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Abstract

In this thesis, we propose smoothing methods to solve the “data sparseness”
problems of the language model to improve the efficiency of speech recognition.

“Katz Smoothing” and “Kneser-Ney. Smoothing” which includes “Kneser-Ney
Backoff Smoothing” and=**Kneser-Ney Interpolation Smoothing” are the most popular
smoothing methods. However,ithese-methods for bigram models don’t consider about
the unseen bigrams with the last phrase which does not occur in training data. So we
proposed the improving methods ito' ‘discount small amount of probability from
smoothed bigrams which does not occur in training data but the last phrase of them
occurs in training data. And then, we distribute the discounted mass of probability to
bigrams which does not occur in training data with the last phrase does not occur in
training data, either. We use perplexity to measure the efficiency of our language
model.

We collect the experiment corpus from daily news on Chinese TV System (CTS)
website. We take 180 news from 12 months to be testing data, others to be training data.
From “Enhanced Katz Smoothing”, we obtain a perplexity which is 6.65 lower than for
the “Katz Smoothing”. And from “Enhanced Kneser-Ney Smoothing”, we also obtain a
perplexity which is 4.50 lower than for the “Kneser-Ney Backoff Smoothing”.

Besides, we implement the bigram Markov language models and “Enhanced
Kneser-Ney Smoothing” which performs best in our experiment to a Mandarin speech
recognition system. The correct rate of system is 88.62%, and the accuracy of the
system is 85.52%.
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413 BBEE T

HL ST

BA AR OFHRFTREAS P ETR ST 2RATR OB YE (1]

TR acEpF 5 2004 £ 3 BAer@372005 & 2 0 b F paaRtRE P F 0 & 23,615

PIFTE 0 5,206,223 B F > 3,157,166 iF3# 3,154,791 B w F 0T g > Fweniiit

L
% 4-1 12004 & 3 % 3] 2004 & 8 ' HnEkLl izt

& /8 04/03 04/04 04/05 04/06 04/07 04/08

3T B B 2,115 2,062 2,156 2,190 2,209 2,058
% 468,103 449,496 477,708 469,219 488,523 445,577
% 3 e 286,476 274,950 292,889 287,518 298,863 272,426

T F LT
286,255 274,779 292,709 287,314 298,651 272,286
e
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1 42

12004 & 9 7 3] 2005 & 2 7 ocvigopd szt

&0 04/09 04/10 04/11 04/12 05/01 05/02
TR R B 1,913 2,050 1,889 1,824 1,657 1,492
@ e | 426,847 | 437,113 | 424,110 | 402,334 | 366,258 | 350,935
ik 258,566 | 261,104 | 251,657 | 241,299 | 219,895 | 211,523
T F LT
258,349 | 260,893 | 251,389 | 241,074 | 219,752 | 211,340
o 2

4.1.1 Pl

G R AmEALY o A EHSBREIBO PIATR KBS R 0 A3tAcT

% 4-3 12004 # 37 92004 £ 8 1 chipliEiEp syt
£/ 04/03 04/04 04/05 04/06 04/07 04/08
% i 40,700 | 37205 38,125 34,301 41,627 35,611
@B | 25235 | 22,836 | 23410 | 21,309 | 25718 | 21,969
T F LT
25213 | 22,819 | 23392 | 21,289 | 25697 | 21,955
G S
% 4-4 12004 & 9 1 ) 2005 £ 2 1 upERE AL AL
/7 04/09 04/10 04/11 04/12 05/01 05/02
% i 40,218 39,111 43,354 | 39,343 41,417 | 38,613
@8 | 24783 | 23,874 | 26,199 | 23,828 | 25231 23,265
o F LT
24,761 23,853 | 26,172 | 23,805 | 25217 | 23,247
S
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4.1.2 3" FE

TR FIE AR 0 R 2 RIEER AR TR £ 21455 RIATR

4,736,098 i F » 2,869,509 B30 2,867,371 Bw F U TF e i men it ?‘ S e NN
% 4-5 12004 & 3 % 3] 2004 & 8 P el HE L st
£/ 04/03 04/04 04/05 04/06 04/07 04/08
F #c 427,403 412,291 439,583 434,418 446,896 409,966
N2 261,241 252,114 269,479 266,209 273,145 250,457
T F LT
261,042 251,960 269,317 266,025 272,954 250,331
e
% 4-6 2004 # 9 25| 2005 & 2 1 e PUEAL s
E: 04/09 04/10 04/11 04/12 05/01 05/02
F ¥ 386,629 398,002 380,756 362,991 324,841 312,322
ER2h 233,783 237,230 225,458 217,471 194,664 188,258
- F T
233,588 237,040 225,217 217,269 194,535 188,093
i
413 gri

d ¢ # % CKIP(Chinese Knowledge and Information Processing):# & -] 3% i&
[2): ¢ 5 -

Fle 33 pra k] 5 93755 By o H 3

4@

R R S R A AE I L R R §

Fle F R #ich A W4eT
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47 D ppL hH 3T F PR st

H 3@ g = F s

¥
3

H B 7,672 56,562 17,419 12,102

Fle A angs A4 Ty 25l o & SR lae A i
BN ARJE o R end ¢ L7 PR ] ATk o0 Autotag ® 2 p B 73 % 5L 1.0

w [3])-

N~

B 2 F T HOA S A mE RS A T TR R RS KRR
B gy o @ % 4 RS R IR A R € o SRk Sk
PR FEFIARETN LR BNET AR o A
d o R R (perplexity) @ = 5 G F W Aa- AL R T B chE PR
[6]) &8 8 i J5 7 2032 % (information theory) ® *¥ (entropy) &% & #74 B & %

o UV AT RGP FES A ARDERT o Rl EF T A g -

PRI F LG 130 BF 5 #0312 RIREFREWS T B RREFEIGw R
Nwi® > BF 2 BAFERRF NI 0 F A > » ,T-*'w‘?jé“ﬁmg. 3+ % (estimated entropy)

Hye % %

1
H,y ==~ —log, P() (4.1)

w

d @ﬂﬁ,ﬁ};é IERLEL T ’ruxl« F BRI R WE 2 JogpP(W) B 2 K e 1Y

kG 0§ Hy A% [ PF > (R AT 0% AROD i A HFRIGEE R e 1 S EE 0 Flt 0 Hy EAR
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FHRRERF RS - L P TWEWLWLWs, W W) Wi e — B RIET

H, =-—Ilog, P(Wlawza ’wNw)
w
1
= _N_logz P(WI’WZ )P(Wzawa )"'P(WNw—laWNw) (4.2)
w
Nw-1
:__ZlogZ 1+1)
W i=1
®- H TEKF R A BRPPy S PP, =2 (4.3)
Fihg o AR LSBT G F s LY 2 T, A 5

R AR RE o e @a g PR Ft g 2 R T
%&4c 1l ﬁ;_ﬁ Jo T o
BRK RIERF A T 5 NeBARF Rt FHoTUE 5
1
H.=-—"Ilog, P(W) (4.4)
NC

% duR % B PPc i PP, =2 (4.5)

hAme @Y > U FARE BPPeRk AL ET A GERH o
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v
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5 255 A
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441 Tpex T ) RES TS Fag fL e T iz g ¥ ed, B

PP TR 2 SR e TR Y s F MRS NAPE 0 % T R - BT
Bd, o m Pr3cEdPBAt DB GNP R o FlA PS5 e T A1 7] 6
KGR P o U PldsE 1RF] S*ehiE o £ 4-8 AT HEENLY 5 DI ]
IS mgag e o e

£04-8 MM 6T hE R B o & H g

A IR
(rig)

I
(n,18)

11,780 | 5,654 3,701 2,653 2,032 1,676

r*iE = (r+1) - 0.96 1.96 2.87 3.83 4.95

. T n,
d.ie= i 0.73 0.87 0.71 0.72 0.93
1— ( + 1)”k+1
n,

442 BN T fE 2 it B T2 ¢ o 18 dRiR ik

AT iz Bay v ek T iz P B¥ITIeE gk o) € _bi?;p’"” Hts Feio i
FH oA AT R A R e e R M F o AP
FTARPT FOTREUREPE AR RE A FL T2 > RFT R
WA E o A RER? > Ty ahm (S EFP S F 05 19527 &5 37 ¥ ~ 18606
FEREE TN

349 Tzp g g BPaEAs 4

ELE 38 1-4 5-9 10-99 100-999 | 1000-5000 | 5000 r2 *

3k 27,416 8,219 12,414 1,278 46 1
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204-10 1 T35 s il d i 4

6 e i 1-4 5-9 10-99 100-999 | 1000-5000 | 5000 4 *

3k 26,601 6,884 10,150 1,246 68 3

443 EABT 1 R

A B R R VAL Sl SRR R PER
2T PNGEE ) LT R BRSSPk g e Tag g
AL fid g 2 Top i FA T o T ARG ETF G FARAR -

Fo4-11 0 E i 2 Fanl i RV R

P by o B o A F: N 5a fb Fp s
£/ T i T £ > SEEPES [ERERE Tz
04/03 623.61 67.84 60.38 44.65 38.01 34.48
04/04 541.01 56.67 52.03 39.75 34.18 31.17
04/05 595.20 76.42 69.44 48.60 41.88 37.60
04/06 549.16 71.47 65.16 46.07 39.95 35.68
04/07 582.82 69.52 61.88 45.21 39.25 35.17
04/08 529.22 70.67 65.60 45.70 38.68 35.08
04/09 570.86 79.77 72.17 49.09 43.19 38.20
04/10 621.48 89.35 84.59 53.82 44.82 40.65
04/11 613.24 85.60 79.54 52.67 44.70 40.25
04/12 546.60 71.09 64.66 46.28 41.67 36.50
05/01 555.69 77.84 73.60 49.97 46.83 40.13
05/02 546.92 74.95 66.33 46.13 42.69 37.00

29



4.5 5% 24258 A 45

d 411 Sk Tae Tk vk enT 480 % g A R 43 (7]
Phe Tt 5 2 2% ERE > P S%REGPHEEE 8 T2 2 4p L3

) 0 TRRI|IUT 5

I 2@wmAERy Tes TR ) & THSTHZ o 1 dock BRE A+
Phed Ty i3 b3 s s THRSTRE  PRARERY TP
g‘ijﬁ‘%,ﬂ j\’,f,’/] > 1—5{—]}‘13 r%—‘\l/ﬁ‘/zg O g mﬁtgé%’j/f H*ﬁ'*rv»

LT TS

20 Hyppe TS ok, ag o Ry TAESEQR ) SRARG Y TR
APNFEE ) RE LSRR A9 AR R REE DT

Btk A o 3 TERRNIRE 31005 BB Rk @HA -

3. A erdk an Uil eIy ok TPl T2 ) Ti5 0 6.65 iR
ARE @ 5 f"ﬁ’-”\l/ﬁ‘/zg ﬁ'&}ﬁ'%—*—lﬁ‘/z"l“iﬁ‘bﬁ*' e T fr X
f6i87F 5 BT 1 450 BRARE = B A PR 2 T

se3F 7 R i -
4. Fag it g T Fiza BR Fyres T HiE g v PR ATH Ao i (6.65) 0 v

5 1 FeS T i g2 Tl 154908 5t P ArR e i (4.50): B & 5 o
ik

;,JM

A TG Tt el TRk B BT e (8 D A s S

E oo Tip it SR TR A frery hgEd v e gtk

30



100

90 N

. SN
70 /}\\\L\ J//i://, \\i\v/i;::fﬂ
T AVZ S

60 A\\/
;‘i‘ \/ e

30

” S e BE —A— g el TR
S R FE G K f AR

10 —
—e— g X Tk

0 L » I I

04/03  04/04  04/05  04/06° = 04/074504/08  +04/09  04/10 04/11  04/12 0501  05/02
| AN

B 4-3 1% Foodk THFgteh T 5 T 2 R R R

31



% t_l,‘ . ' = 'i‘r t‘f‘)‘e" BN 7 t_l,‘ »
SN PU ,@;? =+ #E }\‘ “13‘:; g 7 Fear 0t SULZ ‘?
|5 4 238 5 Fr e
riE e JE

o R AR E = L f"f#—m%j §v &
F I TEEh B
Client-Server %

e P

#3

3 2T =
A S 3 3

23

SRR
EBCICTE P S N A
7% 4 > Client A AN IR A Bzt 2% 3 (PDA, Personal Digital
FB pirgk f# S #3“: }\‘

it

5% EIE
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Recognizer [5] ) £ d 3% 35 R BB F HA RGE 5 783 [7] & s koeng
& ¢ 1% %3 7 #dl(Language Model) » 1 21857 & 3@ B 0 353 BRI 1R L
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a(Wi—l)X C(Wi )

if C(w,_,,w,)>k

if 0<C(w,_,w, )<k

ij:C(wi,l,wj ):OC(Wi

j if C(w,_,,w,)=0
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Wig [Wi | C(Wig,Wi) [C(Wi)| Pori(WilWi.1) Prkatz(WilWi.1) Pexatz(WilWi-1)

< %] 100 100/200=0.5 0.5 0.5

< x| 65 65/200=0.325 0.325 0.325
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