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Chiao Tung University

Abstract

In this thesis, can be divided'inte two patrts,.one is to explore dictionary contains
Observation contains words it appropriate, if not for the words were deleted. The
other hand, when we do dictionary streamline content, A problem is Out of
Vocabulary . From OOV rate, observation of the recognition rate . To solve the
problem of OOV, we do find words to constantly re-term, long term change short term,
OOV rate drop further enhance recognition rate. The second part is POS based
language model build, try to join the long-term information and POS and word to the
language model to improve the recognition rate. Another is the use of linear
interpolation combining two different styles of language model, enables us to further

improve the accuracy rate. To the final ,syllable recognition rate improve about 2.5% .
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FEACT MR K i o R RSN L P L ER G 0 K R B b
b F 458 ¢ (Data-driven) = % > BE A feE T A2 2 2 50 02 A0d %

iE4% 5 (Dynamic Programming-based ) z_ 3% = j# & [2])-

FE R S RFUGER ARG R A F L R EF R NI RSA
FRES cF AT ARG CFRIFZARAV A GO FUHET T T 0 BT
RFA R B FER TR o A0 F Wb sk B B AR R T AR hE -

ﬁ streebank FFALE 0 K ¥ET &0 B ROFE X H 7 fodF it

1285+ %

— B ARk TE G R KA AT
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extraction

Acoustic
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model
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lexicon

B 1-1 Fin Az



2

4ot BT o - BAA AR ke 50 RBiE S¥c #% 57 (Acoustic
Model, AM)=2" s > 35 % #-73] (Language Model, LM) =72 R 5 i en 2 > 9
Pph B AR 0 ST JE R K LA .

T 0 AT AT S R AP T ko R A A

oA A ard gpl £ F A SR kA Tl AR ¢ B L ahp

¥
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AT ¢ o NP e 2 ST part of speech (POS)-based e773E 3 i3] > @

UERCREEHTT PR S

F-F BB ANALFEIEBEL I wER L o
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oo ©F e » W E Ffe 2 R 4o POS & word 5T WA 0 ki 3
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il

Linear Interpolation word-based LM and POS-based LM: & & = —*‘Ff 7

Wi mE T WA KRS BT A PR R PR R e o



% = % Treebank A & #432 % 5t

HEREMOFFFAL BT HEY FEFEAN I 2R 57 2 1)
(Hidden Markov Model, HMM)> %%‘ d BB S A Ry g § ATk i (State)
AL Gl 2 % 0 BB E T U R B AR TR R B Y BT

%

Ao AR ESE IR e F 5 A Y S BAl T R B R o

2.1 Acoustic model %= =

2.1.1 Hachfic: 38 aT S Btk

TE R FERE SR RIS R e 1 1%%%; F T3 2}3{2@% ~
FE g ¢ Bk o F] 53 a2 P A 48 €45 12 (Short Term Stationary) 0 e
PE BRI ABRE A F TE SR Y shfd#ic s MFCC (Mel-Frequency
Cepstral Coefficients » 17 f F|#p%% 4 %) > v s> ¢ 4£ 12 2 MFCC #c + it £ £
13 4 > B~ Delta {v Delta- Delta » 4vd= k& 39 & @ i £ e0 ) {3038 F #82

£ER G R

\\?{.r

B s EF e SEcl .38 manEg S¥kc o

2 2-10 Sdcd Bk T

PR A K 16 kHz
s R 30 ms
F =T 10 ms
Filter bank # #c | 24 B {2 R = &gt B

212 BEHIRR

gk * g left-to-right HMM » B2 /R v v g € SEPF A @ %0 33 5 5



LR e et T BER AR - F12 (Frame) » > v vk s S 4p e o
b s N A F 4R A Ik R R AR R ek As LRI ¢ (State Observation
Probability ) » # * ;R fo g #r#-4] (Mixture Gaussian Model ) * % 57 o

PURBCA] ~ B3 S BepE R Y oh JE P Baum-Welch 48k s 3402 > e Ao

MA B REESRD > 0 E B Bk ik v VR 0 X E A R R 5

FEAL S0k o TR P ARIGGER L F 4244 BF > BFRF LR L3S B TR
% HMM model 72" 3542 o 3% % 2" S ficdd 2 fil}ﬁ]ﬁ‘])}ﬁ ~ B B3 & HMM Tool

Kit (HTK) [3]-

Parameter Boundary
Estimation |« information
(Hinit) <
Parameter
Re- Boundary
estimation 4¢——— information
\_/—\
(HRest)

v

Parameter

Increase Re-

mixture estimation
(HHEA) (HERest)

B 2-1 & & 3“_;,'] *iilll?"‘ﬁ]%‘]

wulj
H
ik
,‘m

% 2-2 Inside test

Inside test

Total syllable | Deletion | Substitution | Insertion | Accuracy
47244 0.04% 0.78% 0.03% | 99.05%




% 2-3 outside test

Outside test
Total syllable | Deletion | Substitution | Insertion | Accuracy
4948 0.32% 9.08% 0.42% | 90.18%
LT
d 3t F_H - ¥ 3t foinside test th% % o syllable i (A F 0 AZE

PEOR -
79996 0 @ outside test & T+ A F o FEERF L AZFE T 90% o

2.2 Word-based bi-gram language model z# =

BT T RA B - ARET Y PR TR R AR

- P RPN 23F 5 3 (Rule-based EM) g — BRI fFd g« £ 3 F

=4
AL o I F B a2 Vs B e B BN B R P A E 2 i S A

(Statistic-Based LM)

2.2.1 n-grams 33 -3

BRF - BaF o HEFEALE 203 m B Tww,.,w, 0
Plw AT e R iR e A g s 4o N
m
P(WI,WZ,...,Wm)=HP(Wi W, Wy, W)
~HP(W| i-n+12° s> W, ) (21)

= H P(w, |w._,) (bi-gram)

Count(w,_,,w,)
Count(w, )

P(W, [w;_,)=

Count( « )% w38 J1IR=x #ic



2.2.2 ¥ & ¢ smoothing

4od A+ & Count( + )iE & O FF > P bi-gram % 5 ¢ 3% F » & 77 " MGER

AR R B R A AR ARIERFAT § R Tl AT 5

S

ﬁm
W

2o @ ) 4 32 % (Information Theorem) b % 5 1;&., O¢gRFFNER

5o @ gEan it ot th s F Count( s )eniE %] BF o St B ) dn-gram 8

Foa B A BEE o AT R #3 B D e 5 L smoothing 0 (F [5] 0 i@ 41 eh

n-gram % & 55 AL L 4F g 2t o — 0§ A g smoothing = FN4e T

I:)(Wi | Wi niioee o Wi—l)
a(Wi*rHl 90y Wi*l)P(Wi | Wi—n+1 9oy Wi—l) Count(Wian geeey WI) = 0
| . 2.2
_ld, Count(W,_,,---,W;) I'<Count(w,_,,,,...,w,) <K 22
Count(w,_,,...,W,_,)
Count(w, ., ,...,W,) Count(w, ,,,,...,w,) >k
Count(w,_,,...,W,_,)

HP o aW_,,....W, ) & back-off ¥ %3+ 5 1=x#k i 0PF  BI4]* (n-1)-gram >

3+ back-off adfcr k4 7 MM ML 0 chfBFox ARty - Bif ¥ il e

a(W,_,,,....W, ) i %> B ¢ 516 normalization » £ H & &

D PW =WIW,,. W) =1 (2.3)
weV

S8 COUNt( » )enid i) » i & 48 5 FE R EAEPE » 1255 SR L8 = o)

3k &P Bl € %k - B34 Good-Turning discounting #73- ¥ ) k chig

d, (Discount Coefficient Factor) > j& i H 5 > I #ite Kﬁé SEE T AN G

5

n-gram % 5 & * o



2.2.3 #FT HAE 2 A

ﬂ’a + § e 3‘.?‘};}&;‘;:!\5151.- f]g;;LL, #rﬁ]%&, FrOTE B F"f" = F.%s—

P AT AR hF s 0 H25 TGeneral LM o - BFEZ A U AR

ReniF it A A R FFEHE ASE 2SS G A B AN
i 4o

$o Ak ERE B g - ek £ KBS 1976 & £ 2000

#£2 > %= BANTCIR > 8222 Fe 2 ¢ e 5 RIEE

CERFLER
PR E AR DY TS o T ARES < T E S word £ character $u3t A

% 2-4 Database %t3*+

R EE R EP#k (Word) |5 #)k (Character
kEsesk | 9,950,311 16,228,258
NTCIR 101,618:417. | 169,186,222
&3 111,568,728 | 185,414,480

o dor xR IR B LR e R0 R

#f1* (2.2)57%9=(2.3) 3% & smoothing = i2 > 3* B

SEENE (SRR

12 2 3% 3 03] 47 % en-gram

&=
Ly
F_L

PP

gL 2 417 unigram % bigram 5 o & & Je T R 2 B

Y hrRs Y HE R o AP ERES A S wordnet #0755 o H g5 i

2 B eng B S od 5GE 7 oAl 9r i * endicd 2 SRI Language Modeling
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Training data

Language ———
model
training

LM(Bigram)

|

Ui

Coverting

back-off

bigram to
lattice

I

Word-
et(lattice

B 2-2 Bigram 3% 3 #34):E = 2B [6]

2.2.4 Perplexity 3+ &

#-k Z e 25{e NTCIR = 53 'database 4§ 7" S5 4 > T 75 4L B wUp383F
e * T g F@~T e 2o FRlie2 B BRI RI=ZFT R E
= HA o F T B adF A i w L A perplexity(PP) kB € 0 ZE 40T

PP =2"

H :—ilog2 P(W,,W,... W)
- ,

fa

PRE-BEOFLRFD M OBEE A b]E o R0 5 HE AT BT

Ed

27 o entropy (H) > %53 7 ergodic shigzk 224 4 enit i » B 612+ N k4 H

AT 02 o 3 B log probability €04 10 3 & - Flut 5 5803 stho T

PP =10"

X 1 (2.5)
H= —Elog10 P(w,,W,... W)

Bl
X

P(W19W2,"'9Wm) = H P(W| | Wi—l)
i=1



log,, P(W,, W, ..., W) = IOglo(H P(w, [w,,))
i1

=log,, P(w,) +log,, P(w, |[w,) +... +log,, P(W,, |W, ;)

= zlogm P(w; [w,_,)
i=1

3% 7 B RER
F] % treebank L E ) p T HEERLE 5 07 AP R HETR R AR SR
FEAL o T A T HRE R kit & 2 478 1 o Perplexity o

% 2-5 P32 4L Database $u3*

BlEE R | @8k (Word) | 5 # (Character)
Sl S A 4,890,875 7,926,700

% 2-6 P|FEZEAL Perplexity

LM Perplexity
Wortd-based(60k).{ ' 626.643

2.25 % B ¢ 4o~ 3T 031 FERARE

DY ® O FlamET A A A L R A 2 ihbigram LMo fie & &5
HA| & (7 3%E 0 5 0 4o - Viterbi search =g & 5 @ * beam search o F] i 3 % fiC
et v o PR R A AT AR L LE S FEEER D E AR50 A - 7]

PP E U B 2P s 3 o (character) frsyllable = /& 7 Fe ehggah g o

PR

4v » word-based language model * * # % word fr Character 2 syllable = Jﬁ =g
FESF o

% 2-7 word g3k &

Total word | Deletion | Substitution | Insertion | Accuracy
2975 3.22% 22.72% 3.49% | 70.55%

9



% 2-8 character %

LA g}‘»

G

Total character | Deletion | Substitution | Insertion | Accuracy
4948 0.51% 18.09% 0.30% 81.10%
#. 2-9 syllable 32 &
Total syllable | Deletion | Substitution | Insertion | Accuracy
4948 0.44% 6.79% 0.30% 92.52%
23 FE% L7
B AR R Y BRI R Y B RO 2 3RS A0 g &
FEES oV R B
syllablePE#is ik ﬁ"ai‘(l" reebank)
93
92.5
92
g 91.5
& 91
S
5 905
(&}
< 90
89.5
89
88.5
only acoustic model acoustic model+LM(60k)

d 1 RE FIEREC o F 3 A2 1 o syllable sy g
FA L

i A L

Z AR

Bl 2-3 syllable ** #& B

VRGBT R

-

10

F gL oE

Rlac 53 W - B HOF e B PV AL B A2

E

A b 4
L—7J"F‘\:El 8 o

59

e Nl k=g

FRE

‘:’413)\?

sk



F #_fr multi-speaker #t # > AP £ TCC300 :FALE ¥ o i+ & #rdc ]

Mo g A 0 38 0 syllable shFERR S o 4o A A7l

% 2-10 syllable ¥ &

Total Deletion | Substitution | Insertion | Accuracy

syllable
13313 1.71% 26.70% 1.31% | 70.14%

#. 2-11 syllable 3%z % (4¢ » language model)

Total Deletion | Substitution [Insertion| Accuracy

syllable
13313 1.25% 15.32% 0.40% | 83.03%

% 2-12 syllable error rate and error; rate reduction

only acoustic acoustic model and error rate

model language model reduction
Treebank 9.85(%) 7.48(%) 24.6(%)
TCC300 NCTU | 29.86(%) 16.97(%) 43.17(%)

¥ - ;%Jﬁ" BihAe 3T Al o H gyllable error rate 5 9.85% 0 @
multi-speaker P|H_ 29.86% > #4r » 3% 3 o] 2 {8 syllable error rate » B4 % &_
7.48%F= 16.97% » error rate reduction R4 %|E_24.6 = 43. 17% o 2% i 3 RF|
¥ - ;%—‘ﬁ e error rate reduction /] ** multi-speaker - 2 kh F|&_> H - %
Fli B Acisyllabe FFR S e S0 o PR A FIHA 2 B - TR D

PCREFER S o FPt 2 {8 T g o syllable pER S L 3F R v F b 3F ek o

11




%= F @& el i 2 Outof Vocabulary
(O0V) #3t

9 fe E5ra ¢ FEWEF F MR FAL R LT D F R - SR
TR R Vb FRPEPRPIE T A o > OOV rate - T §
L

7 OOV sl 4T » $20Fa b % A3 ¢ 4§10t o

SR IS

ARAR AL e FR TR PR W T P e R

IR SRS A LR
2BIBE L e FR L SRR

(08)
=
=5
%
AN

B
=
=
o)
K2
e

5 M“,f Bre b s
6 M%x#fﬂ,rﬁ—f‘;;ﬁ

> m’ﬁ wj‘, ¥ ol _fsgr ;fé @ o 2\ { ]aawev;fa g_,__g Hp T A —E‘L.Q 5@2% 4

B LG LI FH 50 - B General F R 0 M L vk L2 Hix L

oo R RIE A K Rim 3w LA EEE - 3P AT F AT R AT -
S S R 0 AT UATHRRE R €0 7 U P o T Bl A AT 2 L R

(FRR A S VAT 1

12



40000
35000
30000
25000

8 60k
W 54k

20000

15000
10000
5000

SFE AT AT W DA ATE CFW AT

Bl 3-1 3% & & 0%

& 1

'ﬁéq\;b

16.60%
(60K)

0.21% | 0.06% | 0.04%

B

10.75%
(54k)

0.23% | 0.06% | 0.04%

3.2 34, thil # i

PIRPN Z
EWEA F Lin- 33 0? FRIGHERE S 24 TR %I E L

N

PRI 5GP P R

e p
Z AP Lo B P R Lo MR R AL F 0 AT ATER L
g EATH O F MIehk Lo Blde D g > SHEERAT Lo %o TH Lz Bion

R R A T
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40000
35000
30000

25000 H 60k

W 54k
0 52k

20000

15000

10000
5000

ST CFF AT PEF AHE AT A A

& 1

‘FTA\LL

10.75%
(54k)

0.23% | 0.06% | 0.04%

B

7.18%
(52K)

0.24% | 0.07% | 0.04%

3.3 00V 3¢

AEFWL o TAP T g @ A gl kE2 g Al A2

-mlk\

100V cdict 68 B - OOV rate i A B35 3 Ho2 e E 42 7§ 0.3989% » 4

*“%

P2 g cover rate 42iF 99.69 o LR (S nT B F L > OOV
#c b 234024 B > OOV rate ¥ Jr &4 3] 0.4% + 2 34238 1.590 > 18 FH |8
(5P B E % A 99.6967F T] 98206 L L o ke ¥ T H A L kit

5 OOV-rate » P H_% i 2.875% » 17 3% ° 3+ & OOVrate % ;4(3.1) -
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# 3-300V %zt 4
ERINLN i OO0V :##k OOV rate
60k 68 0.398%
54k 4024 1.800%
52k 5990 2.875%

OOV rate *+ %
OOV rate=(Total OOV words)/(Total words in database) (3.1)

60k OOV rate=432060/111568728=3.87e-3  20.387%

54k OOV rate=2024173/111568728=0.018 -21.800%

52k OOV rate=3208196/111568728=0.02875 22.875%

FH* 2 g I FeFP2 I A FPs A4 02 2 = f8 Language

model > ¥ JEd FRping % > KEE OOV $Hyrp g A2 5~ O

5 4 4% Y
FoTAiES

word ~ character ~ syllable = fd y¥@ .55 %

7. 3-4 word #FEF

Outside test - Total 2975 words

Deletion | Substitution | Insertion | Accuracy
60k | 3.22% 22.72% 3.49% | 70.55%
54k | 2.68 24.40% 5.95% | 66.96%
52k | 2.89% 24.87% 5.82% | 66.42%

% 3-5 character #%a8 &
Outside test : Total 4948 characters

Deletion | Substitution | Insertion | Accuracy
60k | 0.51% 18.09% 0.30% | 81.10%
54k | 0.36% 19.52% 0.38% | 79.73%
52k | 0.36% 19.80% 0.38% | 79.45%
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# 3-6 syllable 343+ &

Outside test - Total 4948 syllable

Deletion | Substitution | Insertion | Accuracy
60k | 0.44% 6.79% 0.30% | 92.78%
54k | 0.30% 6.70% 0.32% | 92.66%
52k | 0.30 6.79% 0.32 92.58%

T
95
90
LN 81.1 .
Q .
g 7973 7945 B 54k
g 80 0 50k
75
70
characters syllables
O 60k 81.1 92.78
W 54k 79.73 92.66
52k 79.45 92.58

] 3-3 75 5 v B

KL BE Y o FIIE OOV rate £k » 1 0.398% + 2 3 1.809%
character 38 5 LT "8 1 #-1T 2% - syllable chyi S0 HF R G b F o o gt )

OOVrate i1 % % » ¢ $HysFd 2 ¥ o

3.4 f# 4+ OOV

16



] B 00V a7 > o] Tk F o > BIFIES (RIF & )> = 330

MATfEN = F 34—

i

Fieehm s o ind i A fRa 3 OOV rate 40T A 0 &
Z_@ OOV 0 #cqp b 0 j8.4024 B -5 3| 2838 1 » OOV rate » j&€2 7 7 1.8%F
37 043% 0 7 33+ 00Vrate 0 » £ 2.875%F % 3] 2.04% > OOV e

BT - FE o 4o T & AT o

% 3-700V #2* 4

OO0V :##k OOV rate
60k 68 0.398%
54k 2838 0.430%
52k 4807 2.04%

bk en¥rieE o A 4 Fran YGER B F £ A7 Language model -

FAr r FERE Y o Perplexity foifen words FEEG 4o £

Z 3-8 perplexity(52k)

LM Perplexity
Word-based(52k) 599.556

% 3-9 perplexity(54k)

LM Perplexity
Word-based(54k) 617.512

2 3-10 word 3%z &

Outside test - Total 2975 words

Deletion | Substitution | Insertion | Accuracy
60k | 3.22% 22.72% 3.49% | 70.55%
54k | 3.19% 23.96% 5.48% | 67.36%
52k | 3.22% 24.63% 5.34% | 66.79%

17



R R RIS ) 1 R £ ATER 0 B word SR S AT & o

# 3-11 word 343+ %

Outside test - Total 3034 words

Deletion | Substitution | Insertion | Accuracy
54k | 3.30% 22.67% 3.59% | 70.44%
52k | 3.36% 23.50% 3.49% | 69.64%

word 75 e € 3 4v o 4% F 4 BL% characters % syllables ey$ah 5 o 40T & A7

# 3-12 characters 73 &

Outside test : Total 4948 characters

Deletion | Substitution |/Insertion | Accuracy
60k | 0.51% 18.09% 0:30% | 81.10%
54k | 0.32% 18.53% 0.36% | 80.78%
52k | 0.32% 18.88% 0.38% | 80.42%

% 3-13:syllable ¥ &

Outside test - Total 4948 syllable

Deletion | Substitution | Insertion | Accuracy
60k | 0.44% 6.79% 0.30% | 92.78%
54k | 0.26% 6.75% 0.31% | 92.68%
52k | 0.24% 6.81% 0.40% | 92.60%

v word SR 0 PR @ AR A 9966.96% 2 T 67.139% > yERF 4
1 2F e o (2 §_insertion error fr deletion error £ 7 2%} > E E 4R E

FLE RTETER 0 BR3P % 2 B3P 1 & s insertion error e deletion error B ¥ £ 0.2%

L » 14 characters 3 BLEZE P > 4o B AT

B
o

18



charactersPts FiE [l
g1
80.5
§ 1 O £ &%=
: L
£ 795 | W L
79
78.5
54k 50k
Ik
) 3-4 character F¥:% 5 +* # [
z_m characters ¥ 5 % 7 I 80% ; é‘h—f-’rl* R P o R
AFRET 1% 1! y:” 'j
— F3 o AP E R A L ITIE 7 L FE 8 5E_unknown word € 3 4c » OOV

rate € b= o 4o L ToT o

% 3-14 00V %3+ 4

OOV :##c | OOV rate
fn’ﬁ E130) 2838 0.430%
54k( A 4 R ETE) 3335 0.820%

£ F £ #79" R Language model» I 4r » #4238 ® ¢ o £ % characters { syllable

19



# 3-15 characters F#:% 3

Outside test : Total 4948 characters

Deletion | Substitution | Insertion | Accuracy
54k(* FETH) 0.26% 18.53% 0.31% | 80.78%
54k(* & A %73) | 0.30% 19.26% 0.38% | 80.05%

% 3-16 syllable F4:8

Outside test - Total 4948 syllable

Deletion | Substitution | Insertion | Accuracy
S54k(* LETRR) 0.24% 6.71% 031% | 92.68%
54k(* & A ¥73) | 0.25% 6.72% 0.33% | 92.70%

R%AHT

IR

9268 927

94
9
90
88 |
86
84 0 ~ &g

28 - 0.8 80,05 ATy
78

Accuracy(%)

74
72

character syllable

] 3-5 character v syllable 7528 5 1+ # ]

FABA LRETRE T BIA L ADIPGE S WAl iz 0 R g BT OOV
FlUt BFF O iE o dodk AREER  § IR Lo RF TR EFRE AR R F
e E o FAA LRETERIEY b IB R4 O ARITIES(E | E | 1) B- ’
TR GE T BRI E € 5 (B )HR(E)fo(E)E(L )R F S o Flet Rl

R ek (S E BB L 0 R TS IERD K - L L

20



3 0 B characters (RS A g v K T 0 AR AE - 2o
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% = ¥ POS-based Language Model

~ L%

o F AT GRS HA) 0 H st a2 SV o di g word-based LM o e — B
4 e word-based F 3 A 0 T E B ARIBRER E LY B L g dok AP
RS ATERL PSP T 0 R R F R ERGAT 1R % 7 POS-based

language model -

4.1 POS Database # %

R T FFPTEERE ATHEREY 3 g Tk 0 A 2 F B
FEF F TR HE N T R b (o AT P gt £
L F o
ExI :

%% dNe) #23 2(Ne) 142 (Na) #7€(Nb) +£2 (Na) 3Hp+(VA) &8 (VF)
!
(Ne) (Nc) (Na) (Nb) (Na) (VA)“(VF)
Ex2 :
#g - (Nb) et (Na) ¥ 5 (VG) H (Nep) 45 #(VC) ##(Na)
!
(Nb) (Na) (VG) (Nep) (VC) (Na)
T 4 4 #ax POS 3 B~#5 1T total POS 313t 4 0 3 ILP 8K A T R R R h

L RFIE AN R R A2 FP POS 7 5 (FW)ane » Horfhamad » p 3§
Lﬁb‘mij/f °

# 4-1 POS %3+ 4

Total POS
T e R 4,796,163

21



4.2 POS-based Language Model

POS-based LM - # §# & &_class-based LM - #& > v » &% word s 5§ o
REA SRS P AAEE T £ ¢ 5 B POS T 0 %34 147 a0 POS
class & ™ > F]pt A 0 i * class-based LM 773 R = 38 5 2 % 41 POS-based =7

¥ e

4.2.1 Nonoverlap:

32 = POS-based LM » 4% 277 — & word ¥ &t 75 it — B POS 2 ¢ > %

i 7 overlap enfi-35 2 4 o 3+ & word sequence e H M 4eT [8]:

P(W) = H Pclass (Wi ‘ Wi—l)

4.1
:HP(\Ni |Ci)P(Ci |Ci—1) @D

Count(word "' belong pos i)
Count(pos i)
P(c; |c._,) : POS bi-gram

W : word sequence

P(Wi |Ci)=

C, :posi

4.2.2 Overlap

d - B HPOS» ¥ 0 F § #kB POS» #7110 # B word § ¥ it 3 &R I
71 POS class AT » @ A2 overlap e £ H F®FF B/LF > ®FHPOS &7 ¢

Fd-BeP UEBT A LY - FFfos F@HPOS A -

22



s+ 21 &

% 4-2 @& - F 3% POS overlap i3t

T Y -
a 7 -

DIRFERR - = = z
v 55.66% | 23.22% | 10.1% | 5.73% | 2.84% | 1.18% | 0.06%

s+ 21 &

% 4-3 3% = F 39 POS overlap i3t

DR | - - = »
Bl | 94.81% | 4.72% | 0.38% | 0.06%

FH 0 3B word sequence % 5 B VR 5 g d o e N 4eT [8]):

PW)= > HF’(W [C)P(G ) (4.2)

€1.Cy Cn

Count(word i belong pos c;)
Count(pos'c;)

P(c,|c.,) : POS bi-gram

W : word sequence

P(Wi |Ci):

C, : pos of word i
Count( - ) : count inthe training text »

4.2.3 = = POS-based Language Model

tif = POS-based LM2_ @0 » 24 i Jf 2L 503445 (4.2)58 ¢ P(w |c) e 5 o

),LE; , ﬂ,\s}n;}ji,t _lg‘ %‘l'ﬁﬂ!lﬁm—kﬁim % ?:}i, Mokt ok

P(w, |¢) 18 5 &>

e o Count(posi) % @ M pos ¢ T @ o E ¢ A | o #ie oo

Count(word i belong pos c,) Pl & word iH :#E 3t pos ¢ T frEfl i@
I IR =t fic o P(C | c ) B E_POSshbigram# 5 » £ = & % e e 22 2 word-based

LM - 2" 3 POS-based LM*7 ¢ * chir#8 5 SRI Language Modeling Toolkit [2]) - ™

B] % POS-based LM = jn4g o

23



U

POS EFAHHN

A

S}EPOS bigram -
probability

—
POS bigram
Model

] 4-1 POS bigram model £ = /= 4%

- Condi tional
probability
POS bigram P (wilco)
model

Combine <

POS based LM

B] 4-2 POS-based LM £ >

24



F &4

4. 4-4 word s F

Outside test : Total 2975 words

Deletion

Substitution

Insertion

Accuracy

POS

5.21%

37.01%

7.33%

50.45%

% 4-5 character 338 &

Qutside test : Total 4948 characters

Deletion

Substitution

Insertion

Accuracy

POS

0.46%

28.40%

0.46%

70.68%

#. 4-6 syllable 33t &

Outside test - Total 4948 syllables

Deletion

Insertion

Accuracy

POS

0.32%

91.4
91.2

91
90.8
90.6
90.4
90.2

90
89.8
89.6

accuracy

syllablePE#=s ik q%‘[[

91.23%

pos based LM+acoustic model

only acoustic

] 4-3 syllable 32 5 14 i )

25



#- POS-based LM v » #3 B ¢ 5 j&_syllable ez il i Bl > 4 »
POS-based LM » # 12 i¢ syllable sy 34 B - B A v vt o 2 &8 § F
POS-based LM 7 1 fe 3538 5 Sifhide » 2 Z 23R > RE D% B 7 Famcsk o v

12 characters (& B IL'FI‘ s PR EOL % % word-based LM B & X o

d Fiten@ %Y o FMI[4e% B * POS cinformation * s #chikdy 0 H
characters s¥$asenE % » 2 Z I > Fpt 4 » 37K 0 information » k3£ E POS
class i #ic > B (] 4eT
Ex:

B75% &dNe) 63 2 (Ne) 2 iz(Na) f:7z(Nb) £ 2 (Na) 3#§#(VA) J&.&(VF)
!

(Nc) 4 (Nc) 3 (Na) 2 (Nb) 2 (Na).2® (VA)2 (VF) 2

f4 B~ POS information PF » » %£3F3Z3 a3 BT 4o 3 POS 20 18 » 4ot #7571 o j§_
T HTF AR P b B0 POS o & e > ¥ 00k K9 AT0 POS bigram © F] &

H4e 1 3 E T 0 #1i2 POS il Bl b o JER & 46 16 POS 5B & 149 4 o
Al R E AT B N (4.2) P eaP(w|c) 0 £ H E _Count(pos c,) et =t ok

EATRGEE o 22 2 ek Bl 4-1 Bl 4-2 2 = POS-based LM 1 ;2

% 4-7 character 333 &

Outside test : Total 4948 characters

Deletion | Substitution | Insertion | Accuracy
POS | 0.46% 28.09% 0.51% | 70.94%

% 4-8 syllable 3 &

26



7 %

28 i

Outside test - Total 4948 syllables

Deletion | Substitution | Insertion | Accuracy

POS | 0.28% 8.04% 0.32% | 91.35%

Accuracy(%)

71
70.95
70.9
70.85
70.8
70.75
70.7
70.65
70.6
70.55

charactersEaii=

pos_nolen pos_len

accuracy(%)

91.36
91.34
91.32

91.3
91.28
91.26
91.24
91.22

91.2
91.18
91.16

syllable e

pos_nolen pos_len

NS

] 4-5 syllable y#: 5 v* )

information » & ¥ Jn & pos 4 2/ 46 5 - FHE T 149 5 > B
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—N

S ek d b A 5k character fr syllable ravt i ] » # 14 *Fﬁ 41 » character 3% &
HE BT 0.3% > syllable e F 9% 8 1 0.12% ° ¥+t character ey » ¢
Flab T @WENFA RELFE SR L OT A

2
TR A ERAE T B AR L TSRS R R B - BT AR eh

4.4 POS and Word Mixture LM

Y- F &P NP IR 2 0 3K OF 0 character eFEES R Ay

TEREE

F’_*

TR S APEPRD - B words fv POS iR & a3 3 3] - 7

T oword sNFA 0 FE B £ RS enflEs o

4.4.1 Database £ >

t 1= > Database 2.7 > A ip L 2l g ghs B AT R R P D Rh
FET LA L o JRF LA R B POS il ads ' - g B ) IR BoAg 1B

- F & Fang s PlEF word SR 0 4o T AT

Ex1 :
@7%% &Ne) 2% 2(Ne) 2 Z(Na) £ 7c(Nb) £ 4 (Na) F§%(VA) J& .4 (VF)

!
(Ne) 4 (No) 3 (Na)2 (Nb)2 %2 (VA) 2 (VF)2

(2) 2Bz F#F Fs TR EY NRIFAZE- F o 7
v A 4 database spFiE 0 B A £ 523 (Na)i& B POS» s a2y (R4 ) &z

FE e Fh o Ay de xR T (e AR R AT Z 1 P cHPOS class £ &

FRAE 5 330 ed b e i FRAPERE R Y T UF I pERS R § g

FF 0 F]gt b POS class e e 0 T3 € $H s

n\Y—
=
H
e
RN
/\ﬂ
R
=hg

28



4.4.2 33 POS And Word Mixture LM

% Bl 4-1 {c Bl 4-2 i 42 8] @ * 370 databaser 3" 3 1 P(C | ¢, ) fhbigram
Wkoo PW[c) il » & 2INEFH oA MIRAZE - F 2 e 4

Pw )& 1> P ipt@#7 e 7 &2 # POSclass A7 o

LTt
% 4-9 character #3
Outside test : Total 4948 characters
Deletion | Substitution | Insertion | Accuracy
POS | 0.36% 25.52% 0.49% 73.63%
% 4-10 syllable y#3+ &
t 4948 syllables
Accuracy
POS 91.59%
R
character@iisf

74

73.5

73

N5

S
>

g 715

5 71
<

70.5

70

69.5

69

POS POS length mixture POS word length

] 4-6 character 725 % 1t fia [§]
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syllableFEH=e

91.7
91.6
91.5
91.4
91.3

accuracy(%)

91.2
91.1

91
POS POS length mixture POS word length

] 4-7 syllable 32 5 14 i )

JE R 4-7 ° >3 B3] syllable ery5as 5 3 4o ety & ,T!é;‘lj% i} character i& & % »

fe F_ A E =t H 40— B information - syllable sy 3R il 53§ L it B o
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% 7 % Linear Interpolation Word-based And
POS-based LM

POS-based LM #4235 '}&,{4’\#\ i 1 word sequence it 59 % IR £ robustness
@ word-based LM 4r% & § #4F e performance » 5 & + & a9 BEE AL > dodk A
Picd - BEZHA AR LA BET WA DBE TRHFRERE G L f

B oom B H N & X S WAl 0 2 & linear interpolation [9]
5.1 Linear Interpolation

#-word-based f- POS-based = #& language model # linear interpolation’ #c £

5\ ‘Q‘—j—f :

Pow; [wi_y) = 4, B, (W W) + A B (W) .1

P,(W. | w,_,):word-based language model prediction probability

Poos (W [ W;_, ):POS-based language model prediction probability

Poos (W, [ W) = P(W; | pos(w; ) P(pos(w;) | pos(w;_, ))

52 A& 2 linear interpolation LM

word-based language model Z_i¢ * & #2225{- NTCIR = i database » %] 12 =
BRI FwFH2 7 g0 FHHPLIHA = > POS-based language model B &_
oA S AR R aiE S A o7 * angc 8 & SRI Language Modeling

Toolkit [4] > & #-3 B 3% % $i-4] #2 linear interpolation » /i AZ B4 :

31



Conditional

LM

N————
POS bigram
model

B 5-1 2 = linear interpolation LM ;7 £% ]

Word based LM

probability
P (wilci)
S
Combine
POS based LM
3 < >
v
' Llnear‘ L e
interpolation interpolation
e

L # perplexity kB3RS &B B A A ik model _F it 53 % perplexity

T e R EmEA v AT T YR R

640

600

2
*
ne

1

580 T —

560

540
(0.98,0.1(0.96,0. (0.94,0.1(0.92,0.1(0.90,0. |(0.88,0.|(0.86,0. |(0.84,0. |(0.82,0. |(0.80,0.

(1.0,0) ) | 0H | 00 | 08 | 100 12 | 14 | 16 | 1§ | 20)

—— 60k |626.643|616.693|611.352|607.801|605.344| 603.75 |602.891|602.657|602.796603.433|604.552
—8— 54k [619.372/609.299603.879/600.285597.763|596.112/595.197|594.925|595.022| 595.57 |596.559
52k |599.556/589.991) 584.87 |581.497/579.186|577.685576.925|576.738/576.918|577.598|578.669

[ 5-2 Test-set word perplexity as a function of the interpolation coefficient A, 4,

# 5-1 perplexity +* i %

32



LM

Perplexity

Word-based(60k)

626.643

Linear-inter

602.657

(A, 4 ) =(0.86,0.14)

# 5-2 perplexity +“ fix %

LM Perplexity
Word-based(54k) | 619.372
Linear-inter 594.925

(A4

>

) =(0.86,0.14)

4 5-3 perplexity ' $i %

LM Perplexity
Word-based(52k) | 599.556
Linear-inter 576.738

(A A, ). =(0.86,0.14)

i word-based f= POS-based A" 3 =+=3] &1 linear interpolation 3 JLF| = B

word-based 3% % #-7] > perplexity “E 3355 % 20 =

A
'

) 32 2_F] & POS-based LM

vt B S et word-based LM e dic » #10 b wURlEE SR B 0 i 4 A Mo

"% perplexity g o

RH&S*

beor FEAR LN gw,,zc) % Heeh

syllables syEas it % o

Ela =7

e

® A #

(0.86,0.14) > ® % % characters =

#. 5-4 character 3§25 &

Outside test : Total 4948 characters
Deletion | Substitution | Insertion | Accuracy
60k | 0.34% 17.86% 0.38% | 81.41%
54k | 0.34% 18.14% 0.38% | 81.12%
52k | 0.34% 18.59% 0.38% | 80.68%
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# 5-5 syllable 343+ &

Outside test - Total 4948 syllable

Deletion | Substitution | Insertion | Accuracy
60k | 0.28% 6.55% 0.32% | 92.85%
54k | 0.28% 6.61% 0.32% | 92.78%
52k | 0.28% 6.63% 0.32% | 92.76%

53F %A+

characters P&k

81.6 8141
814
]12 | 810 81.12

81
80.8
80.6 [
804
80.2

80
79.8

O word-based LM
B linear interpolation LM

accuracy(%)

60k 54k 52k

CLEIRN)

B 5-3 character 335 & v # [B)

SR>3

d Bl &% I] > 4 » linear interpolation LM 333 %8 » % characters %%
F oo g da L gt @ % word-based LM B & 4+ » F]pt g2 2R POS-based LM
characters e 5 £ 5 70% = + 0 & E 4% * & 4 24 word-based LM » B it 53 %+

R F R B TR
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syllableE#=

92.9 92.85

92.85 27 278
98 92. 92.

92.75
92.7
92.65 [
926 |
92.55
925
92.45

92.6 B word-based LM

B linear interpolationL.M

accuracy(%)

60k 54k 52k

LIEN]

) 5-4 syllable F¥z 5 +* # )
d ot g o syllable e & o i@ * linear interpolation LM » ¢ it 53 4% %

syllable ey » = § % & rﬂrl‘g'}ijl ﬂ%‘a 4 ole,

charactersZ&Ei=k
815 81.12
81 80787 ] 80.68 SRS
R 80.42 FIFT=TE
S 80.5
g 20 L Bbeh o
§ 79.45
& 795 O EI Frgen+inear
79 interpoaltion
78.5
54k 52k
Sl

8] 5-5 character %38 3 b # B

Bk AR BE b2 1008 F F OOVrate et @ HRFES S AT E

e #2 JUEE L A E FTETEO 2 18 o character FFaF (v 2 #3T 1% 0 B H_ & 3747
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1 F 4v b oword-based LM {r POS-based LM & linear interpolation » R+ i

characters #3# F #& % % 1.5% -
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N
el
<
-%:)\.'
%
b
A

hAhed o ApEr H- ;i;'%z 77 treebank FALE K& (7 F 5 FEEL 4P B
3o KA A dkiau 2o @8 R > OOV 5 33 fo e > POS based LM 1
2300 % g2 i % linear interpolation % & word-based = POS-based LM = i 3%
T HAINRE . 5 - BIRABRESRLE o AR PRBB LS ST

(1) Treebank 3 H — 7K g4t » F1t T ié Ayt f iy P 2 2 R
(free grammar) > H syllable sy 3 ‘FW 3 {%4F e IR (e character 5%
WEREZERE FP > F AT RMHBEL AL o TES D
Il A8 Fo

(2) d AP PR EL B LR PENA BB 2 B 2 fed F Len- 397

Fpt B R ends 1T o A PR I SR g o LI A enE_ OO0V rate

g s T AP R BT R eOE (B K 274 OOV R A o

~

B

(3) £z 7 POS-based LM » i 4e » 3£ enF 3l & gt 3 e

H iz
g R A & o FPt AR * R e POS fr word 503 3 HCA] 0 at 59 <t R 0

RB RS -

e

J

(4) {249 * linear interpolation % % & word-based 4+ POS-based iz f&

F Al amE S B 0 kL e oo

6.2 BH

BIp vhezr 5 3 & k% 5 S {82 p i 3] (Context Dependent
E =

Model) 75 A Aigit > R EF%P 4o »F7 W3] R FEEELEPE RS
FERL T4 Fﬁ’g‘]“ﬁ* P BRI F %R B Ak K

rf‘!,{{—"-""“t‘ y 2\

z
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oA T qe R A A FEA JhEL o
POS-based #7:F 7 H-A 2 2R #4382 & 72 4o3f #P 0 & & 4o % fo word-based LM

RS A S B PR R Aok SN R 5 R RGE T B RE E PE Y g POS
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