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Abstract

In this thesis, an unsupervised joint prosody labeling and madeling (PLM) method for mixed
Chinese-English word spelling Speech is proposed: It labels an/unlabeled corpus with two types of
prosodic tags (i.e., break type of inter-syllable juncture and<presodic state of syllable) and builds
four prosodic models simultaneously. The break tags can be used to delimit prosodic constituents
of a hierarchical prosody structure, and the prosodic state can be used to construct the prosodic
feature patterns of prosodic constituents. The four prosodic models describe the relationships of
acoustic prosodic features, prosodic tags of utterances, and the linguistic features of the associated
texts. The experimental results showed that prosodic variation in English word spelling was
influenced by both the prosodic state that describes underlying intonation and Chinese tone
borrowing effect. Besides, the relationship between hierarchical noun phrase structure and
corresponding break type was also analyzed. The analysis suggested that magnitude of the break
type was highly correlated with syntactic hierarchy in a noun phrase.

Lastly, we propose two prosody generation methods for mixed Chinese-English word spelling



Text-to-Speech system (TTS) based on PLM. In the first method, a break predictor is constrcted by
CART method. Then, the related linguistic features and the predicted break tags are used for
HMM-based Text-to-Speech system (HTS) training. In the second method, PLM is directly used as
a prosody generator. Experimental results confirmed that the proposed method one was superior to
the conventional HTS that only use linguistic features both in objective and subjective tests.
Besides, the proposed method two was significantly better than the conventional HTS method at
syllable duration prediction. Therefore, we conclude that the proposed PLM method was
successful in prosody labeling and modeling for constructing a mixed Chinese-English word

spelling TTS.
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Y FERH AT S 2 RDREER SRR FR R B e  BATfRS CB_lagin e

v s g () B2 2 R - (Do A RRERF S LR 266 d S MipBFA
BIEAEY AT AT 2 AR B e N 2 Y g FIR M R
fo& 5 M(rising) ~ Mg (falling) » 7 320 273 2g e Py F 2 Nz 2 w2 32 2. HMM
WAl h B et BB F e ApiTehd g o V£ 3 HMM ] @i~ 34 e s
fAA NI TR BB AT EFAFEF MY 2 A E g L
B3 A Ao FaHS S X RIEREAe? 2§ & 24405 > T AW B2 Al o n

WWSLEF ST & Fpt 2y 2 % A R AT R A T e
2222 FETFARERFREE R

A TR HTS tpd £ & - 5k o 5 » AT S B T context
dependent model ers i A B & % % o 1245 221 ) SR B Y B F AR At I
B M ATET RHC BN AT o AT AR ET BB TRA ST A H

% =x (syllable level) ~ 37 & =& (word level) ~ = 3% & =& (phrase level) ~ = =+ & =& (sentence level) -
9



B fs 4w 4e +ocode-switch snf 3 » Fhmrid % 2 2 "WAPM F S S8 4ok 2.1 P7or

% 21:

< ¥ A BT

level

ID

Description

Syllable level

Pr_Phn
-Cur_Phn
+Fol_Phn

Previous initial/final
Current initial/final
Following initial/final

APhn_in_Syl

Initial/final position in a syllable

=Pr_Tone
@Cur_Tone
#Fol_Tone

Lexical tone of previous syllable
Lexical tone of current syllable
Lexical tone of following syllable

&F Syl in_Wrd
|B_Syl in_Wrd

Syllable position in a lexical word (forward)
Syllable position in a lexical word (backward)

Word level

IA:Pr_PM
/B:Fol_PM

PM type preceding current syllable
PM type following current syllable

/C:Pre_2 POS

/D:Pre_1 PQOS
/E:Cur_POS
/F:Fol_1"POS

/G:Fol=2/POS

46-type POS (Academia Sinica) of word preceding
the previous word

46-type-POS.ofprevious word

46-type POS of.current word

46-type POS of following word

46-type POS of the next word following the following
word

/H:Pre_2 WL
/l:Pre_1 WL
1J:Cur. WL
/K:Fol_1. WL

JL:Fol 2L

Word length-of word preceding the previous word
Word length of previousword

Word length of current word

Word length of following word

Word length of the‘next word following the following
word

Sentence level

IM:F_Syl in_Snt
/IN:B_Syl_in_Snt
/0:Snt_L_in_Syl
/P:Snt_prel L _Syl
/Q:Snt_foll L Syl

Syllable'position in a sentence (forward)
Syllable position in a sentence (backward)
Sentence length in syllable

Previous sentence length(sp)

Following sentence length(sp)

Code-Switch

/R:Code_Switch

Code-switch(Chinese to English or English to Chinese
Inter-word or Intra-ward)

Phrase level

IS:F_Syl_in_Phr
/T:B_Syl _in_Phr

Syllable position in a Phrase (forward)
Syllable position in a Phrase (backward)

/U:Pre_1 POS
/V:.Cur_POS
/W:Fol_1 POS

46-type POS of previous Phrase
46-type POS of current Phrase
46-type POS of following Phrase

/X:Pre_1 WL
/Y:Cur_WL
[Z:Fol 1 WL

Word length of previous Phrase
Word length of current Phrase
Word length of following Phrase

10



(HeT (8 0 B EFRIp A 21 2 FEKRAMAFEE > Z T ERRGREAAE
Bk > T ET AR 0 P 4T

1. § & & =c(syllable level) :

l

i T REW3 253 2 (initial ~ final):

Bt R R TN GRABE R TR E e B 0 S pigeni £ 0 4B
GRRE-E v & I () EE
i FRE P EAET S ED

A RT - B E R TR~ R A E (H) o A ¢ - Bfer &

o

2 A A= de g (L) uded v e s B

> AR - B S Ra VA T R SRR R 2 HERE -

> O ERFARL > NAa=F AR T - BN W SRR R 2 B

LR AR
i, TR EAFY Y d W e deko d em Bk o
V. FRFEAPY R PR RASABF D B ERESBT AR R0

i TR P P(H0)E B A B (L £2) PR kP AT 46 B AE R W I M
P PR R L EE AN AR

i F R PR(H0)& A A BR(£l > £2)ePE o

ol
|

i PR EELE T RRERE
3. %%k = (phrase level) :

&

kj

R RSN LS I L E S Y E IR R S Y



i, F R H RS- BT

i,  FTREFVIFEVL-BEFIL -

E;f%*
=k
<.
m
i
KX
F_x
3 .J\
4
™
ko
\;f;
=
Jik
o
Bl
=1
P
o
[
=1
prs

i A REeosEREaER -
5. Code-Switch :
i T RE TS LT Y Fe AR A ¥ AR # R (Inter-word) fe i o 18 R
(Intra-word) : 4= ¢ < P < 302 2030 % (C-E-Inter-word) ~ & % 37k @ < 39

2 oz p i R (E-C-Intra-word) & -

FE M EH Y R A

2.1 2. HTS = .| » 7 1741 -

12



F=% 7 iyl

rm e irie 2 3 AR A AT [10] ¢ 2P R R AR AP B et
TR ARG AP E ASez A E AR R AT I B Rk T Rk
@ G endp Bt > Rt e B B3l F A & A v & ¥ R (maximum likelihood
criterion )$x * i% 38 & i i* 42 & (sequencial optimization procedure) #15 £ i i* %8> % S35 &
Tre 2 JREHA 3L &R 8 By FR IR FE 328 KA LI R 33

GRPFAY 2 PLMFE 2 3458457 F2 A3 PLM FE 2 35 &P 4 ZHF D HRE

>

SB Y FTIHE 2 o

317 wmhieF3 e

F W*tEE?3E 7 (intonation language) # v~ AR T 0 HFEE - B Y 2 3 d

WM

- ARG EER FEA RS B ARFTERG 411 B peT AED RS S 8s 1300

c AR EARNEAL T FFES > FPERA LA F IR BEL g HPEENE
Bom Bt 2 et AR R S BBL 5 ¢ 2 - Dl AR 0 T oarY 2 - B
PR G- kT A P RRE R AR D3 (High-to-High) » T F &424s 5 B F 4
T EREY LRI - AP R KT B (Low-to-High)shd % © = B i g 4
- JRE M T EWEE R PR E  r B AR d § 1 K (High-to-Low) -
AP 2T BFER)SAERPE YR AR AL A AALIn R S ERRE A
FLerhams 34 AP FAFET o Ld P 2 R DL EAGT o Fltd BT E N2
PG HAREIFA LGB LG PR REFAE S SN BN
AP AL R % L Tone Borrowing o & 7 BRE SN EE 0 A PR-26 Fm 2 F A R H TR
Pfetping ¥ 2 T BEAAE AR - KB > 4B 32 IR 35 d B 32 v pdiEe 3R
{AB.CDEGIJKNOPQTUV,Y}2 fifpifcd v - #ipiv; B 33 plv g iE 2 52
{FHRS X}z M dpr{rr = = Fapi gt obd B 3401 L FRM2Z ARG S A% 2

13



PRk - BERE Y 2 - B F (Low-to-High) > ¥ - A5 s P 2w By 1

(High-to-Low) o T 3t g4k > 32 W fr Z 2. A Lo SR G F§C > 4oB) 3.5 #71 o
Pitch Frequency

A
Tone 1
5
4+ Tone 2
3
2 Tone 3 Tone 4
1L
‘ —p
Time

B 3.1: ¢ 2w BED2 AR

565

abt

585}

851

log-Al

5451

a4t T

=
2
T
535} T L
W
b

B32: 7% - Ffew < 3+ {ABCDEGIIKNOPQTU\V, Y}z AF e

14



log-Al

log-AJ

565

5.6

585

5.4

5.45

£.35

5.3

525

52

5B

8.5

5.4

5.3

52

5.1

§3.3: ¢ 25 Mfoi 3 H{RHR S X2 A 47 1t

=

¥
K
0r [

—r— Tane2
—4— Toned

3=
Al !

B 34:

P Brr w32 M2 A e

15




58 T T T T T T T T T

=
I

8.7

log-HJ

52 .

5.1

5 1 1 1 1 1 1 1 1 1

B35 % 2 3 AW Z 2 A puir

B
i

i
2 > & 31 ¢ R b R (Inter-wod).E 5. code-switche :§ F pF > H imdp £ R P AL

Tone Borrowing e 2 *F o 3V i 2R A F7 7 E 4 3 & code-switch fj #k e

Non-code switch & % & % % ¢ @ @ i B (Intra-word).™ = code-switch 2 7 pF > & 3

¥

Pk o APGRL §F L REPRFVERFESFELN L - ot s LT BRE
A ¥ € Aot gk o Fet code-switch s 32is #E £ & € ket — 45 Non-code switch e

# 3.1 : code-switch §= Non-code switch figsnT 32igsppr £ » B ¥ Jogh v fcig 5 H g > 2 o

Mg R R

Chinese-Chinese

English-English

Chinese-English

English-Chinese

Inter-word

0.05 sec (4416)

0.06 sec (1)

0.16 sec (441)

0.11 sec (435)

Intra-word

0.014 sec (4206)

0.037 sec (993)

0.06 sec (20)

0.0408 sec (47)

16



32M R EFNE

Ty sy ¢ 2 e gk[lgl%ﬁfr ¢ 2 R R R RIE A 53R & 28 fi(hierarchy
structure) » — SR Fw K G o 4oB] 3.6 o o F KK TR 5§ &K =1 (Syllable,
SYL) ~ $8 =3 & = (Prosodic Word, PW) ~ §g =<&3% & = (Prosodic Phrase, PPh) 12 2 :Z 3 &% &
= (Intonation Phrase, IP) o d *t— P 2 3 5 - B3 & enfFd FIL AR TR EE ~ 5 5 &
BZooa e BEANT R REE L REEAS LAY LR PR ETE
FERYERELE S R A ) Ed
i et F et d Gl ¥ A2 A EFRL L ??#E B T LA R
PaegiA-BEA S RPN EEEEANEd - BA S BIpETEL > BB R

RER R S AR CIET e N e ry S (S P ST S N e

- B F RS Efi‘.*‘r’f”ﬁ-‘ﬂé'm =+ 5% ’ﬂ,%kﬂ'Jg"Fﬂg%ﬁﬁﬂf%iﬁEO%ﬂ&j v R
L] (e f?é}_ﬂ# - B3 BB 1[} =2 'f 5 B g
IP
P‘P P‘P
PW PW PW PW PW PW PW

SYL #% e~ 7 F v A

|4
.
<k
P
A
=R

SETIET

B3.6: ¢ =¥ Lenry IR EER - ARFS [19]

s ERAcE 2 [20] LY - B R R AR RS o Ao 37 1T o
B 2 EREA T K B R Io¥ - B EER- R A H 5 S &k = (Syllable,
SYL) ~ 3 =3 & = (Prosodic Word, PW) 12 % $p =423% & = (Prosodic Phrase, PPh) - % w & | &_

i@ § e PPh 2 & & - et (Breath Group, BG)k 4 < 2 5 A4 2 3 £ it

17



FREREFLATRAELY BT FRIED ST L HHBG e i ¥

(Prosody Group, PG) o @ it #r3iend K 2 R * » fiikse k% 4 > BOfr Bl #* 4 SYL eh

LU

# R > £ w4t B0 % 5+ reduced syllable boundary - B1 B ¥_normal syllable boundary -
"

/> BG fr PG e > B4 & -

% B0 Z BLeruf i J? 81 4% o B2 2 B3 A % A PW fr PPh 8 % » B4 4 B5 B L%

B rfex cnizdg > BS B & - l[}mﬁf‘,pﬂ_ﬁj\/zm # o w

P AR X P e kg & & R F& (final lengthening) 14 2 & & et 33 o
B5 PG B5
ik o
BG B4 BG
- '--.‘ "--.‘
PPh | B3 PPh PPh
_‘_._.-- — “ ""‘-\-\‘
PW B2 PW PW PW
izz" ‘-..______.-- - -_* '.*
SYL SYL |BI/BO | SYL SYL SYL

B 3.7 1 1 K 5% % 4E3% 3p = o ¥ (Hierarchical-Prosodic Phrase Gruoping » HPG) % # - [20]

A AAER LY W g e ke OB Y v LA W23 A LRI RA
AR A AU ?&‘I‘H’K;E—E} HEH P 2 F WA > FIS A PR Al ¥
FonenfiRT > m e A ALk K35 =% it (High-Level Prosodic information) £2 35 & %785 ¢

T IR U E B o ek, ¥ 31 & ¢ 473k T| en Tone Borrowing 2. 3

< 3¢

Pl Fle g Y 2 BN ENFTORRT B FRADE S RFLEIF G H
ReEa EEAE L R

A ABEI R 2 - B At b iE@d > Ay v 0w HPG 0P 2 3R

- HH e I iR (S engE ’f?'Fﬁ B2 A

BARNPEB2 L wAs L B2-1-B2-2 2 B2-3 ~ W R & P A B £ % (pitch reset)2 §p =

£

## B~ &% #F (short pause) 2. # /2 75 F & £ 2R (duration lengthening) 2o 3

18
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PR RFAPUBAB5 £ 5 BA HBIHEEED SRR 4K 0 4oF 38 5w o 5
&bt KAFTF AR 7 41 47 125 (Break Type) B ={B0,B1,B2-1,B2-2,B2-3,B3,B4} » % {& 3z
v i EE A & (SYL) ~ 45 2 (PW) ~ 35 2 @8 (PPh) 2 v 3%/3) 2+ (BG/PG) - & 19
AR A N E e e A AT 52 € Flh Y 3R S BT AT iR

wh R R 2 e

B4 BG/PG B4
e
PW | B? PW

SYL SYL BI/B) SYL

B 3.8 [ AP ZHTF TIRES AR R

Bt i-B2 4 3 E FREARR AR ORR R H SR EEFE M RG A
oo Rend - w3 L uEE X B BRELKRS @ 4-B3 2 B4 & E P AT LU PR
PIhBEF AT 0 e §EE Y Rk oy k Agr 2 o

TR - e K AR SRR i R AR R ke
BREHEPEL g P EFe s SHCRIAE T Y - L F G e 3 Tk
RkFROLrelprednd o PRI ERE HA RS LR 38 E Y &

i%iﬁ&ﬁ#@éﬁw%ﬁ% AT R A gk 0 AR R

i

By R R EfR AR DR BN B A AR BAHS B AT 2§
HERE R R PR R R E/ R EERI AT IR E A HE
AEEERV S RN ES P BEE R WY T8 TR IR

EHHF A RAENTR o B2 33 A E R SR EPRERELSURTE B



l=

WP R AGeFoEE s B ERER I Y FH AR BB T

1 N
T
[
3
g2
-nqy
Imk
EL]
F_L
A

-
g
-6:»
mls

R 7 RN R -

KRR TR Y B e AR AN LAY ILEF A LR D2 Y 2 T
(PLM)jw it @ % » Fpt et £ A2 im3) ¥ = PLM» 34 &1 4 8¢ F = d3edp i o

e PLM i H % 5 mgR L ka2 BER SRR oW 380 17 T ko i
BBl I MG S8 - BASA LT A RS OER f R d BaEEes &
HEAA SR BRI LT A SR B PR § 5 A T R S
FF P - REORAL 0 253 WA T F A AT Bk S e g ARR o

B dp e VARG T s 2B A T S L LT

PRSI S EdpEthie L B &40 0 FEF AL & - R B Ao S licfE B AR o T

T =argmax P(TIA,L)=arg max P(T,AIL) (3.1)

EREEE? 27 A REREGE S FFRET AP - L LT A SR AT
T &R B RREST R A L SR B B S
B={B0,B1,B2-1,B2-2,B2-3B3,B4} » # & %4 3.2 & #rit » L B Fe A F - K EEHPER -
V- et s @Bk LR 2 R A2 ARERLE AR A GHE I fon
RitF@hg gREREp - FEPEREqQfrs SR 2R EREr - F 3 PERE AL 40
RSB E’?"?/,% P TicE B 5 R F S S PRSI B RS
SHEAPEEHE BT PR R ER G SR B BRGNS B BN A
FEFAARA NPT R AR R AR B A0 B e’v’ﬂmk o S iFE
2 T aIpEHRL E 65 T=BPS} £ 7 > PS={p,qr} s ip Bk i the & &

PR BT 2 BB ST A L 28 ¥ - SRS Sl S &3 & 28 (syllable
prosodic feature) » Bk % — &F FBfrip R L fRkie s A3 M > LB 3 SR Bk

MRS e Bl Sl S AR FE R R E 2 C 2
20



B S gen]r Rmp g SR iR AP BRSSO S S et &R B R

B ML > R R e B S A b B S R SRS

¥ (inter-syllable prosodic feature) - ¢ 7 5 & & % chiz#gpr & ~ § &8 B coenergy-dip level -

M HE S8ch 5 & 438 4 #c(differential prosodic feature) » & 7 & 1t A HEE @

(normalized pitch jump)fe i it 3 & & & 2t £ F]3 (normalized duration lengthening factor) -

e

SE i REEE EHAS TS ESARFATIsp 3 HERA s~ 3 &

N

2%

B A se s mHEPEL A A pd ~ § a0 £ M gk(energy-dip level) 5 sled ~ I AR e &R A
R B P2 TR ag & & RuE L T3 A A d - df -

7 pj~dl~df & uRE S

PJ, =(sP,.. B, , D) ~(sp, V)-B, (1) (3.2)
SRS TR SEUEE " 8= = R LN E CRN NS e i e
affecting patterns (APs)

dl, =(sd, —, 7, )~(sdha =777, (3.3)

dfnz(Sdn _7/; _y%)_(Sdml_}/tml_;/sM) (34)

By ey, A AT EBE AR SR LR EF KD APs o

Flpt B8 28k B & 5 A={sp,sd,se,pd.ed,pjdl,df} > £ Fl il mas L SR Sk
X={sp,;sd,se} - 5 & P if = 5-d Y={pded} 1 2 § & L i} & 34 Z={pj,dl df} -

INFTHES G T RR SR P AR SRR A A K Y g

a-:# B 4] & (Intra-word ~ Inter-word) ~ :#& 2 POS fo$t /B I e B8 2 5LAE A & o -5 B2

9

b E 0L AT 0 SRR A SRS GAH B A F RS RAE

2 508

B

L=

‘;.

A

ll'L 32"15'

W
)
\\\Xr

B KA T BETFT RN REARE REERE D
Bheg i

\t

2%

>
v

&
ks

B2 X

oy
bl
V“tﬂ

=i
Xy
Ry m&ﬂ;
hio o

-\}_‘\
I
ml4

o BRI Ft L OMSE o R el R FS b
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ko @ T 2% 43P 2 & S reduced linguistic feature | -

% 3.2

CEEE ST

e

A bt 3.2

s ip R AR F A T 2

T : prosodic tag

B : break type

PS : prosodic state

p : pitch prosodic state

g : duration prosodic state

I : energy prosodic state

A : prosodic feature

X : syllable prosodic feature

SP : syllable pitch contour

sd : syllable duration
se: syllable energy level

Y : inter-syllabic prosodic feature

pd : pause duration

ed

: energy-dip level

Z : differential prosodic-features

pj:
dl:

df :

normalized pitch jump
normalized duration lengthening
factor 1

normalized duration lengthening

factor 2

L : linguistic feature

|: reduced linguistic feature set

t: syllable tone sequence
S: base-syllable type sequence
f: final type sequence

U: utterance sequence

%
&

)

b iEtdh o T

P(T.A| L): P(A|T, L)P(T| L):
~ P(X|B,PS, L) P(Y,Z|B, L) P(PS|B) P(B

d (3.5)5 47 12

2 7| B,PS,L # 5

BT fHL 2T

K1) P(PSIB) » * % 3 4f £ i PS

D B3R AN EF

TA 4 eh

#(3.1):cH 5 -

4p

B AR
Ha R ESEY 2

S % I i 4 Rz

22

B7% Ik

P(X,Y,Z|B,PS,L)P(B,PSIL)
|

L)

s s ek ¢ 2o 2
g”g‘gl%ﬁ ;b HE R e Y

(3.5)

3 EIES
FHA P(Y.ZBL) » % kP &3 A

'E] ;‘f"éfﬁ i%ﬁiz AN I’ifl/ ’ BF' l—;P‘ F&@ﬁ?

A



P(BIL) » * #ip @ #iihse BfriF 3 £ L 2 B enbf 1% o

ST - HEM e B F Lo F @8 AR P(XBPS,L) T R A 25 = B

AUEERE &5 B R FISsp ~ F & B Alsdfrg &t £ B 7 se o I K sp ~ sd frse s it
PRI TEBREEF I LA @At A EEAs AT cF e udE

A fe PS={p,q,r}f-i® % &= B » Flt 7 7 3
P(X|B,PS,L)~P(sp|B,p,t)P(sd|q,t,s,u)P(se|r.t,f,u)
zﬂP(spnlB:.l, pn,ﬂzl)lnﬁ_l[P(sdnlqwtwsn.u lilP (selr, .t f,.u,)
(3.6)

N

(36)s" # % - ’ﬁ+*3’:”‘JHP(SpnIBn1, AN A A B ] B TRLE T R N
B & A sp, £ B P 5 F0F 3p ESRE P,  B oW R Qs B TR A Re B {r B BF
BEL - B EEN LR g B FBLEB B G =t ) o der - R

B s RS RN R

P, =sP,+B, +B, +Be . +Ba o TN for 1<n=N (3.7)

)

Sp, 2 BLET|hE n BF &35 B i (observed) » pt B AR & F B BB

# (Orthogonal expansion) » < #: %]z i Legendre % 38 ;N A K T Flw 21 2 1 fdce (3.7)54 7
B, T F H R B RS F R X P AP tp, & tone pair 7 =(t,t.) * Bs . 1T B,

AEEF Nl BeF 0 Bg EATT OB SRFBS AP o o K RF e i iR

v oar 2 . - f _nf
B A BN PIFoRLER o A u B o B, &R 2 0 Tl By =B
BE, o, =5, = B GIPEE SC AP e SPLRT A BRI (S ehsp, 0 T G sp AF By
By, Bém,tpna A Bgn,tpn fop ez 4 i (residual) - B 3.9 &7or 41 sp, &2 gkt AR FI 2 B o0l (R ]

%ﬁ d B3k sp;, £ — zero-mean = normal distribution - ¥ N(sp;;0,R) » 2% i ¥ 12 {8 3|

23



P(Spn|pn’ nl't:Jrl) N(Spn1Btn+B +BBn1tpn1+BBntpn+uR) fOflSnSN (38)

H¥ REE L Sp!hE % #icsE L (covariance matrix) o

FIZ(3.6)5% ¢ % = ~ % o A BOAREdE A T LE B
P(Sd |qn’tn’ n’u ):N(Sdn;}/tn—i_}/qn+7sn+7/un+ﬂled) (39)
P(se, [1,.t,, f,.u,) =N(se,;e et o, +a, +4,R,) (3.10)

B9t tH i 5 Esd B ysEAHEFEH F i APs> uy, &2 Ry &~ W %57 global mean
B3 ERAE N FHEE(310)0 T F e Ese B a'sETE LA R APS

U, 22 R, 4 w4 57 global mean £7 § & i; £ 7 4p (& s S e o

BFREL L2 HAP(Y,ZBL) ¥ & #fFi o 85
N
P(Y.ZIB,L)~P(Y,Z|B,l)~[ [P(pd,.ed,, pj,.dl,,df,|B,I,) (3.11)

# ¢ P(pd,.ed,, pj,.dl,,df |B,,1,) £ » &Hte v 7 #H(Classification and Regression Tree, CART)
Ak B F s dp B F B & i S0Bc ¥ (Maximum Likelihood Gain) - #-5 &

Fizsg L R(pd) 5 & @i € <8(ed) /a3 § &2 & R0 FKIFEE E(p),) ~ tpHES

ol

Gz p R L FF (A~ df ) {3 F FiRaER R FED Sl EFASE LR

24



fidpiieE > - AN BE BEIEDT B S8cs N 2 opdfs kg * - B
gamma distribution % ¥ i pd, » @& 43 > * = B normal distribution ~ %% it ed ~ pj, > %

dl, ~ df sha 35> Flp (BAL)7F ex B & 7 Bd 5 A i ehakff ¢

P(pdn’Edn' pjn’dln’dfn|Bn’|n)=g(pdn;a8 Ay ’ﬁB Ay )N(edn’luB Ay 'O-é Ao )N(pjn’/uB Ay O 2pj

NGl o NG, 08 | (342
PR BB - PR ARG AR B AR5
P(PSIB)~P(p|B)P(aIB)P(r|B) (3.3)
m& S HEA > 7 O* B 2 fi3](bigram models) A~ B & 7 5
P(oIE)~P(R)| [ TP(R. 1P, B0 (3.14)
P(lE)~P(@)| [ [P0, 58] (3.15)
P(1B)~P®)| [P 15 B (3.16)

2 ¢ P(p) ~ P(q) v P(K) » & %k B 7 F 35 B0 A2 4o 48 & (initial probability) >
P(RIP2 By ~ P(G161 B, ) T P(LIn, BL) A BIE T & 7 i R - s R BT R3e
B, fiRT > &% n-l B3 &R ETIE n B3 &R AR G i A8 5 (transition

probability) -

Bofs it AR S BRI PBIL) B

N-1
P(BIL)= P(B|I)=HP(Bn|In) (3.17)
n=1
ELINPE WS LAV <1 S WAR VR S RSP & S W U R i DL S R

ez 8 0 BRI F REkI AL .
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347¢ w4 PLM 7§ 2

Bk PLM GF 82 AP 2 3 & 5 8 op i enicd] o @ kdpt B E R 3R g
Mo AP REBELFZARL - AT E AL 27T HMATE M~ My) o B2 32 4o
v g &iEgaRgiot Bk xadrii > Dihce A R hRpRe kg 2
BHERE R LB E R EE e R PLM - o T RA LY B2 AR PLM ArP Bt R
£¢ 2 PLM e B3 03] » 1817 ¢ F 2 & eenip R R 3 2R

HA o B - BHA S S ERIPXBPSL) o4 33 ¥ A jA T UL M3
B 3] 0 dow i (3.8) 0 ~(3.10) 7 > A B HHEE S & AP E Fsp ~ 3 & B A sd ey &
WNEAISe o A EER AN Ko G HAFYE 2 (3.18)~(3.20)58 - A B L & AR

PR 3 & R 2 S S a B .
n

P(Spn|pn7 nl’ n+1) N(Spn’ptn-i_ﬁpn-’_BBnltpnl—'_BBn tgf"u R) (318)

FEL R (Ve T T RRA ST 2 ]

i<

#¢ - B,=B,B )’t::rj:(tml’m’twl);ﬁt
E”ﬁSfﬁﬁ‘ﬂ"”]\ RS- -2 fﬁf’\’—?ﬂ%ﬁa;—fﬁ“%imi‘ﬂ a'ﬂﬁbﬁ»;%j—_’}% 32 up

t, efL.2.34,5AB,..M,....ZM} » B, &3 @RI ARG (p, )L %% pi global

mean > R A A4E2Z £ FHEL > By o PBr, 55 FFHEEF B TS d 0 RERL

Ne
\S

532 fAuE] > @ SlcE RFAALFTEZZ TA > B2 T168(R2xA2xT) A s > UK
WhRES FEPEEFITHE CEF B ERE G FHORD Fp AT P
CART i ¥ % » #F ¥ wf @ Sl £ (246 2 BE %) 50 @4 MR 0, 0,GF
Fe L k- ) 0 A Bl 2 A g A (Forward - Backward) - #-4p iv3d § S 7 £ H HEE o

EPE SRR S AP (T Aol Rl orHE T A AR L Bk T R e L E K P

(Maximum Sum Square Error Reduction) » 3£/ § Fiife #5436 &7 4 5 -

P(Sd |qn’tn7 n’u )=N(Sdn;7/tn+}/sn+7qn+7/un+/ud’Rd) (319)
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By domsd 2 APs e bt i o AP MR B FARL - B LEN 2
t e{1,2,.5AB,..M.... ZMY e s, id v 411 Ak San] o wd kL LT R g
s T LY o Bea TLF’g;\; 7 % o ¢ ~ 3p* fuﬁggu 13 %7 - rﬂﬁb/(?jl;411ﬁ 5%}‘»?;?1“%\' 91
o BSFHRET o5 e{l~824F} v e sd FEXFAPE p AL FE 0 FEER FA Y
Feogd BARPSEINH - 0, 23 FFELMERLE 0y, PR EF LB RE 4,

¥ R, & 6] 4 7 global mean £2 3 & 7% 4 & chx B #ciErE o

P(se,|r,, u)=N(se; e +a; +ta, +a, +u,R,) (3.20)

na na

H9 o' %7562 APse Bt e{l,2..5AB..M....ZM} " f e{,2..40} > £% 40

\d

07T 5%

n

\“““3
™

SEOR 2R o, 2 F B R

Wi
Y
iy

Bip* > Ry @IEY FAE o o, R

(Q

Hy
g
\\\?{r

#ico u, 2 R, 4 ) 4 7o globalmean 2 5 & ik & AR B chk RHcEL o

$2OBAEA] A R 98 50 P(Y.ZIB L) £ el B el e ® ¢ PLM - 4 0 03
#F VR (3.11):0 2(3.12)5% v = BB CART i fhido, @ % a0 5 B+ i 30l &
Mg SR BAE L B (pd,) 5 SR ACE M2k(ed )~ AP AR A E 2 1 A1 A e (pj,) ~ 4P
A g E2 pi g f A (] df ) B AR e RN AR 0, 0 N e
IO )EFEAR S TEFREEeE: - 3K A BE B SIS B S is BT 2 opdfs
Kbt Lo w5 % - B gamma distribution k¥ it pd, 2. & w35 0 % = B normal
distribution 4 %l#5 it ed ~ pj,~dl 2 df 2 4 G FA, 0 B EE A2 RLY 2 PLM

PR AR ANET SO - d N EY 3R R RTEAE Y TR R

T o e PR 3 E S S¥k 0 4o code-switch g & %5 € 1 — 4 Non-code switch sk e -
Bho FlP BT ST B R < S P B R BE A grck o

$Z B REREESHAPPSB) ¥ 2 PLM > Rt 034524 = B bigram
models » A Bl it = F835 Ak G 2 AT e 2 A5 B 7 0 8 5 R (3.14)~(3.16) -

B BEHCA C BHREFE I HAPBIL) B¢ 2 PLM o & * CART jF &% > b+
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Sl AR B A BT RHT 0 T B S| AR A R B R AL

I

(0,)F B EEFHA - m TR 2583 58— K78 55 EF>F* > 4o code-switch

ek

FF R G RE g BT E R 0 B0 A 2 AR B22 s SR EIRE o @ R RGe

FERT|T - B EnBRAAER G TR FI R R BRGS0 A
fo P o~ B2 A s 5F 0 ek 3.3 %17 -

%331/ 3R bipik

INULL A~E~-M-N-~I~-O-R~U~V-Y-
F-H~S-X-L

b(“7) ~ d(%7) ~ 9(K) B~-D-W

sh(7) ~x(T) C

zh(®) ~ () ~ j(U) Gri~Z

pP(R) ~ (&) ~ k(7) P>TaKsQ

#¢ FrHS X L Flaedesfg & &34 (voiced) » B “§F#g & INULL -
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35 ¢ ¥ &I ALY R

AERA AP F T34 SN2 mEE P BEARPLM A pr s FAER A
WRER s R BRI R E AR R IR 2k B b mﬁF, e S i

7/

(objective function)4=—™ :

N
=(HP(Spn|pn,B:1, w1)P(sd, [4,.t,,5,,u,)P(se, [Tt 1, )j

(P(pl)P(ql)P(r)H P(p,| P, B,1)P(, 9,4, B, )P(r, |1, B, Jj (3.21)
(H(p(pdn,edn, pi..dl.,df. |B.,1 )P(B, | |n))j

AR e A2 & 4 = A B 30 54 et (initialization) 2 €  A4p i (iteration) - 4>+ 3.5.1

§fr 352 &Fm i K H AR o
3.5.1 #= 41 (Initialization)

Stepl @+ & W4T i5E

PEREAM OZEER - AR AWM TSRy, B pE A 8 5 R I A

TEBETFA A - BER 0 E ST

Z(spn p)o(t, =t)
B, == , fort=1---,5,AB..M,...Z,M, (3.22)

Zé(t =1t)

N
D (sd, — pg)S(t, =t)
y=tt , fort=1---,5AB..M...ZM, (3.23)

D s(t, =t)
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N
z (Sen - /ue)é‘(tn = t)
o =t , fort=1---,5AB..M. ..ZM, (3.24)

D s(t, =t)

Step3: R ANF SAEFFELE(, > a)

n n

BUEE R A S L RORE T R R

mly
N
(g
3
RS
=g
-
e

3 A1 B 91 s & (7 AR M AW x 13 fE3p* 4F > SR 2 1 IR 82 47) -

AP A 2408 A Ay v &3F2PF A BAPS L0 355 250 4o

> (sd, - g1y~ 7)5(5, =)

y, =2 N , for base syllable type s (3.25)
D 5(s, =59)
n=1
N
Z(sen -, —a,)o(f . =1)
a, == ¥ , forfinal type f (3.26)
2. 6(f,=1)
n=1

Step 4 : &3z 4~ 4 1t i 3 {532 (Initial labeling of break indices)

1% £ 324 Y ~Z % ¢ F a5 Bagh & (pd) s & £ ig(ed) > I A1 KA R
BB (pj) 2 B ARG Ha kT (dl dF) b R [10] # 2 R e 2 g R 8
B AR e A e B AT A B (B) 0 4oB] 300 45 o f G B BT R RIS R -
ERDEF LB DS S RBEPEPM)PER T T § 5 RS PREEL > Fp AR
AL TR H 2 B3E BAo B0 & S faiih SR BB > ¥ ke
AT AT &2 B0 ¥ Bl Aa BO £ & B A4F % 4 (pitch pause duration) 3@ eis &g
fhie o Fl-FFd @ pitch pause duration frix® g & it £ MBH A BO fr Blo gt b &
Non-PM s vh 5 & b ¢ 5 @ Bfe R chinsgpr & ~ O B2 § L &£ > P& g
¥ % B2-2~B2-1 % B2-3- ;ﬁr‘ W2 FE T FRE R Sl o AP T - 2
R Rl gt A e ehthreshold Th1~Th8 > i i i izt threshold Th1~Th8 p # it {7 4~

de A AECe > BF AR A 1 et Kehd - R T 4534 e o /47 _threshold Th1~Th8 2.
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ed, >Th6 and
(O Pitch pause < Th4

dl, >Th7 and
df, > Th8 ' BO |

Ye, >Th6 and
Pitegh pause < Th4
N

BL

| BO | | BL |

®) 3.10: Break Type 4 #fi- "7 7 B

Step 5 : - HAvdhe it H B A% B (Be . P )
Bl [ raid @tei(eza2 3270 Agw)s 5 afRT » AF 7 B
CART & & i #-4 wjiE = 5 47 4 {ok(Forward ~ Backward)#-4+ |2 4p i chle £ 327 & & o 5

£ d #F 50 (3.27)2 (3.28) v Al v e e § S liciF 5 CART o+ #¥(sample

space) °
N N
Zspng(tpn—l :tp)5(Bn—l = B) Zspn5(tn = J)5(Bnl = B)
Beo =" — (3.27)

> 5(tpy =tp)5(B,, =B) D 8(t, = )5(B,, =B)
n=2 n=2

Zspné(tpn tp)5(B, = B) Zsp S(t, =1)5(B, = B)
B =" (3.28)
D" 5(tp, =tp)5(B, = B) Za‘(tn =i)5(B, =B)
n=1 n=1

He tp =(t,t.,) 't e{,2345AB,..M.... ZM} #3837k g & R (B, ~ BRI #

¥ T ;IJ; ;uz‘;J»_’;aj;
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K
ZSpk O, =
k:l

Be, .= —B.(t=1) (3.29)
25(tk,1 =t)
Z Py, Nké‘(tk,Nk =1)
BB = —B,(t=t) (3.30)

Za(tk,Nk =1)

W~

2Bl B E - il O HPFEAKL S PR Ao F AL EF R
BillRECEMTDELT 5.
ER g spen M > RBEFEEO, ~0,  HF* A HER S &+ T3 Rfeig L% KE >
T_%& node k== > Sum Square Error(SSE)4wE
> 1By —ul

E(k) =P (3.31)

2. N

Ng €k

z BBtp B.tp

B ek 9 v v
He =28 » N aw% &% 5% e nodesk&nim ficr Bl 555 &3 3% &node Kk
B.tp 14 4 Btp 14 14
2 Neg
Nvaek

e Forward & 5 $-#c( At 2 Forward 3 &) > Backward e 32) o %]t & 2] & p](MSSER) 2. # %

e
q'=arg max AE, (q) =E(k)-( E,(k[a)+Ey(k|a)) (3.32)

HPpERAERLHFS - BEFLEFIE(Q)EHESSE T & %87 Y N 3 node kh3 &8k
fiu}ygu_t BE NPT E s A AL B Y 7% dy fEEFAN o AREE S K
T L AR AR S E SRR ¥ EF BRSO B D gl 5 SBP-TERE 0 R A

IR
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Step 6 © 3-8 A= 4 1t PR R (B, 7 @)

g AR FEERNE SR L B A it B O kg %K‘Z}gifv - |47 3 B
MR EANVQH AP EISAN  FEERANZE I SRR F - BRAERLEPE

Sp; =3P, _(Btn +ﬁ|;n71 e +Bgn 10, +n)
sd, =sd,—(%, +7,, +44) (3.33)

sey=se,~(a, +ay +a, +14,)

_;t_!ﬂ aj&/},?l'—’ M;}éﬁpf_‘;{}[{g&\{ 167f§°

Step7 : P 4F2 $B~ £ A4 L F chd

Wi

0 A D B g & G R B AR B (p]) b o e A LIl A
PR R EA Tl LS N FE KRR (B 0 F 11T S G B G
R A SR g E o e T e A (SPD) - W hw 2 LF R T o pj g i

SR § 3 SO IEERE KRS S FPr

spy=(B, +Bs, ., +B 1, +Bp ) (3.39)

Step 8 : JP~3p 54 & ## H-2(P(PS|B))
BAlse % ehgp ARk B o s 4 e 1L Ap $3 B (relative count)e U o B AR E B A e

T o Rk S

Step 9: P izn 'JE'F‘ ﬁ“v B33 B w;;,]( P(B| L))
g CART B i 3 170 Boihqeid 3 WAl i e b A i o £ 5 A AR %

m R RE THAY o AE - BEEER T AR S A R -

=]
—a\-

%R 48 5
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- _C(BIi)
P(Bi)= VZC(B’ID (3.35)

B'eB

PBl)*ZFesiBErag? BHRECBF > CBl) 7 asi BESI? BHEcB D

TB; :g;; o

Step 10 : KB~ ie 22 &5 73 (P(Y,ZB,L))

doip Step 9 - 15 0 B~ CART i 5 2 F (Fie ke BFHR] - » AP B ity 5 &
AR R o pd, ~ed s opj, o~ dl 2 df) > X2 o E - gk 2 - HEA KA A
& B A B K- Sodie pd, 2 Po3B 4 T g(pdag B ) 0oed, ~ p), ~ dl s df 2 B B e i

2df

N(edn;ﬂan,lnvo-én,|n)‘ N(pjnuus iR 1O'ZSJ| ) N(dln’/uB i ’O'zgl 1) N(dfmﬂs PRT-ar kiR S e

pe {}\g;(@ )Egj\ PR ’H—fr,%-lwﬂl_; ER el w0 - SN ) 'Z:;}%»Z Fo i s e K7 R R
3o 640 B2-2-B3-B4 7 § 2N A MARS FARAR MR TH § o HER L B3

BT o RT - B & Al o FIEOBOSBL, 2 ¢ AR BN A TE LS

I

Step 11 : RP~F &3p & HA 2 2R gL
& 70 F @ AP HEII(sp) ~ F EFAN(sd) xR a i £ (se) 0 g cig 25 B AE -
TEERUZE G E2Z APSUE R EAZTEN- BLTEHELEARMNAGREET £ $B &K
B A B 4o T

N

2_spn(spy)’

R=01 3.36
N (3.36)

N
D sdy (sdr)’
_ n=1

R, =1 N (3.37)
N
> sel (sel)’

R, :HT (3.38)
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St
e

5ph =3P, — (B, + By, +Bs, 5., 5,5, +1) (3:39)
sdy =sd, = (r, +7, +7,, +Ha) (3.40)
ser =se, — (o +a; +a, +u) (3.41)

3.5.2 € % & (Iteration)

FOOA M EAS O RFEFERE A R EFAR DI EE Do FEFEDT it

ez H @ 03 Slic o o BAr TG
Step1: L ATH B P S ue(Br 9 0 )= ¥ APS B
Step 2: 4f 4 4+4p i ¢ Step 5 SICART A 818 % LT3 R85 4By By Bo Bl

H v APs %o
17 A gt eni > dod 3 4 ARSI Forward & i o 4658 ATk - Backward

A SR AT ISEE AP 8 258N Ie(342)5 2V i v 1B 3 { M B s Forward i@ § %

(Bi o) i Sl €372 = - 3E- R 9 3 { #7404 4 » I 3= Backward ¥

(3.43)5 { A7k 3 2H(Py, )& ¥ 3

=2
She
4
3

L NE o RS Ed e b - A2 AT S
B;hfl 1tpn—1 :spn _(Btn +Bpn +Bk‘)3n vtpn +u) (342)

B 4, =sP,—(B, +B,, +BL ., 1) (3.43)

Stepd : { AT ¥ EHEL(R-RR) -
Step 5: 1 * daF b 3oF 7 & ;= (Viterbi search algorithm) £ #7432 3p =54 i > @ #7(3.21)7* 2. Q
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X o

Step 6 L ATHR EMK (B, vy @) I LATHR AN G ESHCA(P(PSIB))fr i = { A7 % 3
et (R R R)

Step 7 : f1* A - JF FH 2 AR R R R FB21)0 2 Q5+ > X P R & { AT
Bk s @4 13 (P(PS|B) ) fr & # 2 2L (R-RR))

Step 8: ¢ * CART ;#5512 AL 8 O, - €472 = B3 &30 4 53 (P(Y,ZB,L) )fr ik 4
e 7 A(P(BIL)) % A- WA

Step 9 : & 4F step 1~step 8 & Iz ar s 1k o
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Frd HERIAPRER LS

AR SPRGER S Y H R 530 ¢ SHGRA RS T2 0T £ 485 50
§ s 12185 B & 0 ¢ 7 10504 ¢ 2§ &g 1681 BE Y T o HREAA G RA L
%N 51 =tzac 0 H ¥R 2 & e Bk @ (total likelihood of objective function)4- ) 4.1 #757 o

GAFEBG e BT AERBEE R R AR A1 041 $ 48 SR

\\\?{r
\ ﬂ"

PPN 24
EURNERE -

Bt S EOT BB 42 § 00 41 BT e B8 0 % 43
A A A A LA T e 0 44 ERLE 4T B ARG S Al s R 0 s 0 45
Al 7 3p B g & -

w 10°
9.2 . ' ' ' '

8.6} i

86} i

5.4t i

Total Likelihood

8.2t i

7.8 : : : : :
0 10 20 30 40 50 B

lteration number

Bl A1 s =% e e chd i iE

4.1 % &3pEH)

LHENAA T A B AR ED SRR 3 FERNZ D SRS

FlABEETA AR AHE  F ARBZ B RV 52 2 SREL 0 A 4T
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4217 213 -222 -1583 295 0.26 -0.04 -0.03

213 986 461 -484| 026 234 155 03 |
S x10*= R_, = x10
Pl_222 461 162 -121 ® | 004 155 993 0.02

-153 -484 -121 5098 -0.03 03 002 453
Ry =402.2x10° = R, =171x10"
R,=3109 = R, =0.1949
Ao TR E B K RRCEL L ey SR ARl o EP ST R

A5
CR

mly

LBBETE kKD $ Y BELEPR o BF A 41422 43 )4 u]F]d g
RREY R EE RFEE 3 AR R REFR(AP)L T o & S aeR A A
¥ % # (Total Residual Error, TRE) » % ?’r’a‘r“ﬁ% FFAPSE > AR EZ R RS AT R
Bt B P RFLAEAPSHR & LR SRR AP EARR o £ 427 @AY
SEANE AL RE A v 2

<

i
/ -
i

oy
By

2 BT R g i R X SRR

bl
B

DER TS T 3 PO FDSIENS T AP SRS A TR TR

oy

FES A2 8 AP TR NIT SRR A 48 @A TR E e 34 2 ST R T

)’ghj A3 e A ERE v FAAI RN EA E RS Pt s FERIDEF R HE
FAOPLRRAER D 2o 0o ¢ BALLI G Yo dmem B F A2 F &L RUE
G s ek - ?"?L AR p A s nRERE E 2 EAT I F e oo
241093 F & &% APS T 4 &35 23] 282 TRE
Pitch Duration Energy
APs TRE APs TRE APs TRE
+Utterance 97.3% +Utterance 87.7%
+Tone 65.1% +Tone 80.5%  +Tone 79.8%
+Coarticulation 56.8%  +Base-syllable 55% +Final 58.4%
+Prosodic state 7.53%  +Prosodic state 4.3% +Prosodic state 0.63%
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%427 23 & 4%k APS T 3 &35 &) 582 TRE

Pitch Duration Energy
APs TRE APs TRE APs TRE
+Utterance 98% +Utterance 88.5%
+Tone 66.5%  +Tone 86.2%  +Tone 82%
+Coarticulation 57.8%  +Base-syllable 56.7%  +Final 58.9%
+Prosodic state 7.64%  +Prosodic state 4.3% +Prosodic state 0.62%

3043 ¥ 34 43k APS T3 &3 A0 S8z TRE

Pitch Duration Energy
APs TRE APs TRE APs TRE
+Utterance 97.4%  +Utterance 78%
+Tone (English type) 47.7% + Tone (English type) 42.6%  +Tone (English type) 53.1%
+Coarticulation 45.3%
+Prosodic state 6.22% +PRrosodic state 3.7%+ +Prosodic state 0.75%

41113 &k ¢ 242 B8 G

FAAPARZEN (S @A PR FAN M TR Bl 42 F Y 2 T4
A 2 R DR F RS B RS AR SL(E DT F g Y 2 A 2 A )

s HP L FRERD el B AR SEFS o AR T B oo 2T B2 At A

=
N
¥
I
W
e
&
[
ml4
gh
1
=
=%

APEE TN AFTFHRERFF R c B4R A FEY S
A Al E e 32 2 AR 29 B() 5 7 Tone 1 Borrowing i % i = 3 # R A7
FoRI(D): e s B2 3R BRI T FIRE 2 F 2 Tone 1l Borrowing 2% % > 3 {A~
B-C-D~E~G~I~J~K-~N~O~P~Q~T~U~V Y} Tone?2Borrowing 3 {F~H~-L-
M;~R~S~X}: Tone 4 Borrow 5 {Ms} > 145 =* W~ Z |7 &35 Tone Borrowing 3R % o

bRk s LEkE 31 & ¢ Ar3tE an® < Tone Borrowing IR % o

39



0.3

02F

0.1

log-A]

0.4 tone 1 —#—tone 2 —=— tone 3 —+—toned —-— -tone &

B 42: fHpz ¢ < 7 %D AP

(a) (b)

02; s | 0Bf 1
02} g . A ;
015} O i iem R e ] ]

005

log-A0

0057
O1r
RIREY
02t
0257

B43: Az = F* A8 AP ()& = 3 #* 5 Tonel Borrowing > (b)F14r®E > 2

oo ) 4.4

ET

PR AR E A RHAN AP 5 - adkE o HY a0 - B
frw B 4F T 0B HRE > @ 3 TonelBorrowing % e 2 3+ H A4 T30 G 0 F

1+~ = Ffe Tone 2 Borrowing i ~ 3 # # ZAF T 3208 20 i€ -
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02
015 .
0.1 .
0.0s - -
=
[T
fay)
5
n0st .
0.1 .
015 .
0.2 0.z N N N [ Y N Y [ Y Y N N N S |
1 2 3 4 5 ABCDEFGH I JKLMNOPORSTUYWXY ZM
tone English type

Bld4d: @7 >~ 18N {o(b)e~ A i A4 AP 2 5 - Hifikis

BRSSP P REEY SER 2 F &2 BNER - 538 CART i i 2 i § R
R A BE T168(32x32x7)fd b4 2 5 5 Bic(Forward ~ Backward) 4 %] = g it i

+ 79 4o 57 47 > @ Gt A AP MR R AEE AT B E A A

B R e oo fE e in A iRe ot B GEAT A AR Rk i Bl4cB 45 7% > B¢ 1~5
¢ 2 #3- 1)7 % E-tl 5 Tonel Borrowing 2. & < &% % E-t2 5 Tone 2 Borrowing 2.
T EFA NP R B AP Ry AR £ 5 F 0 4e Tone 1 Borrowing 2. & v F

Ao T pAApIL Y B2 2 B L > 4o? 2 - Bf-Tone 1 Borrowing 2. &2 34 5 TR H
Rt BpEr AT T - B ERER MERT - B A RGOS E S 4o
® % - # ¢ vu - TonelBorrowing 2. ¥ 33 82 Mo gt ohd 289 2 = 4?2 = B
BASAR G wBupr A B AL IR AY B - B3 SBER K- B3 &AL

% BRAP S B - 42 o 4o® 2 2 #fr Tone 2 Borrowing 2. & ¥ 3 # o @ kA iEieens B
plE_@ T o5 45 0 {BO} ~ {BO,B1} - {B0,B1,B2-1} -~ {B0,B1,B2-1,B2-3} - {B2-2} -
{B2-2B3B4} - & % F KRR At > FEFEC I A 2@ BB EEAY ¢ - o
ZlopREfre 2 g A-A F2ZRBREDM IR FRFALTFBFEHRET > B3

WATR LA S p R EARAE o TN BN AE akt e CART [ 8 2 AP ¥ R A
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A gy flce b RFp R P E > FR R R A - gtk o

1, E-tl
E-t1
2, E-t2
E-t2
Forward 3
4, M¢ 14
My 235 E-t2 WZ

4 My B2 Backward

47 Ml‘
Me
5

B 45 a5 S B MR R A

T ORE SRR KRR S R dea- GRS swl] 4.6 & Backward 2 A A

#zv

%o F R E B HE O RBE e AL S50 T T i £49 & gh(root node) -+ i &2

it

Nl R ipE e g Ay VAT LA R R S EER R R T > BRI A T QS BER
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BT % 44
P g WL

MT S

%E‘\g S
o i

Bl 424 £ %3% “MT S,Nb 3% A ks Na” e = S dhor

AT T,Nb 1 it VH 2 PE&%F Na
AT T k7 PRAR
ATT e (T PRAT
o I
o T PR &
I s
B 4.25: #3007 37“A T.T ,Nb 7 = VH PR &7 Naw & = é—‘f#ﬁ'—fr
>~ 1 ADSL 3 &%%,NaZé_r‘%,Na

by 2 3 2
P 7 ADS Licdiis 4 &

M ADS L#&H#s 2 &
f=A i
4w P o F ADS L #&xis A &
T i = I
L oS ADSL By 18
W i T s
27 ,Nc ADSLNb #¥x1 Na & 5 Na” ik =t %

B 4.26 : %%
AT
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AT 5 R F R SRR A B

3AT 0 RER AR 6

£ ®mDM 1 % Na2 j%%Na
& - DM N
% - 3% DM %% Na
- BDM 1 &% VI 2 ¥ 1 Na
3+ Na 0% Na
ATMNDb #§2 Na
A KNd 1 8 Na 2 #i#Na
KGNVNb 1 #EVG2 $% £ Na
P R#Nc2 #EENa 1 REPND
- ®DM 1 #%Na2 %H#.Na
k5 Na %8 Na
m#,VC 3 D,Nb
iziw Neqa 1 ## Na 2 v F Na
A1 Na A% Na
i=x,DM & % # Nb
FENa 2 42VB1 EeDM
% Na 2 ®H#Nal SESNb
> ¥ Na  #ciF Na

4],Na  *F% Na
% % Nega * Na
VHSNb #% Na

$- VHC 1 ADENb 2 £ Na
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- L R R SRR 00 A PRRT Y R T i R
Talh eera 47 o 1T (1) BRSBTS B ol 2R H M (A
110 ISR R Rl g aE ey b LR R R BN G 16% 0 bt AT 3 o

(1) s

PRI F A I AN PR FLFNAFF 2 VHUEAREGFORF A AL
B FNTGE ) - MR EN LI E SIS R B 4 ,[A e v iy - B

SA A (RGE) A S B A A A F S F s Z 3o BrF P Sk

B REY FR- AP AE RS IR ER A Y PER A e

FRAF R F O P E R I F AR T AP ERRES kS 6 F B
Ve TR R R S BEYER PR R R R e R RN o

iz FR A R AR RE AT A S o RSV A ) R ol TR R

(@) FhEFEA

o\
“ymr
T

R A B 2S5 BG/PG » PPREPW IR, SYL p i i i i B (4 TR
$rEE)A B A B4~ B3~ B2 27B0/y o ke AR g H i R 0 ARG B R FAR
Roerdp B R o blde o fREE S S RELB3EBA A P i A F 5 HR T BO/L -

(b) 35 B %725 B

FPEUTEER R AT BRI TR AGEWERTHEORE Y 2 AR ]

P By > LR Ed < 3] 4 WA B4-B3-B2-B0/M1 A & B242 G F 55

B4>B3>B2-2>B2-1>B2-3>B1>B0

d bt n”:?;;gﬂ}r;fup@ s NP R BT AR R A i EUTEER R K P 2E 2k =%
SR OEFSHELPYFMNPER LR R IR AL ERSE S FER e

UTELE R 0 AT Ao
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LW, B, LW, B LW, B

n+1 n+1

LW,

n+2

NP =LW, + LW

n+l

s NP £ L3073 0 LW & - 838 B3t % Rl4c & 4.8 9757 ¢

% 48 JpEWER R R E R LW S F Ok M %

TR TR $ 5 R # & BE | FAM
B,<B,,andB,<B , [#,PB3 EMBA,NbB2-2 &% #,NcB3 &7, V(| 246| 51.68
B,<B,,andB, ,=B, [Bb& % NcB2-3 #3 NaB4 :#D 60 12.60
B,,=B andB,<B , |7nDEB2-2 USBNbB23 4 & 6Na(-PM)Be 88 16.80
B,>B,,,andB <B , [#% VIB3 ROCNbB22 %#,NaBl »DE 31 6.51
B,<B,,andB,>B, ; |[&,PB21 #&i# NcB2-2 #3#3% NcB3 i i7,VC 22 4.62
B,>B,,,andB >B , [tPBl 2#&,NcB2-1-#" & NaBl #,Ng 29 6.09
Total 476/ 100.00

d # 4.8 ehit ¥ i o 173 (82.47% (51.68+12.60+16.80) m%;\?ﬁﬁ LWt E e
EAP TR T F 6.00%HNE R R ety AR L E R e R R o
0B B o SUBELRIEL A & A EEA 17.22%(6.50 %+ 4.62 +6.09) > + 84 £ F FF
Wi EEARE S BRERF A YL e VAW BEEEE S SR ERPE et EY o
FHEIREF TN F LIRS P LAPRRORE B T B AN PR LS
LS EA TS LA AL AG T U R REFPF ALY FLR A T D R
FikiE o
) =754

PCEHET 0 N R LI RN A N S ol R ETEL R DM T o 2 R

F_L
e

ST A T

Lw, B, LW , B,,, LW

n+l n+1 n+2
LW R LWn+l Rn+1 I—\Nn+2
NP=LW, + LW _, +LW_,
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HP R CAFER NPTk o b2 PR BT OEPIE ) APRIGEWBRRER
FRR G R A E o 2 AR BRI G F P W T AE R ORI SN

oo 2 49 ZIpEUTRER B JoiF 2 & B Theniit o

# 49 JpEUTER R fr= RN LRk M %

ThEUTELAR 45 R 2 GE |4 O wE |F A
i* & =
B,<B,,andR >R ., |%4 B2-1 @&+ B3 MMC

n+l
143 87.73
>B ,andR <R, [OECD B2-2 2 & B2-1 ¢ i |

B,>B,,andR >R, |#i4 B2-1 & Bl t1

20 12.27
B,<B ,andR <R, | B21 s n 82250
Total 163 100.00
E} Tx 4.9 ¢ méi—‘l-’\?’l %‘ F] J Fﬁﬁ-tﬁ' 88%:11= F;Jb‘!'-’}]%‘é';;l%;‘gﬁj%?%—%q’ﬁ‘l&§éfg};ﬁﬁ

DA ARG EE o d 0 P B T B IR i R AR S M T 0 SE P
TpEUTEARH S R K AR A ESL A - faF 2 ¥ (equivalent linguistic context,

Hﬁ%éﬁﬁﬁgﬁ*H%-ﬁﬁ%%@ywixam%%%ﬂz,fwéwswiéiﬁmgﬁ,

%7 B ELCT A3 eni) RUTIT R b 4 A2 TR AN EA M A g e
HHP RIS G R SES T T REAL (p ASE A
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T
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S
s}
=l
=
Fi
S
=4
3
[
L2
<
A
R
B
=
b=
T
_|
wn
hY

R F R e R 8 d v FRFHROAPS AR AR ERE o drde &
AR E A B 5l E A BRI 052 B RN RSB EE R 0 B0 A 2

ShE Sl 53 H M I A A AR BAHTS A A 4 By

5.1 i ¥R 3E &

Are g RAphiss s afi? o ¥ @I E A ediie A Re s B G
code-switch s f > 75 ¢ & & ik BGIPG ¥ imspfhieaip i %> — & 5 7 SR {8
ﬂﬁﬁ?uﬁéﬂﬁé?‘ﬁ@ﬁﬁii%ﬁéﬁﬂ’iﬂ*éﬁﬁﬁﬁﬁéiﬂiiéw
AMTR o LRGP AP T R HTS &2 2 i fd i (A
511 & #-4 Fimdpiicig it > ;£ - [ All-in-one CART-based » 5.1.2 & #&-/ 2 &3 {E3e3p it =

# = @ Two-stage CART-based -

5.1.1 All-in-one CART-based

BE - B S WBAeR 5.1 4T 0 B 35 Slcfe- Wi iRie 2 B andp T B R
VIR - R AR S B R AR R A S B F c Bl AT

o @,?]» v F2ET AR pRapis o A @ E S S EPAcE Bl 0 TR

R AT E W R A WA B(Els 22)E A A S P2 R 2
FHROE T AT ERE > BV AR PR 46 A R B &4



@

e ——
B0/B1/B2-1/B2-2/
B2-3/B3/B4 — > A AR M All-In-one CART
\"%’P‘_ % g’:
()
e ——
B0/B1/B2-1/B2-2/
Hic All-In-one CART B2-3/B3/B4

B 5.1 : &# %23 5 2. All-in-one CART-based » ()4 % 2" s rs B > (b)is #p {38 7F 5

e

\\?{r

# 5.1 : All-in-one CART-based z_ i 7 %-#c5| 4

Type of syllable boundary: inter-phrase intra-phrase inter-word, Type-1 intra-word,

SB Type-2 intra-word.

POS0O Broad class of preceding/fellowing word: substantive word, function word

POS1  1l-type POS: A, C, D, NI, P, T, V. DE, SHI; DM

19-type POS : A, C, Dfa, Dfb, DN, Nd,.Ne, NgxNh, P. T, VA, VC, VH, V_2, DE, SHI,

POS2 DM

46-type POS : A, Caa, Cab, Cha, Cbb,-Da; Dfa, Dfb, Di; Dk, D, Na, Nb, Nc, Ncd, Nd,
POS3 Neu, Nes, Nep, NegayNegb, Nf, Ng, Nv, Nh, |, P, T, VA;+VAC, VB, VC, VCL, VD, VE,
VF, VG, VH, VHC, VI;VJ, VK, VL, V 2, DE, SHI, DM

WL Length of word in syllable:'d, 2;3,4,5,6

PM Type of PM: comma, period, guestion mark,.dan‘hao and others
LS Length of sentence in syllable

LPS Length of previous sentence

LFS Length of following sentence

DPP Distance to previous PM (the beginning of the sentence)

DFP Distance to following PM (the end of the sentence)

CS Code-switch: C-E-Interword, E-C-Interword, C-C-Interword, E-E-Interword

2 5.2 Bor MM EE 2 AV MGEH L AR L E R > FRRTI Bl § A3 9ER
Z k=i ki B0O-B4 B3z B2-2: @ B2-1fr B2-3 pl Ayt his o A 45 B2-2 ~ B2-1
¥ B2-3 2 3R Bl 5 < A L B FIBL A P @ i< T Bl &G ¥ oA fRse e ot i
o SR E LT ST I E S Y Bl aodp S (T )i Wbk 0 23T B3 RPIAL
3 frB4 & B2-2:R7% > £ R FIRE.B2-2 B3 2 B4 STz BE A (B L) &
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BALHETI2F7 Fler di o a BO 2 830070 gk Bl @ BO & Bl ¥ &
wip L F R (Intra-PW) > 4t SR A S R S B RS A o
ERAREEEY 0 BONBLZ - BIREN DR 0 B2-1 - B2-2 B2-3 & % A | A
i h B3 -BARIE TR AL x3p2HE A2 7 PPh-~BG/PG £ % » Flpt 2 b 47 ikt
e 1 = = % » r Non-Break{B0,B1} - Minor Break{B2-1,B2-2,B2-3} - Major Break{B3,B4} -
dopt - ok RapiRie iAo B3 T o ff M hZ IRLI P RS F S > & Minor

%227 4y Minor Break » #-& % % 4 11 3p i3

\uw

Break i% 72 < ¥| Non-Break (- 53 £ » -

B N AP T BG/PG P { fmpcengp R *fﬁ% b F R Z 4o i 32 2 Minor Break (3R

5;: o
#. 5.2 ¢ All-in-one CART-based 2. iz #g {25 7f 5 05
Tar\Pre BO Ble. B2-1 B3 B4 B2-2 B2-3 Total
BO 84%  13% 2% 0% 0% 1% 0% 1625
Bl 6%  90% 2% 0% 0% 2% 0% 6645
B2-1 6% 38% @ 44% 2% 0% 8% 2% 840
B3 2% 4% 2% 66% 9%, 16% 1% 697
B4 0% 1% 0% 17%  71% 5% 0% 407
B2-2 3%  15% 7% 8% 0%  64% 2% 1069
B2-3 9%  43% 12% 3% 0% 17%  16% 417
# 5.3 : All-in-one CART-based 2z = #f i} &3 & 7325  » (NB: Non-Break, MiB: Minor

Break, MB: Major Break)

Tar\Pre NB MiB MB Total
NB 96% 4% 0% 8270
MiB 33% 62% 5% 2326
MB 4% 13% 82% 1104
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5.1.2 Two-stage CART-based

d @ 511 & ¢ &1 ;2 ¥ 3 31 Minor Break %% % #3%:2 < Non-Break » @ = - & Minor
Break ¢ @ 7 & 35 a2 &K £ > Fla"sMHE p AR > 57 g Minor Break

=]

RS 0 AFF 7 & Two-stage CART-based 0= ;2 » H = BUBl4oB] 5.2 #77 o gt = 2 3

Pedd PP TRR OB AR - BIRLAGE - A 2 R R U e 2 S A
(MB/MIB/NB) 4 #f B » a3 2 #57 5 - #7ts » L &L S - 5d Z g aife 2 p 3R
Menm R PR S R Re Y - 4 .
| AT
il
MB/MiB/NB- MB/MiB/NB
CART 55 KE
A

¢ NB
~MB- s T = miB

‘ : :

S < = >
MB B3/B4 MiB B2-1/B2-2/B2-3 NB CART B0O/B1
CART 53 I CART 53 K 53 K

B4 or B4 B2-1, B2-2 or B2-3 BO or B1
v v v
Integrator

] 5.2 : Two-stage i% % $£323F 5 2 & B[]

Pk Rt R Sk 542 4 550 d 4 54 7 % 5] Minor Break chyesn g % g
s d 62%4% = 3 81% - Major Break ‘| tg#% = 5% > Non-Break B| #_4F 96% % F¥i05
% 55 BT d = fiyEaisEa Rl o= FrRLg o ¥ RS T B2-1-B2-2+ B2-3 4 W #%
19% ~ 11%2 2 22% » @ B3 ¥2 B4 | % = 7% 6% > & 12+ %% 7 1P Two-stage e

& FEY 14 Aty d Minor Break sy o Figa 2 - fiyRLF R S > £ 2 & B2-1 -
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B2-1 £ B2-3 - @ b 3 22 #r0U W (AR Fl At > RoA S8 e W RTITG FT 4
ﬁ'{’l\? I-L'ﬂs i%—‘*\PFE?ILé“QE’I%IQE%-Q _3 7} U ‘J-)f%.}%lﬁ‘\frs}%' m%g%‘&&’
\—’Iﬁ “’J*"’v :ACEI ?J{gﬁ—ﬂ °

1% b2 g E R R RE A TV Y FIRAIGEFEGEEEER

|~
=

—h

k“\’e’&

w
o
=
-
,‘m
\m
m\af
T\
=%
-
d-
;;_
psast
=

FAA L YR AT @R HTS sh2a s - f

FMArd 5.6 977 o

4. 5.4 @ Two-stage 2. = #f3p =1L ie 98 i3 FRn

Tar\Pre NB MiB MB Total
NB 96% 4% 0% 8270
MiB 16% 81% 3% 2326
MB 2% 11% 87% 1104

# 55 1 Two-stage 2z i L u3f B L s

Tar\Pre BO Bl B2-1 B3 B4 B2-2 B2-3 Total
BO 85%  12% 1% 0% 0% 1% 1% 1625
Bl 6%  90% 2% 0% 0% 1% 1% 6645
B2-1 3%  19% ¢ ».63% 1% 0% 8% 5% 840
B3 2% 2% 2% 13% %  13% 1% 697
B4 0% 0% 0%  15%  83% 1% 0% 407
B2-2 1% 6% 9% 5% 0%  75% 3% 1069
B2-3 4%  24% 16% 0% 0% 18%  38% 417

%056 ShREME 2 2 AR H

/a:F_Syl_in_PW Syllable position in a PW(forward)
/b:B_Syl_in_PW Syllable position in a PW(backward)
/c:F_Syl_in_PPh Syllable position in a PPh(forward)
/d:B_Syl_in_PPh Syllable position in a PPh(backwrad)
le:Pre_1_PW Word length of previous PW
Prosody level [f:Cur_PW Word length of current PW
/g:Fol_1 PW Word length of following PW
/h:Pre_1 PPh Word length of previous PPh
/i:Cur_PPh  Word length of current PPh
/j:Fol_1 PPh Word length of following PPh
/k:Cur_B_PW Break type bounding current Prosodic word
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52PLM 2 {f 2 48T 5

d 41 &9 &3p %8z TRE @@ - L F 04 chdi e it » 2 TRE @5 8

—\

O B SRR T R LR o M SRR R R ARz F 0 AP
(320) % 4418 97 b i AR A Hhie b ik erip R fRie o e A RS &SP DG BF S

TLrE g &3 2 P(XIBPS,L) & i 5 e B HAI P(Y,ZIBL) ¢ ch X ~ Y ~ Z %

\\\Xr

Boo T APEB2D)N > RNGONG ARG Ehddk naF SHE e fIr A

Folms o BREF RG] &SRR a g SHRERE -
p ’q* B*
- arg maX (P(pl)P(ql)H P(pn I pn—l’ —1)P(qn |qn—1’ Bn—l)j (51)
n=2
N N
(H(P(pjn | B, [)P(di, | B, [P (B, ln))j (H P(p, [1,)P(q, | In)j
n=0 n=1

22 P(p, [Py 1 Bry) ~ PO G0, By ) A SIS Sk o~ E A2k EES D
d fA P A3 PLM 24 ¢ @30 P(BAl,) = A Eseidz il #4244 2 240k 511 &
¢ &2 All-in-one CART - & » ®HIRGE < S8 L FEdaf e 2 M R - 34K AT @
P(pj, 1B, 1,) ~ P(df,|B,,1,) Al & %4 {R3e 8 F 0412 A E(pj)E § & & R & F]F
20df) > i&d BHAAZ A Edek $=2F > P CART /w82 > 6 % AR BER L4 %
g E 0 A e R e 2 B S lE p R Sl B BF Sl T
WM AEEH PR bR 2R A F BESBERFG pj2 pdf &2 df 2 pdf > o At
Er 4l 2 PRI Ra AR ERER PRI L AMBFEES T &L

R K FIE 0 FL A AT 0 5 8RATEER © L(Pl % B, B, ) R

a £ R u £ TSR

il

AR eERGEREL( Ay y )REAT B =0, NP

W Plgs Pl Ofy,dfy > RIFE A G g oo b AR B8R 5 &L R L 55 o P(p,|l,)
G R E FEACP(@, 1) 5 R BRI AR AT AR IS T R B kP
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ArEE b4 o~ ] HF R V- Rkt CART @iz o @ % 2 dg R 5 S+ P07 S B
Foatz 16 Bk IiE T SHT M G o FBGL)N 0 BT W3- AR § B
ERERG RS S LR R R EF B i il L ST SR
FEX|Aph 2 F &k =t APs> F 4 P 2 Rk i > TE o4 k> B BcF 3V 40(5.2)22(5.3)

;\:o
o =B, +B,.+B . B, +n (5.2)

sdy =7, +7s, Vg g (5.3)

plob g & R R A (short pause, Sp)FERly A3FF £ 2P £ &R - ko FP AP

PLM 3SR ¥ 2 67 1o 448 1Al PLDOLIBLL) &k 47 bt £ fo b 47 3 235 3 S die o)

%o d b bAE S 2 Bepihoe 1 B2:2~ B3 2 B4R & o $5F| P(pd,|B 1) ¢ ¥ AL
capdf s 3w b pdf el Hald At 3 E-2 iRaRpE £

Bots at it A (5.0) 22 2 3 & 0 P(pd]l) - P, | l) 7 AR 3 3R AR e T Sk
R e fi (static) B3] » 7 0 re R AR M R BT 4 SOt AT A € i R Ak B

ﬁ% “* Tii ’ P(pn | pn—l' Bn—l) N P(Qn | qn—l’ Bn—l) E“J {KQ#IJ g %P‘ ,é:‘/:P( %ﬁﬁ% l;’ﬁf&g f’/éf R SE: g“ %F’ @i
A gk A o P(pj, = B, B, |Bl) ~ P, =y -7q [B 1) RIF AR G 3R R s ris
e 25 T SR b i (dynamic) 3] U 2 BER T g IR R B R R

> = 45 ANy sog2% 2
T FECT ahprEe g o

5333 LA RHRESBLH

Aol Es g B HTS 3225 a | 50 M2 Jp A2 3 i fgr |
e (2 L)y 1L A g (MOS, Preference); =& & fasf =4 24 & i o
Pof LR BAHTS A4 h 2> T - 9 A2 32> 7 ¢ AgES

PS5 B AL 2 5 HTS-PM o R 383 BAFenif G B MHE S & S i & 2
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Z2

MEEE g TP AFETAIF 2 F{oEF BHE(Sp>20ms)kE % 0 MR- JEFEF BAEIE B AK
B BEFEIRPHEA RS ERRTF Y BE > D5 E HTS =2 £47 - d % {5 2 "% 4p
MELT FBRGFF B LREA2FF 325 HTSSPe 5= 2 5 f* 512 &
Two-stage 2 i & 2 3f 5 B ihse o Fput A2 LR F B2 R a0 & 4 B2-2
B3 2 B4 4 %3 #F Ba > 5% HTS/wE2 22 p & %% et 22 5 HTS-Break -
Bfs— B3 2R EHEY 52& N PLM2Z3p24a 2 32 > it 32 5 PLM -

Fie A R RER T AP EARFHEL Y G EEE T 2 S
485 ¢ - 12185 &> ¢ 7 10504 ¢ <~ § 422 1681l Bx = F 2 o PIREFEAL Y L ik ik
57203 X540 51355BF a0 & 7 1164 P 2§ a2 19l o 32 o UT REkE
GRS Jodti ED . ek
. ZEFFE 2 35943:% 4 (Root Mean-Square Error,"RMSE)

FERE 2 RE R 2 R 2 AL 2 RMSE #3240 5.7, #7om .2 2 ¢ PLM-Correct Break £

HTS-Correct Break 4 %] &.it 72 & #f ke e % 75 #3F PLM {- HTS-Break = ;2 e %>

@ HTS-Correct SP | ¥_kofg # 3 Bp4f e enfiiR ™ » 5 i@ HTS-SP = 2 en % o

# BN 2. RMSE &

Training Testing
Pitch (LFO) | Duration (ms) | Pitch (LFO) | Duration (ms)
HTS-PM 0.1269 49.1 0.1393 48.9
HTS-SP 0.1216 47.5 0.1360 48.4
HTS-Correct SP 0.1178 46.4 0.1351 47.1
HTS-Break 0.1221 45.8 0.1375 46.4
HTS-Correct Break 0.1142 44.6 X X
PLM 0.1335 39.3 0.1429 44.3
PLM-Correct Break 0.1231 374 X X

d % 5.7 Bor ' GEH ¢ 11 HTS-Correct Break A4 7 RMSE ¢ 5 &4 5% % » =
iz RMSE & d -] 3]+ & % & - HTS-Correct SP <HTS-SP< HTS-Break <PLM-Correct Break <

HTS-PM< PLM- @ Rl:&zF 2. A4 RMSE & d | 3 % & 9] 5 HTS-SP<HTS-Break< HTS-PM<
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PLM - % 3t 4 £ 354 ¥ h RMSE P %_PLM-Correct Break # J.# i » H = i o RMSE
wd /] F] % & 8 5 ¢ PLM < HTS-Correct Break < HTS-Break < HTS-Correct SP
<HTS-SP<HTS-PM- @ p|:#:E 2. % £ RMSE Bldck 2" 54 ¢ chi % > 12 PLM % & it »
H =ik B 5 HTS-Break<HTS-SP<HTS-PM -

YL g des Km0 XS 1o Break chEin T o Flde » {5 R K =0 eh 3L > HTS-Correct
Break ff4fer 3 £ 3F % /29 i r2d HTS-PM fr HTS-SP » X @ — iz B4 hsevf & 3 53
FE e T (HTS-Break) » H 2 47 3¢ 12 i iv %&g v a6 HTS-SPo fe i3 2t HTS-PM % ik 43
E g enip e AR R F B T A R R <0 1A T R 12 PLM
G2 AT AL T A E o R A RN e D F AR B A SR RAIER L RE

WAzt A HTS &2 2 0% ki@ d o J0R| & 5 0t B % R Tl > {5 5w 3 5p 40301
Rg%? chd 422 43 2 TRE @Apr" 42 TREGE:ERF 753% o § && R R X §17
4.3% > & R Ap AR Y o AT B iR G § AR R kiR ¥ b 45 [10]
Pt rP Tl Fp el s WRAE TRE @ 5 11% 0 & P B ARFEE
WipEiRe b ARG e h el o F AL FGERIRA, 0 i 1 B2 H vk A PLM JF B 2
Z PSRBT G- Ao o AT B AR TREVE R 07 i R TS LR E L ) 4P

R AR T U S SRR S R R EO

U R RERERL BRGER AN TR S Y 34 RS B TR R A ¢

#5882 459 ,u5M¢Y 2 xm2342 A4 RMSE &2 3 & RMSE » B szt 2% > 2P

English mean £4p i &~ -+ chalp e § L pF > @ % DVYGEHR Y L~ 32 chT o
TinE E oo R4 58T B AVRERY Y 2 2 A4 RMSE 4o & 5.7 B % - 0 (91

HTS-Correct Break & if » ¥ ¥ frig & 2 F 2 (A L Ap e P 2 R B 2L 0] o e840
FERANBE BRIV RFRAHFRANEIFTA > H Y 2 AR ARG R
T FA S FP AR anEL p AR, o AREEFHEE 0 PLM FE R 2 F 2 g 4 R A
HTS-PM f- HTS-Break ¥ # it » et HTS-SP:EZ o d pt ¥ & PLM 8278 & ¥ <= 35 5 5t #

Rp v HE A EE s R FRA YAy Atk o BFRRE A 59 wRREGH
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pFo HF & RMSE 72 4 8.° = & {ﬂ:?—?——‘*’?KHPLM B if > B i HTS-Break » £ %

% HTS-SP‘fFHTS-PM’ ARk s FEP A~ ipdEIslS i JgF'id‘/%]»kmFl MHYET 1Y

PR & F e 34 T o(English mean) s % 0 7 5 LT A A ATINA B ELL & S
IR Keng (s 0 LA EINA R PLM & kind o ipA A AR AF Y FA T

SR R UEE B IAME R R 2 ¢

#58: 7 % « ¥+ 322 A4 RMSE

Training LFO RMSE Testing LFO RMSE
Chinese English Chinese English
English mean X 0.1201 X 0.1119
HTS-PM 0.132 0.0881 0.1449 0.0987
HTS-SP 0.1266 0.0833 0.1415 0.0954
HTS-Correct SP 0.1227 0.0808 0.1405 0.0956
HTS-Break 0.1268 0.0873 0.1444 0.1012

HTS-Correct Break 0.1186 0.0822 X X
PLM 0.1393 0.0896 0.1487 0.0985

PLM- Correct Break 0.1281 0.0855 X X

£59: v&IvESE#0.3 £ RMSE

Training duration RMSE (ms) | Testing duration RMSE (ms)
Chinese English Chinese English
English mean X 42 X 39.2
HTS-PM 49.1 48.2 49.6 46
HTS-SP 48 44.8 48.6 43.3
HTS-Correct SP 46.9 41.8 48.1 42.2
HTS-Break 46.2 42.4 47.3 40.9
HTS-Correct Break 44.8 41.9 X X
PLM 39.8 34.3 45.2 385
PLM- Correct Break 37.9 34.5 X X

B153 2 B 5.4 Bl £ R4ed) = 2 8(3 & T AR S &L B )fow 5 2R 0 ke

VRl b - B o B¢ Predict Break & PLM = #rip T 01 B2 #704 F ehi dp ke o
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(IR =y o
(1) T =4 i & #H(Mean Opinion Source, MOS) :
TR L pPERF RO e S F A U 4 ERPBH R A 2 AR
dOp R o B SRR P g A AP R GS  d LR R

S Ehp RAE A B T4 REAe £ 510 #or

# 5.10 : MOS =4 & %

= i B
i 5 BAGERE A X
2 4
w 3
ES 2
£ 1

3.35
33
3.25
3.2
3.15
3.1 -
3.05 -

3.14 3.13 3.13

HTS-PM HTS-SP HTS-Break PLM

B 5.5 MOS i st 4 &
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d B 55 7 E%1 MOS & Bk % 11 HTS-Break & fF F hp RAF &4 ani > 4

Rz R E AR T o

(2) % ip| % (Preference test) :
Mew fE2 7205 - o A4 2 et Bt L3 2 EPPR RTGNLS 96
B 4 4 ERFEFEFRER TR H o F ERYAPF g A R PERR
30 R RFEHEPA SV O RE - 0 TG AL R A e 3R

% o) 5.6

HTS-Break VS PLM

HTS-SP VS PLM

HTS-SP VS HTS-Break

HTS-PM VS PLM

HTS-PM VS HTS-Break

HTS-PM VS HTS-SP

0% 20% 40% 60% 80% 100%

B 5.6 : BhiFp T Fm %

d B 5.6 7 BLET] imdFpl 2 ? > v R HTS-Break 3 47 chig % > @ B4R 2 v

AAAPLT P EES B EMOSTFE SRR -

N

FeMPERFREIBFOEE: VERFNe 2 2 LRI L FH O Ao
HTS-SP & AAFFERI® § AFenit % > @ PLM B2 A £30R|¢ § B ehi > R E B LY

g AR P E 2 HTS-Break § Sodi e % i RvaFw f= 2 A A3 L300 i

B LA RPPRAE L ORTD MR LA B R 0 A g
HFR Y B e PR E A AR AREA > 4 R R AT R N ik A e RE

E‘; {ﬁﬁf’l*f\fljﬁgfﬁfﬁ/_ f;Eﬁ Lr‘f’la’:’% ) ]é)&pé‘ v“.‘—‘i’ lji B IJ—ng
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IR 0,8 3E 0,4 % 583 $¥(Forward,Backward) = %74 X 2 R 35 & o
QK FFEAL I A & a5
D:ApmuERAmsd  x r@QF v &hsaeb)n- B3 SRELER RPN NHEH
@)% =3 &g & o {tonel} ~ {E-t1} ~ {tonelE-t1} ~ {tone2} -~ {E-t2} - {tone2,E-t2} ~
{tone3} ~ {toned} ~ {Ms} ~ {tone4,Ms} ~ {tone5}
(b)= — B & & & @ {tonel,E-t1} ~ {tone2,E-t2} ~ {tone3, tone5} ~ {tone4,Ms}
H ¢ E-t1> E-t2 » % 5 Tone 1 Borrowing §= Tone 2 Borrowing 2. #& < F #
(2): AL H A L H - £ A 2{B0}{B0;B1} L{B0,B1,B2-1} ~ {B0,B1,B2-1,B2-3} -
{B2-2},{B2-2,B3,B4} {B-stat}

FHiE > T k0 275 B ol Forward Coarticulation 2 BEAZ & 0 02 T SR B A

: Pre-t1,E-t1 #:(B0,B1,B2-1,B2-3)%: t1,E-t1
: Pre-t1,E-t1 #(B0)#: E-t1

: Pre-t2,E-t2 #(B0,B1) £ t4,M¢

. Pre-t2E-t2 #(B0,B1,B2-1)#: t3

! Pre-t2,E-t2 $2(B3,B4,B2-2)4 t1,E-t1

Q

Q

Q

Q

Q

Q : Pre-t3,t5 42 (B0,B1)4 t1,E-t1
Q : Pre-t3,t5 #2(B3,B4,B2-2)# E-tl

Q : Pre-t3,t5 #(B0,B1,B2-1,B2-3) 4 E-t2
Q : Pre-t4, M¢ 42(B0,B1,B2-1,B2-3) £ t3
Q : Pre-t4, M;#(B0,B1)3: M

Q

: Pre-t4, M 4%(B0,B1,B2-1,B2-3)# t5
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@zg/z;g%ax;g P EFrO, Tk » — A <50
(D) fpiBEnhe s > x 2Q@QEH S FehtEe()T - B3 & RIF44e3 BIPpSE H
@)% =5 &g & ¢ {tonel} ~ {E-t1} ~ {tonel,E-t1} ~ {tone2} - {E-t2} ~ {tone2,E-t2} ~
{tone3} ~ {toned} ~ {M} ~ {tone4,M;} ~ {tone5}
(o) - B 5 &g & {tonel,tone4,E-t1, Mt} ~ {tone2, tone3,tone5,E-t2, WZ}
(2): AL H A L H > £ A 2{B0} - {B0,B1} - {B0O,B1,B2-1} ~ {B0,B1,B2-1,B2-3} -
{B2-2},{B2-2,B3,B4},{B-end} -
H ¥ tone3 #: fol-tone3 B E = & g o

Hag S N v kA 152 B 5 BE > Backward Coarticulation 20 R 32 8 > 00 T SRR B AT E

! t1,E-t1 #(B0,B1,B2-1,B2-3)4 fol-t1,t4,E-t1, Mg
: E-t2 #(B0,B1)#: fol-t1,t4,E-t1,M¢

: My 4(B3,B4,B2-2) # fol-t2,t3,t5,E-t2,Z,W

: t3 #(B0,B1) #: fol-t3

: E-t2 $£(B0,B1,B2-1)#: fol-t2,t3,t5,E-t2,ZW

! E-t2 4£(B3,B4,B2-2) #: fol-t2,t3,t5,E-t2,Z, W'

: 13 £(B0,B1,B2-1,B2-3)4 fol-t3

Q

Q

Q

Q

Q

Q

Q

Q : t4, M #:(B0,B1,B2-1,B2-3)#: fol-t2,t3,t5,E-t2,Z,W
Q : M¢ #(B0,B1) # fol-t2,t3,t5,E-t2,Z,W

Q : t5 #(B0,B1,B2-1) #* fol-t1,t4,E-t1, My

Q : E-t1 #(B0,B1) #: fol-t2,t3,t5,E-t2,ZW

Q : t1,E-t1 #(B3,B4,B2-2) 4% fol-t2,t3,t5,E-t2,Z,W
Q : E-t2 #(B2-2)#: fol-t2,t3,t5,E-t2,Z W

Q : t4, M #(B0) # fol-t1,t4,E-t1, M¢

Q

L 13 $(B3,B4,B2-2) # fol-t3
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The question set ®, used to construct the decision trees for building the break-acoustic model

p(pd,.ed,,pj,.dl..df |B I ) and break-syntax model P(B,|l,) is listed below:
1. Syllable Level
Q,1.1: Is the initial of the following syllable a null one or in {m, n, |, r}?
Q,1.2: Is the initial of the following syllable a null one?
Q,1.3: Is the initial of the following syllable in {b, d, g}?
Q,1.4: Is the initial of the following syllable in {f, s, sh, shi, h}?
Q,1.5: Is the initial of the following syllable in"{m, n, I, r}?
Q,1.6: Is the initial of the following,syllable-in-{ts, ch, chi}?
Q,1.7: Is the initial of the following syllable in {tz, j, ji}?
Q,1.8: Is the initial of the following syllable in{p,t, k}?
Q,1.9 Isthe initial of the following syllable a null one{A,E,I,O,R\U,\,Y,F,H,S,X,L,M,N }?
Q,1.10: Is the initial of the following syllable in{B;-D;W}?
Q,1.11: Is the initial of the following syllable in {C}?
Q,1.12: Is the initial of the following syllable in {G,J,Z}?
Q,1.13: Is the initial of the following syllable in {P, T, K, Q}?
Q114 Is the initial of the following syllable a null one or in {m, n, I
AE,ILORU\VYFHSXL}?
Q,1.15 Is the initial of the following syllable in {b, d, g, B, D, W}?
Q,1.16 Is the initial of the following syllable in {f, s, sh, shi, h, C}?
Q,1.17 Is the initial of the following syllable in {tz, j, ji, G, J, Z}?
Q,1.18 Is the initial of the following syllable in {p, t, k, P, T, K, Q}?
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Q,1.19:: Is the inter-syllable location an inter-word?
. Is the inter-syllable location a Type-1 intra-word?

Q,1.20: Is the inter-syllable location a Type-2 intra-word?

Q,1.21 & F 43R & code switch j?

Q,1.22 code switch,? < +& < » ¥ % Inter-word (C-E-Inter)?

Q,1.23 code switch, &~ +¢ < » ® Z Inter-word (E-C-Inter)?

Q,1.24 code switch, {¢ ~+& <, &~ +¢ <} * % Inter-word (C-E-Inter, E-C-Inter)?
Q,1.25 code switch, ¢ <~ +®& ~ » ® % Typel Intra-word (C-E-Intral)?

Q,1.26 code switch,& < +7 < » * 2. Typel Intra-word (E-C-Intral)?

Q,1.27 code switch, {¢ < +3& 2y G < +¢-= 15 £ Typel Intra-word (C-E-Intral, E-C-Intral)?

-

Q,1.28 code switch,? < +®& < 5 * % Type2 Intra-word (C-E-Intra2)?

Q,1.29 code switch,& < +7 <= ¥z \Type2 Intra-word (E-C-Intra2)?

Q,1.30 code switch,{® < +& <, & >&4# = 1> ¥ o Type? Intra-word (C-E-Intra2, E-C-Intra2)?

Q,1.31 Non code switch,® < +¢ <, ¥ % Inter-word (C-C-Inter)?

Y

Q,1.32 Non code switch,# < +& ~, * % Inter-word(E-E-Inter)?

Y

Q,1.33 Non code switch,{# < +¢ <, < +& <} * % Inter-word (C-C-Inter, E-E-Inter)?
Q,1.34 Non code switch, » < +¢ < » ¥ % Typel Intra-word (C-C-Intral)?
Q,1.35Non code switch, % < +& <~ » ® Z Typel Intra-word (E-E-Intral)?

Q136 Non code switch{ ®» <= +°¢ =, & < +®& < } > ¥ Z Typel Intra-word

(C-C-Intral,E-E-Intral)?
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Q,1.37 Non code switch,? < +¢ <~ » ® % Type2 Intra-word (C-C-Intra2)?

ETTRS

Q,1.38 Non code switch, % <~ +& ~ » ® % Type2 Intra-word (E-E-Intra2)?

Q,1.39 Non code switch{¥ < +7 ~ &< +& <~} ¥ 5 Type2 Intra-word (C-C-Intra2,
E-E-Intra2)?

2. Word Level
All the following questions are subject to a prerequisite condition that the current inter-syllable

location is an inter-word.

2.1PM
In the following questions, we defing majorPMs={2? “'1.” <> “? >} and minor PMs={*>", “~”,

[T3EEEL) 99 9 ” 2 ” F”}

’ ’ R
Q,2.1.1: Does a PMs exist at the inter-syllable location?
Q,2.1.2: Does a major PM exist at the inter-syllable location?
Q,2.1.3: Does a minor PM exist at the inter-syllable location?
Q,2.1.4: Does a comma exist at the inter-syllable.location?
Q,2.1.5: Does a period exist at the inter-syllable location?
Q,2.1.6: Does an exclamation exist at the inter-syllable location?
Q,2.1.7 : Does a semi colon exist at the inter-syllable location?
Q,2.1.8: Does a question mark exist at the inter-syllable location?
Q,2.1.9: Does a dot exist at the inter-syllable location?
Q,2.1.10: Does colon exist at the inter-syllable location?
Q,2.1.11: Does a hyphen exist at the inter-syllable location?
Q,2.1.12: Does a parenthesis exist at the inter-syllable location?

Q,2.1.13: Does a dot or colon exist at the inter-syllable location?
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2.2 Word length

Q,2.2.1~4: Is the preceding word an ne {1, 2, 3, 4}-syllable word?

Q,2.25~8: Is the following word an ne {1, 2, 3, 4}-syllable word?

Q,2.2.9: Is the length of the preceding word in syllable greater than 4?

Q,2.2.10:: Is the length of the following word in syllable greater than 4?

2.3 Substantive/function words

Q,2.31~2: Is the preceding word a substantive word/function words?

Q,2.33~4: Is the following word a substantive woerd/function words?

2.4 Level-1 POS and special tags

Q,2.4.1~11: Is the POS of the preceding word A/C/D/N/I/P/T/VIDE/SHI/DM?

Q,2.4.12~22: 1S the POS of the following word A/C/DIN/IPIT/V/DE/SHI/DM?

2.5 Level-2 POS

Q,251~33 : Is the POS of the preceding ™ word Ca/Ch/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na

/Nb/Nc/Nd/Ne/Nf/Ng/Nh/VAIVB/VCIVDIVEIVEINGIVHIVIIVIIVKIVLIV_2?

Q,2534~66 : Is the POS of the following word Ca/Ch/Da/Db/Dc/Dd/Df/Dg/Dh/Di/Dj/Dk/Na

/Nb/Nc/Nd/Ne/Nf/Ng/Nh/VAIVB/VCIVDIVEIVEINGIVHIVIIVIIVKIVLIV_2?

2.6 Level-3 POS

Q,2.61~15 :Is the POS of the preceding word Caa/Cab/Cha/Cbb/Dfa/Dfb/Ncd/Neu/Nes/Nep

/Neq/VA2/NVC1/VH16/VH22?

Q,2616~30 : Is the POS of the following word Caa/Cab/Cha/Chb/Dfa/Dfb/Ncd/Neu/Nes
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/Nep/Neqg/VA2/VC1/VH16/VH22?

2.7 Combination of POS

Q,2.7.1~7: Does the POS of the preceding word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj, Dk}/{Na, Nb,

NcH{Ncd, Ng}{l, TH{VA, VG}{VB, VC, VD, VE, VF, VJ, VK, VL}{VH, VI}?

Q,2.7.8~14: Does the POS of the following word belong to {Da, Db, Dc, Dd, Dg, Dh, Di, Dj, Dk}/{Na,

Nb, Nc}/{Ncd, Ng}/{I, TH{VA, VG}{VB, VC, VD, VE, VF, VJ, VK, VL}/{VH, VI}?
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(1) Thl ~ Th2 4= Th3 th¥_%

Thl ~ Th2 4v Th3 £_4 ] * % % %_B4 » B3 » B2-2 = BO/B1 % 41 p¥ £ <h threshold » o *
B4 fr B3 £ & IR 5Lcni o § K chiB s L > LT M 1A S S chiB AP £
Yo B 4= % > 12 vector quantization(VQ)4 = & #f > * Gamma distribution 4 fitting > £ mean
Wik eh- 35 B4 2 s am f,(pd) o v - mRlE B3 2 kA f(Pd) o woekd an
BO fr Bl ek pr £ 3 % 50t @ > F]pt % intra-word 3 & R o R o As koo
Gamma distribution 2 fitting> (7 7| 4 % & 5 fo,0, (PA) o & 14 46+ 242 8L % 252 inter-word
@A gL oAz k> — g ‘Gamma distribution 2 fitting > & 3] B2-2 a5 A &
faoo(pd) o d % B2-2 4N & 25 PR NGRNEGRSE R o Fl gt AR R 4 b
faa(Pd,) > Foop (PA,) cris i » 25 b i d pFE% e cnl iR BEY 552 inter-word i » & %
EREREET UL SRS N VIR feoa(Pd) ~ f5,,(pd) + fg,(Pd) 4o
foa(pd) sh2 2 ghar ] 5 Th3 ~ Th2'fe Thi s

(2) Ths ez %

Ths €% % % ¥_B2-1 4= BO/B1 rthreshold: d **+ B2-1 4- BO/Bl f- iz % pF & cnZL fJEF >

e B2-1% PAE B € R > F & normalized log-FO level jump 4o 3¢
o = (6P D) —B, (D) (sp, D -B, D)

XO TEX > R % - R THEREAOF RV L RET BEN PP, BT
intra-word 8 i@ B S8R L e Ak B F ArA i fitting > 3] 1, () 5 RS R
LR R A LAk 3 Ara i fitting > FF] f,(8) 0 £ kAR EE 52
inter-word £ 7 fﬁgﬁﬁgﬂt%&%ﬁfﬁﬁé B2-1- f* Aijpre v B2-1 § P AEEF LR 0 7
PR A R o (8)> Fa(E) 0 R By A st e e ds ke x ® § #4 G fitting - 17 31
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o (&) » EBfs £ ThS & T (&) v fg, (E) = BL o
(3) Th4 4+ Thé thz &

i BINA & _BOBLEMFREL mAs I BOfr Bl Aa Aipagd 32 BO3 &R B
*t tightly coupling » # i 5 2+ Bl jc& » $&3 & %% (pitch pause):* #&®* engery-dip
S otbg < o Fpt A iEr Th4 iv 5 FO pause duration threshold » Th6 i+ 3 engery-dip level
threshold » £ 3| % & BO v Bl ¢hp ¢ £ Thd 5 1 i frame & (=10ms) > &, "'W,tﬁr‘rieﬁa BO
i BRAER LR BREFRFIAEALHHTRY VQ #-H engery-dip & 5 3 %0 * B ErA
i 4 fitting # engery-dip » 4 mean +* #& < 9783 5 BO > engery-dip # 5 4 iw 5 fy,(Pe) >
mean $-] 0783 L Bl s ngery-dip #8545 f(Pe) » Al Th6 2 iea B3 2T A 5
fao(Pe) fr fy, (Pe) 2 = B o
(4) Th7 4= Th8 cha s

Th7 4= Th8 £_* % % 4 B2:-3 - BO/BL » 2 i c 5o B2-3 % inter-word § & % - 4 4p 4t
PR RPE T BN NS EE B B2 3 eniEd kR h &R R P L TS
14e 2( dl fodf )23 * * Th7 f- Th8 » 5 @ intra-word frk2t 7555 & A 2 8 B Sk

RN & E R P E T S gk g deam fitting 0 A B TR e BB A G

{ fmtra (T)/ f|ntra (T) }‘fr’{ f (T)/ fdl\f/l (T)} *—%‘%flai‘f ?‘L" 'S Jfﬁ.‘\i}é ],':“ %Bi ~ inter-word * 4}3 28 &E—"E &

PEESOT EER O BHAI R L AT Lo 2 hF A bA kA dES B2-3 ) #
B 2t 3 fitting @ 7 51 fpa(0)/ fapa ()} > #5875 7 WL T B I eh TR A LR F & &

B 3E T+ & intra-word F & B cnfraiAp s o Flpt R A - BaEE

o (7) > T (2) 4o T () > o (7) > ot 5 2 24 g 3 8L 0 3 inter-word » iz 7 27 B2-3 3§
R B T AR B ts 0 £ ThT 5 fl(0) I fas(r) e = BL5 4 Th8 4 3. (7)

e faps () 12 2 B o
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