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A Study on Mandarin Broadcast News Speech

Recognition

Student : Chun-Liang Chen Advisor : Dr. Sin-Horng Chen

Department of Communication Engineering
National Chiao Tung University

Abstract

Broadcast news is very general in this day, many researches were applied
by combining speech recognition technique. In the thesis, we focus on the
Mandarin broadcast news speech recognition, because of the spontaneous
speech characteristics, several spontaneous acoustic models were constructed,
and individual model training were performed under different environments.
Then, the language model construction will be described carefully.
Performance will be improved by using the language model adaptation. At last,
the syllable recognition rate was increased about 16% for anchor. Above 20%
increase was obtained for reporter and interviewee. All related experiments
proceeded over the broadcast news database : PTSND. Database content will

also be introduced in this paper.
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l“‘\ﬂ

R F EE T ko g £ e B 38 R HmEE Rk B -

3.2 A4 2 5

& HTK # 474> HMM #icd] 222 = » 5 & 62 i3 > - 64 Flat Start > T 73
= 5 & (sub-syllable » 4r# ~ chiE* ~ Jp* ) R ¥ 4 fe = doficd] > RIS E 2
. Re-estimation » igf& (%% v- S € 5 v g A ePpE R A a0 (9 ) 0 mE e d] 0 e
PRBER I FREEAREEE R 2EFLARD T - ERGE RS i
% (Fixed Boundary ) * 4 4 Viterbi estimation> d ** ¢ (f4rig & =X 3§ iz} >
T E BT TR G HMM S8 g G B o

¥ oobo ApaE 2 A b A B AL KR A 4R * PTSND % - & 40 /] pFreingsfl o
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3.2.1 Forced Alignment

04 RE2 a8 > A4 2 Read speech (TCC300) #73" 2. HMM #-
A %2 B EEE 2 A ] S BGE R A 4 UGB AL P R E B B
F s AGEHP FARRFAIECG I RET IRER SRR R AP Y
% %) e PEE A BIGE 411§ & (Syllable) £ Particle &8 BT 4L > FALen
#iE 5 665 B sub-turn ~ F # 35388 F - PFRF X 2.05 B ] FF o

F] % Read speech 7 ¢ 2 ' Particle i&4F & Spontaneous speech ¥ ! I

3 #-4) 0 F] Aie 727 3] (Forced Alignment ) Particle B @ * 4pif 411 § &% & -

4. = -1 Particle ™ 4pif 411 § &5~ £

Particle ApiT 411 § &
A a
Al ai
AM an

4 1§ Forced Alignment 2_{& » ¥ 12 &2 4 411 § & -~ Particle {- Silence 77 ]

7 3 (Boundary Information ) o > HL R4 #751 :
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PTEND
Training data

Patticle

!

Feplace particle by
411 syllable similar 411 syllable

P

411 sub-syllable
HMM medels

Forced Alignment
(fromm TCZ-300)

B oundary
[nformation

ME-1 At 2

322 3 R 4piiala s =

® 411 model # Particle model 2_3i& =

2

K18 411 £ Particle <7*» & F 3t (Boundary Information ) 2 {5 » 34 i ¢ i&
7o il A e AR o IR R e Particle s % 3 Bk R 0 R * S

% i 22 HMM #55% > Mixture B #2516 © 1> B Bl4o™ -
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FTEHD

Training data

s

E oundary

Fixed boundary
Information

Vitethi estimaiton

411 Sllable

and Patticle
Initial model

® Silence model 2_3:% >

B2 m g (T Bl 0 AP R R 3 Silence B B F 3 0 F]pt Silence model

GV R A FIR = -2 - thip o A ah Silence model A FEF 3 B o X P F G T

= » — & &# B Sub-turn

£ w4 * 32 i Mixture o Silence model 73" & k i/ 3
hEg koo ¥ - BAE Ristkieph AR TBreak  pF o A a £ E A4 o

¥ oebsv iR 32 > — B SP (Short Pause) sh HMM #-73] » 28 & £ F &2
Fenedi# 5 oSP R F - Bk (State) #k B FH

bEE (Skip )’ & ® £2 Silence
e Bk i & #E (Tying) o

Bl = -3 SP (Short Pause ) HMM -3
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® Breath model 2_z& >

Breath R %37 pER Y A FT R 2 E a2 Breath a7 3 i
BoFptigam g A A g - B GE R i 2 H 4o 40 A 022 2 e Breath

M3 3B > Mixture F#ci 16 -

3.2.3 Garbage Model 2_ & *

ERIEATEA € WL A F3FF (Spontaneous speech) ¥ F R IR
feom P HP 5F 5 A S RIZ BHRE » &% 3 £ R % (Paralinguistic
Phenomena) ¥ éwhefi#~ X FF g By > 2 TR E 3 - R REA
FIM AR AP EE RE s - BERES L kAL f 5 [ Garbage
model | > &2 % KB L @BEFRES g f #53] [5])

d 3> Garbage model A% * RB~ X ffddsr e o Flpt TS F FF S 0 1
WAl kg 0 v B - B % £ (variance) 1% 5 i Gaussian distribution » § 2
B BTG D & PR R et e Garbage model B2 H ©# g3E 4 A 4R
v > Garbage model 14 € BT RUP A A g AEE o 2 2§ G Iae o el
o gl B Rk P RS TE N R B R R ERTT AL
# R e Garbage model @ ¥ riggkr B Ak o

T g — B2 Garbage model 2 *» 2@ ol Bt & o

sil L o h 2 ao x_5 yang

Bl=-4 ¢ * Garbage model *» | ¢% o Hen’d %

gl;}‘*??}ﬁ.%;!’l?)c&f'*%%%B?ﬂ%?ﬁa'ﬁﬁ@‘EP@W FF’F'E?’:’?]"*



APy FE ARFF Y %L (Mandarin) » * 2 EJI2 Y REF T R 4R 0 F)p s

FP FP H

o

=

¢ 12— 13k ¢ Garbage model % jd F igat Tk

Garbage model z_ & = ¢% B & B4 !

® Forced alignment
& 1 ¥ & Garbage model & Silence model # # 2% » fl* 3.2.1 7 2] F
WPF > &R 475 non-silence s R - 43 R Garbage model 47 407 o

Fl B {87 3 15K A ¢ Garbage model © Mixture #c 3 32 ©

° fé’hf{&l}’]
> B
> RBaiF

3.3 PRAER

A e B R (8 0 &R 3B 7 BE B 2 o9 Embedded re-estimation >t pF

[

HEFFERIEHFTAD o ¥V D WA BEERT R 5 AR - L
Fp A g W g e ek TR Y F B e
AT BT > T AL m’Iq‘»’ g fm A F Atk T (Clear speech) »

¥k AR € A R 411 § & & Particle sk i Mixture B #ic 0 @ 33
3 N A RpHEFHEEDIE > F 50 B 4284 - B Mixture 0 & B {0
Mixture #cz 1 T 16 ¢

AP ERFYR o E PRI TAE b o @ s

BRI (3.1)

Convergence Condition:
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H ¥ P = Average log Prob. per frame » P'= Last Average log Prob. per frame °

P A 3E 4L E ¥ HE_PTSND % — # 40 /| B o 24 g v % i3 4lent &2

LG A L — R - B DURGE R SRR < G 85 B )

B o

I RES A = o At

R S e S S

EXaxit Sub-turn #c F #K

PRGE L 1,978 149,548
BIREE R 220 19,142
O E 2,198 168,690

A gL E R PR R e B eI HMM 8ok TR 2 A4 4 103 PR AR

o
# = -3 F AR A HMM 380k T
BA fasE i #c TS Mixture/# £

s 100(RCD) 3 1~16

ip 40 5 1~16

Particle 19 3 1~16
Breath 1 3 16
Silence | 3 32
SP ( Tie to the middle 1 1 32

state of Silence )

Garbage 3 3 32

BOAPE R R PGE AL N S S AT R PHGE AL A (b e

I

20



PR B (H 2 sec)
11,763 11,705
38% 39% B iz
Bp3F i
O 33 %
O 532 %
399
V)
6,782 1%
22%

Bl=-5 zGERp HH B

?J\z,—é —F‘ul ﬁ’g_} %m ) P\ };——«f‘:v’]-i%‘ Lr,é,ml,u ff']a 2:35% EJ A FF’E"f’JIﬁi’R

Hipahonit 7 73 b B 8 Sr RS IR R Y > A PR e b

3.4 FE-ARFES AL
FTORMRGE T A SRR L SR AT A PSR LR g &
(Syllable ) # #agdas mﬁ%] ITE Ao
® PIFAFEH
R G R HRATE TR A PR A 2 BT 2 Y A
FRET g B9 pBFAHe g ARBEF R
AR g B LR T (7 Outside ¥ Inside 3% 4L eip)5% > Outside £ 457
WAL R B RHCA A M AR AL 0 Inside E A A BUBCRE AL B )k e
AL o B - 4 Inside FEALFER NS & £ 00 04T 0 e B Y Outside 3 4L iE 7 38384
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-4 ARFESAPREFAERE

FER RN B Sub-turn B #| Time(-] ) F #c
e RN 108 0.52 9,291
Outside | H3s 55 0.28 5,197
K 57 0.29 4,672
RN 189 0.94 16,711
Inside  |*F e K 197 0.73 13,660
R 189 0.78 13,167

v i AR (Grammarrule) b 3%t 4R * & v % (Free Grammar) @+ 342
o F DI S ko A FRRS ST G Particle ~ Breath & H 3 S
3 ﬁﬁ,,ﬂfg s ﬁbﬁ?‘r"b"%%?ﬁ\‘jf& » A J‘;EW;{; 411 _‘5 o

MR KRB s NG

+Del+
Accuracy= ( 1 - SU0DEEENS B0, (3.2)
Number

H 7 Sub & A 3] 4 F Del S WA 0 @ Ins S 46~ 31455 - Number

v

L2 3 enip o

® FEEFER
BAh KRR R SUL 0 GRY S TT L PR AT o Bl A L
o i}g{ 6+ & ¢y (Syllable recognition rate ) » ¥ ® 2B R 411 3

& R % o B Outside ¥2 Inside PR Z AL g F E % 4o @

# = -b  Outside p|3# 3% #L e syllable §4a8 &

B Del Sub Ins Number | Accuracy
> ) 3.14% 23.35% 0.88% 9,291 72.63%
e 2.12% 33.83% 2.50% 5,197 61.55%
hER 8.05% 46.94% 5.27% 4,672 39.75%
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% = -6 Inside ip|3# 3% 4L e syllable §42%

RE Del Sub Ins Number | Accuracy
2 R 3.44% 19.56% 0.80% 16,711 76.20%
73 ?&—?;]z 2.94% 26.35% 1.28% 13,660 69.43%
(- 2 —f;]‘ 8.72% 41.32% 3.30% 13,167 46.66%
& REHAY

> OPRFARHFL AW KB

TR T UE RIIFERS S AR o

A B

‘\1

PR aRR S oL AP MR chd Flo 2 A F 5 Ly
S0k h - A RO (SR i o R R BT Y v
I o Bl SR e AR IRATRAE T R £ 8.

» Inside sgas 3 b Outside 5 S i > = 421 3 4%3 6% %

3.4.1 £ SoVideo ¥ & ,x SLefnl i

B? i3 TR e SoVideo & Lk sed [6)0 % E 1 ES FERE(S

AFFRR RS AT UTE Y TR F LT RE o d 3k

% ke A% PTSND i 5 RIRFEAL » Flub T Bgi g 30 i AL R Pl kS
Wi o

SoVideo e73F F 38 > - &% -7 (Acoustic Model ) + » % 16 /] pF

R AT R PR (Rt R HRATH KR 3 £ PTSND) > B 305 112

B E* B S 3 BRI A X ERRAKEE T 42 647 e

Mixture B #ice @ 735 3 $#-7]( Language Model )= @ » 2" iZ 4L @ * ¢ 2 4+ ( Central

News Agency) qF#d» 1 6 + 5 § e 2 F > 22 417 Bigram £ Trigram 3

TETIHA T T R - B 61,521 WPl w & (Word) &2 3 & B enfg % o
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SoVideo 7% 5 757 o ¥t E F F A epREE A 0 B+ &_Outside i)

WA RE B S rRRF

= -7 SoVideo erasas 5 1t i

Tk B SoVideo (2 4c LM )|k & 338 & 5t

LR 1 69.87% 72.63%
e 62.78% 61.55%
R 30.48% 39.75%

HT263%EAn N HA g e TN YT %

TR P RS HR D R JR A AL R R R SRS

B AL A A PRk SLens S REZETOPS B AR e TR B Bl R A R

At
e K 2N B AR B R

Brgeom
A E* PTSND > F]pt #4503 & 7

F] % SoVideo -5 H-A]2n ML

b Mg > A % SoVideo syt MG b x F S

-t

#-7] (Language Model ) » #

¢ 2 L R FER K LR §_Free Grammar 0 4c » 3E 3 HCA A 2 0h R FEEOTE 0

TP A &R kol R > AP RITL &3 o
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frf kBEREA Y BT

d L ROR %Y T UF R AAFR R BB RRATE ¥ TR
FLend ik o 210 e BB HA] 4 7f Es 30 SR FER g 2 B A gp

F e B A MR e e b R BATR R RIS 2 5K I M G R

BopuE B8FA R hAe wd AT EOFRT ORERZL FHS IERT

4.1 N h TR B 2 $F

R#GATRE TR EF G 7 k2t & Read speech > &7 b Sk 5 o7 b e73F
T ’*Kgg_ix e g 3 W;ﬁ Yo TR B K Bl iR 0 B FREATHE T M A 2 N B
B R R GRS H B TSR T 0 Bl R R B

SEPRE (SNR#R )5 A o SR pe g = oot 7 i L o o

W
ol

<
=

T\

BEH A S RF A AN P L g PSRk kg A i

e}

PIFE (SNRLK) > @ 2 3 b ek B Ef B 7972 F 0 F 03535 & F
FURFFRFA IR - BRIFATERAZ APFTURL 2 f A5G
o 34 (Studio Anchor) ~ § % 213 ( Weather Anchor ) gedﬂz ( Field Reporter )
ki’é;’?ﬁ (Interviewee ) ° [ 1]
BT AR F R AR F g o AR BT < Bt

BB (TR SR PE € K ﬁ & &> 5 Ha 3% (Anchor ) R PEfL2Z o @ é’cﬁ g

FEREITEN T A & S e g A AR FATR BT hd o ’ﬁﬁ{?
SRR T Lt R B AR TR TR (T A Bt A g e
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=
o
=
Y
>

o
W
g
mk»
-n\«y

A LR B g 4

e T E i (spontaneous) g it o F|UL AR £ I A HEEF A8
B BN A R S o B li 0 AT L BRHATE § B e 3 0 A
$3ﬁ$ﬁ’ﬁ%%Iﬁ%3%‘”%ﬁﬂ‘”% s

AP ETIGER Y BB (PIGERN BT 42 P ) WE 411
3 & ~Particle ~ »E e B8 B3 4= BRE ATV G 0411 TR AP 2 F
# ¥ > Garbage 2 T raei B~ X B2 - B a2 T RS 0 AR BT RS
B oyt kR B EF S FES BASRY Lt MES 0 F

I

PEL AR AR R B R

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

411  Particle Garbage breath English MinNan

Bz -1 PN 3335 (Anchor) FFHLIR 4+t G| B
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R e L)

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

411 Particle Garbage breath  English MinNan

Blw-2 ¢ ii—é?:—‘ﬁ (Reporter ) FALI %14 &) B

KA O G

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

411 Particle Garbage breath English MinNan

Bz -3 “3#FLg (Interviewee) IR 410 | Fl

P BT gk 2 BREGRT 0 S FALEE 411 35 5 bt b
13 ANV 23 e %5 » # Particle £ 12 Garbage g3 (85 ik et ] R d
B A pFAGAER b AR S AT iR g e REa
B & BREDOFS LRI IPFIH M ML A s
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b ple Bt RS o Feb AR g £ i X (Inappropriate Pronunciation ) £
Wl B heo F T A e T AYA @ e hiadng
Behd o s LA FEES Y F LM g o B NI G AT

fow ol ATRETEE Lo b

I%\ﬁ F\ }'%"_'-_I_% 4 -,I—%-Ea.g s} B < ,\_%_'g

PN 0.21% 0.36% 1.31%

R I I T THE T TN S
2= gitaﬁ*w.m]")"ﬁﬁﬁ”’fﬂfﬁ-& od MF I R IRE g T A e Fplalpe
3w s T R AL A T RS B IR B R R

SRR Rt s

4.2 P RALF
® VHFHEE
dE R BT A EAERIN LG PR A R R A AL
TEA O FPL AN R ] 2B Y 2 2ol T ¥ g AP
XML-Parser > i€ *7 dt ke enw * FALL oAt pmoen® * TALE 5 242 B PEF
HNARFBF LITES= BREE - AP FERL L2 4 REVRER L

A2 G RITETE AR o R TRBLY SGE G

Fe o2 ETMT o GE AR

PIRGE R TR B Sub-turn 1 #c|Time(-] F¥) I 'S
N 2,071 10.1 175,194
e X 2,167 5.8 104,960
ha g 1,666 6.4 99,039

28



® AR
A AR AR ks sUaficd] (PTSND baseline Model ) #7720 iR

P

T A R ,Tf‘u? AT E B & (Sub-syllable) 27 2] F o £ §=

o

PGEALA A Z IR 0 & uE 2 AR 0 B 2 AR s R A ARk

BER e o

PTIND
baseline
hlodel

¥

Eﬂﬁﬁ?i@ﬁ

{AnchorReporten]
nterviewee)

Fotced alignment

B oundaty
Information

T ¥

b CEE: ST
(fixed boundarg

@

Trainingzd)

.

Mlixture no
adjusting

b ;

Training

C otrverge? o

New model Wew model Mo o det
{Anchof) (Reporter) (Teterview ed)

Be -4 ik RAE A AR
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pEs iy gmE B HOAR Y Mixture B 8 B @ 3 B

N AyEn ek o Mixture ShBHECL 13 16 ¢

ﬁ,,%é*\lf“,j}u?lhﬁ'f' | & BB OEFHA - #5 BRI AN SRR
1 dede ™
Zw-3 L%HET HMM S8k 2
A R 3 S AR Mixture/;# i
s 100(RCD) 3 1~16
ip 40 5 1~16
Particle 35(4/7/16) 3 1~16
Breath 1 3 16
Silence 1 3 32
SP (Tie to the middle
state of Silence ) : ! 32
Garbage 3 3 32
Pz e AL R g 0 d 3 A E B IRBAL Particle YRt #cA - o B

F2 a3 R Y AR o AL T T RIT O FH 1 MR

Particle » 712 3% i & $5 B B3 §7& = 35 B Particle » fe % i & I3 o #
(P24

f’fii?}%?ﬁ F] % Particle 1R BB B o AT T aE 2 RO Hes BB o A HOOE

= BFRE ?P&;‘i—ge—-gﬁw;—%;g%ﬁ) KFEF 4B ~7 B2 16 B -

ALiE - &2 i 2 Particle B3 FF > A € B H03] £ % (Model Tying) 7 5%
2 PRI £ ZHGEH o
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4.3 7 %-7 B3 EF WA s 19

(AR A o & Sl U SEE f]*uﬁ'%’ BRI S BERA B EE D
A Az % o m AP LSS 7@_" ERE o A H s R Y AR
B oot kB T/TL{,L.%\M;}BP‘;;E m%gﬁf ]'i‘lﬂ'/? Fé\ﬁ%_}l;g:;gag,m;\fr%

R O I R R RN RN R s E R E e R

4.3.1 & I B IS

(K2

d 3 AF BRBE T > AP waE 2 o Particle oA EcE R D 0 @ o

21*:

¢ Al & B (Model Tying) 07 3N a2 - (e £ 5 7 @F £ PRl prgr A1 £ %

1 Particle ) 4% 5 € 4216 /R Partiele > FJt2h i* ¢ & Word-net (2 F ) * i

S Ei‘*u{%-&" * egE < AP (Free Grammar ) i 3] Word-net {& » Word-net
A FERS A AT & Bh2 Beni 45 (transition) M k> @ & BE A ‘%’K{v} -
BA4s &85 (Startnode) £2 % & & 2 (Endnode ) #1i = » s xraﬁ*’ R R
2L % %48 Particle shig #% + v — B » #ic (Language Model Score ) » & H A ygas o
SIS SR 0 4Tl

log(P(w, = Tying Particle|w, ,))=-100 (4.1)

. Word-net + & JIZ P4 T B -

[=-100
Tying Particle

A

Any model

Bz -5 Tying Particle % Word-net #1432
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® Rl

A IR el LSS R A

32

RERRRFLERET R U2 BOREFET ER > £
RIS SE R g o
w4 EHRBT SRREFAED
RIGRE R Sub-turn i #c|Time(-| F¥) P g
ANE> RS 190 0.84 14,906
‘e 210 0.5 9,279
g K 186 0.63 10,382
® FREFEE
A T B 2 RIAE A AR o O REL T h R R B
Ay fhg & (Syllable) 74k % o s goans 5 2 2 22 L A 5
Foov % 340
2w -5 ¢ IR B R FEEean Syllable yEas
Le1E: 358 .
N3 ob Pzo X oh B "‘%;}z
I ﬁ’ o T "
NS 74.92% 55.2% 42.94%
e 48.14% 67% 52.32%
s 20.62% 29.74% 40.85%
® PN
dFRRE R T UM EE R AR BRIEFEFEY > A AR RERIT O

T LB o

= Outside




Hr o g AFRE SR 0 A BIRE BN RS BT T RS 5

TRy 0 Ao BT L

3 SRRSO R

100%
90%
0% | 7 g 92
o | 67.00%
60%
50% 39.75% V027 2%3;5%):;11&;11
40% |
30%
20% F
10%
0%

e PR

Mz 6 ikt SR AT | S F o g

LR R AT PR R L A PE A § e g R~ g ¢ LA

BHRET TS BEFREO AL APREEE L BRRET ORE S 30 4

-

By 5E AL S D Bl £ IR - Y M- ARG B SRR R

A EHT R B RIRGES A ARl Péfﬁi*d PR ERERF LAY

= 3

A AN iR :T‘,%EL’ i3 e &g < 2 P (Free Grammar ) 0 1@ {538 (7 3%
AETEFERE LD Ak B oS hE B R AR R RE R T o R PR

J 3 1 Free Grammar i :z4e™ !
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R 5

B zhi
g =
l':k_,«" g chd

L 4

Bl2 -7 Free Grammar % A 7ok 5 F538 T 60ig i

T2 $PTAR (T 03] & & o Particle 2 RJIZ E RIGEREALDE B 0 & TR

7

SRR o

£ w -6 ATk Syllable 3 &

% B Del Sub Ins Number Accuracy
2 R 3.05% | 21.19% | 0.94% 14,906 74.82%
7t ii—%‘s—'ﬁ 261% | 29.11% | 1.31% 9,279 66.97%
hHR Jﬂ" 6.63% | 45.71% | 4.87% 10,377 42.80%
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o A4
J AR IRRASE T E R AN B3 380 B Rk IR o

BB PR RE K 2 EAIET 3 X 0 B H F] 5§ 84 o Sub-turn AR S 8] D

e A Bty ARl FARF ARG P T AR TR

BopToud T A ORERZ o T A - BREFEFERARBEEFERINRE a0 B

B %
Zw =T AFHEBET L FE Sub-turn 4p 3 FE B
VRS 20
m B¥-1 ¥ ok P2z X o Bz 2 X
Fr TR i o T o r
TR 95.26% 0.48% 0.54%
4 3 4.21% 93.33% 16.67%
B G 0.53% 6.19% 82.80%
B Y R FIA FIA SRR R T L p BER 0§ A R K
SR R e 0 Ve RS E A RATR Y 0 A Kk LAp R

qLL 7]\‘/"%‘{)%'%7;% Subtumgﬁ’ﬁ‘; P"-);| l‘}"%‘ .ﬂm}:%\ T,h‘—rll‘j E\%J‘\?I%\
i{%:,r Eﬁ*ﬂ—‘qll erler;g_\‘}[ T‘I_!l 7}’{’;; g L ﬁ{'&;‘ o
MOE_E S e TR B )¢

IR
3 16.67%:1 Sub-turn ¥k 5 2 F AR E & 0t i%—;‘e—%zlﬁj;ﬁ'r »F] AR S
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s}r
f~q
s
o~
9
}J
-‘g\:\\{
’Q " \,
i
b M
[
j“\ﬂ&
g

5.1 %3 #-3] (Language Model) @ /i

BTG T ARG B e R T AR A R R -
BB 0 RIS PRI S 3E S B804 0 8 AL LM (Language Model ) » &8 735 5 7%

P 20 3 B S #0] (Acoustic Model) ¢ o B 4o » LM 0% o il F
T Bl

3

WEB Lk R 5
FER & Sy o

GEVIES-S: Y

<l

— e h LM T A AR Word A AE oA AEEY 2
(Mandarin) ~ > ,T.*‘u—l?\."l T3 0e H CoepEln g R Y Nk g RE
EFEZ R o blde - B (Word) 5 TS 0V 7 ¢ Bz Bdr=a B3

"# , v " % , (Character) > & &= Bk g0 413 L& - Ft 0 a2 LM

2F oA g kaz s - B0 (lexicon)s 3L LG & T AT A PR R F AP o

5.1.1 n-gram 3% 3 #-3)
Bk F - B3P (Word sequence ) £ »?+ (Sentence) > H# p 7 3@ (Word)

SHEEL Tw,ow,eow, 0 B3 e R F5 [7]):

Pw,w,,....w, ) = PW)P(w, | w)P(w, | w,w,) - P(w, | w,wy,....w,_,)

) (5.1)
:HP(M}I | W]a"'ﬂvvi—l)
i=1

d & REATF P iE R A T A eh ST AT R * n-gram s

2 4pT
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Pw, Wy, W) = [ [POV [ Wi W) (5.2)

i=1

H ¢ F B n-gram 0 F 4o 000 o

POw, | w _ Count(W_,,15..x W;)
| w,

i—n+12°°> Wi—l)

(5.3)

Count(W,_,,,\»--s W)

HP o Count() 1 730 NIRhT fice B RFHTH 38 n-gram s 5 1

APREEILM 5 -

5.1.2 Smoothing # &

£ § Count() 3 0 > Al n-gram Mﬁfué 0 B AFMILH
(Information Theorem) t % 7 %30 ¢ @ FFAE & 5 < - 5 @ F & Fhim3> o

sz 2l

Mooy R R R F iR h £18 o ¥ ohE

n\YZ
SN
TRy
~=be
o
=
i
e

Count(\) = B x| PF» » ¢ REPSGEIEL 2 B o #7130 ¢ 32{7 Smoothing
o

WdFcnfpte Flpt - BEminE it 2 R 4o T Af

[8): & 7% n-gram it 4

T -

PW, [ W, 150 Wi)

a(w_,.isees W ).PW | W_, 5seeow, ) :Count(w_, . ,....w,) =0
Count(w,__,..., W. 5.4
=1d.. (Wi ) :1< Count(w,_, 5. w,) <k (3-4)
Count(w,_,,,\5-..;W,_;)
Count(w,__,, ..., W.
(Wicp ) :Count(w,_, 5o W) >k
Count(W,_,,,15--s W)
HP aw,_,.oW,,) %7 & Back-off i#ic> ¥ n-gram:# 8 NI =T#H i 00 B

BH (n—1)-gram % & 24817 » ¥ 3k + Back-off #ic > ¥ @A 8 F 0 )

oo @ a(W W) SR TG 4 BB R
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3 PO, =1 )=

welV (55)
¥ by n-gram 38 NIRAHhA kTR AP E LR - Bd, (discount
coefficient factor) [8)’ & H 4 A8 e > 5 — 8L ARG 5 D e o

¥A i en-gram 3 8 (Unseen Event) % 3

I EAF IR ARR e o A FREE AP LkpE AP
LMoo @ ¥ AL B - Ly EAR R o % < £ 02 3 TR f£P~ Unigram -
Bigram ¥ Trigram % & -

5.2 2 (lexicon) iF 3%
—-,_;-‘3:,—"; %u—_m 7 mn s 3\ F NS /F‘ 9‘3-& p”J';—' (Lexicon)o ;?-F,!i I x;f‘)«ﬁ'\ﬁz—’—'ﬁ"’};

¥ Rene (Word) Ak » @ E S 53 f R AR E@2Z B R %o &

WL oguE > b %% 3 SoVideo e s < o] [6) AL 1wk 6 @iy

R o

521 EEFEE

LSRR AP EEG A FTIPR L ERRE T R PR APAL
P RBAPESEE R AR 8 A2 s 2 AR R 3 T
R T RSB S B PR PE R B G 6 I L L o Aid
AT GRS SRR S

Aipee F FHE KRG = B0~ % 5 K EHIE (Sinorama) ~ NTCIR {r

e g 42 & (Sinica Corpus ) > i1 ?#—'“ﬁ? TOREL S FIFE LM eh
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SRR -
dOTRIBE 6 PR B e B A E e L BRI AR

1§ R PRI 0 BT T AR b T e B R R AT 4] 5 58,040 0

S E A 57 ( 4P 8 58940)
40000 26357
35000 |
30000
25000 F
2?20000 -
15000 11478
10000 | 5555
so00 | 4009
[ I 802 530 9209
0 | | | s I o |
] 2 3 4 5 6 7
WE
Bl7-1 6§78 A %R
£71-1 6F#FFLFE N L
P E 1 2 3 4 5 6 7

B A 6.8%| 61.7% 19.5% 9.4% 1.4% 0.9% 0.4%)

P TR A 2409 (F /)0 2 Fwendk® £ 5o @ ok
A FEe
AR A PR B v ehdon Rk TBigh AB_EEH T 0 bAcE -

BiPfEs A7 L RIS 5 TAAEDASDC biao3shid -
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522 R HITH 3734~

® Unknown Word

>

APtz 2 LM pF
AT

gﬁ'ﬁtﬁaﬁ -

I

)

MHGERT - g T
w0 AP S S OOV (Out Of Vocabulary )

P AR IR L AR R o FET AT
° 3
2 ¥ — i Class > #£ 5 Unknown Word » #1717 f 32,
- & Unknown Word > 4r @ 411
(Word) 31 =3
)

&~ — iz OOV
g s

M LM pEF o igdt OOV
+3+ Unknown Word 73" > Bhe OOV £d 27 2 mapr» Ao ¢ 4 39
11 46¢

~

by 4
& (syllable ) » ”;“{OOV,T*Q B2 BB RE 411 F

F R etk e p o

B ORI i}ggfti ‘“”gz\'%lﬂ'.‘;';%’ A REIE AN A

A 2
£

® Particle 27 v& e #

) 5]

TR nd 5T BmARER AT IR DR
533 P o

TRGERE

Fl i Y E N FAALA € e Particle ~ R S H

W =Z =

R g0 Flpt N IF",]}uﬁ 2 st i Danguage model > 5 7 i@

LM i BT R EATE o T LLi\.,FBng}'—a%"% CF Y B
l—}?wic,‘%» Af ] PTSNDL’J’J"' ﬁ’%%l v 3R> in G l[ﬂ;%

PP P
|§' '}\‘ IPB %‘J"\?‘ﬁ :”
% 11 IR0 Particle
T # 1 Language Model °
53 3# HAIY ALK
b A |

A2 R eE_Tri-gram s0 LM > o 30 #
m?"tﬂ"l‘ﬁi% iz 7]
LM |

1=

,.._u——,q,
I/F_\:‘?:F'

)

=

I
HFL LM 310 0 62 1

’ I}*J lL ey
e
Adaptation ) #97 j2 #-PTSND ¥ 2" zE 4L e » 3| General LM » &4k ¥ ™1 & 2

oy #

g3

T* Wy bt (General ) > AP AL E T General

#-7]3 i (Language Model
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Particle £7 »# ex Bl F o £ {8 2\ 7% A:E 7 Unknown word #fs 2 -

5.3.1 Trigram % 3 #-3| 2 2
® BT

L > General LM 2 F& 5 X £ FFARE o Fp AP R * T HF
AR § FGE R kR S ¢ R EFRE (Sinorama) ~ NTCIR o @ 7 e en-T {733
#L & (Sinica Corpus ) °

LESREPN F 5 - HET R AL AT 1976 £ 3 2000 & HFH o @
NTCIR (NACSIS Test Collections for IR ) & — BzE = ¥ % & SR 5 plRE > p
FEZEAEI G PR THRERE D P ARl P F e 7 S A

» 2

DB AT E T AT e

&=

Flb o PGE AL e R AT

# 7 -2 General EM 30" T AL su3t

P HGE R @8 (Word) % ¥ (Character )

S oA 11,348,465 15,669,241

INTCIR 59,862,541 83,116,970

TR 5,816,309 8,078,119

&3t 77,027,315 106,864,330
® HEA

@ — 1 Tri-gram LM &2 5B f2 4o B T -2 #7177
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Trairing data
(HTCIR, Sinica,

Binorama)

0 e

Lz e a0k lexicon

Traitring

v

LIJI (Ttigram)

¥

C orrverting back off
bigratm -> lattice

Oinlyr Uragrary and Bigrar were used

Word-net

(lattice)

BT -2 General LM 2 2 1542

ETTR

;“ﬁ“ d T EAE L > AP R 0 Bigram ~ Trigram 048 5 > & 5
P(w, [w,_) f= P(w; [ W w,,)

A r (54)eh R E o RE@H 9907 F

i

Trigram 275 e S 4d LM 7 > 2 & 4 » PIFEE k3L B B8 LM # 2
Word-net » #] 5 Word-net 4 £ e R E SR G F RS- B E
- LM # 4 Word-net > P % ¥ F & * ¥| Bigram {= Unigram % & -

532 #3 WAA G
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#* % #A13 i (Language Model Adaptation) & - B ¥ ;2 ikit LM 17 2

(Refinement ) » 88 A A PR A2 M eh LM Fl 5 T+t a 23 % b

(General ) > e 8 d »+ 453 (domain) % I 1% § & {7 R AL P

LM I
% & General LM F# % fo PTSND 3" RE 4 e 438 7 cnifpBhy 3 38 738 5

3T LM o { LT R HETH g o

©— i Tri-gram =0iE i+ 48 5 %

AAF o PFTUREAAL D

FoRPEEFAEE RS
Py W Wiy W,5) = ARG, (W [ Wi, W) + (1= ) By (W, [ W, W,25)

(5.6)

29 o P, A 180 Tri-gram i £ 485 > P, 2 & & General LM &0

Tri-gram # 5 2 2 P, & % PTSND "3 4L ¢ ch Tri-gram 5 o @ 1 2 % £

@it £ (Adaptation weight ) °

A e (TE 2

PP %w—m F’f’lﬁ?ﬁ—& BoBlAe®l T -3 :

General LI
(Bigram atd

Ui grat)

Weight=0 9

;

Language Model
Adaptation

Weight=0.1

< >

Adapted LI

Bl -3 General LM 723 i > ;2
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@tk Sk %% PTSND # iG> £ 9 R A LM e i v &
5 0.9 @ PTSND 933 3§ 4 & 5 0.103F % #0343 if eni®i2 7 2 24 2[9)-PTSND

PIFGER R EG S 24 > FHwiiit e

% 7 -3 PTSND " 4% #Lie (7 LM Adaptation 3 se3t

PTSND 2" 3% 4L » < @#c |Particle | »#w % H i &3
e

221, 390 3,480, 14,673 858 240, 401

ek

5 PTSND 3/ SGE ¥ 2% 1 6 374 11 #h e 34 i § 4o 0 o Particles
X - B Class k3"48 > A& Breath » = '3 #|7 e €57 2 OO0V

PR 5 & > 2 - 4 00V Rl 2 £ 7 Unknown word 2 2" 4 -

5.3.3 Unknown Word EJZ
® - i OO0V

Gl v kTR A P AL S OOV s f £~ 00V B4y e § ¢ Hm- i
o 2 ARPRE e Y L RELE S A ALY A e s 4o+ OK | %
d 3P s AP A YR PR F B R F LR O0V 0 A S
Eﬁ?iﬁﬁa - 00V > I 4 g% g T 500 Unknown Word 9 LM » @ i 4f
Unknown Word (7 LM # # ¢ @& * >0 R 35370 ¢ 0t ®3E ~ & 4 Garbage
PR o
® ¢ < 00V

TR AP A FIRL R R B E)T.%{Unknown Word » @ 2% i F%

¥ i34 Unknown Word 5t i¥ i ¥|§ & (Syllable) # 77 » F]} A2 pF » )J'b» B
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DA ZE Y 2 41l B F e LM 9 8 & 411 B S AT RL 8 o
Al A VREERLY ) ek 8T IJNEﬁ e 2 O0V 433E » ,]} g $-H T3 .g

G odr T3 3o o TEP R BB AL AFERN > T LLi\.,FB;T“}-QgEiJ‘j—%

§4 17 LM e g

Origin = = (L RPHRE 2511 P~ oo bl

Training : % kL ?ye ?ming ?lan Zy{f PH= fsi =] E#‘ Fd

BT -4 30 % 00V ainfFAid &3 &

g o #P (Word) 131t = 3 &y (Syllable) 15 > jEsest? M > Arrj P
FEERE T 03 R K S%IR AR RS 95% R s P4 T o Btk
Feitidd 6 gL £ O5%mEH A 41l B rr,TM* %7 S%aF o i
B3 e B AT gk

%
Fpt A g S g T T F & Class s Bol ko 3 & Tye, &

Bl ieBF & Class p 7 035 {¥, ¥, &, |} Lz F (Character) E i
B3t - faClass > FlRt AP g Lk b - B S kKA cRPEE -
B (W Wy =5,)=P(w, | w_, =s,)*P(char|s)) (5.7)

#d g % 411 F & j=1~411- P(char|s,) # ts, T J13—- &5 (Character)
g s £l

P(char\sj):i (5.8)
c

B Aty T T 2 A o ()BT AR R PH T A e
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1
10g(Fe, (W, [ W, = 5,)) = log(P(w; [ W,y =5,)) +log(—) (5.9)
j
“rILSE g i & Word-net 38 (> o - Class 8 5 ehij i > = 2 Ei‘%‘u{’ﬁtﬂ'r
AT B 411 F S B eg ) - BiEEE S
& Word-net ¥ #7RJE » ik R (5.9)57 5 0 ot Aske H B 411 B

i # (transition) » £ 4v + — 1 log % o

[, =1+ log(i)
411 f’l éﬁ ¢

A

Any words

Other words R EE

AL & 2

I -5 411§ & % Word-net #i& #% A2

® Particle £7 & rx B

EaM

—

o IR A8 F) G2 BB HIE S chk g Tt R At e s B

F_&

Particle iz #f g 4L > ,T}uﬁ F3EE ngram g S o R E AREITEY 0 p B MR
% if o 0 B¢ Particle 22 vf X B & F Lo Flpt P g 1% F 7 BRI G 0
= ;% (Language Model Adaptation ) k2= = 2_ o H# ¥ 1= = p¥> General LM £ PTSND

g E L 91
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54 F k-4

A = %{ﬁeﬁ‘b 4‘('3:%\

e ’

)IJ»

- B Py
TR B f

AR K o

DN

Bk R SRR B 2 AR 4R B AP e TR
PEL ) RIBEF S 24310k ’wﬁfw
VLB Lot o @ RS HCR] L BB Rk RBRE
A LM

J sr:a,\‘gﬁj‘u_% , 5 ook

¢ * Beam Search

'z

ol 2 B
oA EREETA AR K - AEKS53 & DR General LM
— 1 K5
LM & * Adapted LM v » 3|58 B
I

gk

B 5 PTSND 2" 3543 i {8 e Adapted
’ _)L » 2
8 ; 2N
2 v - Viterbi Search g B > #% %

% 0¥ hF Seft g 4 b Beam Search
Y F

T Fhdr LM {4 0 pERE %l K A d B A3 & (Syllable)

7 (Word ) » Tt 24 i ghgdath e 2R F r 29 & ;

£ # 2 3 = (Character)

Bdr il 3 ~

HRE R o

a
kv

o d 2 (Word) g% »
3 & (Syllable ) » &4 12
*ﬂ*“{r*ﬁrr%: AR Rl
% TRERFIERSZ ) BV RR T A ek s

(Free grammar ) P¥ e+ & 3%

" BB
=

|
o

ping |

1

4L 212 )
= % fart i o

guo j° #1i4
B LM 4e > PR ER T*?» ¢ i Free grammar — & > i& {7 7%
SHA Ak R o m g R
m —@5\‘ ]FB /F‘Ipé

JE G

ok

™ =
b b ;g =
W

)7? ﬂa
Weighting ) >

3] ot
1 A

ep‘i\:r

E4
4

BE] A el 3 o w0 ¢

Z;E‘e"

oy
BT TR
3+ - @ £ (Language Model
FHRS S BRIEROE R g R T2 R B LM ik
5.4.1

NijpiEd < §F v

e

¢ * General LM 3535 & 3t
A FROREATE 2 g

PP

#-4] General LM > 3
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58,940 B 0 £ EZ HAIHK B £ (LM weighting=5) » Bl E R 4.3.1 - @

PR R S AL T R Kb r LM 0k B AP R L

g0 T E RRERY 2 411 § ey d (Syllable recognition rate ) o FERNF 4ok
I -4 #7571 o
# 3 -4 4v > General LM 3 & y# 5
B Del Sub Ins Number | Accuracy
N3 2.68% 9.07% 0.44%| 14,694  87.80%
L 7 2.82% 13.39% 0.36% 9,225 83.44%
PR 'fﬁ 8.96% 28.65% 2.55% 10,376 59.83%
=Rl s Wl FRFEES % AL B R PEEFEEOT AP A (RS o d 2T A

Bidw D BRIV R EFEREF AR FASRIET RS Y 13% ey

MHF UHREB 164% > @ oh g%?‘f::ii? MHBFI19% 24 o

5.4.2 & * Adapted LM **F85 %

Adapted LM {:}F] #- General LM £ p m PTSND 3" 35 4L wid i

(Adaptation ) {$ e93F 2 #-73] » A i £ General LM # if 7wt £ 5 0.9 » PTSND 3

PEER G 01 A ™ R F LM v R3RT R HHATH chi o 35 A £
KES BT RY 241l &ayEshd s ok 7T -Ho
%7 -5 4v > Adapted LM e & 5
Outside F:% Del Sub Ins Number | Accuracy
> R - 2.48% 7.96% 0.45% 14,694 89.11%
i i%—é’c?‘f 2.73% 12.37% 0.34% 9,225 84.56%
e 8.25% 28.28% 2.67% 10,376 60.80%
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ARBF BRPGEITE 0 F S FERF U A PERT 0 i * General LM
22 Adapted LM e@yga 5 (Word recognition rate) v -~ %35 (Character

a

recognitionrate ) o P B F it E Ui E 0 A1 6 WL HRIBFA ST Y

2

R F AR ARl Pl FRAor o BRFERR R % Particle TR &

%7 -6 3 (Word) F5asF vl i

Outside F4z% N R R ek i;‘?*é"c"ﬁ (> 23 ’*%
General LM 68.48% 58.97% 35.46%
Adapted LM 75.21% 63.85% 38.83%

4. 37 -7 F 2 (Character ) 333 b iy

Outside 752 ML | tHRed | hEsE e
General LM 81.66% 76.16% 50.65%
Adapted LM 85.31% 78.43% 52.40%

d 3 RETUER EEAF SRR AR 0 A HE N A
Fo M B P A A TS AREH OF T RE AR A b
L BT HEES 0 o LM GRS O PRER RIS F o F A
(Character) F# iy % § 8- Rehv F 0 @ F S enprh e o[ Bl Rt g &g

yES A o A0 A EPE S ¢ & 5 ASPT PG S ot 2% (de%wu) o

 FOEILE Y A8 LM FERE S R o

o FEAI

B oder LM s egrm ¥ ad 5 8850 5 A PF L E PR ES 7 Fe
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%ﬂﬁeﬁﬂéﬁ%’?fﬁgﬂ*ﬁ Qfﬂf%é‘i%or}‘*"" “"%;}IR Tilﬁ‘}y%':pé /%



123 G B LM BB P R PR S S S0 b T 2 T 6
* General LM ##3erik|+ > LAB 5 RfE p % > REC & g % 0 o

T kgE | 2B AL FIR MR EmF it & ki o

LAB @ JRf5 fip) g8 g A 2T W

REC : 7S Jﬁ’rﬁ[ﬁj ?hang ?su = % Zf YR

> OMAREFOFHR O BESIFORIAER IR Y R RBRERLITVR

B8 ] ey i 5 o WzE 411 & (Syllable) shgas & 4o o1

=
237 -8 RS s Hypddol i
S P [hHE [haEe
IR FER L 72.63%  61.88% 39.75%
i B A 74.92%  67.00% 40.85%
4 + General LM 87.80%  83.44% 59.83%
4t b Adapted LM 89.11%  84.58% 60.80%

f LG iSRG A 0 e RlT ST
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Bl -T 2487203 &FREF 0 R
> AT U IR #&%%‘3%""‘]& J"fﬁ é b G R E I P SR AR =
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fte xR IEFATRARE M @ F RS AR E T RIBE RS
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Bk P o APk PTSND (2% RARATEFHE ) 7R HATHF
FRERGET L  RGE R R s 2 LA PR KA B kBt R F S A
Ser s b - BERBREATE o APRS B AR £ BA F4eT
(1) RI{EATEFES 7+ - 4 Read Speech :F4 » @ A izt p B35

( Spontaneous speech ) 4 » Fpt "f TOREE 411 vk A B 2

Particle ~ =¥ = #{- Garbage model ¥ 3% 4 #4] > 245 1 e W er d s FF

WA e B AFER A { R .

(2) PMUAFBREDFERBITE I 2 TR LEBREE S B H
A Ee & oo VP AT eI o2 BRI RGEAL L p DT RECA] 0 T AR
Tk B RS o

(3) 4e~3F% 3] (Language Model) 25758 & A5% 5 Fet & & o &0 &
B R MR IR R A R m v 2 AR (Free grammar) 0 i fe A
BA P RAEFMRELRL AP ALSHERRHATERL BETF S D

¢34 if f Unknown Word (82 » K8 14 5 & FEeni & K F > 4 2 F 3

WAIE i f oo B g o

6.2 AkE¥H

TLPF BN BB b e ko 3 2 3E 7 07 (Language Model ) ~ 7 {8
< 4p B #4] (Context Dependent Model ) 325 » L & enif i o d 2> A A i {77
BRPE o e SRR g B EARE R A BTSRRI R o T2 Free
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WA APFFT UL G b o
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foAwmT e N AN AT RET O a3 F R BoE g FERT - R
mE[6) ks - A pefs T R4 R HE g IR g, AL 7o
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Background sound %33 %
ik Lk Fp
Music <BACK Music> ... </BACK Music> | 5 &
Speech <BACK_Speech> ... </BACK_Speech> |7 11 Fij ¥4 #-
Shh <BACK_Shh> ... </BACK_Shh> 1R A
el o hr2 i 1 B g (o
Ao )
e h BT S B
FEEIZ TG &
Other <BACK_Other> ... </BACK_Other> |58
Noise {&3& = =
i iz HP
advertisement <ADV/> 2
breathe <BRE/> = S EERS RS SR A SRS A
clear throat <NOISE/> /?“Z" we B
click <NOISE/> e
cough <NOISE/> vy o
cry <NOISE/> B
DAT ##& 4% PC b7 > Fl & % o PFIT ¥
m A 24 70 & Sample » W {5 & 3
By R (- 4R F g AR B
empty ? T Fhengg k@ © )
hiccup <NOISE/> Freg B
laugh <NOISE/> %
particle <PARTICLE> ... </PARTICLE>i § 335 & 5% f
pause <PAUSE/> % HE
sign <NOISE/> R
silence <SILENCE/> T B
smack <NOISE/> Pk Ao
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sneeze <NOISE/> i S
sniffle <NOISE/> 25
swallow <NOISE/> 5 Uk #
trill <NOISE/> P
unrecognizable |<UNRECOGNIZED> ...
non-speech sound |[</UNRECOGNIZED> d g2zt v og ey
weather broadcast |[<WEATHER/> F % TE3R
yawn <NOISE/> I
noise <NOISE/> HiwmiE g aged (0
inhale <NOISE/> Sk B ()
langthening H T P E B ()
short break <PAUSE/> pause (4 L)
Pronounce error &3z >
BN L i
B ORA D RN R
CENE TS FEEE -S40
Inappropriate BEHE Y 0 LAl Aeh
Pronunciation % (hual) 2 cal
vy - BEAFBFAHIAL
Stutter <STUTTER> ... </STUTTER> m—g v e TS
s MG H L H I %
Syllable <SYLLABLE CONTRACTION>...| (% &) 4c Mg+ | 82 [k
contraction </SYLLABLE _CONTRACTION> |+
BEFEIDFHE > LI e
<UNCERTAIN> ... A7 - s fiu" R AN RARE S
Uncertain </UNCERTAIN> NF 3
Unrecognizable |<UNRECOGNIZED> ...
Speech sound </UNRECOGNIZED> A ZFERNF R Ao 3
WA TS B gL AR G
Alternative * 2 2 HH
Zhuyin L A RE (2RF b )
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Foreign Language {3z = j*

ik i e

English <ENG> ... </ENG> W2

Min-Nan <MinNan> ... </MinNan> A==

Japanese <JPN> ... </JPN> =1

Formosan <Formosan> ... </Formosan> | i X 3%

Hakka <Hakka> ... </Hakka> zRGE

Cantonese <Foreign> ... </Foreign> B LF

Hwory F5, o7 3, 25, P

Other <Foreign> ... </Foreign> FiaEE
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