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Abstract

Unlike English and other western languages, there are no delimiters to mark word boundaries in
Burmese. Therefore, word segmentation is an important part in the realization of Burmese speech
synthesis. Through manually word segmentation by Burmese experts, we have constructed a Burmese
text database containing 5000 sentences as experimental data of this paper. The CRF-based word seg-
mentation method is compared with the FMM-based word segmentation method. The performance of
word segmentation method was evaluated with confidence, precision and speed of segmentation. In
this experiment, the confidence of the Burmese word segmentation the CRF-based and FMM-based was
94.1% and 84.3%, respectively, and the F values were 93.8% and 82.9%, respectively. It shows that the
CRF method can be applied to Burmese word segmentation with better effect. We believe that this me-
thod meets the requirements for the development of the Burmese speech synthesis system.
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WREF R —ANEERT. RIITAKL600 MF)E LG EREHIER5000N 2844 F, AAIEERALS
1 LA VERZSCHI LI BHRE . ASCHT T 2 F & HEBEVLI% (CRF) I 4E 47 ik 52 T IE R & KL
HYE(FMM) GRS A 55, FFRERRE. 2k M a3 B ik Atk ae . ZEARSER Y, ETFCRF
SFMME A& R BEE A M T594.1%R184.3%, F-{E4r 7 i£93.8%M182.9%. &, MH
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A IRIENE R T[], Mo HM 1 Nwet K T & A2 7 —Fih3ET CRF BI401E N & 15051421,
Phyu M L il Hashimoto K.Z N3 HI T —FhEET CRF FIRFE TR AO 40 IE 2037 77 R [3]. A SCLAIF R ZhiiEAE
BERAGNH N, AR T 3T CRF A EMM (01728808 . N T e AR 2 )18 40 3Rl i A2 h 4 F] CRE
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3.1. &F CRF 8947

- EREHL3% P 7 (Conditional Random Fields, fij#% CRF, B{ CRFs) 23 T B D /R AL RAR A A B KAt
TR 16— b ) ) M 5 e 1) 2 S AT (6], B — PP EE T Geit I SRR vE RN o BN 40 1a 7 k[ 7], ek
VB 431 1] AN — AN FUARTE R R, BDERNE 46 2 45 R 7 Blbrid,  Z JEARME bR Id 58 ot &) 74
o AH O RR Ey R AT RASE BRI B KRR, CRF VA e SR AT AR 2R AR 72 A A S P AR e VLA 2 B AH
FARST), AT LA E TR ER, AR CRF M5 i 1 e KRR A bR 0 i B a5

BN B 6 7 SRR R B — AN RN T A T — MRS, T aia i, X =(x,x,,-,x, ) 2
— KPR THENBERT I, Y = (05,5 v ) VERXT N ISR F . FEL5 7€ — NN T HH LT,
B p(y|x) NERTEREZAFRENLIA, WIFEREHIAZ & X BUE N x M, BENAR S Y MEUE Y » 15 1H
ERAWMTFEA, waA(1):

p(y|x)=ZLeXP(ZZ/1kfk(yt_ny,,xaf)j )

Hrh, ZRMTEWE T, f (v y,xt) B MERMRHERE, 42 SRERBUR SRR . & AFREHL
Sy 9 000 1] R 4 58 S AR p (v | ) FIERNJT B x, SRAGAFAE SR BORIORRTE T A1 )", RIS 4 AP 54T
bride SEAFBENLIZ TN L 2 2 R L B0E . A= (Q2):

y =argmax P(y|x) )

3.1.1. FRESRR

S AT BEALIZ (1 40 SC 53 1] R AR AR T H SO ATl JEAR, AR o T R R AE SRR R A
BT R AL E AT REME . R S5 A BEALIZ R HEAT 4l S5 R R — AN AR R R, dH AR
FIFRIE DA — AN T O B A BT, 40 ) 15 (1A 2 B AN B AN S TG, Geit 5000 ANEE A, SRt
124,809 “Minl, ZBREEMIEEFE3] 23,098 A, 5 algevh 2 52 E1 A% E R4S 1) A,
* 1R

Table 1. Situation of Burmese syllable in words

F 1. EiEAK G R

ERES B A (2 E D) BT i A (R E ) 7
B 49.0% 17.0% elgg (#)
WA 26.8% 30.5% 0305805 (i)
= 16.9% 29.8% p6c§qe (k%)
L EEeT 5.3% 14.7% e300 (F12)
P&l b 2.0% 8.0% elogpodespeomtseam (Ar)
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flil “S” “B” “M” “E” R4 MIFRRBE T 28 I )RS 2 AR AR — AN A )
e 1) i 8 1% 25 45 H BLE — A e R . e S A BogapoBipopaaqBroonoononadi” fxik it
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Figure 1. Burmese text tagging
B 1. s ARRE
3.1.2. FFEHRER

CRF 1 — LA EP RN : U-gram F1 B-gram, U-gram N—JCHH, s 25 9R747 B X R KIFRZE
FHR BRI, B-gram —JCHEAR, FRARTT— /ML BRI S HT AL BN RLARE AR O IRHE, 2420 B R A B
fige, IXFPRBI L= VF 2 0] XA RRE, X2 SNSRI BRI T, A SCEFENZ U-gram
BAR o N FAF AR AT IE ZEIAT R R IE £, BEORF AR R R AR B8 b ] LR vF 5 PR S & P
TURRHIE, H 2 a0 RIRATIE £ AR 2 1 K S 1A RRAEBAT AN AR LIRS, B DU R 3R
AVEBURFIE RAEA PRI B R SCARJE B A AT 5 . FRIERRAE 2 %x [row, col]. x ATHL U By B, XIS
PR T B Y5 H T AR - I RYR, row RARAEN ST B 14T, 0 BIZ 41747 col XRIYIZR
A, XA 18R T 0). ASCEFREEE N 2 PRHEBNR, HEAAS W& 2 s,

3.2. EF FMM H5317)

AR SE N 1] L1 93 B2 R AE ) 5 K UG C (Forward Maximum Matching, {88 FMM), H 3%
FREZ V) R R, SRS AN FEREAT LU, a2 — AN i sk ok, 7 Il i 3 n s k> — A
HAT, SR, —EIEFE N AEIAE, RS R Ry, WAE N AR S SR AL, R,
B SCAR R AEAE N A 454 (8] [9], 4ifa)if VU= 4% 1 Y2541 ABCD. ABAC. ABCB. AABB. ABCC.
ABBC. ABCA. ABAA. ABAB. AAAA. AABC, 3t 11 Fh. b, HEHLZ12 ABCD K8, H/DH
J& ABAA KM, KA F| AAAA. AABB. ABAA. ABAB DUFHIY 5 k&), B35 513 thid sk Iy
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AN L DAL DU DY S A 1] S5 A, DUPRE X DA 35 15 RN — AN .
1A 1>k F Technomaion Studios 2 7] 4w 35 H 40 f) 15 -JC 5 ml i, JAR 2% 26,601 4>, N T s F&
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Table 2. Feature Template

= 2. FHIERRAR AR

FHAE X
%U [-2, 0] T 5 4R RS AT B R
%U [-1, 0] T 5 AT A — AR R
%U [0, 0] T 5 AT R
%U [1, 0] ENESCE TSR EE R e dii) S
%U [2, 0] LTS AE T E R A TR
%U [-2, 0]/%U [—1, 0]/%U [0, 0] TS M AR A AT . AN FERR
%U [—1, 0]/%U [0, 01/%U [1, 0] METEE A MR E R AT AN AR S AT R R
%U [0, 0)/%U [1, 01/%U [2, 0] PRI ES U AT EE . AN TFIERR
%U [—1, 0]/%U [0, 0] IS A S AT A IR
%U [0, 0]/%U [1, 0] YIS YR AR AN TR

4. IR HFREER R
4.1. SCISBURERME R ST

ARSI HE P R g I R

1) FFH € B K 2R AR BRAE 4 4 15 WX 3 EAMEUR 2 600 MB [ JE A5 RHE, PR TR R . &
B AN Bl SRBG BEESTTI.

2) JFisiER G 2 B AL AREE R RS BSCARERE, MWOCAIERE R EEHLEEIEH 5000 A)EHN
VG S R SR IR SOARER, B BRI 5, R TR HL 431 T2 s AT D R g

3) W BT B 1 1) 45 RS AR WA A ) SEAT RO LASUE, 4l T A4S SOME R 1], R
5000 NHE )T 3 R 25 NSRS, ST AHL, #2, #3, e , #25. A BRI B XK HHETK
ST 3 Fs, #1 Z2#5 5 R TR A 58513 3 TextSetl SUALE, B8 5 AN, Jr S #A1~#AS,
HE %K B 5eUG 133 TextSet2 ALK, WH 5 AR, S#BI~#BS, #6 £#15 5 XHH LXK A ElUG
133 TextSet3 SLALE, #16~#25 5 XHIH LK B 585153 TextSetd AL

AR SCARAE B A5 P R e SE G 45 A ek, B A TR B B F N H— AN SO 58 43 1 LUG 15 21 1)
P SCRYS#A, FI#B, (1= 1, 2, 3, 4, S)H 1A R 73 378 N N(A)~ N(B;) » FoHhAH [F] (1) 18] I 30 R RN M(A4,B) -
W B AT A4, BB ERRAANXQB):

C(B.4)=P(B,|4)=M(4B)/N(4) 3)

Fi¥g TextSetl SCALEANE MR T HHE, B4 TextSet2 SLALEANT T TextSetl LALLM BEIEE N
C(B;, Ay, HMH C1 = min{C(B;, 4,)} - #¥ TextSet2 AN NIRHE D EHE, B4 TextSetl SUAEEANF
F TextSet2 AN BISE N CA4,, B), BIH C2=min{C4, B)}, HHi=1,2,3,4,5 BIEERITES
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R 4 iR,

RAEE 5, C(B;, A)HIE/MEN 0.875, WIFET SUALE TextSetl B, EERME N 0.875. [FHL, HET3C
AL TextSet2 B, %2 HE N 0.906.

FYEb, SR AN 43 1R E R A VP — AN RGVERE LI B AN BB G T, 43 1A B T B N A
VG531, MIAEE R AL BE R, ENLAS A A —FER AT IR N, 20l R R PR G 40 TRk R 0 = 2
FEFR I RE S A B I HERRR RS, X RATIN —AN40 1 RGN RAZ O IR . AR SO 2 T8 K ik FH A
[ Ry W P UL FAEAE N PEAIRRE[10], o anA(4), (5), (6). Hrr, F-IHREM LR &Sk
MR AA R, & P AR ZIIMRLELL, 4 p=1, WXIRE P AT R BIALEAF . 4 R SCA ) 4 1E
WRRLEE, B FoRM AR D) AR AR E,  C FORIEARESCAR T T IE W2 B R A S A
A B R AR B
_ PRSI 7 11 B 3 2 4

HFZ(R 100% = ———x100% 4
AR R = e el 4rC “)
it 2 ( py = SUBSORAIMEF RS (000, A 100
R e T 1T B Iy R ©)
PxR 241
F:%Xloo% (6)
R+ xP

Table 3. Segmentation distribution by expert A and B
F 3. TR AFEXRBHSIEAXE

BRY

s - wEA 5B
#1~#5 ) V V
HOo~#15 Y
#16~#25 y
Table 4. Results of the Confidence calculation
4. EEETESER
SR N(4,) N(B) M(A:B) C(B;, Ay C(4, B)
#1 6217 6105 5537 89.1% 90.7%
# 6452 6259 5684 88.1% 90.8%
#3 6567 6402 5912 90.0% 92.3%
#4 6098 5968 5437 89.2% 91.1%
#5 6758 6523 5910 87.5% 90.6%

4.2. STASEIE R LR A

# TextSet3 AR TextSetd UAEAE N CRF 2018 R G H FIINZREUE, #1~#5 5 SCRYVE AR EE
HHAT CRF 403, [RINHRASE TR i 0id 750, AT e A B A g, SRATEH 72T Hash
FA ] L38O SO T RE S P A R B 43R, 3 T 1A S B2 R OE 1 B R UG e S5 (FMM),, - 43 73K
PR3 45 5 5 TextSetl SCAEER TextSet2 A BT, B3 5 P
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Table 5. Segmentation results of CRF and FMM methods
% 5. CRF 1 FMM fMal45 R

B3 GRS S BfRE EEJEES HER F-fi Fanibid 4
TextSet] 92.3% 92.3% 92.7% 92.5%

CRF 138KB/s
TextSet2 94.1% 94.1% 93.6% 93.8%
TextSetl 84.3% 84.3% 80.9% 82.2%

FMM 186KB/s
TextSet2 82.0% 82.0% 83.9% 82.9%

RIS AT, AR BT SUARLE TextSetl i & 5T SUALE TextSet2, K CRF 415 21 B 5 5
KFRME, KA FMM a5 200 85N RME, JEH CRF 4MA1 F-EAHLL FMM 2 idigs 7 10 A
B Uk b MRS AR RS LR X RIRE /NI SCRYS 43 17], CRF (40 1A 38 EEAH L FMM
I3 R G, RN 25 R G Tt AN R] A5 5 1) 73 1] T ¥k AR T AR 52

5. 458
MBS R . MRS R AR B LA T 3T CRF AT FMM [OE /M A 7, Sl st B,

I 0F 2 0 1) B B AR, T LRSS T CRF {73381 7 sCHT 0 I 408 ) 701 o (R AE 73 1) 5
FIEFERE G, Hik, DS R 1 RS RN ST AL

HEE&mE
RIGRIGEZK H AR FFE 4T H (61262068) %1 Bl
SE ik
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