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An Implementation of Prosody-Assisted Mandarin

Speech Recognition System

Student : Ming-Chieh Liu Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

This thesis presents a new prosody-assisted ASR system for Mandarin speech. It differs
from the conventional approach of-using simple prosodic cues on employing a sophisticated
prosody modeling approach to automatically generate 12 prosodic models from a large
unlabeled speech database by the PLM algorithm proposed previously. By incorporating these
12 prosodic models into a two-stage ASR system to rescore the word lattice generated in the
first stage by the conventional HMM recognizer, we can obtain a better recognized word
string. Besides, some other information can also be decoded, including POS, PM, and two
types of prosodic tags which can be used to construct the prosody hierarchical structure of the
testing speech. Experimental results on the TCC300 database, which consists of long
paragraphic utterances, showed that the proposed system significantly outperformed the
baseline scheme using a factored LM to model word, POS, and PM. Performances of 20.1%,
13.6%, and 9.4% in word, character, and base-syllable error rates were obtained, which
corresponds to 4.1%, 4.0%, and 2.4% absolute (16.9%, 22.6%, and 20.6% relative) error
reductions. By error analysis, we found that many word segmentation errors and tone
recognition errors were corrected.
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B R Uame i BT AR i B LI S s Al
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* on-gram 548 A58 3 17 12 (2.2)38 o de T Ar T

N
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POW Wy ) = Count(w, ..., W,) (2.4) -
Count(w,_,;,..., W, ;)

(237 F B ngram S F LA B2 R0 @R RS BL T A A(24)

;9% > Count(r) % 7 3@ B el =k #ie 4o % fs 3 3 enCount(r) ehiE 5 0 7> B n-gram
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S 600 A ALEAH RAWFO0ERFTRNERL < 0 A B AHFOGET
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W )PW, (W W) COUNE(W, e W) =0

B Count(wW,_.y..., W:)

* Count(w,_, ..., W.,)
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, 1< Count(w, W) <k

i—n+11 700 T

, Count(w,_,,;,..., W) >K
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(Mel-Frequency Ceptral Coefficients - ¥ f 47 3% S 8) > v eh= & ¢ 3 12 2 MFCC 4: }
1Ma &% 13 %> # B4 Delta term §- Delta-Delta term » # 1232 #1230 4 3% B8 5%
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BRI L AL BEE 0 F - B SR 8 Bk i(state) ER N 5 T £ H(HMM) > &
v HTK[23]¢ 2 MMI 5] 20 508 5] -

% 2.2 : MFCC % #icdd B3k T 4%

F =5 R 32ms

+ =T # 10ms

Filter bank & #c 24

PR AR 16kHz

Pre-emphasis Filter First order with coefficient 0.97

= 2 B
22 AAPHLSE

FEFAPAT 213 & orE 2 hBEE R ROEREER A RRD 0 B GE R B 0T
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# 2.3 1 F @75 (free-grammar)

TCC-300 outside  73.39%

TCC-300 inside  85.74%
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85.74% > £ k#-4c » bigram F S A 0 B A A PFRELT &S % 2 word lattice

N

Rl E S ARis#-A 4 ghrword lattice 4] * trigram 3 A FE B S L

5

o4
w

=

AT AL RTHPRLE R > FAFHRERT T L ARAT

11



%24 FReF T WAl FrRLE

Bigram LM 70.45%

Trigram LM 75.84%

%0250 FReiE T WL 3 Areng

Bigram LM 78.58%

Trigram LM 82.14%

%261 HFpE A2 § FinLE

Bigram LM 86.35%

Trigram LM 88.16%

% 2.7 : bigramword lattice 2_ 3% -~ F % b

ml4
o

##'(word) 90.80%

% (character) 91.12%

% & (syllable) 93.24%

12



$Z % PASNES AR

R A R AR E R HEaE § U E Tl S A
B2 REFER AP § 2 MAARE DI RGP ELRE
gt Ha & IR A 3E# (Speaking rate) ~ i% #f pr £ (pause duration) ~ § & #LE (pitch
contour) ~ § & ~ - (energy leve) % F]12 + c AR 5 - &L A 5P 2 F I EFE N %

%D SWp AR e R

30 ¢ 2 FR RS ER

RBFT P L S5 F0[28] 0 F3 P ER g TR A S R A~
By oerie * aip ik Jfﬂr"“"l)j* LR Tl B NIRRT o 4o R 3L T 0 R
BB b Bk B A & K st (syllable layer> SYL) ~ 35 &3 & = (prosodic word layer -
PW) ~ $f 2“&3% & = (prosodic phrase layer > PPh) s ¥ e = k& =t (breath group » BG) » 17 2
i} /= 2 (prosodic phrase group) » <A R ZEHEEAL TFE R 3 % ®3F 3 & & ¥ (Hierarchical

Prosodic Phrase Grouping » HPG) ; 7 #[29] -

BS PG B5

T~

PW

PW B2

SYL SYL |B1/BO | SYL SYL SYL SYL

BI31:7 >R A e



AN PR A AR R R A A GRS - AR R R
Freo v A RHARSE S EEEY P AR EES I o ot BI315 0 2 BO
fr Bl 3885 & = i Rt o 4 W] &% BO 4 77 ¢h4_non-break of reduced syllabic boundary
g tightly-coupling syllable juncture @ Bl % 5t <-#_ non-break of normal syllabic
boundary » i@ ¥ % BO & Bl e % 3 & § P A B4 o @ B2 fr B3 4 u] X £ 3 2@ fe3k
EaEEead R o BAR R A T e e oo W d N E - BrEeaniga s fr B2 B3R
Ark g F BPAOBRARRA INBE AL FESEER AT - B RERF DR

FOLESR BRI L g L ARE R KRS ERG

dOTART L AR ARE R A BT o T AP HPG s A#T HH
Fig- H e J* BB R AL AT T AR o F A% B2 A G
B2-1+~B2-2~B2-3 # ¥ B2-1-B2-2-~B2-3 A~ %47 3} M A3 & =% (pitch reset)z
pEFER - £ 3 =i sg(short pause)2 3z #@ A > 02 B3 F &4 £ s (duration
lengthening) ts cif i A o 46T kM- BANBS & 3 B4 A FEBIRERA S EHE
RSk R v 4% 4oB 32977 c A AFE T AR THIR EE K %37 (prosody break type)
B={B0, B1, B2-1, B2-2, B2-3, B3, B4}k #&icrF & ;¢ ;”Hﬁt’ g A REcE A L
(SYL) ~ 3p &3 (PW) ~ 3p =&3F (PPh) 2 v /35 & & 2 (BG/PG) » * 11 % A3 84"

Fo Renpe s E Ao HheT £ 31 90T

B4 | BG/PG | B4
B4 | PPh | B3 | PPh | B4
B4 B2 | PW | B3| PW :Z

B4 SYL B2 | SYL | B3| SYL |BI/BO| SYL |BI/BO| SYL | py

Bl 3.2 AFT g TRt IR K SRR

14



% 31 i BApike

I %éf; B A e R
.* #(PG) B3 £ i Hp
E\‘ =¥ 2 #(BG) B4 £ IBEE Y 25 PR A
B2-1 ARARS 5 &R 5 P AR ch A B
ik = (PW) B2-2 i A
B2-3 ELR - el 3
80 FER A ApARs F & LY % (tightly
. couplin
3 §(SYL) oupling) -~
81 T EE A AA § & E 4 g8 (normal
coupling)
ANF - BRI ERE T AR TR R S ERY flchip e R
FOATRE S BAFTY AP ERY 2 PR A B AR R By
R AEFEAFEAENA -

32 PR SRR EIRG
A - R A gl R ST EE A P T R S R BN R
iR R EERY A RIE T A R SR Tl ko AAFY Y
B FENEE RO TR T ARV AENY > L2 e LA T EY Sk
A, ={X, X} g E T o3 M E aE S S8R P A ={W,POS,PM} ~ 3} 213 A, ={B,P} %
acoustic segmentation Y, > 1 R kg o iﬁiﬁ % K e N eMAPE B
AN Y =arg max. P(W,POS,PM,B,P, Y, |X,,X,)

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

(B.1)5% ¢ w={w'} £ 4305 7] ; POS ={pos"} £37(word) 7 ¥ & F| e 12 (part of speech)
Bzl 2 PM={pm"} £ A L LB A 7] MRE £ P 230 8k® ; B={B"} P £3p =&
FriwsEiRis R v e 7 - i EER s L B {BO, B, B2-1, B2-2, B2-3, B3,
B4} P={pqr}R| A £ 3 & ERLEREF T 7 73 S F B NFp={}FEELR
q={g/}Z2 s B Br={r"} I NE & F F 23k ; X, A% - B frame-based #f

15



¥ %8R 7 (i.e., MFCCs %2 v i ch— fgfo= Fiderivatives) 5 X, ={X,Y,Z} | & - Bip &%
BLgAE > B XA & F a2k Y45 &3R8 248 Z1 & § & ¥ adifferential 4
By ARaXP X &3 EE RN (sp)cFEnEnA(se)E §EER (sd);Y? Rl
FIFEFaRFEE R(pd) 2§ &Faa £ Mg (ed); R iEZP & 37 2R g &R
AL (pj) 2 S BELREDE FEAPE FF (dlanddf)e &7 7] £3.27 4t er

RGBT A T Y T SR SIS

R N S I LI T TR T

B: break type ={B0, B1, B2-1, B2-2, B2-3, B3, B4 }

p: pitch prosodic state
T: prosodic tag
PS: prosodic state q: duration prosodic state

r: energy prosodic state

sp: syllable pitch contour
X: syllable prosodic feature sd: syllable duration

se: syllable energy level

A prosodic-acoustic
pd: pause duration
feature Y: inter-syllabic prosodic feature
ed: energy-dip level

pj: normalized pitch jump
Z.: differential prosodic features
df: normalized duration lengthening factor

I: reduced linguistic feature set
t: syllable tone sequence

L: linguistic feature
s: base-syllable type

f: final type

16



BAFTE P o A g (BN IET AT AR 0 M IR A P e R

!

Djdek B R ) SR SIX, B AR BRR R W e

1y

DR RE AUCA FIX, €A Rt IR AR A FIA, R T R MR P A, o

In

IR ENEET AN X 23 8 E R ELEKE S Y 2 3 & F adifferential
P SRl I R
15§£E . é%"%%’ﬁl‘; ﬁf"’lj B #B'Zf,\ﬂg ﬁ‘#ﬂﬁ%@ F%—F’ Kﬁ’tﬁf’" °

BRI D E EREREA ) P A R i) BB R 4 e B -

ol

Fod b T EEEE 0 (BL)FNHK-E f T A5

ASAY R arg Alr’r)\apﬁ{P(Xa,YS|W)P(W,POS,PM)

3.2)
-P(B|A,)P(P|B)P(XIY,,A,,A)P(Y,Z|Y, A, A,

(3.2)5% 7 P(X,,Y,|W) % BEH3(AM); P(W,POS,PM) B £ joint syntax model » ¥ %5 it
7 W~ POS2 PM2 F erafif % 5 P(B|A;) L%, 2 break syntax model » v &4 * 3% 3 % #c
L={W,POS,PM} kFf G 'E 7 ¥y A SR A= f R B B it - @50 18K 545
BEFTFRZF DM % PRIB)FEAIEAREBD > * REP B EPAR T L
PR PR EER BB O PXYAA) AL S § SR B REP 3 SRS
#X TIB PirLen@ o & 4 ch% i 5 PV, Z, A, A) A5 B EE R - % kwmp &

EA R g R BAeE T ST o f &P DR L T RIB3E M A AT

2w B3R ERCR I B 3 SR IR RS Sl B o

’

17



*Syllable-juncture
Syllable prosodic- prosodic-acoustic features Y
acoustic features X "i *Inter-syllable differential

v

* prosodic features Z

S f

ProsodicstatesP ¢ - — — - — - — - —- — Break type B
|
‘ Linguistic features W, POS, PM ‘—

Tone t, base-syllable type s,

final type f
Syllable-
Srggil;:i- Prosodic Break- juyncture
----p P C — P state — P syntax > dic-
acoustic prosodic
model model acoustic

model
model

B33 v faip BEA BRI ERse  F5 FE RS S B i
POOR AR ETEY N F G SR 0 T AP B AR R FE A
iE e
3.2.1 Break Syntax Model

4 - break syntax model P(B|Ap) &7z s F 3¢ &

|

P(B|A,) = HP(BH|LH) (3.3) >

(33):i% 7 P(B,IL,) ¥—- Bt g &3p g R i HAphd g 2 ol P M fRenticd) o

PR P(B, L) 7 ind A sEatd - A HHCART)F B 2 3a 0 k> BRIEEF 2208 o
3.2.2 Fp 24 E T
TR BT P(PIB) V- 4 iR 2 BT 0 e AT

P(P|B) = P(p|B)P(qB)P(r|B) ~ P(p,)P(q,)P(r,)

|:Hp(pn | pn -1’ =n 1)P(qn |qn -1 n 1)P(r | 1B, l)j| (34) ’

(3'4)’7\: 4 P(pn | pn—l'Bn—l)’P(qn |qn—1’Bn—1) and P(r ||"_1, n—l) A J 7T ]B * PE’E!F f";P_ HI‘ ’ é—
L ey afFRT o KEN-LBF SpEREDIFnB S &3 Bk L i

#

o

L

L

ASN

18



3.2.3 3 &3 AE

B AR R PN, AL A) T - A R 2 B ] e T A

PXIY,, Ap, A)
P(sp|Y,,B,p,t)P(sd|Y,,B,q,t,s)P(se|]Y,,B,r,t,f) (3.5) >

Q

Q

N
[1P(sp.lp,. By 12 )P (sd, [ 6.8, )P(se, | T, i)
n=1

(3.5)5% # P(sp, | B, p,.t77) ~ P(sd, |G,,5,.t,) % P(se, |1, f,.t,) = B+ #3] » B[S &3

n' 'n»

n

<

¥
et

PrRZIsprF LR sdEf &R ser T2 K sp-sdfrse it gt B
MTRBREFNE LA SRR ARG A s 3R 4 35 AR & P={p,q,r}

frip @ B B 2% - B 83 P(sp,BLp, ) Y 0 sp, X TIT AT F R pow

SR ERKE P RERLE AL EER BB, frB P Rt - B & E
D, et @ S e F B FM B, =(B,,.B,) 0t = (.t ty) o ™ osp, Bl E % n B &
B AR EE B A UB BRI e B Legendre § 3F 5N A K 4 5 o
A R FE[L17] 0 4o Ao

SP, =Py + B, + By, + By Py i ¥ i (36)°

B@E)NT o 2 g RAGER I E AL E DB S ERE p, LN APS;
By w % By o A WIAE L BAes n+l g &40 R am 85 & B FRDAPSS g, £

5 B % % - 35E (global mean) ;5 spl A_ A1 {8 ehsp, 0 RE 7}16-,; spn;}r“ff B~ B,

Pn
Pa o, ™ Payn 17 s PR BRE © J5d B3R sp; £~ zero-mean ¢ normal distribution » =
N(Sp;,o, Sp) ’ EIJ P(Spnan 11pnl r|r|+1 TL ﬁ;:’\' -+ ’\‘ .

P(Spn | pn' B:l’tn+l)

=N(sp,; B, + B, + ﬂBfn_lvtn“_l + ﬂé’n o g Ry) (3.7) -

i@»"fﬁ%ﬁ B3+ #A P(sd, |9,,8,t,) FF > AP g0 = B R sl 2 B EF
FHREREFEALZFEER S FPAPT R ET ] &R R sd, &7

sd, =sd, +7, +7, 7, +Hy (3.8) >

19



w(38)3 7 sdy A r it tsehsd sy vy Fy, AREPRFEFACE TG EALZP
g e AR R ERTAPS ) 4, 2% a0 F & T 350 (global mean) o F R o

%ﬁ“v} B3k sd! #_— zero-mean = normal distribution > ¥ N(sd’;0,R,) * B P(sd, |q,,s,.t,) ¥ i

2 TGN
P(sd, [0,,S,,t,) = N(sdy; 7, +74, +7q +Hsgs Ry) (3.9)
Bef BAEHEE 2 B AP, [n, T0) 0 AP R B0 = B PR P

ARG SRR A G RN TN A PT LRRB TS &R s, k7

se, =Se, +@, +@; +o, + (3.10) »

ml4

£(3.10)50 ¢ se A Ritidihse s o~ 2o, ABEITFEFB PTG SRR 2

B & dh AR B s B e APS o, 25 @i £ <h(global mean)e e R o ;ﬁﬂ B3k se

&_— zero-mean =7 normal distribution > ¥ N(se';0,R.) > B P(se, |r,, f ,t,) 7 - f&= T ;% @

P(se, |1, f,.t,) = N(se s, + @ +a@y + p,, R,) (3.11) -

3.2.4 %A R L
AP RE - FEDT BT AT A

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

N-1

H{g(pdn;aBn,Alv" 'ﬂBn,/\m )N (edn;:ued,B",/\,m ’Uezd,B,,,/\,‘n) (3_12) .

n=1

14

14

“N(pj,; Hpi g, A, ’O-sj,Bn,Am IN(dI,; Hai, A, 'O-dZI,Bn,A,Vn )

N (df; Hit g, A, !ij,lan Al )}

#(3.12)5% ¢ A3 &8 B eni® % pF & (pause duration) pd, ' gamma distribution &
fit; ed % 7§ & B arac £ M 2h(energy dip) » @422 i@ P * normal distribution % fit ;
Bk R ehg & JIE £ R Z(pitch jump) 0 €& G

= (P-4, W) - (P, D) -4 @) (3.13)

n+l

20



B(313)55 ¢ » sp ) XA F - MARDF &F F I QR T - R ERE
BMEE o e A PRI R g & A4F L normal distribution % fit o B fs 5 B
4 A A g &L AR L FS dl o df

dl, = (sd, =7, =7, )=(do =2, =7,) (3.14) »

dfn = (Sdn _}/tn _75")_(Sdn+1 —7s ) (315) ’

tha N+l
A A A8 F]+ A e 8 * normal distribution % fite &5 (FiB42 7 » P(pd,ed, pj dLdf|Y,, A, A,)
g A HHest i RAHCART)HL I ) % o 2 & Bhend 4 128 ik 4 maximun likelihood
gain> CART i & i & A% — B @ Sk R AL (- ) 457 b eip 2B 1 &
WP FERATS R &@epd, s oed, s pj, o~ dl fedf, B A A o

B0 LA B it v R e 5 R (PLM) 8 i (L]
HA G am R kg SRRl PLM G B R PR IR R BT e
2T E e (TR ke AR T LR EE AT AR 1T 30 (TAe A B R
A EREA S EE > R ARBEMLZ - 8k F A s F R LAY

TR A Sk B RlTac R e
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Frd @7 RENEI e 2

=3 Zz -~ >
= \:’ ? é% Jg'r:\:’fgiﬂ‘ wb

AR F - & P doie Mgt E B HCA 0L two-stage fh7 N e x FIRE S LY i

-\ﬂb

A g A B 5 HMM-based 3% 3 743 % & fa first-stage 3% 5 783 BRI 2 6 A&
4 #EIniE % % word lattice - A= § 2 réfq\ ¥ = ip stage ® I * PR &7 4 KiE

e fax 12 B EH3] 2 — B factored 3% 3 #-3] k¥ word lattice 17 & 3734 chd (T »

R

Y

TR ATOHFRLE S TR % 2 9P Ak @ #w 5 #503) 2 & (Discriminative Model

Combination) % f# /4t & 373= 4~ 3427 &4 7 BRI Z LR A o

4.1 & * §p =3 53 two-stage 3T § FER A b

]’]41)1*{#/@’“\,;‘ SUUR AR 0 L TE A kAL - B ostage (TR A R

Training — =
phase for Unlabeled Prosody
prosodic database modeling
models = 0 0— T —
|
1
! Syllable-
i Syllable - juncture
. P
Test - <= | |Prosodic- r;sa?:lc prosodic-
phase Acoustic Word | | acoustic model acoustic
model bigramLM | | | model model
1
1
| P(X | T, A, Ay) PB|A) PYE|T, A,AD
1
Input !
speech |Frame-based | X« . i .
Viterbi Word lattice
» 1 . Aty
—p featurgs search | AGALY,
extraction I
Syllable XY|
Segmentation
information Prosodic-
T, acoustic actore
FO & energy sequences features LM

» .
¥ extraction

First stage Second stage

B 4.1: 12 two-stage > ;N 2 FpEW BL ¢ 2 F F FEL K SLILARR]
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4.1.1 Joint Syntax Model2_ 7

d 3 APy Y g% D POS 2 PM F3F 5 $8cF 3 RT3 i agp 2 803] i 4
Hyein k% - B ostage ¥ iE D BRI hIR G o A PR & @ a3 2 #073] (bigram or
trigram LM)P~ = — i factored 3 % #ic3)(FLM) » * W i@ 5 7 W~ #1445 7] POS
2 AEEBLEELR 7 PM 20 B enff T2 o AP g M iz B factored 3 7 A4 f% = - B word

trigram #-7] -~ — B factored POS #-7| % — B factored PM 7] » H &5 2 ;%40 #1571 ¢
P(W,PM, POS)

i=1

M . i
~[ T3 PW, IW'3)-P(POS, | POS, ;W) P(PM,, | POSJPW”)}
i word-trigram LM factored POS model factored PM model ( 4 1) o
~ PW,)P(POS, |W,)P(W, |W,)P(POS, | POS,,W, )P(PM, | POSlZ,W1 )

TT{POW, IWHP(POS, | POS, , W, )P(PM, , | POS!, W)}

=3

AL P E_@ * FLM approach [18] % 4£(4.1)5% ¢ 0 B factored:F 7 #-3] (POS*
PM) > & & * SRILM toolkit [19] 2 41 * Witten-Bell smoothing:= ;% k275 (4.1)5% ¢ =
®H#-4) > 2 ¢ FLM approacheif = & 24 & 1% H s 4p B 34 (factor) sy 4 R 3f &5 P
o SRR A I F T B R LIE B POSAPMeEmr e A FR Y ST
WIETE R R € 5 TR TR A RO AL > F12 FLM § 4% PrbackoffshZ 4 % it o 2

FLM=Generalized backoffe#c & ;% 40 (4.2)5¢ :

dy(F, f o B)PW (F I fu f) BEN(E, £, f,, f)> ¢

Peeo (T 1 1, f,, f3) =
eeo (T 11 f2, f5) {a(fl’ f,, f)a(f, f, f,, f,) otherwise

(4.2) »

(42)54% L3 ipF M AF KA0T

NCE f ff)

LR, (f|f, 1, )= v &% 2. maximum likelihood distribution -
N(T, T, )

2.9(f, f, f,, f;) & backoff distribution -

BN(F, f, fy, £) % & 6, f, fiztienie & I A PGEH s fic > § U el % 0
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%ﬁ@iz— Bi: ’ PGBO(f | fl’ f2’ fS)ZdN(f7 fl’ f27 fS)PML(f | 1:l’ f2’ f3) °
4.d(f, f,f,, ) & % discount » v £~ B A 0 Bl 1 ehiE > B (£F ¢ @A

Pu (T | ., f,, f,) e 5 i % backoff distribution g(f, f,, f,, f;) &L i* (smoothing) -

5.a(f,, f,, f,) i  backoff weight » v .5 3 f i > Puo (f | f, f,, f,)=1> 5d fe s+ @
f

—r;t:

1- dN(f,fl,fz,f3)PML(f | fl’ f2! fs)
fIN(F,fy,fp, f3)>7

f, f,, f;)=
a( 1 2 3) Z g(f, f11 le f3)

fIN(F, 1y, B, f)<=r

(4.3) -

i A7 3 42 factored POS modelsibackoffie i< % 4o ™ B4.2477% o

o B F o p A anP W 2w - BPOSE 3 3 factors k g 7 POS, » % 2t 48 5 e

ks
.tht

B R F 3 - Bfactor POS_, » F w3 MR as » %ﬂ PRI BT Rk Ry 0 )

-GS
P(POS|POS;.., W)
P(POS|W)

®] 4.2 : factored POS model 7 backoff % &
factored PM model 7 & 4t » H backoffi & ch78 4o B14.3 o 24 i * 5 5 — i
L0 kB RA3R

,—3»

~

word ~ # — FPOSZ B #POSHF 3 » K F % — BPMeis 2

AP F LT HPOS, > £FLPOS,, » AREW,, > BT FP(PM,,) o
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P(PM-1|POSI'9POSi—]9VVi-1)

L

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

L

P(PM;.1|Wi)

L

P(PM;.;)

®] 4.3 : factored PM model 7 backoff § /&

412 %= BIEREL R I

ot B AL ATT 0 Sd FRLE ¥ - B ostage iiAR 0 € A 24 bigram word lattice 5 3T
k2 * HTK[23]# ehip £ % JE e trigram 3F 3 #CA] 0 - bigram word lattice & B =
trigram word lattice # i > & ¥R FTF K k& 4o xR R T A syllable level o #02 Bdk
i word lattice % % = 1 stage i * .3 & L#-word lattice ¥ &7 1§ &rH =B o

I AR - 1 stage B 4o & 4o~ R 035 joint syntax model 2 fEEE % £ 16 f8
20 ERE BRI A SRR AR A S 2 PR S e M A T AT A

B s AR B AT AT
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lattice

(H’ﬁﬁﬁﬁﬂ%ﬂ"ﬁé’)ﬁ&(

Lattice expansion Result 1
& ( [Jtﬁﬁ_—ﬁ?{{@ﬁu A pos ~ pm
Lattice rescoring Bl RS A )

h 4

(tthﬁ—ﬁ%ﬁﬁms }:1(

Joint syntax model

pm Eal. lattice

— =
Break acoustic model

h 4
Lattice expansion Result 2

& { FERT—#% % N A prosodic
Lattice rescoring break FaA {2 HEEAE 5 )

k.

FERT—#E 22 BB prosodic
break EFaH.7 lattice

—_ @ =
Break syntax model

Syllable prosodic
model ¥

Lattice expansion Result 3
& { EERIT—#F 200 A prosodic
Lattice rescoring state BRI WA R

e
Prosodic state model
S —
Bl 44 FRLB S - Bz PP TR E
bt Bl 44 57T 0 FRRES B ¥ - BHEES A { 53F 7 28F(POS 2 PM) -

Z & e 0 gfcA] 5 joint syntax model A K A 4e %%Eiﬁ;aﬁ%ﬁ,ﬁ; TEERLSETT R
o EE BB EF A fRB N AE T S8 4o (word) ~ 32 (POS) £ R EL L
(PM): % = B FF £ 2 & 510~ $p R B 97 P suo & 4o i 24030 4 %) L break
syntax model % i 4 B8 H0A) > - BRR AT § IR S ME T S R g
W R E R AR R AT - B RER N Bl - BREAS N B
BT & oI RIS WA SRR R AN A RRERG Y

TG fREE Nel P - R SRR B E B B SRS

TREMR LS B HRE D
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4.1.2.1 $¥i A1

FHBI 44D 52 BFRLEY - BIFERL 0 1 TERY o5 2HIF &

l“‘\ﬂ
ml4

FERNY S FEAET A SAR LGB R PHM B EL T RAIRT K
# AXFF DA R o FANPIE 5 - B BT 2 ki (top D)FERE S KRRl R
ol s R 2 HTK ¢ 2 45 £ 349 P43 cnipl38 5 A 4% #c %35 1% force alignment -
BT ORRAGE EREG MR AR R R RS AR R IO 2 A

FREDRN 5 o A

SRR S BE AT B e M EAM B f AT
As fis_lus
fi =T 'Uaverage+:uglobal (44) ’
O
B9 gk o A ES B AR L TS A R L 3 A e
1(s)
20
My =—— (4.5) >

I (s)
1(s)

D (F =)

_ 4=l
O, = |(S) (4.6) ’

L(45)F 2 (46)55 % 1(5) 5 S BH AL BE 128 A Lgopal * Omverage ¥ 5 7

RN TR Nl k> R AT A AL R TR E o

GRHIENRE CTHEERFLRAL 2 2o L EAWI R fF > HT HEE

c (44 g s og Hglobal * Oaverage AET L NEA RSB MG BT
(TR -2 SR ﬁﬁﬁf W"“]B—*ﬂi‘;‘"i“ry F% EZ BT TR Y S FE

Ba o (44):4 9 chug ~ og > Hglobal * OCaverage RlAwe s REARSHFAHE & RZ

o L PGP R AT 2 T S H R SR R QT IOE TR .
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4.1.2.2 % pF £ lattice 2. B B

ERALF T 0 R BFELEY - BRI E L EHY - RS- BATA S D
lattice #5473 2 FHRIFEE N> T AR FEANTL > B AT LR ¥ A &7
¥ ;% (viterbi search algorithm) % i% lattice & #7:=4 » 12 ™ 24 H lattice B B B A2 1713 H 3

m o

® F-BEIhr»IHEFTTR
F4 412 & - Bt > A4 F 5 &7 3 F A e trigram word lattice > #5158 £ 49
EBFTFMITRER > BF D 2407 ¢
(1).node expansion :
&4l 4 lattice @ & 1 node #7F § chword T o 45 A AR R POS B P (P)2 PM
#icp (M) £ 4% B node BB I P*M & o

O —— : node— & E #P*M4E

B 4.5 : % - PF£ lattice 2. node expansion

(2).arc expansion :
¥t 4> lattice # & B arc 7 F chword T 0 35 4k POS &P (P)2 PM
#p (M) 4 - @ arc? #F  chword T 35 I 4p§H R H POS b (P2)2 PM &

p(M2): £ %2 @ arc B B 3 P*M*P2*M2 & -

@ @

£P*MiE £KP2*M24E

B 4.6 : % — ¥ lattice 2. arc expansion
g B B4R A2 4 aolattice 2% - B arc fenode ® ¥ # 7 7 word~POS~
PM %= 3% it -
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& FoMERIAhrJESRBRETR

EH R - PEEATA 4 b lattice (FERE 0 d Ain- 51~ ik BE R 2 break
syntax model » #7124 4eie % lattice B B & Jf L BLZ#HF 58(3.3)2 (3.12) » d *r3p 2T M A
syllable level > #7123 % lattice * # — & arc + ¢ % f '*,45 LM score ~ POS score ~ PM score ~
AM score *t > 3B 5 & &5 & < prosodic score- e d 3%(3.3)% (3.12)F % ;> £ ¥ intraword
syllable =28 4 » ¥ o f2;8 N REJIE > 2 Z & % lattice (7B B «hds 175 & §_4% interword
syllable #3314 /waﬁ ey & 0 F)pt A g Ay 2 differential f#iciTE 3 oD el N
(3.13) ~ (3.14)2 (3.15) iTm 2 » jiig= ;"7 HFIM 5 7 3-8 X 5 & ¢ prosodic score » #
P EBER - B anF S )]}{;U‘g B lattice #-¢ 1345= & word » % -

' 2

FEEBS- BFEDFTNITER 4 fifaé'\interword syllable s¢r 2 » e 5 7 %

ek

-3

ol

SRR £ T S ST - B E T 4 R word ¢ i -

5 & ek B (duration) (T E B § Rirk R4S &L B IFE R 78F & B2 (syllable tone)

)
X
>
3

&
=

» FliE - Barcdck B FiE 2 - Bnodes HIES Sl -
e T ok LEFLFT N FRAHES BE ST L A3 T R word
PE- B EDTRITER 5 4P 3] viterbi search s fd > T M P o

—

FRFELET Py sruApET Ay e - B word ¢ intraword syllable

\

i1 prosodic score » I % & LM score ~ POS score ~ PM score 2 AM score ** lattice » %
arc } o3& i'c)’j.%{ﬁa backward viterbi search » iz — # #- ¢ 4~ interword syllable 3% 4
TRIE > T NP B fRE G N EREE T 2

B4 d 3t * backward viterbi e % > oz EL leaf node R 4wt B

& — & node = backward score s 4c* B 4.7 #to1 -
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B 4.7 1 % = P B lattice 2 7 145 b1
BB 4T7 ¢ 5 d % leaf node #ridfEeharc ¥ ¥k & 7 3ES 48k s/ lattice ¢
B {s — 1 word 7% 3 i E_# node7 ~ node8 £ node9 =k R arc ¢ - 4-%f noded § |+ >
gGd v e didharc X F 20 doT Bl 4.8 FTor o IEREA PR BT AT R A BioehiT )
A D - R RS (e B 4.8 POEE IRAETT) 0 X M- ERT L 47 fh word F
Woox RRAF - B T LA B I a8 i backward score 0 ze 4% & noded ¢ (40T

B 4.8 ¢ ZMmInL Aror) o FE K E#ECF = B word Fé&;iﬁi 3+ & interword syllable

prosodic score = m node5 * node6 » ;- * Ap k- iT;x & d # backward score °

B 4.8 : % = Fy £ lattice 2 371 FTARES B 1

Ji

BT ORAPEHE A8 Y hnodel (TA 45 5d v A didharc £ F 2 6 > 40T B 4.9
st
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B 4.9 : % = £ lattice 2 b 381 TF AR b 2

S PE Rk b BT AR A e T RS - R RE IR <

word B 4 > & - i arc * e s — B F & <7 prosodic score it E o ¥

ETT

T g Ap ikt
T - B S F A ATIIIR & K attice 1T B e b - FlingkiR ¥ oo @ 4 W) fonoded

node5 % node6 ® ¥ » 7 T - fF worden ¥ — g HF o STA T F & $ lattice (7B

B8 ir ¥ gk node #f BiRiE K FOF SUASE B p S B 15 - B & 0 prosodic score -

i 2 viterbi erpFAY ot f > 4-4FE S B node R4S N FIE B Bhebh ELT 0 STIE L -

Bword g % o T - Bword g - BY &% S w4 0 A 2R E ¥ lattice (F3E ¢ en

B > dopt— ko AP T A4 nodel 35 - ERERD 0 40T B 4.10 At 0 BlY 25

R e AL i

©,

B 4.10 © % = FE £ lattice 2. p 381 (87 AR 4 ] 3
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LS £-4F lattice ¥ * - & node ¢ backward score et B fRdeke it 4TS 0 o ]

4.11 #75% > B¢ ,?L:féiéf’%?'i/}fr‘u{ﬂ o34 BE

Bl 4.11 : % = Fg £ lattice 2 p F71 (F755 42 4% & 4

3B T4z 4 & gh(start node) ¥ o » ﬁh;r; R IR GRS S BB aRS YR

T R 1 B & e A 5| (word sequéence) ¢

OO
S b\ R

Bl 412 % = Fp & lattice 2 p 381 (A2 45 5] 5

Ed v b fRE oo A lattice R ¥t word ¢ s - B S ERIFERE > UT LR
B AR
(1).node expansion :

&%t 4> lattice » & B node > LEH kiR arc ¢ At § coword T (B (S - By &
L R)VRBER KRarc? B - BF &L RE T MA R R4 node -EH I M-
TG R 413 Bl =Rl iaonode ¥ kihare ¢ Bt - B SR RITERE

Bk - #3887 F ok R 0 RIE RIGLEH node & 7B B 5 s

B 4.13 : % = P £ lattice 2. node expansion
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(2).arc expansion :
&4t e lattice ¥ 2 B arc > LR H start node dF i BRREE (L) ¢ 0 @ Festart

node ¥4 E2 * M & > Bl 4~arc» #EF 1T M 2 »%zr‘f%&n%]4.l4 L I

@ @ mmm—)

node it B N4

B 4.14 : % = P+ £ lattice 2. arc expansion
® HZPE A rFEPERLETR

L4 PRERTA 4 hlattice (FE B o d 3Yie- HESI 0 F S ERAE ARG

Bl o i defe 0F lattice B B - $R& L% H 8 54 (3.4)2 (35) 0 flieRA NP FR G0
35 % - § & hprosodic scorer &S (FFlEGE L~ B F & F 3o @ &% intraword syllable

FRRA 0 BT NF R G d SR R AR R A BT ARG EGL
intraword syllable - prosodic break score-2-# < jg 3| + — 5 & edp R K BAELEA > o7
¥ 2 A pg backward viterbi search 12w i].%i%;ﬁ %) > FlE IR AE - B5 & prosodic
state score ¢ #p ikt b — B F & cfh 2k 0 “70u intraword syllable sadZ = 5N AR
Feo A S0 F T He R g sz & intraword syllable 3% 4 24 i 2 3 lattice

BB (deie rdT B¢ B ff (5 1548 L3P ) > e $F interword syllable # 3 fjfuﬁ 44 E
APILGREE TR lattice H-€ 4245+ B oword P % - B & R - B EOFTRITER 5

FHE T YRR Y e R B O AR RGBS - B ETRTER fjfaé'\lattice

¥
3
&
b
£
=
o
S
ArS
3
)
=
iy
BN
it
0%
=
;‘\
pa
3
=1
\\\Xr
B

L F #cg 5N (3.4)% (3.5) > word ¢ %

|
=
mly
q ™
R
w
=
5
(dm
mly
47
—I“I.
peic
o
3\
¥
R
B
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BETALBHELFPAZLEHED- B EFTRTER 2 RIT4cd - FFEY Aif4p
e i1 * viterbi search # r4#-F 3 @ hengd i > 7 Eip- A A+ forward viterbi
search » B34 = fp e U AR R AR R 2 @R 3 e fpF o EWREE - Hhea
T e R R SR

B Ao d AR * forward viterbi hB % o w71z B A start node B4 A dE B B

— 1B node = forward score > 4=~ B 4.15 #75%

Rl 4.15 5% = 1y £ lattice 2. 7% 1§ 4 &

BB R 415 ¢ > £ ¥ nodel § 3 v ehkiRarc B f - i ¥ 5 A% - B word >
4T B 406 HTT 0 SEPEA P AR - SRR T word TR 4 A - B E
T (¢ 7 = f4 prosodic state)r+ 2 #7145 ) ehd iE forward score 5 =4k & nodel © (4 H]

416 ¥ = RINL Arom) 0 FlE S - B word Fiéiz;ﬁfuit 3+ % interword syllable £ prosodic

score = @ node2 3 node3 » ;- * Apfe {E.2 B 4 H forward score o
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Bl 4.16 © % = A& lattice 2 p 381 TR AR5 6] 1

FTAAPAEHE 416 ¢ noded iTA AT v kiR arc £ F = 04T Bl 417 o7

&

Bl 417 © % = FF £ lattice 2 p 381 TR 4245 &) 2

TR A R BT R A 2 A BT RS D - iR BT e E - B word
-~ 44 X?\TL,

Bheo 573285 - B arc } eh% - 5 & «hprosodic score > & Jf Arig F - B &R

S IS bR - lattice (FE R 0 e A — Fendit? o ¢ 4 %) 4onodel ~ node2 2 node3
Py o1 - oword hgcfs - B aF Mo TR A &Y lattice (TR R 0 E R

*ipit node AR kAT ok E NP W % - BF & hprosodic score ; H¥E - B

node #8345 5 % KR arc ¥ dhd LS > T T - B oword <ha o b - i word £

Bofb- B3 &% C g 0 4 ZEE Y lattice (P ARR  dept - ko AP L

$noded 5 41— i BB 4T M AL8 HHE 0 WY mMat A AR AL O
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Bl 4.18 © % = FF £ lattice 2 p 381 TR 4245 &) 3
i ts 444 lattice ¥ = — 1 node < forward score 73+ & ;gfsar}% bt ers 4o Bl 4.19

A BlY AR g AL

™ ™ N

Bl 4.19 © % = rp £ lattice 2 p 381 (87 AR 4 b 4

&2t B 3 %k & 2k(leaf node)pEF o ijk:l; I R ERT  Sd BB R S w o

W F R A iE g B 7 (word sequence) ¢

oD
WA Sy o

B 420 © % = A £ lattice 2 p 381 TR AR 45 5] 5
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Ed v bR A lattice R ¥t word ¢ K- B EPERTER LT L ER
AR
(1).node expansion :

&%t 4> lattice @ & B node > LB H A diearc ¢ At G dhword F(F - B g A
SEAPRBERA Nharc? ¥ - BF &0 FEREF M R Rdsnode ¥-ER I M
S B 421 BV =l =¥ node p» deharc ? - By BB TER
BE- 53 A7 FOED o B fgqi&{{g“ﬁ node i& {7 B B {6 en %

O
e
. .\.
B 4.21 : % = P £ lattice 2. node expansion
(2).arc expansion :
-4t R 45 lattice ¥ & B arce gz A end node i 14 Bk % (1) ¢ 0 © Frend node

B ELI MBI Rdearcy BEFIME > de™ = 6|F 4.22 77 -

node £ & M/&
B 4.22 : % = P+ £ lattice 2. arc expansion
v b g 4 & lattice ¢ %3 interword syllable e £ B B & 1T e 5 F_ 4% intraword
syllable R4 » 22 o1 72 4 lattice T2 B » £ F] 5 AP H#-% % word ¢ intraword
syllable 3% & > &Jd2 » ¥ 1213 8_% lattice » #v— i arc p 8 — 1% viterbi search » #-%c
(- B3R @AM ORFETNGREDT - B node ¥ > T R E RS FUITRP
TR 423 5 - b EANE- B2 FRITE 60 BY Rk zifchnodel § BT -

B word ch¥ - B3 - 2L (AeBl P 2 R e RATR) BB L S A — B word B
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2 L%

- B HagpER LT g Y % - B 5 & hprosodic state score Bﬂ* Z & + — i node
SRR RT R s W N BT A ;- f?%%%ér‘jfu&rl%&a viterbi 77 34 - B &P E -
prosodic state #8435 ¥ & i 4 B(4o B ¥ SRS ATT) 0 FE R G - B & LGE
#5 & ¢ 16 B prosodic state 42:E 1) — & % f¢ ~ #cde 5 state iz i@ state 3 3
T — i# node(node2)® & — B arc kFEP-(4-B 4.23 7 L Bl AT ) @ BB T eharc
R R A @:i&é 7z + — i node = forward score ~ p % word =2 FLM score (¢ z LM
score ~ POS score 2 PM score) ~ B & word 2 prodosic break score % z_w #7 % #% £ B 1

prosodic state score °

1t 16 {§ state 4t 16 {[f state 4t 16 i state

Bl 4.23 1 % = Py £ lattice 2 p 381 1870424 5] 6

4.2 Fu|\H54e &

BAFTAT % Bstage ¥ £ R IFEATES AR 16 B Fptdem P d- e
BERie 16 BHAITRELREN A | T FF LAY ER 2 ok ¥
trail-and-error =1 X kil 16 BRI GHEE A L P PEF I R LoaF > A
# % #4577 % & (Discriminative Model Combination) [20]:7 i (# 4= DMC) % i %
BE TR E Ry

DMC 1= §_ % % — B decision error rate c1#-%) ;% 3 #c(discriminant function)4r
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(4.7)5% > P IS T - g€ @ 2t Soficandecision error rate B if 1t o

g(x W, W)
=log P(w; | X/ )—log P(W? | X/) 4.7) >
=log[P(W,)P(x; |w;)]—log[P(w)P(x |w?)]

(A.7)38 % W = (W, W) R &8 o XS = (X, X ) N & ke 0 P(W X ) & & &%
TR T W R R AR AR A PWT X)) RIS & A R R S i
TEIFHAR R oo AT 0 B RGBT A A I A BRI E A 8
2345 (WER) € #5 ) o MABAPW |X ) #4377 23 M B3 03] > 2 R4
#ic(log-linearly) e & 4

P 04 |Wf)=exp{logC(A)+iﬂ,- log P, (x] | w; )} (4.8) »

=

(4.8)3 ¥ A=(A,.. 4)" * & B P ABELESHEE ; C(A) H 4 TR FF o d 2R

G PWE X)) T ATE M B R B S TR

004 i w3) =2, (oG R 1)~ log P, 1)) @9) -
B {4 #-% & - 1 smooth misclassification function ¢(x,,k,,,A) » * # fz Generalized
Probabilistic Descent (GDP) algorithm[20] % & 7] % BH-AlaEL E A » 1T Ak H iF
Ea o AEA R E R PP ELITE T
TH- B W A7 Lclassk; & B aF x| &7 L HFa ke B X
THRZ VRFELT (XK, )n=L..,Nr=0.. K HE? N&LaFHp Kk, &P
Hetee £ X PR K =1 K R &K s 0 & T K-best A 71 -
z% =  LD(k,,k,) % Levenshtein-distance > & ~ hypothesis K, 45 %88 > 4538 ¢
FAR ML PRI B LT o
T ET P HEEF(& held-out data) =7 smoothed empirical error rate L(A) %

L(A)_ Zf(xn' nO’ (410) ’
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_B
1

7LD (Kqr 1Kno ) log o

P{A}( nol%q )}
Peay (Kar %)

(%, Kk

n?! *no?

a1
A)T=1+A | —De
K=

37l R B ST S A1)k BT KA B L @A
For j=1,..M

20 =1

]

A = /1(')+52€(Xn, Kngr A (L= £(X, Ky, AM) )-

’7LD(knr Ykno)

K (k
Z LD(knr’ knO) Iog (Wj[ p{l_/l\(l)} (knr | Xn ):|

r=1

,A>0,B>0,7>0

K

7LD Ky Kng)
Z|:p{r/[\(l)}(knr | Xn ):| 0
r=1

A(I+l) — (ﬂl(lﬂ),...,ﬂ,\(/llﬂ))tr

A (412) 58 ¥ g i & stepsize V¢ E LA A 5 s ifiw Pl w0t g N G #ic

p'(knolxn) [ T
log| 24— | ¢ 7 fr
g(p,-(kﬂxnjm*g i
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¥IF FEHRBEFELH

AERANZATLNTNFHRTE- Hotresk BEAITIAALS G2 <L &
- $% > &_joint syntax model =& = ;% = 3R> B A SV IR R e R B8 R SRR
BEMAL S »FRIRLOT R 2N A e T R44Y ¥ D BFREAER BRI RS EZ

TR

5.1 Joint Syntax Model 2_ &

A

e AFT Y AT * e joint syntax model 42 ¢ z - i trigram LM ~ — & factored POS
model &2 — i factored PM model » # ¢ trigram LM gz > 2 3t 5% - F B E 41 5E > = 2
4 74 factored model p]-E_i¢ * SRILM toolkit[19] 722 ’f?m N N IR et s M| E ST 4
AEHE B Rene FOROR T A W T e g BT Y AT ahge (word) #R R §7 571 (POS)
2R LR S (PM)enthie > @ A 3 PM ks - = & = 458 > & W] 385 (COM) ~ #F 5L
(DOT) % 2 ¢ 551521 5L (OTH) ; POS Bl =24 = 46 45 - H ¥ #H AT 7 971 * = §
WELA D A - BRRTHETHED ISP 3 0 R FIGRIRE FEREDS

factored model e i Ar s & o & F BFFE > 2 DRI LCR 5.1 417 ¢

® 5 lffE e F FR Y A2 fngram-count 4% % o % % i3+ factored model ¢

g K e E M AR F R ke
® % 21FE SN 1P A 4 ehfngram-count 4% % ¢ 274 ) factored model o

pLeh s ATy A MR factored model BF Y 4w - i FH % backoff gL > 4o 4.2
W43 957 > ¥ B F AR DL W ihs BRAHF? e - B MR v AR

H 3% ¢ factored model p & — & backoff &4 ¢ “7+ Jg 5 factor -
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training data == fngram-count count file

flm file
lexicon F—— Mi: factor model

] 5.1 : factored model 2" i 2¢ %ﬁ;ﬁiﬁ%‘]

# f8 factored model 3" = = {5 » # perplexity »xic 3% > % 5.1~5.2 #7577 > %ﬁ“c} B

2 perplexity e7™ "% » £ 57 & 4~ — B factor FWF 222rAE i POS & PM e

# 5.1 : factored PM model = perplexity

perplexity
factored PM model with different factors
ppl ppll
P(PM,.; IW. ;) 1.6572 | 1.6699
P(PM, |W_,,POS, ) 1.6299 | 1.6420
P(PM,, |W,_,,POS, ,,POS,) 1.4458 | 1.4539

# 5.2 : factored POS model =~ perplexity

perplexity
factored POS model with different factors
ppl ppll
P(POS; W) 1.3120 | 1.3286
P(POS; W, POS, ,) 1.2577 | 1.2712
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5.2 FER SSER AN 2 PR
5.2.1 Break Syntax Model

Break syntax model €445 % #6833 287 g aip 2 B B v o 8F 0 73] -
AR A B2 2 A% CART FE 2 f- BRIFHAIE o )
S AR A chE - Bk & ak(leaf node)#T ~ F - MR EE R RE ST E o B

LAY ek 2 b & gh(nonterminal node)#r R Rl R RE Rk AT H £ R B R o

ARG AT g R RCA 240 TCC300 * L § B3 & kiAo
T H 5.2 % @53{ Ao ke e {OEPE 4 0 PR ] CART G B 72 2 U 03]
PR &S B A AR e Ao
EE - AR AY &% s gk(leaf node)p B R ABE (F FHcE ) E <3 700 -

T YRR ERAEARY HApHap 0 A& Y F (relative likelihood gain)& < *t 0.001 -

P
SO
_.f"'tim r
2 G : = B PM subtree
wl § H=1.723
intérword?' TR S
Ploce . | eea3 I L
intraword subtree - Hat 584 -\ .untarwm d subtree g He06
’ -,
., - .,
. . . \
‘type-2-intraword* .. 'R-special-1-syllable-words' & < . 'R-Cbb’
e 5190 =T 22
| Hall. =
/ He0es "\_ 'r— T AN FAC AN / et
N\ N 3 N\
F0|-|I'II nulk-m-n- |-r RWL 1' ", 'R-Ng-MNed' JR-Na-No-Ne-Nv'
aln L J ‘IE&B J 6 I 15 I ‘1 53 ”
— L l n — —
H\Ja’3" He.0000 »n % Hat g7 | HioTT? | H=0 63 rnsm | Hel B45

‘|
\

U‘Ju L...;:: i J ..L_JJ Wﬁ

W= =0 He1 B He1 662 He1.502 He1.286 e T H=l L

H=0.550

] 5.2 : break syntax model ;4 {178
FB527 & Bag(node)im it & 7T AR EER BREEANZAFR(D 23 LAY
% BO, B1, B2-1, B2-2, B2-3, B3, B4) » H P it & Shannon entropy » * 3= 35 =8 & 84

| A R o LA
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-PM+interword?
R-special-1-syllable-words'

’ S 1909 i

H=1 637

T 'R-Ng-Ned"

CRWIL=
ama [ Ew |
. -,
1638 H=1 457
LSDE' . 'L-Na-Nb-Ne-Nv' R-DE' e
Jfr2ua | J1anzs | '[“" }
}./ H=1.605 .“-\\ }_"' He1 B2 .“\\ }."' H=1 502 : \\ He1 25
i i 2 i N
JRWL==2' \'R-Na' Jowi=1 \'R-C' JR-N N
He1 62 FHe1 3-"1 [He1 ':"*s jHe1 76} =161 He1.421
L A LY 1 Y ) Y
K ‘. f \. ! ! \ \
/LNa® \R-DM [ \ RO \LN R Da- Dl—l:lk D \
3786 I.i"‘ 465 m 794
H—' qa‘- H—l ﬁu He1.415 He1.338 H_u ﬁIU H=1 h 1 1 53 H 1,763 He1.580 H=1.552
f
| '|
H=1 B4d H=1,714 He1.606 H=1.704 H=1620 H=1.736H=1.531 H=1 63T H=1.711 H=1.763

R 53 : B 5.2 7 break syntax model =i A7 1 L iF K 374
Z R 5.2 ek JE4 & gh(rootnode) B 4e LT A L R hf iR A 5 T R

2

'
e

SRR BT R ARES FRURG S 0 TR B AL 4 54 i entropy
ég} MR AT R LR d fEE 2 F 4 B E_PM 2 interword/intraword >
mORFY X A2 Z RE S A0 PM S A~ interword 3 g2 intraword A0 H ¢ PM 3 2

..QV

intraword + fengp 8 R s A 2 4% 5 4 1§ 0 entropy &iffg;?éfu\;\} T E H T d=g;}§‘,g}
* o d @5 Tlad leaf node o fET SU P A B IR B PM 3 Y o JOE BLengh R B A
2HEAF L SR A B3 B4 EE A F 2 fintraword 3 B B4 5 & ¢ 4 BO -
Ble-m &-4F interword &+ #fm % o35 28 B 84 2 48 &~ 5 chentropy o "% g R 2

AORTA L BHAREOTE B S R AW S o L P SRR LR e T
FLS R AT+ & 22 k- 3390 0 2 i - BREZDPIL &8
TRMAAY 2 F IR - R R 2 RFHFET o b W53 RSN

interword —+ g { iF R %1‘; o
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"‘I )

10 BO g pEE BE 0 2 F Bl B2-1 B2-3 i E 2 P S %A Sk
BTyt A2 > B2-2~ B3~ B4 chis AIpE L ik B P OBTH 4c o LR 5.4 (D) 5.4 (C) > 8
REREEERPERG AP L BEFT UG NARA S BA > B23 B3
B4ing L RULM & Hubg " BO-BL-B2-1-B22- M 54(d)L it &/ A
WEL A H %7 B3 B4 B2-1 4 4T PAAMEL 0 BO~ Bl B2-3 ti i
GRAMARIRGF A PFEN R o AR 54 @)F g IR EER B A SRR R MR
(energy dip) + & # chfliiw > ¥R IRAFEEEL A F kg o FLF G VP RE BREFL D] §F
B4 B2-2 ~ B3~ B4 %k - energy dip ¢ ¢ i 4 L g e R ok i o

ST kR B Y - RIREE R R i e A RS LH Ik e
B 5.5 r7 » - ko AIREEABIS T A TAGANRRELS 3T i g
Boesgd ¥ € & F £ onik # g £ (pause duration) ~ #e L enf &R G E M2
(energy-dip) ~ #& = i 1t FEAF B & (normalized pitch-level jump) ~ % $& ~ &3 & B
¥ 3 %)+ (duration lengthening factors) o 3t & — &35 =:F K %4 k3 > g F LML 0
BFE > CEAFRLIFTTARER B4 B8 Sl & & ghe aip i & (likelihood)
P(pd,ed,pj dlLaf|Y, A, A) i € 4 iR FiF 7 S0 F o {322 e B A5 -
TR I G EE A oy T EEARTE s B4 AR A SRS
e T FE AR LB BT flchs FAREISS ¥ £ B3 2 B2-2
% pause-related 35 28 A B g > % koo B UM 3L 6 BB IE R 9B S
%%_PM 4= POS ; 4p 443 > BO~ B1l-B2-1 2 B2-3 % non-pause if =:# f 4 » * ko
Bl ANt 4L ¢ 2 trE R oniE 3 S BcAp M0 T interword/intraword f= phonetic

features -
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015 02 025

0 o005 01

005

025 02 015 04
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B2-1 | 4
=mamn B3

—

i = -5< ]

1000

Q00

700 =00
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400 500

200 300

100

25

1]

time(sec)
(b)

(@)

o o0 [ w el =t m o4 & L=
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005 0 006 01 015702 025
time{sec)
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(©)
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BO o

R-initial = ts,ch,chi?

6.545)

i
1
833 (7.666)

&'

4325

747
(6.497) (6418) (7.010) (7.874)

4274 4131

reo (1, 45, -0.039, -3, -7)

iz (1, 46, -0.035, 59, 97)
iz (1, 44, 0.024, -6, -24)
is (1, 45, -0.048, -18, -32)
is (1, 45, -0.042, -9, -15)
is (1, 45, -0.038, 5, 7)

B2-1 .. . R-initial = ts,ch,chi?
B2-1

JS
-

s
R-injtiél = null,m,n,|,r?

12
2208 (6.514)

4 i
o 4 1
2038 (4.126) 2134 (5.080)

rez1 (9, 42, 0.080, -2, 5)

i12 (1, 42,0.081, 2, 6)
iz2 (2, 42,0.076, 3, 9)

i14 (20, 42, 0.083, -3, 2)

B2-3

r R-initial = null,m,n,l,r?
B2-3

1943 (7.129)

R-inftial = tz,jji?
18/ (3232) 1130 (7.315)
/
éél] f1EI
1059 797
(5.300) (5.267)

res3 (7, 45, -0.039, 67, 79)

i17 (1, 45, -0.045, 70, 92)
i1 (1, 45, -0.040, 64, 78)
i1g (19, 44, -0.040, 62, 62)
iz (14, 44, -0.024, 70, 69)

B1

g1 R-initial = ts,ch,chi?

7/
R-initfal = p,t k?

22948 (4.168) 40
/ /
/ /
d/iﬂ ‘IWEI d/iﬁ

17771 5177 2541 1548
(4.058) (4.758) (6.531) (6.767)

s (9, 40, -0.039, -17, -26)

is (1,41,-0.048, -12, -34)
iz (1,41,-0.035, -14, -19)
is (1,29, -0.061, -37, -56)
ig (1,29, -0.030, -54, -57)
i (8, 41,-0.042, -15, -19)

i (18, 41, -0.037, -12, -23)

B2-2 7. _L-POS =DE?
B2-2
14472(2.804)
P
hg. " !
13032 (2.825) 1440 (3.112)

I's2-2 (55, 36, 0000, 4, 10)

iss (55, 29, 0.024, 12, 3)
is6 (55, 37, 0.003, 3, 11)

B3 fy3 PM?

81140823
~

-
R-content word? ;
I
6012 (0.932)

2102,(0.930
2] (0.930)

s

/
bt

o fa
766 (0.972)

1336 (0.923)

B4 /Ba

o
1726 (0.308)

res (339, 19, 0.160, 52, 77)

i1 (360, 19, 0.178, 51, 78)
iz (279, 20, 0.099, 57, 73)
izs (279, 20, 0.123, 58, 76)

s (642, 17, 0.227, 46, 53)
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B 5.5 ¢ B4 B B4 T A R N 2 AR

T RISSY R AR(RR)NASHEHFRY F G AP Y ¢ &5 — B & B(node)
Pl R AR AT 2 R AL TEdp R (FE5LY 2 BiciE) s $v R - B a gk bt
B3 N ER AL AT T LR rs & & F - 8R4 4] 999 & 2h(root node)
F P IEN icEd 2 344w AT & B4 & A (pause duration)(ms) ~ § &
R i & M 2h(energy-dip) ~ -] (dB) ~ i 2R it 2_ £ 47 B B (normalized pitch jump)(log-Hz) 2 =
4 & & & ¥ %)+ (duration lengthening factors )(ms) -
5.2.3 3p &4 G HA)

BSO6I & HELTFEERABRANTRT LI & BHERLES B
P(P, | Py By) » $F27BO2BL > ¥ LR IR & 45 48 % (high-to-low) » 12 2 — = & # o
tg & 5 - R A nearby-state transitions - P 1 AR EF(PW)N § &5 B3Rk GRS L
d BREERT R0 $30B2-2m 3 o & B A f48% (high-to-low 2 low-to-high) ; ¥+
3°B2-1-B3~ % B4m % » 7 1T 8 low-to-highs: f& # 45 48442 28 3 7| P &g «pitch reset
Bho BE GG F § AEAREE B (PW) < 3f 2 mE (PPN) 2 w5 5k /) & 2 (BGIPG)
PEgF 4 o PRap it P oRE chresetIl % 4p vt 0 B2-2i% T resetin %L,Th% pEE S B fs 0 B2-3eh
R A ABSEIB0Z Bl ¥ &g v 0 &R £ 1 &g &4 K »Ti(duration lengthening)z. &

hp B A 422 P A «hpitch reset
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(a)

BI56: &7 kg hiasgagalz o3 &3 3R EREES
FRI56 ¢ (284> B0O-B1:B2-2 2 B2-32 T ; (b)p| &+ B2-1-B3 2 B4 2 T o
B¢ & - i & gh(node) k& $h K fshih i ot g < & 3 & 4G F hlog-FO &

PRl e R P AR R AR o

53 i % $pEW LT R

S % % - B ostage PPN G > BFHCA AR L 411 B3 & 8 B state ¢h
HMM $27)] » 2783 82 2 + HTK 3.4[23]7 MMIE 2 p|[24]2" /8 5] 5 2 303 Fh3e
BB 2 8cd MFCC o v eha Ao & 45 12 2 MFCC 4} it £+ 13 & > P~ Delta fr
Delta-Delta » #- -5 v et 2 FHEEFRLER * - B X 308 F3 3 amitize 3
bigram % trigram > T #-¢ &R I 4oB] 4.4 AT 2 FRLE % - B ostage ¢ A FFEL IR
F T RBgELY ¢ 7 @ (word)~ F (character) ~ £4 &~ 5 & (base syllable) ~ ¥ #-3 & & (tonal
syllable) ~ 5 & %33 (syllable tone) ~ z# 4 (POS) % £ 2L 2 55 (PM)

T R BRP > T Bdp A H Y F - Fldhbaseline #icdy 4 B 44 ¢ % - B

49



=i

Bk oG AR 44 ¢ RS BREERZFREY S S EGAA LR 44
PR BB FRES o

% 5.3 @ (word)FEn

Accuracy(%)
Baseline 75.78
+Prosodic break 79.00
+Prosodic break

79.88

+Prosodic state

# 5.4 1 F (character) #4333

Accuracy(%)
Baseline 82.11
+Prosodic-break 85.29
+Prosodic break

86.15

+Prosodic state

# 55 § & (syllable)y¥zn &

Accuracy(%)
Baseline 88.18
+Prosodic break 89.88
+Prosodic break

90.62

+Prosodic state
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4. 5.6 : ¥ B3 3 & (tonal syllable)#4ze =

Accuracy(%)
Baseline 83.99
+Prosodic break 86.99
+Prosodic break

88.06

+Prosodic state

7. 5.7 1 § & #-3 (syllable tone) 3%z %

Precision Recall F-Measure
Baseline 88.00% 87.66% 87.83%
+Prosodic break 90.98% 90.58% 90.78%
+Prosodic break

92.11% 92.07% 92.09%
+Prosodic state

% 5.8 1 @ (POS) 5z &

Precision Recall F-Measure
Baseline 93.43% 76.71% 84.25%
+Prosodic break 93.46% 79.92% 86.16%
+Prosodic break

93.49% 80.79% 86.68%

+Prosodic state
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% 5.9 1 R 5 (PM)FELF

Precision Recall F-Measure
Baseline 55.79% 37.43% 44.80%
+Prosodic break 69.54% 56.69% 62.46%

+Prosodic break

66.28% 49.85% 56.90%
+Prosodic state

4t b AP POSSPM 2 § S 8B fnS gty » AP E @ % F-measure e

R T R i o
5.3.1 Syllable Tone 7435 &

L5 F & %3 (syllable tone)y#in 5 ek & > §_L 4444 base syllable (1% % ¥ % 2 base
syllable #3%:2.% % i7 syllable align» # syllable 2. AR 0 RIS R R T
£47 <7 syllable align * i {7 B R 2 2 {c B FRLg & Pl o Gt $ERY 4ok
syllable =138 4 5 NULL(# # &_syHable insertion 2 syllable deletion) » P|#-##4E7 &
NONE > % 7z =% 7 & 3 33 & (51395 Henid & 23t 41 confusion matrix »
& % gzt gn confusion matrix % 3t & F-measure score °

5.3.2 POS #:2% § 2

58 OPOS #RaF X 2 EE EAFEFELE RN EE R RPE 0 FL W ¥ FRLY
ke word » & Ao RN RS POS 4 F Ro& o TR Y F - fadtE S
(F-measure) - fru{ Ft A word PR FR e 220 T POS #EiL D Frendc® Ho 1 %
fword FFeu i Frenig £ 2.7 POS S #ic N> &S Pl 4_POS ¥ % ¢ it #k& R-

47 B 2T kP A w3t E POS diRecall (H/R) % & word #4501 48

ek 2 2.7 > POS s Precision (H/N ) &t 3 7 Precision 2 Recall iﬁﬁ‘i;‘% 41 F-measure
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2

533 PM #R 5 B 2

T8 PM g £k #-syllable (iR % % 2 syllable hygsn i % &2 PM 38 %
%2 PM FRLg % i & > = 2 4 F tisyllable + PM align > i syllable 2 PM 2z /& 7
FRE AR 0 AR (s B OB ik #F align ek & ¢ 2R PM eRix (@ 2 syllable 2 NULL
FMip)ET > NONE» 2 7iB =8 7 25 PM iz > B 81352 A 3 5035 PM 0

confusion matrix ¥ 3*% F-measure score °
534 FERE S AT

5.3.4.1 OOV ihk 47

BRSPS RES AR Y OOV (out of vocabulary) s & - se3t 12 17 3] OOV rate

5 4.28% ; Ra o "% 7 %3 OO0Vrate ¢k » 2V € 444 OOV #1id = enf 581 4 45 > 5

& - B> 00V chword @ 3 > U F FARERFRLE i@ P NP R g v ehdE o

g

& F(ArT IR E e 00T ) el SR AU AR = A Segh o SV -4 4o 0 prosodic
break % prosodic state F 3t s crgfandg R kBT A 47 0 B %R > 4.28% OOV rate

¢ it 9 8.07%g T o

FELE % #v &)

g€ 2E

(b)...7 FiF 2 ¢ BLF EBEF AT

(c)..7 F#7 B2-2 2 ¢ BO % £ B3 #(or)B2-2 % v B3...

PR - B F OOV BRI e b ()2 AREE % > (b)baseline system 5%

g% o (C)4r » 3R £ F 3 (prosodic break + prosodic state) 15 sk s % o

BT R Ry § & 2.2 918 chdicdy © 4o baseline lattice ® ¢ word coverage
rate = 90.80% - Frf- 4.28%: OO0V rate » ™ im/i} L] 3 % ehupper bound 0 ) &
86.52% > @ P chyEin i L 79.88% 5 4 /T*u% T BTG K 6.64% %2 2 P 50 <

R A FRLS O e G 2cfiid- OOV enR AL ALA R B F 8- H A7 F agfdE -
53



5342 $-¥FEESER B

FpE - g

2 FHRBRE DL

fhEE R R (% #2404 B2-1+ B2-2 - B2-3+ B3~ B4 ¥ £ ib )

2 5 a3p 2kl aword FEL % ﬁsa] LR H L@, 4o T B 5.7 %x’iﬂ] AT T
SeC
)1 2 3 4 5 B 7 ] E] 10
I T ] T
]
Ay
5%: | AQ | | : | & oy n o
2 a3l g [ S [ Co T ! LG
] G | - [ e - B : .
B L TPs Loy o199 o e LT et ®e” | F oy
, oE i ol e N
mnuzgzlo\eﬂ&f\e%:ﬁ@% fe”aﬁ'\ma te | :\G,e_g/‘ e g%{f.@ 1o o ‘
o %é: o;eﬂe__e,-e—ev:’@ /@,'Q\:\G,G_GTQ_@_%&TG_&Q_‘G__ __9/6_6"}9»@ o | g g O — O
8L l Ly [ I 1 \ L] [ \ \
B [ * [ [ + x # + % %
R EH ®EE ZIIHE HA #—F & 0 fmdh B W EN WEHE ZRE ME B BE
o EH X B4 B FE ®BF —F EE M HE EE G g BT ORE BEE T 1B
. GEH R B OF OBE EE) FE) F -8 @E & o BEE) EER ®OH) 4 88 REE E 1B
[ < 88 + 821 b B22 % 823 & 3]
Bl 5.7 1 — 5 ¥ 912 R0 % 4 6l
FRBT NP A S A A S AR RS L 3 & log-FO &
2 M-I 150 (global mean) ~ § R KR v F i E <) ~fpEERBAE B) - EEE
& (R) ~ baseline & sez yen% (F) 24y orp TR 2L % (P) -

53.4.3 & Bpng

T oA ]PB ;t_,_evevw ,,L B ¢

Loer it

2R

freg L

SR At - B

54

m:l%v\: rﬂ IE‘_:’Ké\g—"

% & % = {f 5 baseline it

FHLE RS 1

SRR PAARSI BT

(¢ » joint syntax model)

Tl He eradp R % 4 4

#-3](#c » prosodic break 2 prosodic state 7 :t)s ¢

ﬂl A

T T oo



4. 5.10 : ;s R i

Ref. Baseline.rec Rescored.rec
o e £ # (B0 or B1)
¥ EAC ¥ 2(B3)
=4 = 1% (B2-1)

A ki # (B0 or B1)
wh A fe #h(B3)
g el 2 (BOorBl)

ER ¢ g & (B3)

R i 2 g% (BO or B1)

@A FEAY i = (B2-1)

& NULL @ (B2-1)
7 g 2 # (B0 or B1)
et vt 1+ (BOorBl)

Bl Al p1(B2-1)

¥ L 7 (B2-2)

%5 ¢ 5K ¢ -

9%5,;;1: ’?FEW ’7?55(822)
R 2 = ¢ (BOorBl)

o ELLU-A 2 E £ (B3)

nEE
5% ] 7 £ (B2-2)
4= & (00V)
T 2 < (B3)
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e 2 3 #~(BO or B1)
e
57 e1(B2-1)
Bk ¥7%(B0 or B1)
Pk
Fiw ¥ ¥ (B3)
g 2 (BOorBl)
iR (00V)
B 2 < (BOorBl)
# 511 : - F@FEnancd
Ref. Baseline.rec Rescored.rec
i im = e iz i» (B2-1)
i NULL % (BOorB1)
e g % (B0 or B1)
e = «13(BO or B1)
- - - (B2-2)
= = = (BOorBl)
4 4 4 (B2-1)
K K K ¥ (B3)
4o ) 4o &]4-(B0 or B1)
N NULL # (B0 or B1)
; NULL ¥ (B2-1)
i BA = (B0 or B1)
L £ < (B2-1)
& N = 1 (B2-1)
BB o B iz 1% (B0 or B1)
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Fe T (B0 or B1)
47 43 4+ (B3)
P NULL R 1% (B2-1)
27 7 i #7(B0 or B1)
- o = ;% (B3)
* = IR * (BOorBl)
oA e ¢ (BO or B1)
BB bt ibrr(BO or B1)
E 2t 5 § a3 & 2t ](B2-1)
¢ B ¢ ¢ 7 (B0 or B1)
%, 2 % (B0 or B1)
e & P Fe & (B3)
H 4o H e 3 +¢(BO or B1)
3 K 7 (BO or B1)
B % @ @ §%(BO or B1)
e GE] (B0 or B1)
& NULL = %5 (B3)
e NULL e (B0 or B1)
%] HFH #](BO or B1)
A ¥ E A (BO or B1)
) P ¥ w](BO or B1)
2 5o EX 4, (B0 or B1)
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AT 1Y AT 1Y “r 12 (BO or B1)
)71 b %% (B0 or B1)
- G #-(BO or B1)

A A §2%E(BO or Bl)
s s = (BO or B1)

% & 5 & % #(BOorB1)
4 512: &g
Ref. Baseline.rec Rescored.rec
B, 2R
P
- # Z(BOor B1)
i
F % F1% (B3)
}ij:
& A Rk oA -~ # %+(B0 or B1)
gl gl (B0 or B1)
H gz e 52 (B3)
o o = 7 (B2-2)
F]pL - R F1 it (B3)
TS - %% (B0 or Bl)
T A 7w 17(B2-1)
%4 &y %% (B3)
PRk FAES 2% (B2-2)
3% 2R A AL 3 + 284 (B0 or B1)
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% 4 £ (B2-2)

= £ e(B2-2)
[ NULL &3 (BO or B1)
2z > IE z_(BO or B1)

\L
i

1 (B3)

ﬁm

7=
EX

7 ' (B0 or Bl)

by

E4
;3

5.3.4.4 % & lattice 4f e B BT
AFT Y 2 RIRRE R - F26EE PR B £ FLOREY  RERY G 2
Qo MR BE S 14993 B e Fend 8T L 1172 B & o T A4 513 %
IR AR Y % - BFRLE P oo bigram word lattice ~ trigram word lattice 14 2 B 4.4 ¢ %
ZBFELRAC BIFERITE R SRS 412251k ) hlattice 2 AR R (¢ FF 215 FhD
T 3anode 2 arc #ic)fo¥tiRliREELE ATPEA BT 7 et PRI o A ¢ FLM lattice £ %
ZBFRLER S - BRFEATR * 2 lattice; Prosodic lattice 1 i £ % = BFRLEAY - B

~

FeBoerié * 2 lattice; Prosodic lattice 2 ™% £ % = B3l B2 % = BFEE AT * 2 lattice»

% 5.13: F5%¢ &K 52 lattice i 3t B

I 3 node # I 3 arc #k Rescoring #+ % pF ¥
Bigram lattice 8017 76085 0.39min
Trigram lattice 33056 306799 2.02min
FLM lattice 132113 4892790 5.34hr
Prosodic lattice 1 139405 5130643 5.79hr
Prosodic lattice 2 269557 9907172 13.20hr
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$2% BHEAREY

AR - B AR SR SR 12 B B H0A] ke SRR
Ped o BP @ TGRSR AT RS AR R S TR R RFRELS FET T A Y
Pt TORGEN D H RRE e K- 0 AT ATR Y 0 12 BIRERAl T A A A
FEAIFRFAREEYRN B REET AR AS A RS EFLT FIA D Reig S
R FZ o AETE R 12 B AR N SRR AR N

B AP 25T R FE G RS S Bl i R A& R[4

WM

12 @3 e e iy ER AT %= > JI* A1 ¥ two-stage FHLEW
PR L d @ % HMM # R 2 EDFELF R FRLEF e 0 AP TR

SRAEE T B RA D PR B R S B R o b RS ) g

BT et SR R T TR RS AL A SRR -

6.2 =~ kK E?

KAFET PN N BREEFAKRE- HEFEH o F- > 5d 277 257085
T8I T FL O0Vs cn 8> @ 8 < A cnO0Vs B>t 4 4o #1il & &
Tl Sher - BRIHA LAF IR REALN - PR YD Ay A A BB A

KAET Sl DB PSR R A KT AL F R G L ATRG

G

TR B FIFRR R AIE T R SR T R R BRI
EAEEW R B AFLEY DA ET(GACER) S 0 PR ASTd R
FHNFR TR ARFRE B L RTAFE P FEES AP IRVEE

fpEx i - £ &7 F ??/,%o
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The question set used to construct the decision trees for building the break syntax
model P(B,|1.)and P(pd,,ed , pj,,dl ,df | B 1. )is listed below:
" 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’

"Is the POS of the preceding word V'
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" 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 Ncd'

" Is the POS of the preceding word Nh'

" Is the POS of the preceding word VA VAC 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'

"1Is the POS of the preceding word Caa'

" Is the POS of the preceding word Cab’

"Is the POS of the preceding word Cha'

" 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'

" Is the POS of the preceding word Na'

" Is the POS of the preceding word Nb'
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" 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'

"1Is 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'
"1Is the POS of the preceding word VCL'
" Is the POS of the preceding word VD'
"1Is 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'
" Is the POS of the preceding word VI'

" Is the POS of the preceding word VJ'

" Is the POS of the preceding word VK’
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" 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, Necd, 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'

"1Is 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'

" 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'
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" 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'

"1Is 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 VV_2'

"Is the POS of the following word Caa'

" Is the POS of the following word Cab'

" Is the POS of the following word Cha'

" Is the POS of the following word Chb'

" Is the POS of the following word Da'

" Is the POS of the following word Di'

" 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'

" 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'
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" Is the POS of the following word Neqgb'
" 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'

" Is the POS of the following word VAC'
"1Is 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
"1Is the POS of the following word VJ'

" Is the POS of the following word VK"

" 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'
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" 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, r}?
Is the initial of the following syllable a null 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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