Cher) = (0+1)/(11+1) = 1/12
p(alread) = (1+2)/(11+3) = 3/14
p(book|a) = (1+1)/(11+2) = 2/13
pP(<EOS>|book)= (1+1)/(11+2) = 2/13

11322

p(Cher read a book) = 12 12 14 13 13

A FRE: (ARETEM) HX, H5%

~ 0.00003

36/100




!I- 5.3 WiE-FR

B, XFHFJIohn read a book FHE-"FIE)G:
p(John|<BOS>) = 2/14, p(read|John) = 2/12,
p(ajread) = 3/14, p(bookl|a) = 2/13, P(<EOS>|book) =2/13

~———

F#&, p(John read a book) = p(John|<BOS>) X p(read|John) X
p(ajread) X p(book|a) X p(<EOS>|book)
2 2 3 2 2
= X X X X
14 12 14 13 13
<BOS>John read Moby Dick<EOS>

<BOS>Mary read a different book<EOS>

<BOS>She read a book by Cher<EOS>
R FRK: (BREFEM) L, F5% 37/100

~ (0.0001




!l- 5.3 WiE-FR

(2) W AE %/ #r$03% (Discounting)

AR BEUIGFES BRI
fEAEAS 1 (SEFm B HD) A B S B 22 A/
T1, BRIMBESTCE RIAHER

A



!L 5.3 ¥IEF=E

@ Good-Turing &3t
. J. Good F1953 4E5| F§ Turing HI75 kMG HHER

S

IZ:I_[_

Jo

i N %Jﬁ%ﬂl%ﬁﬁi%{ IR, n REEREAR
CEFH B r IRHIE 1'5FET’J§fCE(lH3&t 428 n-gram),

R H 2R

I, 1 {kE’Jn gramﬁ nA, HI 2 KRB n-gram &

A, eeeee. , W r IRBFE n, A




MW, N=>nr ... (5-6)
i _ c * c \ * Ir]r+1
T N_rzzc;nrr _rzzc;(wl)nr+1 FTBL, r =(r+1) .
R4, Good-Turing fhTHEEREA S B r IR
HIREE AN \

[‘k FaE: (AREZHEMR) #X, £5% 40/100
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!L 5.3 BFEFm

H, —REZEH Nyiq R E(N..), N, (A%

E(n). XFE, RIISHFEAT A B ARIBRZAA:

>, xprzl—&<1 ... (5-8)
r>0 N

Ak, &\ KRR KRR U448 T A

ME #F(r-O)

Good- Turlng ﬁrbﬁ I T RKHEVCEERIRF & 2 T

A UL ATY

ES, #E2 . A. Nadas. on Turing’s Formula for

Word Probabilities. In IEEE Trans. on ASSP-33, Dec. 1985. Pages

1414-1416.




!l- 5.3 WiE-FR

<BOS>John read Moby Dick<EOS>

<BOS>Mary read a different book<EOS>
<BOS>She read a book by Cher<EOS>

MICAF Gt HAE 2-gram

<BOS> John 15
<BOS> Mary 10
read Moby 5

A FRE: (ARETEM) HX, H5%

LRI -

20U BB W TIEXE, fitF 2-gramiE=R.

42/100



3 5.3 HIEFiE

r+1

R EAG LA read FFEEH) 2-gram 2, %1 H Phread
FFEIFEA 2-gram, FEAAFRER.:

r n, r*

1 2053 0.446 r* — (r _|_1)

2 458 1.25

3 191 2.24

4 107 3.22

5 69 4.17 N..,=0

6 48 5.25

7 36 REFIFE SRR A




B2 J5, BAT AN A7) THEMER:

A, N AL read FaEHIbigramf S B (FE 4= q]), B
read HBLAIIREL. A4, PLreadFFah, A HIIH 2-
gramfJBE R B AR . 5 N

0=

W1
VA readfE AT, A HIIH) 2-gram P& T
N =Me|=200 e, V| BRI R

r>0

A



Hx, BRL

BERFEIN:

3 5.3 ¥IEF=E

Pl AR EE P read A3
Po

Mo

R 2P 7L
b, WEH— A,

46 FJ2-gram i)




!L 5.3 ¥IEF=E

@ Back-off (F%/FlE) FiE
S. M. Katz F 1987 ZE#&H, PrPANXFR Katz
J5iBIE

[ fumy

EARE. HE—-HHERE ZISEJ' DA 28
KT BMEK GEFE K K0 B B 1)H, RSN
A T B RAE VE R A T MR, )JJ R
Brit), BP (n-1)gram BRIMEZRE A n-gram Mi
MXMHEBRFTRZH—MEFo BERE

A




3 5.3 ¥IEF=E

Back-off 75 B 7 — P B

5T HEATT >0 #InT 6t KR EK
BAL, & E AL T A T R AR R FAREAL
Bré9 (n-1)gram B4k L F 4,

A




!L 5.3 ¥IEF=E

CL27CSCIERE R ], B Katz P18 5 i

X —
I

Ckatz (\Nil—l) =9

HH

MNMHILIREN T = C(W L 2751§{%W_1, % F
S ARTHFEBIERTHEL:

d r if r>0
\a(Wi—l) Py (W) if r=0

R, A BEAEFE r B 270iEEA R SE I

Zd, (0<d <)WAE T, Fri=E d EHSET r/r, 3

&
A

Good-Turingfi+ 5 M .




3 5.3 ¥IEF=E

ﬂBA, jufj.ﬁﬁi a(W| 1)"}%

ST THEONER 2 SRR, BAIEFT R ER
THER BB BI040 (B 6]+ 18— 0 30R) 7R

TR TR a(w, ) B, HBRLZAE S A oh T5
2 G (W) RFERZE, B

Z W Cratz (Wii—l) — ZW C(W'i_l)

(W, 1) P (W) +d, F—Z C(W )

A



!'_ 5.3 WiEFE

(W)X o P O+ 2 o o (W) =1
T A

Ol(W )— 1= ZWi: C(Wii_1)>0 Pyatz (Wi |Wi—1)
i-1)= Z clwi, J-o PML (W,)

1 ZW c )>0 pkatz(W |W| 1)
) 1- ZWi 'C Wi|—1)>0 pML (WI)

[‘k FaE: (AREZHEMR) #X, £5% 50/100



5.3 ¥IEF=E

RIBEIER T O MR P (W | W)
V- %:EEE—"”S%}—E_

0
3
y3==t

Ckatz ( 1)

Z Ckatz ( 1)

pkatz (Wi | Wi—l) —

A FRE: (ARETEM) HX, H5%

51/100



3 5.3 ¥IEF=E

@ #axtEi{EE (Absolute discounting )

Hermann Ney F1 U. Essen 19934 .
EARE. NEMNMHE r PEEFRENE, FIRD
MR R HRNEH57

w R AP A s FHEH (B354 4 n-gram Y,
WRGHFE o oNE, HIENCERR/ADAL, W R=L"),

A



A, FEARI

AS:R K

 r-b
N

3 5.3 ¥IEF=E

BT r RSB BEZRE] LA an

HBr>0

s 1ok LA

... (5-10)

dlml

LIEH . b AT



!L 5.3 ¥IEF=E

b(R - ny)/N ZHTFRAETM=ENRRKMER.
b ANEHZSH, B CLEE BEAEEIE (heldout data)iER
B b B ERRA:

D<o <t .. (5-11)

H. Ney and U. Essen. Estimating Small Probabilities by
Leaving-one-Out. In Proc. Eurospeech’1993. Pages
2239-2242.



!I- 5.3 WiEFR

@ 2@ {E % (Linear discounting )

EAER. NN r FES5ZHBIER
FE RERFNZEER), BRBRE o Hiny R
WEAFIIY o (-o)r

TN Hr>0 (5-12)
p, =+ & —_ .
HHZH o E‘Jﬁi’%’ﬁ?’?
28 RAE L= A I n-gram ﬁ 5 AL T 2R AR

R FAK: (ARETEM) X, $5%

55/100



!l- 5.3 WiEFR

& MR EERIEE B

> Good-] urlng% X AEOZE A% 2~ ZHI IR H BT IR
., E HREIMRY 25 0 R 4.

> Katz Fﬂ;‘f X AE0E - # Good-TuringvE T E

B, 78 HREMEREIZEH 750 05 0B REA

> LR ZEJZ{E%' TR0 T0 A4 Bl Y 3K — [ 2 H |
BIREUE, FTE! ﬁ%ﬁ'ﬂ‘%ﬁi@ﬁ%mﬁz M

> M REE: XIE0S AR 4 H B0 IRk Hod A5 Hil vt
REUE, WHEI %H’JMKIVJ%?AOMK A4

A



3 5.3 ¥IEFF

(3) MB&IE(E % (Deleted interpolation)

EABE. FHKHrEEATHFEREE, B 3-gram
HIMEA B MR8 P #Ema il vHir, F 2-gram SREAX,
FIRE, 24 2-gram BELA B8 I ZRIE R HER A 715
A PLA 1-gram BFMERARE . WEAK:

(W, [WW, ) =4, p (W, | WWw, ) + 4, p°(W; [ W,) + 4, p (W )

.. (5-13)

Hrh, A +A,+4;,=1

A



!l- 5.3 WiEFR

> A, Ay Ay BITHRE :

Rl 2k

b — BB -1E N B 7783 (heldout data)

H—E8 7 FH

FAhTE pw |ww,) | p'(w,|w,) F1 p'(w

BBk

_“Vl_‘ﬁ /11, A’Z’ ﬂgz ﬁ‘[d:l Eiﬁﬂq‘ﬁ ]

NS

A

Do

BRI ARG, BN ESE R A




!L 5.3 MWL E

& ZHEFGERIFMNT B BIES R
Chen, Stanley F. and Joshua Goodman. 1998. An Empirical
Study of Smoothing Techniques for Language Model. Available
from the website:
http://www-2.cs.cmu.edu/~sfc/html/publications.html

&SRl 55 1&3

T H.

http://www.speech.sri.com/projects/srilm/

€ CMU-Cambridge IS 1R8I T A.
http://mi.eng.cam.ac.uk/~prc14/toolkit.html

[’k FaE: (AREZHEMR) #X, £5% 59/100


http://www-2.cs.cmu.edu/~sfc/html/publications.html
http://www.speech.sri.com/projects/srilm/
http://mi.eng.cam.ac.uk/~prc14/toolkit.html
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54 IBSEREENBEIEN

R FRK: (BRBEFEM) HL, H5% 60/100



3 4 BSIRENBEN

[ -

® EINEESRERRANENFERES
ARG, XLEFEE BRI R RA[E OS2
|‘Eﬂ7£i':l|:|i = 1% . ;JLT—}_IZEI,J%TI'; ﬁﬁll:l = 1;%;“] IA IART__U”
ZN AR, FIANASFE 78R

@ n TIBSBEAE M M RIEHEIEE— X
yiNse E’]él Bl 1R 1) H IRy 2 5t FJ'J *E/V\KH,] n-1 /l\l—,l
X, EXMEREERZIERTERAEAIZA.

A



3 54 FERENBEN

BiEN 5%
(O)ETZEZFRIBES S (cache-based LM)
Q) ETREHEESER
R ETHEAEHIESEE

A



3 4 BSIRENBEN

(1) BT EFRIES A (Cache-based LM)

BT R SRR B i) — i
R T R B I AR AR, HoARE

s

K] n-gram BLZHY

cache-based H & M. /7%= K3
n-gram B MR {EK1F:

p(VV| | Wl_ ) — /I pCache (VVI | Wli_l) T (1_ /1) pn—gram (W | W n+1)

JE

A

q

FE R B P DB EMEAEERE

BUMBRE K. SHXOXFBIE,
ZI:EI%IE 1|=||=|*§;“‘|ﬁi‘1

.. (5-14)



!L 54 IBEREANBEN

B R E TR EEF TR HITH B KAS#1,

BANMR (ZFEHR) HEESF T HIKME
papiE S Ktk

erache (Wi | Wli_l) o Z con (5-15)

jIK

e RAHIE

A

HA, ﬁ'ﬁ‘%&@%{(mdmﬂm function), W&

B, W =1, BN, 1 =05




XMFERRERE, P —MARNEER
W5 YA EER . P.R. Clarkson&: A (1997) K%
R, ZFPEAEX AR HEE

PN S

PR

A

K, o ATERRK, fAR—HFEE,

!L 54 IBEREANBEN

43

Tz

{MYAR

I, #(5-15) RE Rk

A '_1 (i
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(DET BN =TS TR
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K, p(WIT) BRAERBEEL, p(w;| t)RAERANRE
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... (5-27)
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