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Enriching Mandarin Speech Recognition by
Incorporating a Hierarchical Prosody Model

Student : Hao-Hsiang Chang Advisor : Dr. Sin-Horng Chen

Institute of Communication Engineering
National Chiao Tung University

Abstract

This thesis presents a probabilistic.model for incorporating hierarchical prosody in the speech
recognition task, for improving ‘word recognition directly and<for enriching speech recognition
output. The model includes higher level linguistic cues(syllable, word, punctuation mark, and part
of speech), intermediate prosodic break representation, and prosedic-acoustic feature correlated
with break type and linguistic cues. Moreover, our-speech recognition system produces not only
word sequences but also prosodic dabel. and linguistie“infoermation in order to enrich speech
recognition output for downstream natural language processing module. We adopted a two-stage
rescoring framework to implement our approach, and discriminative model combination method is
used for rescoring. We evaluate our approach on TCC300 corpus, and results show that the
performance of prosodic model is better than the baseline system. We obtain a 1.67% absolute

improvement in word error rate over the baseline system on a read speech task.

keyword: speech recognition, hierarchical prosody, discriminative model combination
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# % -3l (Rule-based LM) ; ¥ - fRI g d g~ £ eh% F 300 f1% S eh 580 2 5w

Bz B erid B AL @ i 2 eZ 2 07 (Statistic-Based LM) -



s 5 Al RIALZ

CRRF TR EFHAE R A R

AR i o R Y ERT 2 2 E TR - PR ARE e 7
AR g o T PAAE SR Aha T RBEF TR TRE ) BB

S FFRfEE . FHUATS Tk, B TR A B3 (Character) » P17 4ok A iRtk &

2.2.2.2 n-gram %

BXF - Bo

fas - i ¢ enif it

AR

i

HY Z @ ngram ok > T HEd AL E2 R0

N

e

I

-+ (Sentence) o

Wm o B Twy e 3 end

A ]}

» Count(:) % 738 ehd = dco @ E T A,

7% 3

P BE G om B S

5 LR MMA LEe i o 3 TH R S 0 T AT
# (Condition Probability) 2 i3 =
P(w,, W,,..W. )
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i (24)58 ¥ 10 awig o ded s+ ehCount() i 5 0 BF 0 RIS n-gram e S € %200
e H - BiPP A R Ly NREF RAFRREERY BT ¢ i s R Tt
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. Count( eyt W) I<Count(w, , 4,....W,) <k @)
Count(W,_ 454 W)
Count( =+l Wi) Count( 410 Wi) >k
Count(w, == ..., W._,)

¢ a(W_ g, W) % 57 & back-off i #ic > %{@ - Eon-gram 8 et e g dUI=
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FoapREv - BRI FE A a(W W) T 20 R € 59 normalization © £ H %
X
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g ] *t 1 eed, (Discount Coefficient Factor) » 7 g i H 8 F (Ap 3 v enfE il 5 w) ) I

:l&jrx,éf ST S A B3R L3 D an-gram s 5@ * o



2.2.2.4 33 WA R

FI* < Eehe FFRPRS - Bk EREFIR L AL BAR GRS A A
oAl e okt o a(W W) A5 T General LM o & 35— 4 anE S 030 2 R A 4
e 3FRE AFTRY R FFEREF = B
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B s AP R ERT NIV REES TR N R 2 R 2 ¢ EEE LM o

NSS i CRF[8]%7#m B 4 s » L G~ 3 it i[O dur » @3 d 8 d
122,541,303 & > F #ic i 231225705 > ##7 % 20t anfds = ;N B BoE @ 2 0 A
BT S ¢ At A e o SRR Aok @ B 0 o ¢ 0 £ 23 2
Bl 22 5 7 Fe e #cF 4 il E Jo(Coveragerate) s % 2.4 B 5~ @l e R A G
o e TEEE S 173 BF B 23 £ FWWE P FEAFTRE B AL SRR

character #c - -394 18 @ 7 ikt RPURGE T WA 0 2 R ATAC B 2.4 Ao o

#2312 F@PL P < HBIREF LB E X
L size 60K 70K 80K 90K 200K
word coverage rate (WCR) 96.7% 97.1% 97.5% 97.8% 99%
character coverage rate (CCR) 94.8% 95.5% 96.0% 96.4% 98.3%
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B122: 3 s Bcp <o) HpaImo e F A g

2L 1 5 6 7
word T #ic 2,954 270 32 7
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I‘i\f S — 7/;
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30,000 10000000
25,000 80000000
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AR FHMFEE
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2.2.2.5 Perplexity #+ X

fo 7% % BRI st 3 R R (perplexity, ppl) % #[#F o 3% & L4450 L 23
(information theory) @ 8 » 4™ 5\ :
1

Hz—alogP(W:wl,wz,...,wm) (2.7)

FRE-BEEW=W,W,..., W, 0 3 E B AT R & T 555 £ (entropy) - 54 ergodic

PEREEFCHA T A RART ERRY Q)M E-HTHG

PP =exp(H) (2.8)
FP(W =w,w,,. W ) = TP (W Wy, Wy, W ) BF 28 3R 85 )i:ﬁ*a\P(wl W, W)
i=1

N e T30 gice FILRARFTUBE L F TG - BELRP Ba 0 TEHEY L
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TRGHC R RARE 0 AT - BGPTSR RS DEE  FRLE AR Tl 5
BRI F2ZOoRRILIIAER

PUT A G R e iR o SR R AT B KRR L e U k i 2 i

Inside test of LM

BlzEe & 1A NSS H %

1377855 sentences, 44070460 words

Database | lexicon size | n-gram order | smoothing logprob ppl ppll
NSS 60K 2 GT -1.17887e+08 | 392.53 | 473.12
NSS 60K 3 GT -1,01961e+08 | 175.16 | 205.87

Outside test of LM

Bl3E2 F 1 TCC300 ipl & A

845 sentences, 17921 words

Database | lexicon size | n-gram order |-smoothing logprob ppl ppll
NSS 60K 2 GT -52179.7 626.62 | 848.97
NSS 60K 3 GT -49336.5 434.68 | 579.45

B3R~ F:TCC300 3" E AL

8037 sentences, 172562 words

Database | lexicon size | n-gram order | smoothing logprob ppl ppll
NSS 60K 2 GT -52179.7 637.77 | 861.57
NSS 60K 3 GT -475107 427.29 | 566.56
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GT: : Good Turing algorithm

ppl = 10*(-logprob / (words - OOVs + sentences))
ppl1 = 10”*(-logprob / (words - OOVs))

H @ words % 7 & @ aficE 0 OOVs £ -+ out-of-vocabulary #ic& - sentences % -+ 5 ip|3Eeh
PR o F 5 HEy S @ logprob ¢ § </s>er 3 K 8L 10 T i5E B word €0 perplexity

Foppl 5383 54 1;:}*“?</s>‘.ﬂ+ F R B ELais o P perplexity 12 ppll 2325 2 5% o

23R *

FFAPQY 221 & omE 2 @B BT KOHIPREGOR, RS %%“J‘! P B A dek
fo o AT AFE Y R 2 - B freesgram—F-a iR Bl RS ki SRS antE

‘? %,gﬁ%&r%\. 25 #9151 -

% 2,51 5 a3 (free-gram)

TCC300-outside~-73:39%

TCC300 inside  85.74%

F % Wcyp ot o outside test R4 F &y v v ) 73.39% o inside test { A% 3

85.74% > #711 BB A chvkay ¢ S D E - B A 4R E o

26 54er 222 FArE 2 S WAIFIELTRE S o d NEREY R OB
MA e T SR AP ER RS NERE T A AR T ﬁg?] drah 100 % 3%
RBR S RBELRE L R
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% 2.6 : TCC300 ¥t % 445 (#HE e~ 7 +4)

N=1 N=100
LA F 338 ek £ 1609 B F AR TiowaskE 47 38.78% 62.09%
S4 ke 281 R4 2 1321 B 3 AETE AR 47 4890%  70.55%
A4 FH B3, £ 37T4BE TR EKE 599  62.75%  67.46%
4 A B3 AR X 3648 B 3 AL T4 BE 688 75.14%  79.30%
A4 T A9 P A, X 3264 B 3 AT R lE 666 6455%  68.41%
24 LM Bl AE A, X 4304 B 3 AT AR 705 68.42%  72.47%

AP N=L i i A PR % o NE100 i = 8 & 6 00 100 #5508 0 FRR S A
EHE X R S ﬁ‘&{;‘&.fﬁ: P EBELRP M EIR A X B QLR E o R E S Eaendapd 7

Food oo *TERG A S AUEA 0 T IR R AT RRE G AP g AR e 0 AT

Brd S %0 i N PELFARSRM ST R M E L HREE S Y o €80k ol e
T EH
g3t E 2 Arp At top NGBS — B ] % v A 4 — a0 > A e

ZEFREER LT - B & SRt md D topNFe L ERNE S 4l

DI el F S AT - B s ] R 2 PR TR SR BRE o A

BErEFTT 2 opNyRLE R #TdEn S FREIREET N b IRl %
MEHPE L EOPRERES e PRI ot - KTV RAEBE S e AR
25:
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e p

- 18 B &0 frame #746 B~ MFCC
¢ delta &7 acceleration fi#icg 22 k£ 2 % chd — K> TP EAFRAEL > F R

2£:7 MFCC » £ %f 39 e MFCC %48 i1 £ 3§ e ] 1

[RTE TS 313 N

0.58%~1.86% - i &_4p ¥tk

AL A RE S B
E S fr 7.54%~12.84% % tgerdt 2 > P 1 Adp ke N ek T o
EAEEEE §OORG R R NE S EA P ALENRA TR
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# 27 :TCC300 Em st s & A 47 (RHpF R~ 7 +)

N=1 N=100
$x PH635 A £ 3774 B FAEFAEE 594 60.89% 79.04%
$x LA A £ 3648 B G AR REE 825  73.96% 86.84%
T x P A6 P54 £ 3264 B AL AEE 700 63.97% 81.25%
T A A 6Al P A £ 4304 B G Ah PR EE 671 66.895 82.92%

16



R BEAIHRIGERE

BT B R AR R0 Y DR L AP RE G D G 2
i AT R R B PR AP AR fAR AR
(1)3 & ~ -] (energy level) ~ (2)4 & h% = (pitch contour) ~ (3)z.35 1% & £~ (speaking rate) ~ (4)
%45 pF £ (pause duration)E F1Z F » AR EA AN LB F TR BN 2 b8 HHABBER
KRR A PRT i el e R R AU R R o AT

fERip Y 2 AR TS o

31EF#F 3 #F1L

BFFRAACE A I SR SRR PER e LT A AE L -
B3 g fﬁi@— B3 & ef i F ey S ERIPRI 3.1 ¥ me | & i Ld B (initial)
2 32 (final)#7r e = > Fp# 2@ WL e 504 (medial) £ 3p %e(rime) > & $p %R v U g &2 5
i & ~ 4 (nucleus)frif & (coda)™ f vl B =ik AgE S 0 x TS Fd B S

N

&£ =

-
ol

ol

BERE S - B E S DR R B A L iR L B

3D
=
o4
gh

PG BA SRR E R ol R £ 22404047 ok 3.0 £ 3.2 4w 0 k4

DY
ol
3

e DR LT DA 7 5 4c 17 #5 o — 4 j\,br' ¥ - ._‘gagﬁqgﬁaguﬁ;‘iﬁr_‘q,\ziﬁg
ESIEY f;}%’m%%&ﬁv—g kR g K B GBS (fricative > 4 f, s, sh, h)& & R #3F

(affricate » 4= zh, z, j)eg &k > @ F* 2Rk (dob,d, g)eng &2 £ & € fE -
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J‘Fﬁ Ar(syllable)

T

A2 (initial) ﬁﬂﬁj (final)

T

fi ?’I (medial) FEVel (rime)

ERYPE f[ (nucleus) l‘!?ﬂ@" (coda)

DRSS RS 3
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3032 4pR A AL RBHES FERA N 1T

= T (Final) ]| 782 (Final)
1 Fip? 10 -5~ XA5-~U5
2 Y- Y RY 11 Lr-b AL -~ub
3 T~>-T AT 12 A~- £~ AL
4 [ 13 L~—- L~ AL ~UuL
5 t--—--ut 14 -
6 Hh-F A% 15 A
7 N~ AN 16 U
8 4 - 4 1/ JL
9 X~= X
A0 ¥43 3% 3 3% 3 (intonation language)4r 2% » 3 3F 3T B3 % < (tonal language) » 14 B33

FrEARAFL TR R ) 2 56 FRBRET FRER g SRR SRR -
SR T AR B RS T e Y B D NS i e
P BT ML & B L A AT B 32 5 - B3| v B Bk 7 A
Fl o - et b 5 - KT S S B BB TR B AR § 2 el b -

;.:i‘:’

DR S SRR TR ]S e - Db SR U - g 5] 1

ml4

ERTRE R AR T HFEUF e BRAE B R AT
B AT e R RS DA E RS ¥ L E e 34 94 12000 5 @ - F
BAchy et 93 1300 B dekdedl b 3 e B A 5 T AL 411 B A

> A5

N R e

19



FO A

Tonel

Tone?2

Tone3 Toned

» Time

B 3.2 /53w B 40 A4 L B

32FFFR AP EER

k- B FREF R DT P plleltad S MRS T LR € 42 7 B anE
RIS Fy‘ﬁ* » F] g sk FE 'E :’Pj\?;ﬁ‘%‘ B e ,&%{7' ?ﬁm’ A N 13
# i

R¥HFTE RO L HER[L0] - F 5 PR E R N R K RK g & 4

=& (syllable layer » SYL) » L} i& # 3 B = §p &3 & =& (prosodic word layer > PW) ~ §f =&3% &
=t (prosodic phrase layer » PPh)fers ¥ 2 & =t (Breath Group > BG) » % §f & %= ¢ (Prosodic Phrase
Group) - £ & T s & 3¢ % =% i) t& + 3 (Hierarchical Prosodic Phrase Grouping > HPG) 7 #[11] -
AEE AT - BEFAMRLA- B E L NA- BRAANTE TG HA S AL
BAEGHEE A a BAREIF R HF VAR TR R ERERE - - ki)
Bk g a2t AE- BREFEALS G Hae g
ITRGRREV A E Ao AN LR S 2 B EEF A RN - B S BT

K- M) ﬂ%&i#’%*ﬁ VORF AP AR o rE R kg plEd - B i e fr;«g’}#‘

9_
fon
N
S
g
14
-
=l
o
T

Ferodd - B EEBER S R E AREST FRE LY A
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iR VA %’%&,g;;{g%g:—hr ;g_ﬁ;fg:‘ ,v:i'\:};_f@_é] /T} g’# G L PRV 1 du efer el

o d R Ly - BeERee 3 AN AERFOFARTRE O RF LR KPRt

,
oo

SYL SYL SYL

SYL

B1/BO

SYL

B33 ¢ v555 ipeL re kN 2 A

4oFl 3.3 #f 77 > ie 5 AR B R AR B RseSrAAT > BO e BL R L SYL i B o £ M B

*+ B0 % 1 en&_reduced syllabic boundary-m..Bl.#<5#57% normal syllabic boundary - i ¥

BO # BL ¢ A N i 47 o B2 fr B3 4 | Lip o feip EimE i b 0 B4 B LA 7 n

Wl B oo - BrEeienipsg > fr B2 B3 Az k g B A RAE > 10 B wE 1A
BREORTLEL TURRI ALY SERBPEE S BRBEE

G APIHR Y LS A RIE S 0 T 0 HPG R R B A £ 4 #

TS S

ﬁﬁ:,;\—’__|}p;(a‘f1]'1+|}p;(f9m__lEﬂf#‘j\)§4i\]FBer;H<% mﬁF‘T f‘xf_’ﬂl ° ,ti\.lfﬁjg_Bz‘ﬂ ,47\:‘_;

B2-1-B2-2-B2-3: H¢ B2-1-~B2-2~B2-3 &5k & P A3 % =% (pitch reset)z 35 2378

B ~ =i 58 (short pause)2- 5 238 00 2 7§ 5 & & »c(duration lengthening) 2 & er3p &

PR oL k> A PHBAB5 &4 5 B4 A5 K RE 4k 0 4ol 32 9w 0 b

AR TR =8 B @ 4 (break type) B={B0, B1, B2-1, B2-2, B2-3, B3, B4} k iz iz w f&

TEE A~ L &(SYL) ~ I EF(PW) ~ fp2E2F (PPh) ~ v /35 20 2 (BG/IPG) » %k % 4 3R
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ERHY E - ke EE A H ok 330

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

|

B4 SYL B2 B3| syL |B1/BO|[ syL |B1/BO[ svL

B 3.4 1 i3 is enrd B 35 3R 4‘”‘”{#

# 33 p R Bk

RS i 47 e &
i =¥ (PG) B3 £ ibag
£ r# 3. 3% (BG) B4 Ed# ELE § 0 AT B
B2-1 R S LR g P O
i = (PW) B2-2 @ (% B
B2-3 B poieE A SRR
b BO 5 & A AR & RO % id d2(tightly coupling)
A #eYD Bl T SRR AR S 2 (& 28 7 i3 42 (normal coupling)

B HE-B2 A 3 E T A RAE B EFA SR ESRERT AR RA
chH - BEB 7 R s B i g ymAEBAVBS £ AR EF Lk PB4l

oA SRt R R R a BH RS L - a o
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Srd FOMASEARISY 2 1
ﬁ % ?R’WU/:%‘ k73

A5 A% 4 = ~ 2@ = 0 , _\C 2, 5 > >z =2
- AN EAPRIIIFRFEL 2 AN ELE R FRELAN B

s1osl A
ECGRIRTAE R. Ve F%?

TENBRETARL Y 2 @ RFS LY VL FENAEE BN a2tk
£ % % Hx(rich transcription) 2 # 8L 5L ~ P ~JpEREELE T BF- - 4 597
o PlenficA] % 2 &3P A% 2 @ * discrimination model combination (DMC) & f# 4 % B #-

2 e £ B AT o

A1FE R SIPREZEIFER LR

AFT 3 & d - B rich transcription-sh= o LRGSR FT MR F 2 T @ 7 E
+ 7 g E 4 word(W) o prosedic break (B) »spunctuation mark«(PM) > part-of-speech (POS) »
fog & 2k (V)% £ & Fato 0t 3 2 BT 45t 4o (40)50
W*,B*,PM",POS", Y.*
—arg P(W,B,PM{POS Y,IX;X, )
W,B PM POS Y, P

:argW,B Jmax Xos.Y. P(W,B,PM,POS, Y, X,,X,) (4.1)

=arg, o max _P(X,X,,Y,]W,B,PM,POS)P(W,B,PM,POS)
~arg_ max ___P(X,Y,W)P(X,|Y,,W,B,PM,POS)P(W,B,PM,POS)

B X, A2 EEEME S X RAEPEFHkdE ([ AAf @07zl
W={W,W,... W, } £ % 3 & 7] » POS={POS,POS,,...,POS, } i £ 71 A 7| » PM * % fm. 7
BA7 0 BRATRERER ] POX,NIW) & @82 53 0 POX|Y,,W,B,PM,POS) & §

= %5 #7) (break-acoustic model) » % general prosody-syntax model P(W,B,PM,POS) :

"JH-

ETRTENET R A N APORE SR RELEY FT L e DL kRS R

P(W,B,PM,POS) # 37 iz = break syntax model P(BIL) > © & 4] *

RN
\\\Xr

#

%
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L={POS,PMW} XiE "8 7 ¥ A ST P ERMB Ol @ AP ESSE
TER2ZFDOM G 2 K F S 4k L={POS,PM,W} o joint syntax
model P(PM,POS,W) » #7121 7 {8 3] % (4.2)
P(B,P,PM,POS,W)=P(B|L)P(PM,POS,W) 4.2)

H ¢ P(BIL) i % break syntax model > P(PM,POS,W) # % joint syntax model -

ARG Y 0 R0 BERE A e~ B PR KA AR B3 1 B (two-stage) (3F
FER & Skt BB WA gk o o] 4.1
> & - B

PURF B B 342 B Viterbi decode 0 i *  acoustic model %  language

model(word-bigram) 2 # N-best list -

% N-best list ek # + 4v 2 F5% 75352 7531 (break syntax.model - break acoustic model)

A5 AL

% joint syntax model % L.iF A4k % - M SR aRR AR R B 5 > T 0 B {8 rescore
&_#- prosodic model (prosedic score) ~joint syntax. model (.M score) ~ acoustic model (AM

score) & fi- 3] e scores i® fusion, & I Ten score s e 7 (4.3) ;¢ 4ow
new score = « - (AM score)++. 5 - (LM scorg)+ - (prosodic score)
where a+ f+y =1

(4.3)

Prosodic
model

Results

>

Speech\ Viterbi N-best list
signal  IEsITeesldal orlattice

Rescoring |

Acoustic language Joint-syntax
model model model
First stage ) Second stage
recognizer ~ recognizer

Bl AL & FFES SmE 3 P b 5 ]
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4.1.1 Joint Syntax Model

* #% <~ ¢  factored language model (FLM)[12] * 2 § 3 ¢ joint syntax model

P(PM,POS,W) 4= ® 3% (4.4) %777 :

P(PM,POS, W)

= P(\Nl)P(POSl |W1)P(PM1 | Posl’Wl)

P(W, [W,)P(POS, |W,, POS,, PM,)P(PM, | POS,,W,, PM,) 4.4
M

H P(\N| |Wi—1’Wi—2) P(POS| |Wi’ Posi—l’ PMi—l) P(PM| | POSI 'Wi’ PMi—l)

i=3 trigram language model factor POS model factor PM model

M
#¢ PW)PW, W)[ [ PW [W ., W ,) # #word language model » »* % — & y$:nps ff i

i=3

&

word bi-gram - % = % pF P4 e L8 fe chowordstri-gram > # ¢ £ % 2 R ek g o

M
P(POS, |W,)P(POS, |W,, POS, /PM,) [ JP(PQS; |W;, POS,,, PM¢,) i # factor POS model

i=3

M
P(PM, | POS,,W,)P(PM, | POS,,W,, PMl)H P(PM; | POS,\W,,PM, ,) % factor PM model

i=3
FLM= % end 3 & enpr 4 €400 & dp b engsn(facton) sk §T+ 35 5 B 15> >0 LA 7 &
% B B POSKPMBE » i %A ] ¥ ST el A A GE el FE 1 o R i 3F 5 F
EIE P d-¢ BB FTALE A K enpi 4E > F o FLM%&;Q # B~ back off2e f;,u ol Tk i

v 4 > H back offe#ic & ;X 4 (4.5)5¢

® FLM # Generalized back off #& % ;¢

P (flf f f): dN(f’fl’ f2'f3)PML(f|fl’ f2’f3) ifN(f,fl, f21f3)>T (45)
o8 PR a(f, £, f)a(f, £, f) otherwise '
He B, (f|f,f, )= NCT T, . fo) % maximum likelihood distribution » 3 5% g(f, f, f,, f,)

N(f,, T, f3)

% back off distribution » N(f, f,, f,, f,) & = f, 1, f,, f,icff % & MR A RE# = oo §

N(f,f,f,, ) « 2t threshold 7 B » P ¢flf. f. 8 d (f, f,ft)P (f| -
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discountd,, (f, f, f,, ;) B 5 — B 42 0| 1 ehii > v ¢ @A - 04 B, (F| 1, f,) s 5 2

back off distribution g(f, f,, f,, f,) # smoothing -
H ¢ » Backoff weight a(f,f,, ;) .5 7 ;é;:f,sTZPGBO(f | f,,f,, f)=1&E@P TN
f

8 Z Aycron, P (F ] T 5, f3)
a(fll f2, f3)= f:N(f’flvfzyf3)>r

o(f 1 6,0 1) (49)

FN(F, T, B, f)<=r

i A7 4 factor POS model s-back off path g #40™ Bl4.247 77 » fede b K ehliin »

Forpw e W, ~ w - BPOS2 o — BPM % 3% 3 factors k3f 5 POS, » &t 5 cnie &)

el
Mo BIE B - Bfactor PM,, > E 0 E G MR e ifaz‘git BT R ek R o t“ﬂﬁfu—

SRR

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

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

L

P(POS;| W)

i8] 4.2 : factor POS model back off path

factor PM model 7= &_4rpt » H back off path=% HAcRl4.3- 2 i * 5 p @ chWord ~ POS

2% - BPMePF 0 KRR APMAHS S S ip o BEIASK T AP ELIHPM,, o &

%5 POS > #iEW, » B2 3 P(PM,) -
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P(PM;| POS;,W;,PM,.,)

P(PM;| POS;, W)

.

P(PM;| W)

.

P(PM,)

] 4.3 : factor PM model back off path

BT % 412 & 4 % break syntax. model ﬁf L §_0 PSR Sl s AL Ak 1T break type 3f

o B &R YL e e ROERIRR & R L A8 type -
4.1.2 Break Syntax Model

& F % ¢ - Classification and Regression Tress (CART) # 72 4 i@ * % 45 it break type £2 3%
T R WM G0 FEd - 2 3E 2 R AL ) §T 1 # break type fe 1 g enA

8o REOREG ST e 1 9Tr 0 & 18 break syntax model r#cF £ 7 34 4e(4.7)
N-1
PBIL)=]]P(B,IL,) 4.7
n=1

Hd NAFoF g &dp > P(B |L,)E®* CARTFE @ (7 o
o dp e A o BRI R R AT BRAOR I P v - 3R 2 A0
Bk T NP - BEHR- FH T P Y 3 L E e S anddpada A8 - B
HEF O BHRRTEFH VTR EHR ) & o s AP OV NI RIRERE > 5

R vE R R A1 413 & ¢ B4 % break acoustic model > ;ﬁd break type } e3p = #
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Bk §T 3R B A anD AR o
4.1.3 Break Acoustic Model

3%+ (4.1)# 7] < break acoustic model P(X |Y;,W,B,PM,POS) » &4z ¢ » X * 5

AR A Sl R R 5 (4.8)

P(X,|Y,,W,B,PM,POS) ~ P(pd,ed,pj,dl,df[B,L)

N (4.8)
~ HP( pd,.ed,, pj,.dl, .df |B,,L,)
n=1

#¢¥ pd fred ~ & FniBF &2 % n+tlBF &2 (% n B juncture)srpause & A f-energy-dip
level> v i £ iE 7 &3 @ juncture 3% &> B8 e ¥ ¢b> pj ~dl fodf, * % & & 41 differential
Tp B S > &~ B E_pitch-jumpalevele= B & L F & £ & £ £ F]F (normalized syllable

duration lengthening factor)** %.0 i# juncture .4 5] T &5 ¢

pi, =(sP,.. (DB, , D)—(sp, O, 1)) (4.9)
B X)) &G e & XOE - R T ENEFE BNB S F) i B0 BB F t, «haffecting
patterns(APs) » I L1t % & £ B #£ &7 3 dl frdf T 2
dl, =(sd,~% <% )05 7. ) (4.10)
df, =(sd, —» 7 )—(s0,..—% 7% ) (4.11)

AENBIEER gy oy, AREFEASARD FEARETE S £ DAPs -

4.2 Discriminative Model Combination

Tl e 4l Fhh R LAy ? o B £ K i¥rescore simodels £ F LB o 4B 5
acoustic model — & - joint syntax model 3 = i ~ break syntax model — i ~ §- break acoustic
model ¥ 7 B > Flpt A4 - BRI > 4oeds - e £ @ ix B models i combination 5 it

RE I ] apds 5 2% @ ¢ trail-and-error 97 VA EE s 0 BTG xS 2
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o 35 4

=
b

ﬁm

B iEEE 0 Flt A8 3 € * Discriminative Model Combination(DMC)[13] s ;2 %

&
AR E R FHDMC 2 iv- 0 i H ez > DMC eni® 2 £ & % & — B decision error rate
engow ;N fie(discriminant function) » #p % 43 ¥ - g £ @ S ficen decision error rate & i3
Lo,

- B 457 % — 1% discriminant function & =& :

g0y Wy, W)
=logP(wW; | X ) —log P(W?% | %)

(4.12)
=log[P(W;)P(x] | w;)]—log[P(w'T )P(x/ [w?)]

Hoow =W, W) 538 0 X = (X)) B AR B0 P(W | X)L R AR T R
| FER R oA B P(WS | X)) B E¢ 2de i dbpc 25T s dieiie g A oo F P(W X))

AR AT P(WS )] ) A% 4 o e A BB 31T HndkeRs (WER)FEF - 2]

- BUERT 3 FREL G ATE S EM 2 CAMA R A e A i E 0w 4 3 FE discriminative

%-#c > LM factor A ehig >}t pE g 7 A envdiscriminant funetionsg = :

g(x W, wY) =log[R(w;) P [w;)] ~log[P (W)’ P(x [w')] (4.13)

B K POW [ X)) ¥ 2452 M BRI P W X)), j=1,..,M > ZRASE I A 7 0

log-linearly & & 4c™ :

M
PILOC [w) =exp{log C(A)+>_ 4, log P, (x| |w; )} (4.14)
j=1

A= (Ao Ay )" 0 A P A B £ BEeRfE £ - C(A) B £ normalization factor o 12

—

i 5 decision error rate > # i & j&_ discriminant function 35 2 - &4 L A o

m
discriminant function F] 5 P(W, | X[ ) % % 7 114522 M B 2 I chfEq] > #r0uee® 4o
M
g(x W, wy) =2 4 (log P(w; | x))—log P;(w? | x])) (4.15)
j=1

& ko AP ¢ 2 & - B smooth misclassification function /(x,,k,,A) » £ f1* Generalized

Probabilistic Descent (GDP) algorithm[13] 4«41 & BH- A E A » &30h s A K> F2d
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REEE TR o

H g D) en P BLIT 2R

® ¢ W’ 47 Xclassk: & - @3 x/ %7 5 observation x.

® M FAT (x,k )n=L.,N,r=0..,K ®* N5Zo+#p >k, 5 observation x,: ik
BE %ok, r=1.,K3 5 g ks (T K-best list)

® LD(k,.k,) 5 Levenshtein-distance ~ fi.*‘w‘i’\hypothesis k. o4 8 E (36~ > M% v e

T 6 (4.16)5% 5 " FE A2 (or held-out data) =2 smoothed empirical error rate L(A)

L(A)=— ZE(XH, A 16
He
l E {”LD(knr kn0)|09%”0|x)}
(%, Koo A)ST =1+ A= D Bl (o )
- (4.17)

#¢ A>0,B>0, >0 (7§ § #5345 o

BT Alikie 2 (418 P B I EE 4,

;-with stepsize ¢: For j=1,..,.M

A0 =1
]

A0 = z<'>+gZ£(xn, Kor A (1= 20X, Ky, AD)):

n’ n0?

WLD(knr Ykno)

K (k
Z I‘D(knr ' kno) |Og (pjiknollxrl;]: p{r/[\(l)} (knr | Xn )j|

r=1
K 7LD (Kyr Kno)
Z|: p{/\(l)} ):|

r=1

AU — (21(|+1) l\(/lHl))tr (418)

19 95 (4.18) 5% » A iy g LA - xx - =X gvpie ¢ §F 4 7 3t discriminant function
(K| X

|0g pJ( n0| n) E'ﬁ’fg_i__’ff"’
pj(knrlxn)
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$IF FHREFEHEG

AE AR MG AP % 0 % - & 4_joint syntax language model 4p B 7 B o jaE

APl 4e » 3FF SRR L SLehrescoring 0 F o &4 ~ PR N3 AR e B o 3 R 2 o

£%

JTETrescoring (S et %k 0 B = & X F %tk o
5.1 Joint Syntax Model ® 5
5.1.1 3" 3 joint syntax model

##7 3 «h factor POS model £ factorPM model £ %> SRILM toolkit[14] #72& H & = &>

Hzz > yif24cT B 5.1 #77 ¢

training data fngram-count count file
flm file
i}
lexicon fngram-count —— factor model

B 5.1 1 FLM 30 0% 457 42 )

» Data preparation:

PR factor model pF - B RGEHRLL R e 7 AT AP G TIHE R 0 B et prar)
e POS model F] 5 i %7 word 53 PM F 3t o #1130 ﬁ;ﬁ-’ﬁi;f] 41 =2 W-word:T-POS:P-PM
RN AT R T 46 47 POS X a5 REE S B -PM A 2 48 A ) 5 5L

#F‘T%};u ’ —,ﬁ: is ('&réj%u > AV\%U > FFB%DEL;:%&---) ’ ; ‘74 ‘fﬂﬂl&']"‘%’{,4&‘? °
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flm 2" e 58 de T rg
Original data:

TR AR FARE S R B EAREFH o BN FARS LT E B gt
FoBEEHE LA

flm formated data:

W-i& > : T-DM:P-NONE W- - :T-P:P-NONE W-;% ¢ :T-Nc:P-NONE W-#7 % :T-VE:P-NONE
W- ¢ & 3 B T-Nc:P-NONE W- % :T-Nes:P-NONE W- = & :T-Na:P-NONE W- #
#& :T-Na:P-NONE W-¢5:T-DE:P-NONE W- £ £:T-Na:P-NONE W-% 47 :T-Na:P-COM W-#
+:T-D:P-NONE W- %.:T-P:P- NONE W-# % =2 B:T-Nc:P-NONE W-= - :T-Neu:P-NONE
W- 7 # :T-Nd:P- NONE W- B 4~ :T-VH:P-NONE W- i :T-DE:P-NONE W- p*
% :T-Na:P-COM W-£2:T-P:P-NONE W- & {=:T-Nh:P-NONE W-3# % :T-Na:P-NONE W- 2

w . T-VA:P-NONE W- 7 :T-T:P-OTH
B4 flm 258 gl 18 _ﬁﬁ_’ffﬁ?"ﬁﬁﬁ’!#ﬁfﬁﬂhr@ 51604 & & =& f]}ﬁ,ﬁ :
> % 19 EVREER P A 4 fngram count file

L FR S RN IS T L & S 2 O e SR WY SIS TR

R e

> %24 KD 1. A 4 s fngram count file 2 & 1) factor model -

LA ehA s BHIY WF = - B fIm A oflm Ak 3 & 3% 2+ - K < back off node
P i Jg e factor > 4P A R factor POS ~ PM model B % & %~ i fixed back off path( ]
~ B 4.3):

B {¢ » factor POS, PM model 0 perplexity »cit 3% >t % 5.1~ 5.2 #571 » ¥ BRI

2
~ - #87% F < factor » perplexity riﬁﬁé FALT M 4or & - B factor 3R p2at A aE i POS &

PM -
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# 5.1 : factor POS model = perplexity

POS model with different factors perplexity
ppl ppll
P(POS; |W) 1.31192 | 1.32864
P(POS, |W,, POS. ) 1.25764 | 1.27115
P(POS, |W,,POS, ,PM. ) | 125395 | 1.26725

# 5.2, factor PM model s#.perplexity

perplexity
PM model with different factors
ppl ppll
P(PM. |PM,~} 2:2676 | 2.35584
P(PM, |W,, POS)) 1.4451 | 1.47012
P(PM, |W,,POS, ,PM. ) 1.42995 | 1.45399

5.1.2 Joint syntax model rescoring

d AP E A F - BIF R T Rescoring o i A JE & o VB G 3R H ¥ IR
R RO RAE A B R FFERAA T top N PR {8 B D FEES 0 AP

observation ¥ 7 3@ 8 -t PE4% word F 3 4r ~ joint syntax model 4 # » ¥] % POS §2 PM F
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M FFECE AP RIS hidden #70u2 ZE 4245 word B B ¥ e POS 2 PM node -] 5.2
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B 5.2« 5 & B & 7POS 2 PM nodewr % B

it 9530 ¢ B B chsearch space - node #3node Z f-F — iF arc 3R 4 B P W ET -
node F 3545 POS 2 PM F 3t > £ 4t Jp k Word enF it > 7 ik gt 973 a3 3 HF s
#c L 4 5.3 » #712 acoustic-prosodic model ¥# break-syntax model #7 F ¥t & 38 % S8 it

farc b 47 G K A 518 2.5 £ 18 e leaf node o

POS;.1:PMiy

Word; Wordis

B 5.3 : £ _arc F # B35 3

w1
\\\Xr
g
=
=
=
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BEA PRS- FAErA 2 atop NP8 1% HTK GAGh0 P58 R 2 =%

d1% 8+ ke acoustic-prosodic feature( pd, ~ ed, ~ pj, ~ dl fedf ) > Kz %

Yot ] T

B BT R AR A P - fRen T mJR (S 0 B (8 #p it acoustic-prosodic feature &~ leaf

node 1% % ¢ 2+ 8 % f8 break type 14 #icobreak type ;422 3 dependenton = — i 3§ &

break type » #7141 fHF B iF BT PF & JF -7 48 break type B B 0 E £:E # break type ¢ 4 #&
ﬁ}\%'ﬁﬁ * AL TE o

i
ETR
§+
<
=
‘p_
i
)
3\
=
i
F_L
o
3
i
e
Ry
H

LIRS § A R UL ¢

fgt 2R % Viterbi algorithm » &F POS 2 PM3Es 5 /F > 5 & i
PR - EREED -

H-—
;A
i
=]
b
#
ol

J

e H - B B LM A PW, < s3)ok 58w - B L

T2l y

5 dienbi-gram LM & #ic 2B A gﬁ,!rt G ST

J
P
&)
w3 ‘J\
Ty

Ky
®
3
=
#

SRR - BEe Y Bt - B D SRS L S - BRI LM S B o & - B

ORGSR - B ;’K*ﬁ Aok Bio e e e z?i‘h;n NE  AEeoBEeZ PR - X
Viterbi search - ﬁxv‘ﬁ?] ROE R W & T

#. 5.3 1 Word 3% & >% joint syntax model =79 %

Sub Del Ins Accuracy
bigram-LM 3587 690 510 68.07%
Joint syntax model 3104 478 607 72.05%
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# 5.4 : Character ¥ 5 >+ joint syntax model 5 2%

Sub Del Ins Accuracy
bigram-LM 5672 481 172 76.12%
Joint syntax model 4925 449 155 79.12%

# 5.5 1 Syllable y%3& 5 »% joint syntax model 7§ 2%

Sub Del Ins Accuracy
bigram-LM 3323 486 177 84.95%
Joint syntax model 3040 459 165 86.16%

521 R N ERIHRE

A2t TCC300 35 42k edp i Ag (break type) 32 jedt Bz 5[] % 4o % = §
iAo U kA G R CGRERNTE iR BB PRIk R R k3

B R 3535 2830 (break syntax model &2 break-acoustic model) » #-f 3% T k] & iEp D

5.2.1 3" 3 break syntax model

break syntax model i CART /% & i 1 * - B = (g3 347 00° 32 & (Appendix) » & 9535 3
FHHT g R R B FLEE D - 3P AN B 5.1 AR ahE - B F
(terminal node)#-3 & — SEFp 2B A B > AP 7 U %%’si ¢ R 2L b & gk(nonterminal

node) #r B* $] el A8 4e U A 473E T SR NE R LR o

T o AL CART ' Uin- 30 &
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> A5

@ * 7 TCC300 ¥ % 106955 i 5 &
1. Minimum number of sample in a leaf node < 700
2. Relative likelihood gain < 0.001

%3 S A0

B 5.4 ¢ = — 1§ bar chart * % break types »j% % 3|+ # %] 5 B0, Bl, B2-1, B3, B4, B2-2,

B2-3 -

., 1=utt boundary?

106955
Ve
-

962

BB 5.4 break-syntax 7i=sHE 43049 & 2L

-utt boundary?+PM
4=

441 109

B 5.5 : break-syntax ;&5 #tH 43t & 85 4
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-utt boundary?-PM
o, D=interword?

P
-
-
-
P - >syllable words: Ng, Ncd, Di, DE, I, T
—t/ype-2 intraword
45421
Ve
e
/- Ve B
=Fol Ini=null, m, n, I, r 16 ; 1R Ng Ned
0

] 5.6 : break-syntax ;ji- 5 HFF 453t & 2L 5

-utt boundary?-PM+interword?
+R special 1-syllable words: Ng, Ned, Di, DE, |, T + special suffix words
14=R Ng Med

794 776

B 5.7 : break-syntax ji- { #F 43t &2k 14

6°F BRI +#EK- 3 - BREEDFIE T € AT RS B
5

¥

4 5.
MRS 7 BT Rl HA PR 2Rl - 3

2

& R g F] SRR break syntax model #-¢ 5 BrcdE A P v F
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5.2.2 ¥ 3 break acoustic model

LiphA R B0 3+ (4.8)7 P(pd,,ed., pj,.dl ,df |B,1)E5d CART & & 24240
koo H 2 8hans fEiR ik gp B+ P S B (maximum  likelihood gain) » CART & & 2 1
- B SRIFORREE > R R pEER RA o RS opd ~ed, > pjc dl,
Fedf G4+~ 5 - 2 ¢ pd 12 gamma distribution % fit» @ ed ~ pj, ~ dl f-df Bl normal
distribution % fit - #]* P(pd,,ed,, pj,.dl,, df, |B,,1,) € - % gamma distribution frz i

normal distribution 3k ## o #712(4.8)5% % = T 54(5.1)
P(pd,ed,pj,dl,df|B,L)
~ ﬁP(pdn,edn, Pj.dly dfs(B., L)
- (5.1)
= Hg(pdm U Doy IN (€052, 0% 1)
‘N (Pl s, 1T IN (A5t 02 IN(AFs 145, 08 1)
AL R R AR S 2 R - AR B RO R S feenpdf 4 F R N T T g E T
Bl & omApiRie2 S 0 4e§)\5.8 7 R 5.8(a)F 1 d1/BO iR L A B 0 42 ¥ BL >
B2-1~ B2-3 ehis %5 pr £ = 2. ¥ pdf s & dp &~ A2 . B22\ B3+ B4 chis i pF £ ik A P ATH
fvo BLZR 5.8(b) ~5.8(c) e L R FHELBEE LR A AP A LRIFT U NIL S
3 BIA 0 B2-3-B3-B4hf L AL R F e~ BO-B1~B2-1-B2-2-
78] 5.8(d)¥ 5 ! break type f energy dip F A~ # i HRIBAEEL A F Kk F o EF
R B AR ahg & 4o B2-2 - B3~ B4 kg v energy dip § b i HE PR omanid B iR
kenid o B 5.8(€)F_ it it f &AL L HF £ B3-B4-B2-1s ARG Bp AR

£ °BO~B1-B2-3 it F &AL GF * FH R o
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5.2.3 ¢ & 3% §F =453 ¢ rescoring

# 5.6 - Word 5 320 & 5% 3 402 60 B

Sub Del Ins Accuracy
bigram-LM 3587 690 510 68.07%
Joint syntax model 3104 478 607 72.05%
+Prosody model 2880 495 564 73.72%

% 5.7 : Character 78 Fpofd & 3% 5 =831 0 %

Sub Del Ins Accuracy
bigram-LM o672 481 172 76.12%
Joint syntax model 4925 449 155 79.12%
+Prosody model 4527 480 103 80.70%

# 5.8 : Syllable g sopd S8 3 2103 0 f %

Sub Del Ins Accuracy
bigram-LM 3323 486 177 84.95%
Joint syntax model 3040 459 165 86.16%
+Prosody model 2853 487 110 86.97%

FOUBLE DR V3R 8030 joint syntax model % word, character, {r syllable s Fx 5 A u)

#=7 1.67% ~ 1.58%4- 0.81% -
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5.3 R %t

+ & 5.6~5.8 ¥ v 5 o Ay kALY 4o~ Joint syntax model {8 0 FEERZFE T OF

= L

piu)

bigram 3% 7 #-3l g % 7 #1T 4%h+ tpEk 2 > 1 £ §. %5 & Joint syntax model ¥ & 7z 7
trigram 3% 3 #A hF i 23 H ¢ e POS 2 PM 03] 7 R A FRLF AR T o B % o
B i joint syntax model % 4c ~ prosody eF FFEL S (8 0 & Word sy b

7?:\!:\5'1 —

e = > 1t Character = Syllable 3t 4 30: % én& § » iz 4 F] 5 # % 4c » &1 prosody model

o hfpap EE R o R B Lk 3 AR R Nl FEl o AT ER RS SR
Character {= Syllable & & ehysin s 5 #recd > 243 Word #4385 % € 7 2 B F i 58 o

% 5.9¢ e ir s 2 B Gl A

POS PM

Joint syntax model 73.73% 82:96%

Prosody model rescored 74.12% 81.57%

%59 Jfgrl‘\: GHF ‘k‘Eg‘ Jfgfl‘f!;\!"'?j%fuﬁv—ll ﬁl‘jt -

3

Rescoring p% > i DMC # B € {5 > POS A i € € i 4v > @ & o 3030 eh Gl gma
p 2R POS e %% 4 ¢ # R4  PM HA ehig £ & 4c ~ Prosody Model 3 5 F @ % i<

ArrifRge g % ¢ joint syntax model i SeffE o

® [ I FERAFhb|F
4 510 #ypns % d oL AP g - S5
% = 1 5 baseline 5 sL(4r » joint syntax model) srysash e & > % = B 44 » 35 B H0A) 18 FE

2% #-f2 8 4 enbreak type #71 2% o
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rescored.rec
£ A5(B2-3)
¥y % & (B2-1)

#(B1)

% (B1)

7 (B1)

7 +(B1)
¥ +(B3)

¥ + (B3)

T # &dB1)
i (B2-1)
p 24 (B1)

14 (BL)

7 ¥ §7(B2-2)
= £ (B1)
2% £ (B3)
# (B2-2)

£ < (B3)



w35 w7 &% 5 (B21)
TR PR v (B1)
NULL % #-% (B2-2)
¥
4 L3 7 *1(B2-2)
B 5 A R 55 (B3)
Eg F- 4 ¥ - (B2-1)
tr I 25 i 4x(B1)
e a 3 ¥ (B4)
rg 2 r % (B2-2)
2w # %M (B1)
z NULL (B2-2)
B P = % (B3)
2 Pl = (B1)
o EI £ (B2-2)
T ¥R E & (B2-1)
R i + i i2(B3)

d % 5.10 fig & 470 SV BLRIE A NIRRT 3] - BRSO - F R iR
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- LA RETR AL

The question set

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,I )is listed below:
1 Is the inter-syllable location an utterance boundary?

2 Is the inter-syllable location an interword?

3 Does a PM exist at the inter-syllable location?
4 Does a Major PM exist at the inter-syllable location?
5 Does a - exist at the inter-syllable location?

6 Does a - exist at the inter-syllable location?

7 Does a ~ exist at the inter-syllable location?

8 Does a - exist at the inter-syllable.Jocation?

9 Does a ; exist at the inter-syllable location?
10 Does a : exist at the inter-syllable location?
11 Does a ? exist at the inter-syllable location?
12 Does a | exist at the inter-syllable location?
13 Does a (exist at the inter-syllable location?
14 Does a ) exist at the inter-syllable location?
15 Is the the preceding special prefix words + special 1-syllable words: Ng, Ncd, Di, DE, I, T?
16 Is the POS of the preceding word A?

17 Is the POS of the preceding word C?

18 Is the POS of the preceding word D?

19 Is the POS of the preceding word N?

20 Is the POS of the preceding word | or T?

21 Is the POS of the preceding word P?

22 Is the POS of the preceding word V?

23 Is the POS of the preceding word DE?

24 1s the POS of the preceding word SHI?

25 Is the POS of the preceding word FW?

26 Is the POS of the preceding word DM?
49



27 Is the POS of the preceding word Da Di Dk D?
28 Is the POS of the preceding word Dfa?
29 Is the POS of the preceding word Dfb?
30 Is the POS of the preceding word Na Nb Nc Nv?
31 Is the POS of the preceding word Nd?
32 Is the POS of the preceding word Neu Nes Nep Nega Negb Nf?
33 Is the POS of the preceding word Ng Ncd?
34 Is the POS of the preceding word Nh?
35 Is the POS of the preceding word VA VAC VG?
36 Is the POS of the preceding word VB VC VCL VD VE VF VJ VK VL?
37 Is the POS of the preceding word VH VHC VI?
38 Is the POS of the preceding word V_2?
39 Is the POS of the preceding word Caa?
40 Is the POS of the preceding word Cah?
41 1s the POS of the preceding word Cba?
42 1s the POS of the preceding word Cbb?
43 1s the POS of the preceding word Da?
44 1s the POS of the preceding'word Di?
45 1s the POS of the preceding word DK?
46 Is the POS of the preceding word D?
47 1s the POS of the preceding word Na?
48 Is the POS of the preceding word Nb?
49 1s the POS of the preceding word Nc?
50 Is the POS of the preceding word Ncd?
51 Is the POS of the preceding word Neu?
52 Is the POS of the preceding word Nes?
53 Is the POS of the preceding word Nep?
54 1s the POS of the preceding word Nega?
55 Is the POS of the preceding word Negb?
56 Is the POS of the preceding word Nf?
57 Is the POS of the preceding word Ng?
58 Is the POS of the preceding word Nv?
59 Is the POS of the preceding word 1?7
60 Is the POS of the preceding word T?
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61 Is the POS of the preceding word VA?
62 Is the POS of the preceding word VAC?
63 Is the POS of the preceding word VB?
64 Is the POS of the preceding word VC?
65 Is the POS of the preceding word VCL?
66 Is the POS of the preceding word VD?
67 Is the POS of the preceding word VE?
68 Is the POS of the preceding word VF?
69 Is the POS of the preceding word VG?
70 Is the POS of the preceding word VH?
71 Is the POS of the preceding word VHC?
72 1s the POS of the preceding word VI?
73 Is the POS of the preceding word VJ?
74 1s the POS of the preceding word VK?
75 Is the POS of the preceding word V/L?
76 Is the length of the preceding.word is 12
77 Is the length of the preceding.word is 2?
78 Is the length of the preceding'word is 32
79 Is the length of the preceding.word is 4?7
80 Is the length of the preceding word is 5?
81 Is the length of the preceding word‘is 62
82 Is the length of the preceding word less than 2?
83 Is the length of the preceding word less than 3?
84 Is the length of the preceding word less than 4?
85 Is the length of the preceding word less than 5?
86 Is the length of the preceding word less than 6?
87 Is the following special 1-syllable words: Ng, Ncd, Di, DE, I, T + special suffix words?
88 Is the POS of the following word A?
89 Is the POS of the following word C?
90 Is the POS of the following word D?
91 Is the POS of the following word N?
92 Is the POS of the following word | or T?
93 Is the POS of the following word P?
94 Is the POS of the following word VV?
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95 Is the POS of the following word DE?
96 Is the POS of the following word SHI?
97 Is the POS of the following word FW?
98 Is the POS of the following word DM?
99 Is the POS of the following word Da Di Dk D?
100 Is the POS of the following word Dfa?
101 Is the POS of the following word Dfb?
102 Is the POS of the following word Na Nb Nc Nv?
103 Is the POS of the following word Nd?
104 Is the POS of the following word Neu Nes Nep Nega Negb Nf?
105 Is the POS of the following word Ng Ncd?
106 Is the POS of the following word Nh?
107 Is the POS of the following word VA VAC VG?
108 Is the POS of the following word VB VCVCLVD.VE VF VJ VK VL?
109 Is the POS of the following werd VH VHC V1?2
110 Is the POS of the following,word V_2?
111 Is the POS of the following.word Caa?
112 Is the POS of the following'word Cab?
113 Is the POS of the following word Cha?
114 Is the POS of the following word.Cbb?
115 Is the POS of the following word Da?
116 Is the POS of the following word Di?
117 Is the POS of the following word Dk?
118 Is the POS of the following word D?
119 Is the POS of the following word Na?
120 Is the POS of the following word Nb?
121 Is the POS of the following word Nc?
122 Is the POS of the following word Ncd?
123 Is the POS of the following word Neu?
124 Is the POS of the following word Nes?
125 Is the POS of the following word Nep?
126 Is the POS of the following word Nega?
127 Is the POS of the following word Negb?
128 Is the POS of the following word Nf?
52



129 Is the POS of the following word Ng?

130 Is the POS of the following word Nv?

131 Is the POS of the following word 1?

132 Is the POS of the following word T?

133 Is the POS of the following word VA?

134 Is the POS of the following word VAC?

135 Is the POS of the following word VB?

136 Is the POS of the following word VC?

137 Is the POS of the following word VCL?

138 Is the POS of the following word VD?

139 Is the POS of the following word VE?

140 Is the POS of the following word VF?

141 Is the POS of the following word VG?

142 1s the POS of the following word VH?

143 Is the POS of the following werd VHC?

144 1s the POS of the following.word VI?

145 Is the POS of the following.word VJ?

146 Is the POS of the following'word VK?

147 1s the POS of the following word VL?

148 Is the length of the following word.is 17

149 Is the length of the following word is 27

150 Is the length of the following word is 3?

151 Is the length of the following word is 4?

152 Is the length of the following word is 5?

153 Is the length of the following word is 67

154 Is the length of the following word less than 2?

155 Is the length of the following word less than 3?

156 Is the length of the following word less than 4?

157 Is the length of the following word less than 5?

158 Is the length of the following word less than 67

159 Is the initial of the following syllable a null one orin { m, n, I, r}?

160 Is the initial of the following syllable a null one or in { b, d, g}?

161 Is the initial of the following syllable a null one or in { f, s, sh, h}?

162 Is the initial of the following syllable a null one or in { c, ch, q}?
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163 Is the initial of the following syllable a null one or in { p, t, k}?
164 Is the initial of the following syllable a null one or in { z, zh, j}?
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