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A Mandarin Speech Recognition System Using
Weighted Finite-State Transducer

Student : Ang-Hsing Lin Advisor : Dr. Yih-Ru Wang

Institute of Communication‘Engineering
National Chiao Tung University

Abstract

This study focuses on how to use a Weighted Finite-State Transducer (WFST) to
construct a Mandarin< Speech ‘Recognition System (MSRS). It first introduces
algorithms for WFST, as.well as different levels of speech model to represent the
Finite-State Machine (FSM) graph, and.integrates into the MSRS. The experimental
results indentify the Word Error Rate (WER) at about 55% is related to the
appearance of OOV words, and statistics shows that one OOV word results in 2.4
words error averagely in MSRS. According to the statistical results, it shows that the
names OOV words accounts for about 30%, and in which three words Chinese names
accounts for about 23%, In order to reduce the negative impact of the OOV words
results in the MSRS, we introduce a hierarchical language model, training name
model to assist lower WER.

The test corpus uses for the read-type long sentences TCC300 corpus. The
13.76% WER is obtained by using HTK two-stage recognition, while use of WFST
RT=13 can achieve the same WER, the recognition speed is about 15 times faster than
the traditional HTK. Besides, we construct OOVs names model in the language model
layer and placed in the MSRS, this effectively reduces the WER at about 0.12%.
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LR FERATIEY TS AT R4S B U d ngram -

gY@ Txd 3, 7% multi-pronunciation 25 5% Jads 5 5 gra ¢ o FE 0
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EJE = B P

FTR

A) Raizx

dNEF A R R MR T BRI ARL Y g AR A s

APRAER L - FHEARAFETRA T RN R g B Y A
il}g‘a F\B‘;‘? ('&‘7: A é%‘ A Zq)’ é—@%?—?%%up\: R A A

B) F&F:

FHEF RO PAFEAF IR EE RGO G F T R T BB A

4%

T RTERHFT I AR ORI FEIFIFRFRFTEFIL oMW DR B &
?WW%WW@’%ﬁpéawFﬂ4ﬂlhwkm s NE e A A i
THAP L3 AR A B e

blae s B HGER Y 0 [6a 9] [4% AR AR [ des g s

34

kx| & T & 4 S @ %~ e ovariant word 0 @2 St n-gram LM i3] R i R #-is

PAL S - e word T Rlg e e d 3t DAk G B TR R g g R &

1

i #- Grammar (Language model) = F & B ] Lexicon & 2 w0 » & Jf gl
variant word H 3 314# ¥ Language model * -

d 3 APITRE S Ao R e £ 6 H P s ) 4T o0 Language
Model + 5 3 4 & & a@ > 4912 feGrammar & 45 J14 & EH g Arc o i3 1% Are
B fﬁ%lz\ F s ﬁi%lt".:ﬂ w12 % \Weight » & & #-:%i% Arc w‘;@ij%ﬁ%»ﬁ%}ﬂqﬁn
FTHEBEAY - B &R P T 4ot e RPN F 5 AR aE 3 #0314 B o

4 2.5: variant word ¥t P8 £ (3% 4 & 4%)

Variant Word Pair Variant Word Pair

i g LR R Kk ek
kAP P kB P WA F MG L
J e s Hfe? & g s =
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C) B33

FHREFREED THFF N2 RVEFRAED X FF 0 B8 REF
(multi-pronunciation) cHR® 42 > i% % PP TS B R kBT RigE N
(AR S S AL S N ¥ R A L o &I R N e
WEER LG R 80 A WGE T AR R T g F A A A

Plder T en e BB dF P UASLAVEAY—V o

M AP TeEF 2 pET A 3 Syllable shE 3 0 ATRGE S BEAIRE 0 AP R-H AR
Bl - B R AFRAES RS ER G F PR AY o RIL I 7 R e
£ T R P &AL Grammar KA ® Al @ 2 T 2 2 38 E A Lexicon

KAt w o
234 TF-IDF:iE#

TF-IDF (term frequency—inverse document frequency) .- f&* ** ¥k %
(IR - Information Retrieval)sia s * e o v & - F@5zt =2 > ¥ W - B
FHN - B EEN - BFRE PR - R ROE & ARR o Ao P A
3l§ﬁi%1/\"V\ﬁki" P IRAE MR- da e ZUWIKI e F e 0 AR P oo

PR PR B AWK " F e E 9

B ehie2 o A

|m)

‘*é'
4
it
>
%

R - 0 RS E"WIKi"iEe B AF - BT gt I IRAE K

A% ArZeT{"Wkiter BF g5 ML SRS ST S TR
BT - BERKRF kG- 2 FAFRRTIARMAS S A2 LEATE

BFPREALEL? 40 F"abook" > BILY - BRTRZALIRZF A"

FehE e R 0 FlATatne ot book "L B MM F R A FEE BE 2 R

%

SR RELT E PR E S S PR

AP RERERE > U@ T A E Y I F B word ¥k 0 IDF &
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idf, = Iogﬁ
' Kd:d >t}

He Danrg > 2ehf &> 23 D2 7FEREY che 2 dir #4410

bR 0 AR P EAT 8 T LY Egkp o

BT AR FELE S e - A R ATERE 0 L AR R
TIRENRAL B2 R anpod 3N eane FHEEA A IE > FpL AP RE
IDF /4 #c i S e i 30 8 ¢ o

AP TH Hhe F AR B AU s 0 1.76%10% T L Josen
FiER PR E 2T T g B R A BEO0V R IR 0 i ens 2 g B
BT WA ey o

AT 'FT AR R EBL G EE *ﬁd IDF > 2 i g d

She

T35 - % IDF & f §tH ﬁ‘—??:}*ﬁ»;"]f PR S e e R s

et

W T AR A AT R B s AT g £ 2 e )
FIkF o et N SRR 5 5 3300 B -

2 2,61 1DF 4 5 Pl Enn(ah 2 4 &)

Word AR > 2 #e [IDF &

o 890 63 2.124162517
3% 3% 885 6 3.145351817
¥ Y 822 42 2.300253777
8 774 61 2.138173232
VA 681 61 2.138173232
I 657 21 2.601283772

—

d 22507 UEBRNFEUFHEERGEFPERP P L Y o om g

TS FREA LA BT F A § MR AT R PP P ©
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F PN PEBRPE P o

-~

235 3 HULVR

BAEL Y R pWE RiLaingram 5 WA A AR
- BEE N RAES  PHAIBRE- B AP Y R R IH 0l B

£W=WW,.. Wy 3 — B NF& 528 o Fid 5 i ehipgk o & K B e o e

277 & P(W W aWipioWiy) » 32 B NP E W B 2 NS F BRS¢

PW) = P(w) - P, [Wh)...POW [ Wy W), P (W [ W g W) 21)
Count( i—n+l?” VVI) ,
P(W | i-n+17" i—l) - Count( 7 iil) (22)

d % n-gram 3% 3 Al E AL o ek I BGE R Y G g e s ;];u
/ FI_ ]/é 7~ ﬁ&
e FRAE 0 AP 2 i T 1 (back-off smoothing) sk 23 & HCA] sl 5 T o § 3P

S
o

o LEEE D

‘;ﬁr

n B S e R Ll £ o 3 1 Rk

Wi Wiy 7 75 PP NP0 F 30 BRI BORR ot e 2 o = W LW S
FP sk ERE ap e 2008 5 a(W_ W o W) PO (W W W) o B
F POW W W W) el S ST B R SRR o T B

P(VVI | Wi—n+1’ e \Ni—l)

a(W,_ gy W )P(W [ W ooy W), Count(W,_, ..., W) =0
i 2.3) >

_ld.. Count(W,_p.y,-- W) 1< Count(w, ... w) <k (2.3)

Count( -n+l1" ifl)

Count(W, .y, - wi) , CouNt(W, 1,y W) >k

Count( —n+l17°" ifl)
te ficte B B AW,y W) 7 538 T 2R 1 (normalization) @ » 1 5% ik i+ 3¢ :
ZP(W W| i—n+11" i—1) =1 (24) ’

weV
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¥ ek § Count(r) endicie {3 ] BF > ¥ it g 3R g end BpEid > FM 7 1

o

W3 > @ Hud, (Discount Coefficient Factor) kig {7 T jf it o § — @8 2 & )
Tk o] 3 F R T pE > AP RRASTE G aangram 3k d, B0 d, xR

Good-Turning discounting 3+ & 7 1> # ¢ #- discounting a‘r",lf s K B T A A

~

Bl MImeon-gram i o

24 47 "R GREFLFEE

AP AT FOUREBE S NP B amE A b A 8 g
FHU L R F Y BB H PR G R 2 954 Compose -
B E S dF Skt B (S UL RS~ Bl R S B HEF R T b

L el (T o

inimi inimi Input speech
Language Compose, Determinimize, Minimize ol
Model o
) Front-end Processing
Lexicon and Feature Extracition
\
i j
Acoustic
Model »  Coopt(L - G)
Compose, Determinimize, Minimize

Output word sequence
W = (W, Wy, -+ Wy)

B 2.10: WFST 3% § 5733 5 L7 1R

AP B F R LE S Idiap Research Institute #7 B 4 2. Weighted Finite
State Transducer Decoder — Juicer[13] o k2 WFST B2, % 4p b i & 2 Rl *
Google Research and NYU's Courant Institute % % 2. OpenFst library[14]:& {7 -

T EH AR S A WRST 22 = o
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241 MBHA|2 WFSTz >

hES RS BRI ERIELRERMFORS - B & AT %KY
Bt BB g 5 ¥ 4 Hi-4) (hidden Markov model)#s it 2. » s & v 12 4
7 (L. Rabiner)en3¥ (% o Juicer ¥#:u B #4-%-5 #7] cha #2235 3 4 he il B
T+ - 235 HMM & ez 4250 0 Flpt AR B 5030 A sy PUR G
W, AP HMM $03) #@ * WFEST £ 57 » @ £ 8 (75 15 < 4p B
(context-dependent)s-» WFST [B]75 o o *> A A F kv 2wt a2z 83 &

oAl Bl R M- kA

Phonel:Phonel

Bl 2.11: #F #7312 WFST

242 % %38 2 WFST a2

el
S

CER S A= TR SRR ¥ TR S EE RS LY PR
TR o F BIPEEII- @ F ST HMM B ) EA T i v et 5 8 1
@RS ] R e BT RS EAR S TP S U g

EFRL AR EF TR MR FRER B T AT R

Bt 2 FF SRRk R A e P AP SHEFHA Y B BT B

PR kg R e - 1B 4 3 5 (auxiliary symbol) k Eiriz et 2 e e o @ 1
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# B2 1 & functional 4% 2 (functional : & ‘e input string ¥t /& ¥[#& — s output string)

RIERECEp i & e P

B2.12: % % 308 2 WFST

243 #7% W32 WEST 2 =

BAFG P #F ngramE LA R E WA B T R T o

Pk AR P ey AR AT e S Y Di-gram F2A] A GO0 AR P e N4 E
M P

ot
(;\4-

¥ e history > fE B¢ ¥ OLBELET] C F LT T *xm@?] ~ fj‘u%ﬁt’ ZHEM AR
a> FFPES F - Biskrena g mod R o 2 T H B R g«h/,,\g(,;r%
F_® 18 HcF] uni-gram g7 n-gram 4 #c o

47T $e - 1 bi-gram F 5 BRI & WRST 817 e o)
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sil:</s>|0

WoiWs|P(Wg| W) @

sil:</s>|0

Wi iwWq|P(wy| <s>

sil:<s>|0

Wi Wo|P(W,| <s>
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$zF R BT OUREERE
‘? IE-»F% ;ﬁ"‘“ﬁ’ o *ﬁ-

AFIAIEAEBAHTK LT %252 WRST R A 3R 3Z 5 fEnf %

NS -3
R TR T 23 ERE T N R SR

5 5 oopenset & % B ekt ¢ o ol (Neu) s & 1 23(Nb) ~ &
Fodm AFRLEFL FIERUG] T 0 R @08 ik SR O F FE otk G
£t OOV 32 34 385 2. AP e S04k 1 '8 1K OOV e 2 o

AR EEA L IF B 4 B HTK R 2 R ok % 532 &
i de o WRST I35 s 245 mnid B 2 iRk F 5831 2 O0V i = 3k
BEFHFF 2L LA L5344 5 O0V aps 47 3 4k Iaz = 4 Lk 5 R

1% KOOV 3 il o7 - FHF ML -
3.1 &% HIK 23

QNP A VR AR R B Ak Pk o XS . SEEL P
EFRREA LR IIRLE WU E AR R e

W* =argmax P(W | X,) = argmax P(W)P(X, | W) (3.1) >
w w

Speech Feature Speech
Extraction Recognizer

Acoustic
Model

Language
Model

B 3.1 4 A3 Fenin Az m
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311 #* HTKZR %% 5+8E4 4

B R4~ bigram 3 B3l 0 B EFA 2 FFELT &5 % 2 word lattice -

y
G

FRis#-A 4 chword lattice 4 * trigram 3% 3 #5342 4-gram:F 7 A E B £ £ A1

A,\

h
=
She
I

LR 0 P RS RAT AT o

431 EERE T A PR

Bigram LM 27.04%
Trigram LM 13.76%
4-gram LM 13.20%

4 320 eE AN A

Bigram LM 20.02%
Trigram LM 10.54%
4-gram LM 10.20%

JER B 5 % 2V ¥y o Ae R sE A bigram 3 trigram Feci 5 e by
Bi%k oom b x d-gram FEBF /DGR (] 0 TR B T F] 4-gram Aok 0 5
BREDEERIVATHEE R LLV 5P B R T -

F - n-gram FESL S 4o » PPL W AGE TR > PPL € 5sE ¥ nAx & @ 4% 14>
TR RS TR R PR T 0 B R S A RS E S et

LR s b BT o

24



30% 700
27.04%
2504 c::n_7nD - 600
=—\WER
- 500
20% - -02% \ =#—CER
- 400
15% _ - PPL
=437 ——® 13.20% | 300
10% 269
- 200
0% - - 0
2-gram 3-gram 4-gram
Bl 3.2 3o FRBF ~ FFRESF 2 PPL chbf T B
it Ir> =
3.2 #* WFST 2 7 FER
B 3 WA A SRS Al SR U i B e 2

Language
Model

Compose, Determinimize; Minimize ¢ Input speech
X(t)

Front-end Processing
and Feature Extracition

v
% C-opt(L - G) ‘

Output word sequence
W* = (Wy,Wy, -+, W)

Lexicon

Acoustic
Model

Compose, Determinimize, Minimize

33§ Uk G4 B L

AU PR S E A R R FES NS ER A 6 8

Riefp M d Lenfm A 2 o T Wi % SRILM BliF5E H0 e fdiek

PPL 2 & cBf i% o
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450 120000000
426.15
400 58
& 98030603 - 100000000
350
300 80000000
250 .
- 60000000
200 == Arc
150 40000000
32375792
100
- 20000000
50
O T T T T T T T 0
tg-112  te-122  tg-132 ‘tg-142 tg-152 te-123  te-133  tg-143

1.3.4: 3% % 13l Arc #icr PPL énhd 4 il

r2trigram FE S 0] 5 B 0 % gtlmin 3k 5 1o gt2min ik 5 1~ gt3min Xk 3 2>
A1 1% ) % e grammar arc 5 98,030,603 & £ # & lexicon & # ¢ % = - 2t
¥ < enFST» g2 2R 0 Sm o if 5 WA st m M E Bl W chyss e % 0 it ¥t
RS A i & (s chf fodet BlArm o AF S gEMINGK 5 1-gt2mink 5 2 -

gt3min & 3 2 2& = trigram % 5 #524] .
321 #* WFST2Z R % &%82 44

APz IR E S HA L 2 - B FST . & % TCC300 iR 3% 4 226 B 3 4%
RERY2IPFEFFFIRL -
FST + /] 4T
Number of states : 46,834,912

Number of arcs : 96,852,004
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WER

70%
* 65.69%
60% \
50%
\42.70%
40%

§g59%
309 -
% 21.58% WER

19.68% _ 15.52%
13.99% 13.79%
20% 16.53% 14, 3991/; o 6
S7% 13- 13.43%
10%
0% T T T T T T T T T T T T T T 1
@A DO PO DD DD DD DD
IS A R S P A < '\9?, \,\,% ch ,\'f’ \/(o% '»0\/

%] 3.5: WER £ RT i %l
4ot Bl Aror o AR AEEREE A Maximum hypotheses &% > Bl 7R AT 7§ cpE

BARE A EEP SRR 7 ) (et e tg A S b e R ey i

_LJC"O

T WRST phits § copr At HTK a7 545 ¢

¢

;;—Hi;f]%;%% ¥z 3 OO0V g‘@’“‘,ﬁ% 00V iamiFrsnd ko @A ¢ BB T
5
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100%
90% A

80% \
70% /
60%

50%

40% == 2-gram
30% == 3-gram

20% == 4-gram

10%

O% T T T T T T T 1

JEF R E g T R g ph e e % A4 ¢ Eubi-gram - tri-gram 2 2
4-gram S gRAbE Mo @ X FRGAHGAREE FIL 0 H R E DRSS ES

S B o A PEHTEE A chitel L B B d et A o

=5

% 33 E FEfF B e L R (R0 i)

AR P
# #%
A% 700V R
T 2T
-k -k

i@ ¥ ¢ "

B %7 _0O0V >k
7 187 7 187
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F¥FE TEE
¥4 & _00V e
£ &
L 2
e
T L
FE 3 eIt T AR S B FRES R DR AT R 00V 5
FERF > R m Rk iR A ERMRRS T S F] o
T @A A OOV R HTRR S F RS R0 AT R s i
P PR ik gy o
331 OOV @i BEL 45
OOV ¥ st n L H S #Z s > 7 g BT anesis
WA & M. Gales & P. Woodland [15]3% ] &3 2 e73% 5 7% — B OOV @&
3 2K 16 BRI AT RE N LAY v < FAES
T o 5 2.4 By o

# 3.4: 00V i $Hpah cnf 48
RS % FERE %
o g o T
d i
NULL EE
#HE T 00V bl
e P
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bed g G)HE 0 THE R, R B 00V A 4o FIL P 5 K fokl o 90

AFELPFE - pE L A B > i3 2 — B Substitution 45 2% - — B Insertion 45 3% -

7

LGSR TR PERE R TR @0 Y 2 S SRR 00V T e & g

B erit * en TCC300 I3 414 § 15479 B3 - OOV 34 482 » 1
bt ehs 23 B OOV 3@ #id & e B0 B IS 5 13.76% chyEh i & Rkt
B0 ¥} 55%:nsEiEd OOV 3 #rid & 0 #fildeim % 5 OOV @ 48T %47 #7
R

BRETEAPRAED P e B AT S IPL SR Bcdh 5k 1 800K 175 1%

= PP k4

$100V 37 > 74 0385 508, 29 1% B 38 £ 400K (7 3.1% 00V 37 » @ ¥ ¢ &
Bl P iE ek 2 180K ”}5 1% OOV 377 o 9 VL 3 3k el dasd? ERRIEZ B L

Him E S - BB 2 T - §% 00V $efE A 0 XY f34 00V e

3.4 OOV A

WL S FEA TG 27%5% O0V i 0 1.0 x 10' B OOV i@ » & @i

i E Ao BlAror o AP R I Xt FdEde NbyNasNeo 398 @ F 5 i o

%302 100V 37 12 Pt 0 4 e R e Named Entity » 14 08 2
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CoverageRate

120
100
80
60
B CoverageRate

40
20
O o e

“888°°23FEgE T TgResESE0E2

B 3.7: Liapwe s E ¥

A RLs e OOV e iR sPag e 7 Se3 »elsE & Na it OOV 3# 30.59% » 3#

-~

% = Nb it OOV 3# 40.07% > :#'4g = Nc it OOV 3 11.69% > 4= B #77% o

OO0V Coverage Rate
45%
40.07%
40%
B OO0V Coverage Rate
0,
35% 30:.59%
30%
25%
20%
15% 69%
10%
4.019 .939
5% 1.92n0 3 0900 A) 3 93/0
o% -IIIIIIIIIIIIIII.IIII||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
OO0 SN0 O T SAZNM-FHQUUAL TS Y¥ANIZTOM®OX
8588° zg2e”z E>5>57>05 3

Bl 3.8: O0V 7 & 4 ¥ &
PR £ R E > a2 Nb ch OOV 30 5 i g & AT et & 0 3
$the s Nb a%e® 93 75%5 A & @ = F3¢ 2 A Lt L)k 58% » #1u

To R EAPRABGEZ GO A LIRS - B LT e SRR E Y
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3§
*n

Frd PRBENEFTHRIRE
L

/!

- FAPERIOOVHEY hie 2 Nbera? 4 58% 5 = F3#ehd < 4 4 s
ik OOV :##7.%4) 23% » 2§ # 00V X ZAL 5 — BRI AJT » f]* 4 L2553

SRl n-gram BRI R o AR gE R A L e s R E R Rk

AEEA LA SBI B RE 2 A LE S RAL S 2 428 A 5 b

F3 LR R AN A3 R0 SR R 2

411 A B

e, L LRAL N RN

7N

T aBR
i

B 41 % FFRE IR

BH - F e FRginded o ALy CRF #750 B ik (7 #7500 1 ik & TF-IDF

Ly fedirl > R RS T R e 7 & -7 W(Named Entity, ¥ A¢ £ 5 # %
RERDFHM ot LB L B LR G L) ke o d R L ND
X5 AR AL A P AETR S B R 2 N e OO0V 3 1 $F 4 44X (522

BA LA EERED R E e - £ B 7 3,033,630 B iE 0 X ik OOV 3@
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30.28% » B & 4% 2005 A F 4o BlETT o

Number Of LastName

250000
200000
150000

100000 B Number Of LastName
50000
0

BB ORROERENB Y5

412 OOV .= & £2 535 dri5iz

P R AT i B AR R A S N 522 (B MLk R 4 A T

— — 5

P F ALY 45 BT R R T AR A e s S e

Coverage Rate

100.00% —_——

90.00%

80.00%

70.00% //

60.00% /

50.00% /

40.00%

30.00%

20.00%

10.00%
0.00%

Coverage Rate

BXBHAEREREEE SRR ey B
ie 5

W43 B84 L i mE %

R A3 P ELZ > APER AR R A 200 BN G A LR g R

e

P mE K L 96.86% o



g;

R I H#- 300 3B A ARG - B Class » #ri d ki en A LA W 1830 erff
MR EE R FUREAE A LR § B BE T AL E
AL AR - S F R T il o
1) HEMNPE D ket L35 HcE § 514,860 0 #7rL A A FHE L 3
#PAE 10 14T i v o PoiF 48,058 B 14 4 s o

2) HFEFLAPHETAT LG EPIMT &P E RS FE L A

7

=
o

S+

Rl \
B
\_M\
N
\'
.b
N
(o]
H
U'I
H
©
w
N
N
43
=
._\_.
ﬂ-‘\
ETTR
R0
p-

N,
P

o

» PR . , 2 T s
2 BTl g 2 A7 EiE i 3

o 1. >
By i 3 B) S
- B ZE =Pk

frE “f’a &Eﬁi‘}?n

3.) MR L FARfEe WE 2 GE S WA d TR T 0T
7 B (one) T3 0 FIRME MR R e AR G 5 & (syllable) 7 5
FERRO] ST RIPEIRFELALT A

] 4

LB A EF AR SR E ST BlR B AT AT R

e A

e 4200 B4 > Refe 5 & & 12 11531 o

BB N AL A 0 THRLF(ABEA)RE - B £ 37 17,213
BIPEE o AR AR B B 8000 B iE ek pl ¢ TR 5 H

i E S 5 87.20% -
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413 #F: A LHF7 A

#-O0V A LA G - B l%’gd n-gram #7330 R SE L] 2 P e
RIFE & A Lefd S £ 7 4572 5 Root LM £ PersonName LM o Tri-gram 4% & ¢
&4 > bi-gram £ uni-gram g4 2_:

PW™) =P(w,)*P(w, |W1)*HP(Wi | Wy, W) 1)

i=3
RIA LB IR 7 R =

P(w, =w,_;,W_,)=P(PN|w_,w_,)-P(PN) 3.2) >

1) b 3%4% % (Inter-word probability) e03g i :
P a- OO0V ACg B f5eetiff i 2 02 n-gram B3] K5E 7 0 3R R4 K
weight push % ¢F 38385 F > FlHcE ;8 F 8 a8

PILN) __P(FN)
P_(LN) P_ (FN)

(3.3) -

P(VVI = \Ni—l’vvifz) = P(PN | \Nifl"Ni—z) ’ Pmax(LN) . Pmax(FN) (

H ¢ P(LN) 5 Last Name =% = > P(FN) = FirstName =% & o

#-P L (LN) 22 P (FN) #83¢ Push 1 i& »ig#f @l Arc > Aygnpd e ' i
RS F o @ d PN Model 7 2 B 20 E B > 4 BE andfizo ki o
2.) PR 5 (Intra-word probability) sn¥g i

davd 2 L zd Ty WTog dped s AP ERES BRED 2 3 4P o
Ho T B EE WA W] uni-gram E R 20 0 B L

P(LN,, FN. | PN) =P(LN,)-P(FN,) (3.4) >
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(=)
N

B 440 p3vA LE T AT LW

¥ =\ = =
42 FERF7 HIEE
YIRS B T 4 & WEST » & #- PN WFST #£ % Root WFST # » &

A qp i % Open FST eB~ G 8 245 2 - PNWFST 4.4 5 £ 4 OOV 4 £ #f w|

At e S 03] 0 7t & & Root WEST * [Arc mﬁ%l IS 51 4153 85 % PersonName 2

PN WFST B~ % 2_

PersonName | =1

P(PersonNamelé\%)U P(ZIPersonName)

B 4.5: Root FST 7 <,

LastName | m FirstName |
P(LastName) U P(FirstName)

B 4.6: PN FST 7 % B

MR 2% AiE (T n-gram 3F 3 AP 5 0 ¥ {F hierarchical language model ¢
er1h 3R & (inter-word probability) - ¥ ¢hz= = d) PNLM #5273 R ok 36 2 B2 p 3048 &
(intra-word probability) - £ 4 replace i# % i £ % RoOtWFST 1 - d § 45+ 5 1]
Inter-word 4 Bt d & § PersonName 224 % B 82 5 F > SN F Y

i#16 AR - e » PNWFEST ehz @4 #rik 0 » doBl 4.7 #77 o
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FirstName

LastName

P(FirstName)

P(LastName)

<eps> | P(<eps>14K)

P(Z(PersonName)

P(4Kls>)

B 4.7: %&£ PNWFST £ Root WFST # %, ]

421 PR FEZERZ ¥ %

AP R B I K00V AL 2 300E 5 = 1B class Klgrtri-gram 3% 3 #-4 o
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