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<Abstract>

Improvements on Phrase Breaks Prediction Using CRF
(Conditional Random Fields)

Byeongchang Kim, Seungwon Kim, Gary Geunbae Lee

In this paper, we present a phrase break prediction method using CRF(Conditional
Random Fields), which has good performance at classification problems. The phrase break
prediction problem was mapped into a classification problem in our research. We trained
the CRF using the various linguistic features which was extracted from POS(Part Of
Speech) tag, lexicon, length of word, and location of word in the sentences. Combined
linguistic features were used in the experiments, and we could collect some linguistic
features which generate good performance in the phrase break prediction. From the results
of experiments, we can see that the proposed method shows improved performance on
previous methods. Additionally, because the linguistic features are independent of each
other in our research, the proposed method has higher flexibility than other methods.
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SHE 8 AAE BF qoA SulE & FEE oJFU, AdE YL
golE7] #E S8E ©EY F7 AR & BAE FAH}= d& TIS
(Text-To-Speech) Al =H A T a3 A F9 dholnt. BEF & AAlc FAE
AU & Zolg FARIFEY AodME F&F AR ASET IRE
&8 AAc 9 AAY olslzg EAAA TE B oy}, OE & 848
ZAsted 2R ARG AT Y2 4L FA 0 F8F FEE 23 3l
A gE AAE & 84 FHo) AL Aol sojua Aol EoAA

&4 Qole &¢ I (Phonological Phrase), ¢J%F (Intonation Phrase), &3}
(Utterance) 9} Z-& & @S 7HA T ASH F2E oIFAU3], g2E dofd
e ¢ @99dE tE dojy F 2L 4 a9d o8 Fx7t A¥Ed. 1
A ety or EHE PRE & FERE FHPs}ed FLIF JEE AT

74 gt

o B¢ ¢ AA 3L %%ﬂ 2y vtz Z T d(Hidden Markov Models)[4],
24 E#(Decision Tree)[5], HE 718ke] &6}, ©8 417 W (Recurrent Neural
Network)[7], &3+ A El ‘?‘}_%ﬂ(Fuute State Transducer)[8], "IE&] 7]¥+e] d[9],
ZA% ME 29[10] 5 % i Eo] AgHUT T Hex FE PHUS AL
g3l HAsE voly FHiAA FAY ATH WYY F9 HEUS gF) o
Fo 2steE BAE C459 2 Y EY HYPS ol & FAYRE dYE

gAshs WHILS ALAVE ST EF 28 AA FHAA AY Neos
zolE BA FH7E U WOk FR) GE IFE TAD 4AAT 22T F

L

AHE E&Fog Fol FAY MFE &4 "}% e W12l AT

E Apdye &€ ZA 4 £AE F EA=Z HEsta, deid
FEAL, o3, oj"de] o], EAAAY 01@ AR 2L tdd Aoy JEE
CRF(Conditional Random Fields)[13]12 & A2 2 AL&3th CRFE AME3d 7€
o oy nzz 2d ¥ty WHHEG dolEY slAA FA il AFFHo|H,
Z A HH(Local Maximum) FAHE 2 F AT

B =59 yrx REe Ogn o] FAHT 273X CRFY tisf &3]
a3, 3FANE T 5 CRFI AHES do1F Ao s 493
t}h 43NN F2H AAS AHESlY && AA FHl CRFE &3 4% 27
E oy, 5o B WEd ud 28F FF AN I dis) e
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2 e e FW &5 (Marginal Probability)olt} ¢ 8olA 2 $x]¢ Ho]
A sle AL oY ntz:T 2 d(Hidden Markov Models)#} o fAMGE &

2o oB

EL AH £¥97 2REY 47 dIHe Fo43 d4Y #9949 23
) 3}35te Aol A% Maximum Likelihood)oll ¢ =39t}
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ngk(yt—l:yt;xi;t)
= EZPA(?J’ | xi)Efk(y,t—lyy,t;xi;t)
Ty 7 :

€)

CRF= AA ) g(Global Maximum) 2.8 F83ls 4 EAste B2 7}
T 4 (Convex Likelihood Function)E Z+= YHHAQl o JE=Zy mdo g
AHES zta 9o, GISY IIS[14] 2L #E X Hul JE=ZY & dn
© 2 CRFE FHHTL 3T BFGS[15] HPol o @) $J3}7] o] 2
AE BFGS WHS AH&-3t4rh.

Fd diojgd s BT = J= HAAHF(Overfitting) FAZ 257 93l
7}$-2 AP 3 E(Gaussian Prior Smoothing)S 24318 21 FAIE 2 )] o)
o33 22 ¥ye FA4 "o

o
|

rg L o§s

A o o

/\2
Ly= YlogP,(y; | z;) — Z;ﬁ %)
[ k

A71A oiE BA4teld, & S AU e AL A () HEFIe AH 2
A
lzgfk(yt—lfyt’xift)_yz

= EEPA (y, | xl)sz (y,t—lfylt:xi}t)
oy t
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£& AAE TISA2HAN A428-248 W83 £& F29 Be ITL
2 4 Utk &8 B LAY ALFL N2 9% wA Q3 Tf9) weoz
MBEG BY, oY 223 Hojalr] 59 45 €8 A FHAARE A%
g,

AFNA & BAAE RIS AN T A APl A A WA
TE T2 & PR M2 WAV Aoe MY Sl TR 72E o8 £
& B FAeIATh o) WHe AN TE 4% FR-2e WL B

W oA eE Be ANES 2T
T AAE gHa BAEE o8F EAHY Wyelt £& AA £42 A%
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EAA e gurzos Be o F¢ HolHE ¥as g oHd F¥ U
olg] BZ #AS 3437 98] smoothing 71HE AMEEAIT O A4S &Y}
A AL FE ot B dFoME o3 HolH ¥F e FEIT, 34
At (Local Maximum) ZAE 12317 98l CRFE & ZAA FH AH&&A
6.

3.1 st=0{el EF

o £49 dojay EHe bt LU HA, ¥Rl wHofols]
gEol @2l Wolk PWH Frx AAE Ze shi olu e as 74
"o B4, dEoE Be BRI AL ofv], dolwelulg e FAAA Aol
otk 2@ Js WHLES WA 4E, SAY A, 2B, dole) 4 @
AE 2RI 99 F 570 8 Fuxe) T £& AA 2R 29

Ztde] 8 F Uth

AR, sFojE 7]BAOF SOV(Subject Object Verb) PojeolAgt A A Toj
ZFAME e gojsh e dojo Hls) EF9 Eol FAF ¥EA YEUol e
AoFS AYstne ARHOE @ol A7t ARHEFH FAT FIodME
(Modalities)2 VYENE ZFARE BEEA] 3 FAL wekgtof dbe ©of £419]
Alekel Atk WA AR eARTE oW Aol YetdeErit o 48 A
Byt g 5 3k

JA, S¢AAS Hale sy Fejd <, ofF o] FEYAaE Atol, 7 ¢
OJHE AtoloAut Uojd = Y FE AloldlME duA Ferh wEA A
83 28 AAY FHe YT dgo FH FHolzgt & F Aok

3.2, IO{% W e

B AT dojAgE 3 FAAAE AFE FA 45 EFRN6E ©Eew,
28 ZAAE 3oz t £§ Z7A(Major Phrase Break)E, h22 4 & 73 A(Minor
Phrase Break)® ¥ 718101, h12 2 28 7747} $1=No Phrase Break)zi& H7]
gt <3 1> B AFE A8 <a¥ 2>9 FAo gt FAS && BAV
BE718 LEX 9 ool
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VX<8)l>
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<39 1> “3AgS 58 A H2L A5 s chrdd g
ZAlet £ AAV 719 TEXR

£ =89 49494 CRFEE S FAH AL A3ty b33 22 AASS
LEAZRE FE39 AEEAT
o FA AR

& AA FAHAA M FoEH 7180l He AZod. AR ﬂ@ Atol &
Z1Eez goz Hu 7, 2 Hd 771 Felo dis) FAF ARE FEA
e o3 A4

olMel o} E 2 AMEE AAolH, A o]E Alo)E JELE doE FH
o 270, HAE Hd 2788 oJFo] disf A4FH AL FEIU-

o o3 o] A2

Jdel Wole ojdel &4 AFeln ok 7 2L ©sst Ak WA o)
Aol NEez %oz A 2l B2 At 249 ofdo) v o4 o) A
g #23

24 92 A4
239 A% AAAN @A) AN S2 A%sh @A 9NN 2Z B
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AR $4 AFE AL AgAhon, B 2P £3 A2 AT A
I8 FHHE ¢ ALE AR,

<E 1> B QTN LT 22 F 9Jr a 7158 JEga id AA7)
3z g9 e A= A2 FRE /\}%5} 3 HAE UEE ojd 2t
& 2 &, § ojdd disf FEE /\}%?ﬂﬁ}.

<E 1> & BA A AL8E AAE

A ME g - A4 g
1.1 POS t1 %, FeEla FAL Y
1.2 POS +3 g A el FAF 34
1.3 POS +5 o, F ek A 5
1.4 POS 7 o, H ek FA 7Y
2.1 Word +1 %, H o1 9§ 14
22 Word 2 &, 5 oE o3 24y
3.1 Wlen +1 &, 5 o4 Hel 114
3.2 Wien +2 &, H o Zo] 244
4.1 Dis TR A de 9
4.2 Dis_nor FRAA Y dA)He] AXNE FFs)

3.3 CRF &

<3¥ 2>9 Zo] && AA FA AR EHE CRF 2E& FAA717] 13},
T4 ANEHE A JEERS FEHAEY, 1

2 d7AdAAM 2{5FU o

TEO 4, FAFAE 2AE AXNEA JEHA oty IRE A

T JHERS 24T SALEA s HIKY AT A Xé"é N5 ol &

o EAAE ENGAY. o] Ay AAZRH <3 >3 2 TEXE dg
Ao, o] BEXAN <E 1>9 AAES F&8 1 }_gs}o:] CRF Edd| A}
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B Ao E 199739 10¥€ 16€3E 20009 3931971A9] MBC w2 7IAME
2 =83 4 Hdn HXEE ARl HAES d?&lt} "a% H e
%] of

E EFAsE 28 ZAZ BAHY 3 H9 “‘“X]oﬂ E’*]FJ *} R &
AA BERE AY £AY2 2 de R Aol Bo] e AYolmE, & A7
AME 7189 AN Al2dN7102 FALE EARL, HTKS AHF A A48
71%5¢ ol4std £& AAE FASAT HIKY AF A FEAAM £33

E Fwlo) )3 paused] Zo)E FAHIIACH, pause?] Zo]7} 70mso}olH o
& ZAAM3), 70ms Yol 10mso]Fol® & & FHA(h2), Omsel¥ &&73A
de AnNes FERIIGY. BAE € BA didl ¥ 4

3 Ax, oA FBAHE URAT & ZAC A BFe 95T Ui
Atk

4 oo 3 Fp l—U

AN o]

—_
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42 45 £3Y

L& AA =R I AHFL Ity ez "ol ALE3lT  break-correct,

juncture-correct [4]5 AH&-3l4 Q%S HIME At
o714 N juncture®] & 7|FZ EF doA & ZAAY diide] He 2E
TS D3 BE €& AAY AFE U € FAS &2 & AAY o] #
. DE AAFHoE FAdE & ZA EAFH UAT ’%ln_ AN E &
BAE FAHNA £ A2 A oelth st Ul & FAE & & FAR
FAAY 2 9wl A2 X & dgoth Iv AAFHLRE FFdE & B
7 A A AR E & AAE FHT A2 AY dFolo
Break Correct = ﬂé_:_S X 100% ©6)
Juncture Correct = N— D]; S—1I 100 % )

Break-correct= A 8o 3= & ZAA i, SulEA FAS M5 viE
olmz Al e ETF3A Lth Juncture-corrects +& AAIL ulde] HE
2E FWd A&, & AAV old RS TFIA LulzA FAHS N5 HlE&

[e]
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ot duk BRA & ZA tide] He T Fo dAZHLE & AAVL

obd Zmno]l £ HIE&S AAEE, 7|E4 F(baseline)o] A UL F Ut
e, T e AF S WHeZ & AAY F N5 HES o8&

adjusted-score [18]8 AM&3Ith olv && AHA Y o] He T g

A7 EF hlE HAS W 7|EAF0] 071 B 23 ofR| g

€ ZA W3 S9siA FHHRNE we 108 AT E 7HAA gk

3

8lo

_ JunctureCorrect
JC= 100 ®)
__ N-B
NB= v ©
) _ JC—NB
AdjustedScore = T-NG 10

43 A% An

<E 2>E <% 1>9 AHES 4502 Alg3sle] CRF 2d S &3ty H43
Aatoltt, B =FdAe BE A3 10-fold cross validations AH&-3} Tt

<¥ 2> 94 Ao AT

ARERE A AWM E Break Correct(%) | Juncture Correct(%) Adjusted Score
1.4 ’ 59.58 85.60 0.537
22 51.81 70.43 0.490
32 41.65 58.29 0.457
4.1 48.21 62.41 0.483

Agol AHgE ¥ JhA Aojga AAF Fere B MY L AT
2 UE Adz BoY 190 $9F R AoldE A A
gesel As7t BE4E O ¥ A5 Uehith BY 430 AgHA A
% e <€ 3% vms Bgke W, 1E 97 FBH pEn FPEdE
Ag FA PEe A5ET thh WojAE 4L Bolm Ueh1l,
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<E 3> 53 Wyd ZFEHE AESE FH F31Y

A4 Break Correct(%) | Juncture Correct(%) | Adjusted Score
£33 s AHE§ ‘
- 52.17 81.39 0.480
F4
AR EYE AT 3 51.77 81.71 0.488

g54 P} 273

o s 62.74 85.57 0597
EZE o] §F ¥43

<¥ 4>t 9d AAESS 28l CRF 29L& FA31 HEaA & 4F
Aoty AAe xFo] by EAHNAY, 2 F A4S UYEe 2% T
HArke HATE BTk
< 4> FH%e AA A9 F3
b R 1 Break Correct(%) | Juncture Cotrect(%) Adjusted Score
11 53.61 84.43 0.500
1.2 56.77 85.31 0.528
1.3 58.26 ) 85.46 0.532
1.4 59.58 85.60 0.537
13 + 21 - 66.06 87.37 0.566
13 +22 66.82 86.74 0.550
14 + 21 60.01 87.49 0.570
13+ 21 + 3.1 66.15 87.95 0.574
13 + 21 + 32 66.65 88.13 0.580
13 +21+32+ 41 71.20 88.64 ‘ 0.598
13 + 21 +32 + 42 75.62 | 8980 0.616

<® 4>8 AYAANA FA AL H, ¢ A FALE AHESHE A BT} 7
AS EAE AHgeE Aol A%el W Fouk, o4F A 2PINE WE 5
o EAE AST ol W B A%S Utk Bole Zol AL F 1, &
ViE AL @ A FL 4SS Boln, BAAA 22 AAY ANE uw
B AR ARE A5 Be £80) 91, #49 oz FF%E 3d Fu9
A5 Bl Bk AP 429 2¥E ST 45 12 FEH Py
ARENE A2d FAel PEET $52 45 dshin Ao,

<E 5> Fd HolHd FAFHE Ae F7] A <E 49 4P opx A
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HelA & A F3 712 HE(Gaussian Smoothing)S &3 ZAE HA
Z£t}. Break-correct= £4F0] 5¢ uj 71 ¥29, juncture-correct®} adjusted-score™
#4ke] 059 o 7 =tk o] AR FAH AT hE confusion matrixe= <X 6>
7 Zo. '

<# 5> 7t94 HES H43% An

V2 BA Break Correct(%) | Juncture Correct(%) Adjusted Score
0.1 7142 90.22 0.632
0.5 74.53 90.26 0.633
5 75.711 89.76 0.614
10 75.62 89.80 0.616
20 75.00 ‘ 89.94 0.621

<¥ 6> <H 5>9 712 B4 059 o9 confusion matrix

2877 G hl h2 h3 A
hl 93,151 182 3,757 97,090
h2 3,428 88 954 4,470
h3 4,405 146 26,055 30,606

B =FdqAe o] TISAIEHC 8% & ZAA & #s8le CRF
(Conditional Random Fields)E& A3}tk =3 Ao Ae5S Hole A& A
&S Fohgy] Hdtd, A7 AoEH AAES /3 AHEEAT 2 A, V)
Zo] FE4 WY ZAJEHE AHES FAHE WHY ATEGD A" 4A5&
dS 5 AU dutHoZ & AA FHA oA AAEL ME &Y

3, B

HE, B AFAMNE ARES HE SYHOE VED 1 ALES ZFSHA A
$¥o2d Oe J7 %o Rdnt 5840 2L & A 4 A29e v
st 2oz 45Ae AN TE B4 2Ads 2e gUd AAL e
1 75 7le e 4Ae bl 45 5Y F Ak S A7 AY
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