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A Mandarin Speech Recognition System Incorporating with

Speaking Rate Modeling and Word Construction

Student : Jun-Han Lin Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

The thesis presents a new Mandarin-speech recognition approach to considering the recognition of
affix-words and the effect of speaking ‘rate.-First, the recognition of affix-words is realized via
decomposing them into sub-word units. A class-based language model is then employed to describe their
relations with other words. The study aims at decreasing the effect of out-of-vocabulary (OOV) words by
increasing the coverage of the word lattice generated by a lexicon with size limited to 60,000.
Experimental results showed the reductions of word, character, and base-syllable error rates by 0.37%,
0.27% and 0.26% absolutely (or 2.64%, 2.56%, and 3.38% relatively). Then, the effect of speaking rate
on speech recognition is discussed. A speaking rate-dependent hierarchical prosody model which
describes the influences of speaking rate on prosodic-acoustic features are constructed and used to assist
in speech recognition. Experimental results showed that the approach of considering speaking rate in
ASR leads to the reductions of word, character, and base-syllable error rates by 1.67%, 1.45% and 1.02%

absolutely (or 12.25%, 14.09%, and 13.55% relatively). So, the proposed approach is very promising.
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HEPEEAN B R RRE S A g u > B A R RN HEPRE Y 4D

etk 3R o R 04 A BoffE R AL 0 it word lattice b A Bk &
PR A A B BT EATRRES D A G e % o

25 &% A5

Bl @ AP R Z B N R R @A WA (S5 TRAIDF #3025V 2 g
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AR T AIR)E AT AR AR R N B SR AR R ET R FRP o
PR AL TCC300 plzds Y Birdcg B o0 b bt ] > d b 1L {7 Jesg IR
R Y B ehl iRk 2 e

% 2.9 1 TCC300 |z 3% e e g szt

TCC300 P37 41(226 B 4 %)

3 IE #c A ih L ()
B 309 2%
total words 15461 100%

251% 3 #3#=%

AR % & (Perplexity, PPL) ke® e @ 55V e3 2 A 27 % — %3 7 WA (Erod )i 52
AR %’ﬁﬁ“ FIETE S Rk o B ERI R SRR R ARSI T R ’%‘ﬁé LERLRC
BEFRRIFRT - B@R PPLER RAZ S HAFZERS D lic] § &7 "7
BFrmEE; F2 PPLEMALZAZ S HARLES ) 2 22FF ooy dn

FEF % #ot PPL AR MR R3F 4 PR 0 35 AT i § B s kg « 4 210 ¢

T e % 5 TCC-300 ehiplzdsg 4 » 7 U T § - miE 3 A4t RiLayR g A -

B

%210 FZHARAR

B, Order  ppl ppll

WANETHA 3 109311 117.301

¥ - B A 3 109.126 117.099

2.5.2 B3 word lattice  2_i& F ¥

BN S A R - &E s Al A 4 word lattice & 747 0 ALt AR E A TR

PP

14



o

g
L

L E T %’f‘\l‘?"/\%!imppg’jfﬁ,l'l%*_}:;f_!j&

% 2.11 : word lattice F & & ¥ &

R TCC300 # Hi/Z il % ¥
Bt Al 309 298 96.44%
¥ - BiF o A 309 305 98.71%
253y B
-\ ,3_-,_ FEI A A 5] R S F _E]“ & Z 7

AL it ﬁj"i@ffbf\: ;%':; kaa]: /%] R A 2 F¥e
e

BE A RFTREyESon 0 I % - &F S A A2 D karword lattice LR~ F R § 2

m

i E 5

2 e A

F. 212 D3R RE T BRI R ARLE

Deletion Substitution Insertion Accuracy (%)

BRNE T A 269 1531 364 86.00%
Pk e 3l 273 1467 368 86.37%

# 213" 73 i T AL F AFRLE

Deletion Substitution Insertion Accuracy (%)

WHrE R 206 2453 138 89.44%
Pk s 385 Al 199 2384 142 89.71%

~ S >3 :'{,\,

Z\ 2 14 *}6 ﬁb P p ’}&—i‘]j\ —E] F“‘?“FFI\#"’

Deletion Substitution Insertion Accuracy (%)

BT A 212 1705 145 92.21%

ERCIEAR e Bt 205 1641 148 92.47%

15



# 2.15 : word lattice 2.3 ~ F 2 § & & F 5
7 (word) 93.72%
% (character) 93.72%
4 & (syllable) 94.54%
2.5.4 P % 2 Wt
BFRRE R Y HEREE AT RB BN R Y A L AR 2 2 2 e bR

TR ETEP 0 A REFELRE RS R ZAT B IIR KRBT
1)Case A: M /R E R 5 B30 RFERE ST INL o
2)CaseB: T FAFE &3 LB o IR DU BBt o

3)CaseC: i & ZFR i L R ety o
2

Case A CaseB CaseC

BriEoeal 27 6 282
PR Al 6 11 303
BLBEL 2167 @aro PR N ET B AR B AN E 2 0] 5 B 40 21 B LD AT pER

Ak BEARPE R SNE T HEAlY M40 BB e g ehin(Case B) 0 A 2 0 B

gt d (ie., (Case C—Case B)/(‘#:# %, #309)) 2 94.5% 1t 4= * & %3V 3% 2 #7349 89.3%

R RE LR R T S EE R ¥ & N R

16



PR r FREFLPERANA 2

TR R IRR AR

“730 1R f?_)?u{@ FFES ¢ - #B % B (supra-segmental) s e 2 4 & £ IR 437 i (speaking
rate) ~ i® % pF £ (pause duration) ~ § % #ui*(pitch contour) ~ 5 £ + -] (energy level) & 7] & + » %
FrYRadd RT3 ERAF?Y > RASZFEMM > F A3 &7 g
AE3LEALY 2 FFREFENER B2 AL AF L TR Y DIRENA 33 &R
P e e BE & 3B 03] 7 two-stage e 3N 4 » FIFE S FELY 134 P AR T Aol @ % Fw 5N

i & (Discriminative Model Combination) &2 € #7354 5427 % B A2 £ P 58 o

3.1 % ¢ F3 AN A S E R
BpE T R0 L H R[BOIF T R R I S o [OR Y - B SR Y 2

FRAESHE B 31 T

B5 PG B5
BG B4 BG
PPh | B3 | PPh PPh PPh
PW B2 PW PW PW PW
SYL SYL |B1/BO | SYL SYL SYL SYL

B31:7 vFR LA 2 [9]

17



B® &k 55 &% =x(syllable layer, SYL) » d *t¥ = 5 - BF &- B3 > bkl
gRpEE A F e e L B ERAE L IEEFA = (prosodic word layer, PW) > d B3 &2 § F &
SR AR e R A e A r"f?f? % 3 35 B24E3% & =t (prosodic phrase layer, PPh) >
d- B 5 BIEEFTES > BEFYEFF 2P R T R 2 B ok =t (breath group,
BG)» “i- B3 H 8% FEMER T 5tk 53 =2 (prosodic phrase group) ¢
W e R e S o ST ERE "re R 5% % %&3F 3p & & ¥ (Hierarchical Prosodic Phrase
Grouping » HPG) ; % #[9] -

AATE L HPG HH A AR L HHAMB e R Y R 3254 KR LR YA
ARG kS LR S T B B - B B R L KR AR )
BT PR EEL T o et B 32970 0 AP #-Blwa i Bl-1-B1-20 # ¢ Bl-1
# % normal syllable boundary> % £ 5 P &g in#g BL2 | X £ 3o p g & B 5 P B iR A o
B2 im4 5 B2-1-B2-2-B2-3> # ¥ B2-1~B2-2+B2-3 > % * & P g5 % = % (pitch reset)z 3
B h ~ =ik 4 (short pause)2- sE &R 142 25 5 &£ & scg(duration lengthening)té
TREFER - RFRBA-BS £ G Bl Fl G Hpe it angh AR g AR I 0 3T EE B JE

B 3105 K L% R 324K i

B4 | BG/PG . B4
B4 | PPh B3| PPh B4

B4 | PW | B | PW B3 PW . B4
B4 B2 | sv. |B3[ svL |BUBO| sYyL |BLBO[ SYL | pg

B 321 #FF 7 ST * Pl K SRR

AFE G 4R i 8 43R 218 R 1% % (break type) B={B0, B1-1,B1-2, B2-1, B2-2, B2-3, B3, B4}
kifzew AR EHE & 0 &(SYL) ~ 35 27 (PW) ~ 35 2423 (PPh) ~ »¥ e /3f & &1 %2 (BG/PG)

HERM Gdod 3.1 577 o

18



431 R B

MRS Bk R
i 2FE(PG) B3 £ i
2 e 3 (BG) B4 Eie#ge 2 75 MR 2k AF B R
B2-1 ARG § & 5 G PR R B
i EFPW)  B2-2 :ra« i #g
B2-3 R RN
BO 5 aEhApaa g & LY q.ék(tlghtly coupling)
% & (SYL) Bl-1 & A4para 3§ & &3 i 4 Jx(tightly coupling)
B1-2 PPN B R G R AR

A0 F - AR AR AR A E

mls
mly
bl
W
= »
oo
|l
|+
97

¥ B2 A T g

%’ E 2 ’]t#t’ rﬁﬁ]’k E:,\.I},_.).é_}%«au_{vpld:,«; %‘j\ﬁ,’%;,}g}o

32FF R ERANZB L 2 K3
GAFLY RN ER RO LT R A AR LA UET S

B A, =X, X } ik 2 T 5 Ak ipand 5 SdieR S A ={W,POS,PM} ~ 3f 1535 A ={B,P}
Z acoustic segmentation Y, > A#EF NP VARG - AEEBF S EfEOER 0 40T BT

A AT Y =arg max P(W,POS,PM,B,P, Y | X,, X,)

A Ay, Y
31)
=arg max P(W,POS,PM,B,P, Y, X,, X))

B ¢ W={w'} L& &30 5 5] POS={pos!'} L “T § & T chi@ 4L A 7] 5 2 %
PM={pm"} & * £ g H5LA 7| I M * £ @eh230icd J B={B}RI i EE R iRz A

st e 7 o~FEE AR B iR D Bhe{BO, B1-1,B1-2, B2-1, B2-2, B2-3, B3, B4} » * &k & 7 F¥

BRI i B EES T g R P={p,q Rl L3 S ERE A B8 A DR

054 843 rp={pl} S LR q={)}2 F FRBRA={M) TN R4 B
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>IHcE 5 X, & - B frame-based #E 3 $-#c 5 7 (i.e., MFCCs %2 v i eh— Ff fo= I}
derivatives) ; X, ={X,Y,Z} R & - B EEF SHA7] B¢ X AL T 480 7 7

TREF RO B SR ERAR(R)E S HEAGD Y BEF SRR R £ 50 F S

=3

B E B (pd)2 § & B eha £ Mgk(ed) ; Z & £ 4 $p & S#ic(differential prosodic feature) » & % 1

DR EN R LQ)E S AR ERPE RS (dlanddf) o B 2 AP BLA AT 4 32

#0324 Btk BF 0L Z ET SRS PR

T : prosodic tag B : break type={B0, B1-1,B1-2 ,B2-1, B2-2, B2-3, B3, B4}
PS: prosodic state P : pitch prosodic state
( : duration prosodic state

r : energy prosodic state

A : prosodic feature X : syllable prosodic feature SP : syllable pitch contour
sd : syllable duration

se: syllable energy level

Y : inter-syllabic prosodic feature ' [2d : pause duration

ed : energy-dip level

Z : differential prosodic features pJ : normalized pitch jump
dl : normalized duration lengthening
factor 1
df :normalized duration lengthening

factor 2

SR : speaking rate

L : linguistic feature |: reduced linguistic feature set
L: syllable tone sequence

S: base-syllable type

f: final type

PUT AR Mg 4R T AT ARG 0 1 A

BR - AR BAOEFER] > FH LA IIX, R A RITFAET] Wo
BR= (R EEFLEAIX B EREAFIA EF T FEAFIA PR -

20



DS ENEEE AR X S5 S SR AR Y 2 LANELEA Z ®

7
-S‘l:;'
I

SRR b2 o

BRe tp g R R A B g B AT AR M ot T IR A,
BRI P EIREREA S P Ap R BT i 2 R ke B o

B PET BEKE > QLM AT AR
A" Y xarg max (P(X,, Y [W)P(W,POS,PM)
e (32)
-P(B| A, SR)P(P|B, SR)P(XY,, A, A)P(Y. ZIY,, A, A}

(3.2)7% ¥ P(X,, Y, |W) * & %5 4] (AM) ; P(W,POS,PM) 7] &_joint syntax model » v 4 it 7

Word ~ POS 2 PM # pt 2. B enfd % 5 P(B|A,) £ % break syntax model » v &% ;73 %¥c

W

L={W,POS,PM} k3§ iz *& 7 F I+ % pﬁ_ Wep BB R B4 B ehicst - P(P|B) AL 5 3 Bk

BHAD* Ry R E P AR XA R B R ET F A EBF 1 PXY,A,LA)

PR ENEN . AERP FERELEKLT BoP fr L B Pa 22 g
POYZIY, Ay AR5 B 80 "R S B2 Fadp 2R B {oid 3 Sl 7 >

F AP R o T AR e R AR LR S iR e

3.2.1 Break Syntax Model
AR E S SEL T oA R FE AL R E RN BEBRE F T o g E 13 & Break

Syntax Model » 1 H 222538 4p B > H B 38 20 B 4e(3.3) 3N T

P(B|A,) — P(B|A,, SR) :ﬁp(an IL,,SR.) (3.3)

n=1

(83)s ¥ P(B,IL, SR A~ % ks b5 & Bpa A pM g T S FEFT 2
ﬁ%ﬁmﬁ@’ﬂﬁyéﬁ%ﬁ%éﬁﬁ*’$—ﬁ:@%%€%$%mW%%%%&ﬁﬁﬁ

AR AH(CART) B 32 9 U — A7 RS DEEE D ki 2 & - B b & B (leaf
21



node)# % 3 e~ iR Hpihse o g MLl fFaS 3R E B AR e DI AT S 25 A
RN IR N VIR
P(B,=k|L,;SR) G SR +D;

P(Bn = k I Ln’SRn) = Break Type# ™ Break Type# (34)
> P(B,=b|L,,SR) > C,;SR,+Dy,
b=1 b=1

3.2.2 fp sk & #-
B W D B R oW - BRI 2 W - B RGeS B £ bin KR4
iR AR A R i LR B3 P(PIB) T e R A e =

B+ AT 0 HBE N B 4o(3.5) 5 T
P(P|B) —» P(PS|B, SR)
=P(p|B,SR)P(q|B, SR)P(r|B, SR) ~ P(p; [ bIN(SR))P(q, [bIn(SR))P(r, [bin(SR))  (3.5)

{lﬁ[ P(P, | Poss Byas DIN(SR, ) P(Q ] 0, 4By PIN(SR,))P(r, [ 1,1, B, 4, DIN(SR, ))}
(3.5)5 ¥ P(p, | Py1s By, DINER,)) 2> P(9, 10,48y, bIN(SR,)) £ P(r, |14, B, 4, DIn(SR,)) 4 &

FABARBAERGE ARTE SRR BB 2 ZH SR afRT 0 EE Nl B HadiE

mr

A A

15 n B &SR R

>\f
C,l«‘_‘_ﬂr
\)\Q'
%

N

3.2.3 % ¥ AH
F @R B POXY AL A) T M- A R = S 0 A BR8Pt A
(sp) ~ 5 & A& 2(sd)2 2 F &5 £ 5 7(se) » 4-(3.6) 5 #7o1 ¢

P(X|Y,, A, A)) = P(sp[Y, B,p, t)P(sd|Y, B,q, t,s) P(se[ Y, B,r, t,f)

n n+l (36)
HP(Sp |pn’Bn l’tn 1)P(Sd |qn’sn’t )P(Se | n? n’ )

n=1

w k= B A P(sp, (B P, ) P AP EGRSp, § X P AIFIR R A AP B g § R

22



B e P, B R ERL E BB EER BB, B BT A - B S BRI,
¥l B kA 7 BL=(B,,B,) 0 1 = (L) 0 @ P, RLE B N B 8 F s

A H3 & 5 % i 7 ¢ 2 B # (orthogonal expansion) » #2823 = & Legendre % 38 ;% £ & #7{%

-~

lee 3 2 FH[10] 0 H T oA
f b
sp, =Py +B, +B, +By . By oitHg o)

ml4
oty

GET)E B AP, AMED B EEAL A BB E & ARG p, 0B BT (Affecting

Patterns, APs) ; B’ . % B> . A B E % nl Bics n+l B3 AT A 1 E R P

n+l
n-1 Ytnfl Bn 'tn

APs; n, €5 % w £ 3L 88T 321 (global mean); spy AL A it g ensp, T 5 osp, etk 7B,

Pn

B’ s B2 fepg, 507 4k i (residual) - o B3k spy Ao TI0E G F h AT4EH A F (normal

n
anl 'tnfl

distribution) > ¥ N(sp;;0,R.)) » B P(sp,|Brip,, tha) F 4 f# = (3.8)5¢ -

P(sPy | P Blu i) = NS B, + By # By o 0 + 150 Ry) (3.8)
BAEHE S S B3 ORI P(d, |0, St B 0 A ipksd, ¢ £ T AR R B ALY

ARG AR SN2 3 EEN > R APT URBRRER G LR AT S
sd, =sd; + s Vg My (3.9

BB ¥ sdf ER R HEnsd, 1y vy By, AWEAD B EGH ARG Eapz P

m\¢

B GE

~zmy

=

P

ol

ol e APS 5 gy B 5 a5 & el 8T 15 1E (global mean) - ;‘gé Bk sd) & -
T ¥aiE 5 R 248 4~ # (normal distribution) - 7 N(sd';0,R,) ° BIP(sd,|q,.S,.t,) ¥ it f&=
(3.10)5" :

P(sd, [d,,S,,t,) =N(sd ;7. +7, +7, + Ly Ry) (3.10)

Bots B % = B+ A P(se, |1, fLt) PR A ripgkse € X FITAIFIF P A A

23



SIERLE - FENRAHIAEFEER > FPAPT ERRD D S B e Aor &
se, =Se, +@, +@; +@, + L, (3.11)
B(3.11)54 ¢ sep AL it {Schse S o o o, A HAEAP R E P g @R A2

“al

Ca’i

T £k Bl S APS p, B & £ e 88T 3518 (global mean)o%"ﬁfr_i B3 ser A

ml4

& 3p 2
- T ¥2E 5 g &g 4~ # (normal distribution) - 7 N(ser;0,R,) » Bl P(se, |1, f,,t,) ¥ it f#
2 (3.12)5¢

P(se, |r t)=N(se ;o +o; +@ +u,,R,) (3.12)

n?’ n’

3.2.4 ik dg B-E H7

i E R Sz £ 43 =5, Z}={pd, ed, pj, dI, df} ks it gp 2 R i

F_k

FEME I BRI AR EES ST I b o R i 5 BT U RGEE - ek R
S L o

PCY,ZIY, A, A)
P(pd,ed,pj,dl,df[Y , A, A))

Q

N-1
H{g(pdn;asn,/\ln ’,Bsn,Aln)N (edn;:ued,Bn,A,n 1O-ezd,Bn,A,n)
n=1 ‘ ' ' ‘ (313)

-N(pj,; Mo, O_;j,Bn A IN(dI,; Hap, A, O-jl,Bn,Alyn)
N (df; 24 By, 7O'§f By, )}

Q

% (3.13)54 ¢ pd, 5 § & B ohis s pr L (pause duration) f iz A2 02 el ME 8 A4 F (gamma
distribution) k et 2. 5 ed, 5 F & F e £ M Bk (energy dip) 0 fizAZ 4 B ETHE S A # (normal
distribution) % Bkt 2. 5 pj, & & R 1 & p AN L A 7 (pitch jump) » TE AT

pJ, = (8P, D) —B, D) —(sp, D - B, D) (3.14)
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BBL4 Y o sp (D) LEEF - MADF EF BRSSP O LERL Y- ARDEAET

2,

F oo fe e RipAR B AL A (normal distribution) k HicEg 2. o Bt o B3 A D R D

ml4

$ERPEFF dfodf T 5
dl, =(sd, —» —».)—(sd, =7 . —7s.) (3.15)

df, =(sd, = =7 )= (A =7 . —7:.) (3.16)
iTAR A fE F] S A A B #7548 4 # (normal distribution) % #-#% o A F iFiEAREP

P(pd,ed,pj,dl, df[Y,, A, A) TG0 35 S Bl fe i AL (45— )ie * 2 s i i #H(CART)

Dk B & ghans fEiR 8 ikdp B+ i S B3 F (maximum likelihood gain) » & 45 7 Fe e

PR A P S 3 S @R pd, - ed, ~ pj, > dl, - df, B A A T A f e B

2k & 2h(leaf node) seit H S dic s i o
3.3 4 » 3 21 4% two-stage 3F 3§ Rk Bt

Unlabeled | Prosody

Database modeling

llable
Syllable A Sy
. Prosodic juncture
Prosodic R
. state syntax Prosodic
acoustic .
model model acoustic

model

. . Lattice :
Viterbi search ¥ Expansion :
E Lattice .
: rescoring .
: VAVIRVANAN
e :
Frame-based MD Model - on\;\::)l; Sti i : X,Y,Z
— features .
extraction .
Input Syllable . 0
Speech Segmentation . .| Prosodic
information : ti
: . ?Cous e Factored LM
eatures
FO & energy sequence .
extraction
First Stage Second Stage

@] 3.3 © 14 two-stage = ;N2 AR P 2 3FF FER L AL AZE]

25



F B335 AFTE 2k AUARR o T Rk Siep second stage w5

3.3.1 Joint Syntax Model 2_ 3 81 2& =

3R R guE > R LT Moo HY 2 g (POS)

=

»

i

=

d 3.2 /] &7 U RT £
2R EL G g (PM)ie s 3% 5 S 8F 0 AF7 7 97 * hjoint syntax model & Z — & trigram LM ~
- i factored POS model £ — i# factored PM model » #ig42 s i 2 * FLM approach[11]:

factored POS model {- factored PM model # 3 & #£4 £ f1* H i 4p b 3 2 (factor) syl 24 K 3f 5

PR ST A I BT PR T ok kR 2 TR POS & PM e s o
BT IEFT FARIEGFIA 6 5 TRETAE 7 PR A Ft ¢ 3 P13 1 (back Off)

%Y BAFY ¢ factored POS model # i2 i g2 40T B 3.4 #7177 o i b R cife o 2

*opwane W, o~ - B POS,_ 2 mom - B POS_, e 5 T k35 P w0 POS; » F et F i

ey MR RIAZF H - B factor POS, 243t Pl B d B ow @ W, ~ - B POS, , 735 3

T KIE G P owenPOS, o Fiv LG NIRansRE T - factor POS, > F X3 R

LG AR S S BV LS S o

P(POS;|W;,POS;.1,POS;.,)

L

P(POSi|W;,POS;.1)

P(POS;|W;)

] 3.4 : factored POS model = backoff g is

i gt % dn > factored PM model 7= § 4oyt » H i3

% A - @eW, ~ - B POS 2 pw POS e3F 3 T3t > R3Epan— B PM e > 5t

26
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Fenw 2 B B AFHPOS, » HFLPOS,  AEW, s 20F] P(PM, ) » 2 PR

P(PM;,|POS;,POS;.1,Wi.1)

L

P(PM;.1|POS;.1,Wi.1)

L

P(PMi.1|W;i.1)

L

P(PMi.1)

] 3.5 : factored PM model 7 backoff g i

B2 RARRACT B 3.6 4Tm 0 AR A gL R H 2 AP TG AR G R
1 (POS) 2 2L 2 5L (PM) ik 2z 40T £ 3.3 #755 - 4 ¥ €% SRILM toolkit[12] 2 4] * Witten-Bell
smoothing = 3% k2] - # 4 flm A% 5 3k & factored model p =+ — % backoff s34 ¢

w12 & 3 5 e factor o

training data == fngram-count === count file
flm file
lexicon == fngram-count === factor model

] 3.6 : factored model 3" 5% ik 42 )

£33 % gL

Original_data :

AR 2 RERD Fe A EE o R R g T E S

EEd

Y
e

B
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FLM_ data :

W-p % :P-Nd:M-NONE W- % :P-P:M-NONE W-:z % :P-VC:M-NONE W- % ii :P-Na:M-NONE
W-#% A :P-Na:M-COM W- = #8:P-VH:M-NONE W-i% & f;:P-Nc:M-NONE W-2 :P-D:M-NONE
W-p£ 4§ :P-D:M-NONE W-#:% :P-VC:M-COM W- jn :P-D:M-NONE W- 3 % :P-VH:M-NONE W-

t#rig :P-Na:M-NONE W- 7+ :P-D:M-NONE W-i% # :P-D:M-NONE W-#;:£ :P-VC:M-OTH

3.3.2 it ik

FHRI33 ¢ % - BFRIERL 0 1 ITEARY 4og R T

.m‘y
\F’b
/
mly

x
badl
o
e

mly

x

mly
<l

FREET S LR AGED R DN I L G R R E T SR

TR B S S B H AR

3321 3 $ERZFEL RN

PP 2 g R R ITI R ErAE 8 A G (normal distribution) s #4445 & & B g Brr AR

mly

$ G W ERNTIOER Y - 15N WAKIERO R S SR R R L R Y S 1

Fd MR B R S N 4eBAT) N

sdy =(sd, — 4 (SR)) /6% (SR(K)) x5’ + ' (3.17)
#dsd 27 Rt LR sd A FER LR EhE EERE S ' (SR)=SR 4 3F w1 &
E BT o A paed F (v 2E S g SR

6 (SR)=a,(SR)" +b,-SR+¢, (3.18)
ST RN L pt frol A ] A BERE BRREAIE A e R R A ST BRES &

LR MM TIO0 S TIRES .
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3322 BHE R 2 FEE RN
B £ R BT 02T oIS S48 4 # (gamma distribution) s ¥t iR s R R cn T @ R L Y
O FF SRS SURHOR B AT I 5 4e(3.19) 50 T
=G(G(pd, @™ (SR(K)), B™ (SR(K)), &g, B}*) (3.19)
H ¥ G(pd,a, B) & g~ 0k B R S #ic(Cumulative Density Function, CDF) ;

a™ (SR(K)) = (™ (SR(k))* / (5™ (SR(k)))? (3.20)

B (SR(K)) = (6™ (SR(K)))* / ™ (SR(K)) (3.21)
LSRR R Porg A

A" (SR) =a,(SR)" +b,-SR+¢; (3.22)

6™ (SR) =a,(SR)’ +b,-SR4c, (3.23)

SRR B L R T TG ol g el e B8 H R R B e T en

5 E R oRg A (G e ST 10 o

3323 F & B AL FHELRD
F A4V I 3E 3 i frame-based normalization 2 i "*7» FREgrAxgg ol Ha
b BB N 4e(3.24) 58 Arow

R N O LI N
fsp.’ (k) = pn(afsp(ﬁ‘) K)o 1 0 (3.24)

~

H#¢ k % speaker index > fsp, %7 % n B3 {2 R4s A HEE  fop, 27 % n B3 ERx

frame-based normalization sk 47 $t#c® 1 p P fro T A B 59 IR BRI PR TS N ehg S
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290 AR A B L BT I0E S TR E L 4P oo™ A L% kK BEF AN
e T oo 1 -

BEFE S & A e 7 2 B B (orthogonal expansion) » 83| = & Legendre % 38
AR erE R e Bl R fdksp, =[a) ) a] a] L7 H ARG ¥ - D2 AN A
SRR AT B0 0 (52 R BRI R A AT RS T o T SRR A T A
B d a5 AP B M A At AT R R IR B B AL LB (T B b e N e

(3.25) 3 =77

59,(0) ~ 7% (SREK) b, 1)
6 (SR(K),t,i)

sp, (i) = ot 1)+ 1 (t,.1) (3.25)

Ho t=1~547 FAHA 5 i=1~44 78R 5sp, 27 F# D A0 E5n% | RAMRP £
¥,

£ (SR(K), t, i) =D, (t,i) - SR+c, (t, ) (3.26)

& (SR(K),t,i) = (t,1) - SR +C. (t, ) (3.27)

BRI OED 2 AR AR R ST e {oiR ,u;” 'frasp A w5 REE

BRI ek > N AT ERREY v e R Sz BT oE s TR A o

FERERRET AR EIEFEEE B A XFROPFET T < o F o

+ @ ic & 5% & $ * Utterance-based normalization scheme » H & 21t #c & ;% 4-(3.28) ;% #177 :

se, (k *(k
se, (k)_w x5+ 1 (3.28)
(k)
H ¢ k % utterance index ; sen' % 57 normalized s eh3 &5 & % R B iE S ,u;e er;e w5 R3E
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BFdianid gk N A& ’"'TF FREE R 2R
SE KRS

55 B T 3o E o £ o
3.3.3 The Second Stage 2. ® 1

s

AT HESE TR L 1 fro

i® stage B 4n2 15 0 v » cp 2 H03] 2 joint syntax model #&
B iR B HCAIEOT RS

aap B L 16 /2 F 0 57
AL B4 A FF g K444 the second stage | w A = = ) FEEL ) iE
TP T AL EER KRS S 0 H B AT Ao

HAEEaEit)EEN 2
lattice
Lattice expansion Result 1
Joint syntax model & 4>< LT
Lattice rescoring

( EEmiT—§% 2005 pos ~ pm (
Bl RS )

e ———

ELri—#% % B fSpos B
pm a2 lattice
Break acoustic model

h 4

Lattice expansion
&
e ——

i Resulr 2
Lattice rescoring

( EEAT—#% 2104 prosodic (
break BFEAE 7 R R )

Break syntax model

EERT—#k 2 B 5 prosodic
break EfaFlattice
e
Syllable prosodic
model S .
Lattice expansion Result 3
& (==t
I Lattice rescoring
Prosodic state model

FEEAn A prosodic (
state BN TE - HIEE A )
Bl 3.7 #3085 - Bz PFERF (TR ALH
4,
3.331 ¥-FFE D 4e 2 ﬁ;% 2 ?c_‘;
4oB] 3.7 From o FRELAE R - &y - PR A~ S
£ 4o~ 507 5 joi

355 3% FA(POS 2 PM) > hizig 3
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factored POS model ¥2 factored PM model 35 2! 4p 4 R coie g9 R 8L 30 B (2 2 B &5 iF

B BESE R R-G RA D S B T S @ 7 i@(word) 312 (POS) £ R-BEE 5L(PM)
(1).node expansion :

% word lattice + = & node #74 F fword F 3t ¢ 1245 factored POS model 45 41 & & i &
e £(POS) » # e 4 fAHREEF 5L(PM) 5 & 32+ 5L (NONE) ~ # 5.(DOT) ~ 1£5.(COM) -
AEGES LS 03 2L A SRR PS(OTH) > #-2 B node B B 1 1%4 & -
(2).arc expansion :

&4t 4o lattice @ & B arc #7F $ ehword T30 45 I AR U HPOS B (1) PM ik p (4) -
FHEF - Barc #rF 5 chword T4 AP E & POS P (1)2 PM #icp (4)) £ &% B arc

BRI 1**1*4 % o

3332 $F-ME A EBREHETA

FoOBREERAPLL AL JpE R AT o o &4 » R 03] 4 B] A break syntax
model % ik4F #-8 H7) BB ES N(324) - (315)% (316) - d ipEAAE AL G E 0 £
intraword syllable 3854 » ¥ d f2\ ) IREIL 5 7 7 & - lattice ¥ /8 B s (¥ > @ interword
syllable 2% i » 4%t word lattice + £ % node &3 arc ¢ #4 § chword Fiu @ dis- B &
ERWER I word ¥ §- B EERTAINE > FlE SRR RE AT 22 g
backward viterbi search el » 1% Fa @Bihengd it > e g5 2 T- Bword ® ¥ - BF &L
BF 0 & F N R B (F o

NS VBRI FIRE EAok = SUN R £l e R T
WR B - R o

(1).node expansion :

41 4 lattice ® & B noder LR H kimarc ? A § chword TP - B &R R
RBK Kkharc? - B aEREEF M BlR4-node #-EF I M B -

(2).arc expansion :
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-4t 4o lattice @ % B arc 0 L% H start node sdF it B EF (1) ¢ o @ Festart node

A EIME - Rl R4>arc» HERIT MB o

3.333 %= FEEC ¢ 4e X 3 g{,ﬁF rk ?c;

Bofs— BRFEASI 3 @3 &R T30 & 4o » i 28031 4 WA &3 2803 2 Jp 5k
BB LR EE 50 (3.5)% (3.6) ) M AE — B & hprosodic state score § 4p ikt F - B3 &
gh AR 0 2 3t % 2 FEECP 31 intraword syllable =0 prosodic break score 3 * 4 g 3+ —

B @ R e 0 Aol Rt viterbi search g3 34 A fg N IRE S AR

i intraword syllable e3R8 & f = g2 > -84 3 & ¢ eh& - 44 prosodic state kv IRERS eI
L SE B3 & ¢ 16 B prosodic state 3:E 11— B % fF 4 Hcbe § chstate o Bofs Mgt F 0T R AR b

B FMBEDT - B node ® o

>

&-¥F interword syllable 738 4 14 FLF 348 % = | & o prosodic score » & Zf 87 3|0 15 &
y ¥ ¥ R H p SR 1=

e

- BFEFH o AP IR - By EFTRIEER 4 )T%{Iattlce #4345= B word ¥ % - B

FETRCER 6 AR ES EEHA @6 Word Y ¥ - B FRL LY s
}ﬂ%mﬁvp’%”“‘%’iﬁ“ word \:’m:—-f@;-—‘a ;T.?: TL%KA\’ﬂp P B E%?;LA,\F%;;E‘%;\*;%

forward viterbi search ehif ez » f1#* F@ifengFfd > ¢ g3~ F - Bword ¥ - BF &F
Moo oA T B R 0T e

Bip- FEEIEE 0§ FRAR e I - PR ARE T SR IR R AT 300 L B S

W

2]

e
o

PZBIERE CH R BIRERE R R RRERER S R RARER G e
(1).node expansion :

-4 e lattice @ & B node > BLEH A dieharc ¥ ot § dhword TP ¥ - B @ e
BoRBERADNDac? F- BF EOEAET MM Bl Rd-node #EF I MR .
(2).arc expansion :

-4 e lattice ¥ & B arc o BL%H end node st o B E (1) ¢ 0 © Fend node #-

HEZT MEB Pl R4sarcy BRI ME o
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3.4 FW S HA e

AR % Bstage ¥ £ R ITERTEA A B E 16482 § 0 Fltde gy - e
TRz 16 BHAFTLEEN IR ] PR EEFT LT EL 2 A ok it ¥
trail-and-error <= 3\ kA2 16 BHRF L RSLF AL R T 2 B Lo F > ST AP R
5] 7% $73] 2 & (Discriminative Model Combination, DMC) [13]#77 j# kA2 & -

DMC #= j2 L %_3& — B decision error rate sg-%| ;% & F(discriminant function)4-(3.29)

Vo P RIS I - EHEE P SHicch decision error rate . i 1t o

g(x{ W, w?) =log P(w; | x])—log P(w?"| x{)
=log[P(w;)P(x |W)]-log[P(w'})P(x/ |w})]

(3.29)

(B.29):8 7 WP =(wW,.. W) R &R X =(XeXe) N A B R ce £ P(W X)) R RS e

He S BeiF T B DR R R ha hm POy ) RIS & B8 T R R AT S T B RIFRL

e s § P(wY |x1)A\gc€}#@‘-’r P(w; 1) g4 » & 2 likelihood 7 & % - & 4 ¥k

Bi2iTH 3 R A P8 S (WER) § L0l s MBI P(W | X)) #4723 M B 7 I H03) » H &

14 ¥t 8 (log-linearly) 2 & 40T

Py (4 [w)) = exp{logC(A)+Zﬂ log P, (x| w)} (3.30)

(B30) 4 ¥ A=(h,. .4y "® % £ BRI P A d & PEAEE ; CA) R AR R HS

(normalization factor) - ¥ decision error rate > % if® & j&_discriminant function 45 &1 - ‘& & ¢h
BEA A2 PW|X)F453 M B3 i3] 0 %(3.29)5¢ #2c g & (3.31)5¢

90q W W) = zz (Iog P, (v | ) ~log P, (W’ | {) (331)

B {8 # % & - ® smooth misclassification function /¢(x K ,,A) > # fiz Generalized

n?! *no?

Probabilistic Descent (GDP) algorithm[13] &t & a3 i £ B A > F A& P ELITE T & ¢
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TH- e w AL classk: aEBoF X AT

e RSB R X o
TEZ DPRTRAT S (%K) N=L N =0 Ko HE N SRS dien 5k, A R
oo £, AR E R K r=1 K3 5 ot iR o & Kebest A 71
&= ' LD(k, k) % Levenshtein-distance - & T hypothesis k, 4528 E > 45387 7 3®
s fo,}v’}_ BN o
THRT P HEEH(2 held-out data) = smoothed empirical error rate L(A)
L(A) == Zf(xn, w0 A (3.32)
H e
1 K {nLD(km wm%}
X! ’ = + N e .
o K A) 1_1+A a(Kar%s) (3.33)
r=1
A>0,B>0,and >0

For j=1,...,

A0 =1
i

A = ﬂ“’HZf(xn, Kaos AD) (1= £(%, Koo AM) )

iLDmm,km).og(ManJ[

”LD(knr !kno)

i P (e 10)] (3:34)
K 7LD (Kqr ,Kno)
DI EHNCHES)
(|+1) (Zi(Hl) lMlJrl))tr (3.35)
(3.34)54 7 ¢t & step size " M HF BRI A B f wibiw P E ot gul st a0k
p ( nOlX) T 'é‘
og| ————— foe
(p (kor | % )]
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FrE REREFRAHN

AE RS R SRR SRR S AT AL E Y R SR S ]
VIHS A2 E ] b x SRR TN E S LA ST £ ATIEA S R 5 43 H M ey

R N AR I

41 PRk S ERTZ v R

AFEF . TCC300 F L B P enfp 2 F g o el & Sideke 3.1 ) & drdeat > #3p =B R
B FAA 5 BO~B1-1-B1-2+B2-1-B22-B2-3-B3 2 B4» iz faiksiher k4
§(SYL) ~ 3 237 (PW) ~ 35 2238 (PPh) ~ »# 2 ke /3 2= 90 ' (BG/PG) % i Ft > £ 14yt %30 Buis K

TR AT 0 figAE ¥ Break Syntax Model e #E -5 -7 (break acoustic model)zip? 20 3¢ e

4.1.1 Break Syntax Model

Break syntax model #_* %i5 it 5 &b B B B2 HAphf it 3 S X 3 2 FF R
fRefcd] R ARl B BAHREHR 50 5 - H o RHRGFT SEER N ALE R Y 4 daE R

HHCART)/F & 2 2" > 473 e o fp i B B fm 57 9 5l - 3B o™ B 4.1 i K
g — B4 S gk(leaf node)#-is » F - MR EER BB FE 0 4 T Y ;ﬁa LR Ry
i+ & 2h(nonterminal node)#7F* 3| P E K 4e U A 47 H P REenE B AR R o

TS R R e CART jf 5 2 B o Blis b 2%k BB BiF E X Tl By
FlARKAGVER » BL 2 EEFE
1 #® TCC3007 16435 % £ ¥ 106955 § & k33 & F7 7 erih (=404
2. AR A & B ¥ & 2h(leafnode) H o] R A B(F S BcE ) R £ 700 -

3. AR Me guE LT o HAp$4p 02 A # & (relative likelihood gain) < /f + ++0.001 -
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7 H=1619 PM subtree
~intgrword?' N
il
e . . - 5
intraword subtree L \\ interword subtree 7 \\
‘/ H=1463 AN H=0782
// - \\\‘ P e ‘\\
ey . ™ ‘R-special-1-syllable-words: 4
g-2-intraword N ) 5 . e
pe-< *. Ng-Ncd-Di-DE-|-T+special-suffix-words' > L
|
/S0 A FORT NN Pl S
; Y ; \ / \
/ ; \ Y
/ N \‘
! \ / \ ; Y \
/ \V / \\ i \‘
‘Fok-Ini=null-m-n-kr' R-D' * 'R-DE' JRN \
4i;1 0 48273 sis 1668 I ke I I I
[ \ \ ! ! A
F#0830 | H=-0000 RE1E4E | HE1313 HED 87 H=0.937 He 0712 H=0.715
! \ i } it \\ \
[ \ ] \ ]
! \ \ \ \
: \ JF \ F, \ 'F \‘ J-{ \‘
sz; 40572 41t 353 788 o] L=
=
H=0.562 H=0280 H=1632 h=1738 H=1443 H=1.163 H=0357 H=05%4 H=0718 H=0897

1 4.1 : break syntax model s i A28 4

L FALY o E - A B R R AR T A R S EORAY B D A2
Ao BRP AT v EEFIA D FOASEENNL A AER BEET L F R K
F|+ 4w 5B0~B1-1~B2-1-B2-2-B2-3-B3-B4-B1-2: & 8L¥ chficid 5 H %k A #ic(§ ¥
¥) > HR & % Shannon entropy » * k=G 3p EF R B F 2 2 Tl o

BB 4.1 R Bt A RFE ek 5 = 3E 5 AF 0 PM subtree ~ interword subtree %

intraword subtree » PM subtree # {3 &7 8herdp 2 dg2 3 o F < S B¢ A B3-B4 £ &

41
o>

SEoood pUBET < S8 B3 & B4 WA B S 2 ) intraword subtree ¢ Bl H 3R =

&
>g

AR Y doa® A 5 ¢ 4 BO~B1-1-B1-2; @ interword subtree & £ B Hdp it o A 4E
REAFRE S > x FIP LRI (MR Y RIS ?im’iﬁ'ﬁ 5o e TR JER
WA PR T RS 2B PR 0 - BIRE RN A R 25

FIRLY - IR AR RWE G i Bl 42 e 44 interword subtree 79
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‘R-special-1-syllable-words:Ng-Ncd-Di-DE-I-T+special-suffix-words'

-
R
e °
o :
/, S
. -
RC LD R-Ng-Ned' ~ LWL=2"
l4ps72 ,‘
4 He1ER heama IR PR
“:‘ Y f‘ Y ‘4( \\2 7 \‘\
Y, N, 7 A N\ s
RWL=1 N JLNa' \ RN /
H=162 H=1822 He1 761 F=1508 =151 He1 269 H=1 228 H=1L131
N \ N A
y / \\
/ '\‘ ! \\ 3\
JRWL<=2 | 'LWL=1' =t ! \
el 5?5 He1 :’{sr He et K772 F=1459 H1.545

a 1 i
.-. o

H=1 701H=1 B06H=1671H=1 408 Het 764 He1 096

] 4.2 : interword subtree Z¢

B R 2N

F ok o B LAY & - & o Ek(leaf node)E A G chs fhigap ke o @ - 3R

ﬁﬁ@%ﬁ”éﬁ%ﬁ%%ﬁmmﬁ$ﬁﬁﬁﬁﬁi@ﬁwwﬁ’%L 3| P(B,|A,,SR,) °

4.1.2 1% -5 #7)
%ﬁ%?ﬁﬂ@%%€$&%&W%%%?¢ﬁﬁﬁ%§ﬁﬂAmwﬁszﬁ?ﬁ O

g R R R LAY
LR A f g2

’

I-L7 mefﬁg ]‘40« ;r?)

\\\?{r
"

F

%‘%‘ 31 ‘d’ N %ﬁ l% i”l? *ﬁ."" \:'

BRI R BT T KBS GBRRR BN B DR F R iR

£ (pause duration) ~ #& K e & B iy £ M 2h(energy-dip) ~ # % i i AE B EF @ (normalized
pitch-level jump) ~ % $i~ 93 & & & B2 58 %]+ (duration lengthening factors) - @] 4.3 %7+ &7 F
AR T o A EEY LI Sl S R R S T g IR T BO ~ Bl-1 enig A

g‘l'a,‘!:.ll}t Eg”;F ﬁ{% F]ri&? ; B3 ~

B4 R} ok chid IpE L~k ehd § R R PR TS e B BRI R BT L
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B1-2 2 B2-2 Bl ¥

§ s pE L

B2-1 &7 #p A A AF i

»B2-3 B H_3

EF’#“ r_]'*ﬁir‘\

TR 44 > 2 “‘4“
AT e SR R AR 1 i) B R B T
30 9 . . , , . . . . , , .
BO =]
B1-1 al B1-1
25y B2-1 521
B3 7k 53 H
B4 B4
———B22 sl SN — —--B2-2
B2-3 J " ———B23
B1-2 5| - ' B1-2
- = .
sl 1 b
vats " \
L Iy : . |
/ b
2t . li e
S J S
1 ! \ \\\\
r ; / " b
/7//7,*77 H\I% /-/ v S N
e — : . —— o FeE R =Yoo= S
200 400 600 800 1000 1200 025 02 015 01 008 0 005 01 015 02 D25
ms tirne(sec)
10 . . . . . . . . . 0.25 E . E E E . .
BO BO
ar —B1-1]] -B1-1
B2-1 ﬂ —————— B21
sk - g 0.2 B3 ||
/
h — B4 -B4
7t P H
; | —-B22 ———B22
sl /! \ ———B23|| B / R B23 ]
/ ) — B2 il B1-2
5 g o i > i
= B X i T o ()
- e 4 ft
4r it / N ‘\ 1 0.1 [ J
iy AN
ar TS J . b
v ; o \
2t o ! S . 0.05(- :
/ Jr.-" NN
1_ /.1 / \\lz\ -
. 7 i
D i I_-o-'/ 1 1 1 L B N ey 0 r
025 0.2 015 .01 005 0 005 01 015 02 0325 -10 60 70
time(sec)
10 T T T T T T T T T T
BO
9r B1-1 ]
B2
or B ]
- —B4 |
——-B2-2
6L I ———823
vl B1-2
. 7y
2 57 i : 1
1. :
i : .
4t B g
It L ': 4
7 : Mo
2+ ke BN .
1 5,
1k Yy D i
i N
T T NS
05 04 03 02 01 0 01 02 03 04 05
LogHz
‘-‘» AR 2 L -~ 7z -~  AA -  AA
B43: (@) & mupmeE  (DEHRLE &L FF 1o QERTE &GuEFF 2, )3 &F i

2 Mg (e)r

‘L
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% - 2E 1 5L (PM) - 1245 18] 3.7 #77 >

* v »F zﬁf

LL

» § b 3RS 2130 (POS)

#5835 2 172 (SR Model) &

50 gk =04 (Original Model) 2 sttscas 03 B> 0 Tl @ A 80 % — 7ldcdp 5

Baseline i 5t » & &L % — FFE = = {2 4 » joint syntax model :& 7384 & 5 % = 7 Hcdp
= v~ break syntax model 2 i % B-F HA AT £ 5 B 2 Iy s b § SR AR 2
R e
% 4.1 1 @ (word)FEn ¥
Original_Model SR_Model
baseline 86.37% 86.37%
+Prosodic break 87.39% 87.71%
+Prosodic break
87.93% 88.04%
+Prosodic state
% 4.2 ¢ F (character)¥#:3. %
Original_Model SR_Model
baseline 89.65% 89.65%
+Prosodic break 90.39% 90.69%
+Prosodic break
91.12% 91.16%

+Prosodic state
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# 4.3 1 § a-(syllable)y#:n %

Original_Model SR_Model

baseline 92.33% 92.33%

+Prosodic break 92.96% 93.20%

+Prosodic break
93.47% 93.49%
+Prosodic state

% 44524 A5 54 » A FE R PO ERCALE iR & e

(PM)sia 3 et 8 0 H o ppn 2t B 0% F-measure <17 55 > 10T gt

% 44 TP (POS)

712 (POS) 2 -2k 1 5L

TP o

Precision Recall F-Measure
Baseline 94.36% 83.27% 88.47%
+Prosodic break 94.36% 84.24% 89.02%

+Prosodic break

94.29% 84.88% 89.34%

+Prosodic state

% 4.5 1 LB HLU(PM)FRLE

Precision Recall F-Measure
Baseline 84.90% 74.93% 79.61%
+Prosodic break 88.37% 78.90% 83.37%

+Prosodic break

83.98% 75.59% 79.56%

+Prosodic state
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421 FH(POS)FERE & 2

T 5 POSFHRS &7 L A HFRLS AR Y &R B L word FRLE RER
Byl kenPOS 4 3 R & AT * §F - fizt 52 30 (F-measure)’ﬁﬁ{;t szt 4 word
FELE FEeniE 2207 POS Lt FEendic® Hy 2 2 A word L FEenif 2227 POS 48N >
{5 E_POS ¥ % ¢ chicf R

3OO R RE O ET KR W E POS chRecall (H/R) 2 & word ##33% g enik i

2. > POS i Precision (H/N)> &5 3 7 Precision # Recall 3¢ & ) F-measure score» 2 3% 4o

2 x Precision x Recall
F —measure = (4.1)

Precision + Recall

422 BB B (PM)FRR S &
FEPMyRLS E 7 EE e RS R AR B & kB B0 word PRLE AEPS

Bygdt kenPM A 5 & & 2P P % 5= 3+ 8 5% (F-measure) » %}u{i st 4 4 word

FERLEFEIE 2T PM Ll A oode B H o 12 feword FELE FEniE 2 2T PM i #ic N
B ISP EPM % %7 B R

PR EE S BT OAPA W E PM dRecall (H/R) 2 & word #33 A enik i*
2. > PM e Precision (H/N) > $.1¢ 3% 7 Precision 2 Recall & iz 45 (4.1)5% it & 7! F-measure

score °

A3 FERE S AT E LR

St ] B AP A B S RGER e R SRR LR R Rk skl
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431 EBFRARFEZ VR

A2 [ E o FOLERIIE e - JEFPETAR R SRR 3G et S B e
L EF R LT s

20464 4724 4850 d S r AR (e  EER BEFT AT FHRERLET
)L R R LIETE AR AT o e - F R G R BRI R 0 1T By v
2RF-WEIRE %R %= 5 baseline & 3t(4c » joint syntax model)ssgin it % o & =
Pl E e~ §f 103 (4 ~ prosodic break % prosodic state F 3U) s cEin g % o F 8 RFRAS O
B R AT At o

£ 46 hgk iR L

NCKU_f070304_0

rTw NULL L B2-1
3 g / T BO

# A # BO
v ek et B1-1,B1-1
Bl Al Al B2-1

j 7 7 B1-1

NCTU_m050107_0

i 5 i% P i% P B1-1,B3
v T v B1-1,B1-1
- %5 - B1-1

3 NULL ¥ B3
L % ] L ¥ B1-1,B2-2
& A% L B1l-1

g NULL ! B3
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NCTU_f010413 0

g g g B1-1
iE ip iE O B1-1,B2-2
z ¢ z BO
IR H#- Bl € & B1-1,B1-1,B3
NCTU_f040411_0
- NULL - Bl-1
v #4 e BO
* 7 * B2-1
d 4 ] Bl-1
i FE I FE i+ FE B1-1,B0
% 48 A enig o
NCTU_f010402_0
i = = B1-2,B0
] £ e B2-1
245 2 AL B1-1,B1-1
F1 & & F] & B1-1,B3
%
NCKU_m090904_1
AR il A B1-2,B1-2,B2-1
£ -+ 2 B2-3
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1 1 1 B2-3
i i i3 B2-1
s YR v B1-1,B2-3
B E At B+ B1-1,B1-2,B2-3
RiE RiE BiE B0,B2-1
B 5 5 B0,B1-1
v 4 4 Bend

432 BRJFPERIE T RFER

4.9 24 > FEPE2 3 AR L @A

“ﬁ
\L
,,\;g
'n-.
F
s
\L
g

EHCA i £ - B el an

AETIE- BT REER T B AR WO I AE K ¥ - L BRI RN e

RER S FZor FEB P R R

F 49 4o X TR R
NCTU_f010406_0( 3% i# )
F & STEEN 5 <
e LD B e
W 447 W > (B1-1,B3) W 42{7(B1-2,B1-1,B2-1)
4177 (B1-1,B4)
#Z % Mt
¥ et it
= 5= ¥ =
* * F*
¥ 5 ¥ 5 ¥ 5
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The question set used to construct the decision trees for building the break syntax model

P(B,|l,)and P(pd,,ed,, pj,.dl,,df |B,,1I,)is listed below:

hs In
"Is the inter-syllable location an utterance boundary?'
" Is the inter-syllable location an interword?'

"Does a PM exist at the inter-syllable location'

" Does a Major PM exist at the inter-syllable location '
"Does a - exist at the inter-syllable location '

"Does a - exist at the inter-syllable location '

"Does a -~ exist at the inter-syllable location '

"Does a - exist at the inter-syllable location*

"Does a ; exist at the inter-syllable location '

"Does a : exist at the inter-syllable location *

"Does a ? exist at the inter-syllable location”

"Does a | exist at the inter-syllable location '

"Does a (exist at the inter-syllable location '

"Does a) exist at the inter-syllable location '

" Is the the preceding special prefix words + special 1-syllable words: Ng, Ncd, Di, DE, I, T'
"Is the POS of the preceding word A'

" Is the POS of the preceding word C'

"Is the POS of the preceding word D'

" Is the POS of the preceding word N'

"Is the POS of the preceding word | or T

" Is the POS of the preceding word P’
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"Is the POS of the preceding word V'

" Is the POS of the preceding word DE'

"Is the POS of the preceding word SHI'

" Is the POS of the preceding word FW'

"Is the POS of the preceding word DM’

" Is the POS of the preceding word Da Di Dk D'
"Is the POS of the preceding word Dfa’

"Is the POS of the preceding word Dfb’

"Is the POS of the preceding word Na Nb Nc Nv'
" Is the POS of the preceding word Nd'

"Is the POS of the preceding word Neu Nes.Nep Nega Negb Nf'
" Is the POS of the preceding word Ng Ned'

" Is the POS of the preceding word Nh'

" Is the POS of the preceding word VAVAC VG'
"Is the POS of the preceding word VB VC VCL VD-VE VF VJ VK VL'
" Is the POS of the preceding word VH VHC VI'
"Is the POS of the preceding word V_2'

"Is the POS of the preceding word Caa'

" Is the POS of the preceding word Cab’

"Is the POS of the preceding word Cba'

"Is the POS of the preceding word Cbb'

"Is the POS of the preceding word Da'

" Is the POS of the preceding word Di’

"Is the POS of the preceding word DK’

" Is the POS of the preceding word D'
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" Is the POS of the preceding word Na'

" Is the POS of the preceding word Nb'

" Is the POS of the preceding word Nc'

" Is the POS of the preceding word Ncd'
"Is the POS of the preceding word Neu'
" Is the POS of the preceding word Nes'
" Is the POS of the preceding word Nep'
" Is the POS of the preceding word Nega'
" Is the POS of the preceding word Negb'
" Is the POS of the preceding word Nf'
"Is the POS of the preceding word Ng'

" Is the POS of the preceding word Nv'
"Is the POS of the preceding word I'

"Is the POS of the preceding word T'

" Is the POS of the preceding word VA'

" Is the POS of the preceding word VAC'
"Is the POS of the preceding word VB'

" Is the POS of the preceding word VC'

" Is the POS of the preceding word VCL'
"Is the POS of the preceding word VD'

" Is the POS of the preceding word VE'
"Is the POS of the preceding word VF'

" Is the POS of the preceding word VG’
"Is the POS of the preceding word VH'

" Is the POS of the preceding word VHC'
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"Is the POS of the preceding word VI'

"Is the POS of the preceding word VJ'

" Is the POS of the preceding word VK’

" Is the POS of the preceding word VL'

" Is the length of the preceding word 1'

" Is the length of the preceding word 2'

" Is the length of the preceding word 3'

" Is the length of the preceding word 4'

" Is the length of the preceding word 5'

" Is the length of the preceding word 6'

" Is the length of the preceding word less than 2'
" Is the length of the preceding word less than-3'
" Is the length of the preceding word less than 4'
" Is the length of the preceding word less than 5'
" Is the length of the preceding word less than 6
" Is the following special 1-syllable words: Ng, Ncd, Di, DE, I, T + special suffix words'
"Is the POS of the following word A'

" Is the POS of the following word C'

" Is the POS of the following word D'

"Is the POS of the following word N'

"Is the POS of the following word | or T'

"Is the POS of the following word P’

" Is the POS of the following word V'

"Is the POS of the following word DE'

" Is the POS of the following word SHI'
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"Is the POS of the following word FW'

" Is the POS of the following word DM

"Is the POS of the following word Da Di Dk D'

" Is the POS of the following word Dfa'

"Is the POS of the following word Dfb'

" Is the POS of the following word Na Nb Nc Nv'
" Is the POS of the following word Nd'

"Is the POS of the following word Neu Nes Nep Nega Negb Nf'
" Is the POS of the following word Ng Ncd'

" Is the POS of the following word Nh'

"Is the POS of the following word VA VAC VG'
" Is the POS of the following word VB VC VCL VD VE VF VJ VK VL'
" Is the POS of the following word VH VHC VI
"Is the POS of the following word V_2'

"Is the POS of the following word Caa’

" Is the POS of the following word Cab'

"Is the POS of the following word Cba'

" Is the POS of the following word Cbb'

" Is the POS of the following word Da’

" Is the POS of the following word D'

"Is the POS of the following word Dk'

"Is the POS of the following word D'

" Is the POS of the following word Na'

"Is the POS of the following word Nb'

" Is the POS of the following word Nc'
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"Is the POS of the following word Ncd'

" Is the POS of the following word Neu’
"Is the POS of the following word Nes'

" Is the POS of the following word Nep'
" Is the POS of the following word Nega'
" Is the POS of the following word Negb'
" Is the POS of the following word Nf'

" Is the POS of the following word Ng'
"Is the POS of the following word Nv'

" Is the POS of the following word I

"Is the POS of the following word T

" Is the POS of the following word VA'
"1Is the POS of the following word VAC'
" Is the POS of the following word VB’

" Is the POS of the following word VC'

" Is the POS of the following word VCL'
"Is the POS of the following word VD'

" Is the POS of the following word VE'
"Is the POS of the following word VF'
"Is the POS of the following word VG'

" Is the POS of the following word VH'

" Is the POS of the following word VHC'
"Is the POS of the following word VI
"Is the POS of the following word VJ'

" Is the POS of the following word VK"
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" Is the POS of the following word VL'

" Is the length of the following word 1'

" Is the length of the following word 2'

" Is the length of the following word 3'

" Is the length of the following word 4'

" Is the length of the following word 5'

" Is the length of the following word 6'

" Is the length of the following word less than 2'

" Is the length of the following word less than 3'

" Is the length of the following word less than 4'

" Is the length of the following word less than 5'

" Is the length of the following word less than-6

Is the initial of the following syllable:a null one or in { m, n, I, 1}?
Is the initial of the following syllable anull one or in { b, d, g}?
Is the initial of the following syllable a null.one or-in{ f, s, sh, h}?
Is the initial of the following syllable a null one or in { c, ch, q}?
Is the initial of the following syllable a null one or in { p, t, k}?

Is the initial of the following syllable a null one or in { z, zh, j}?
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