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<Abstract>

A Study on the Characteristics of Segmental -Feature
THRA M

Young-Sun Yun, Ho-Young Jung

In this paper, we discuss the characteristics of Segmental-Feature HMM and summarize
previous studies of SFHMM. There are several approaches to reduce the number of
parameters in the previous studies. However, if the number of parameters decreased, the
performance of systems also fell. Therefore, we consider the fast computation approach
with preserving the same number of parameters. In this paper, we present the new
segment comparison method to speed up the computation of SFHMM without loss of
performance. The proposed method uses the three-frame calculation rather than the full
(five) frames in the given segment. The experimental results show that the performance of
the proposed system is better than that of the previous studies '

ZAo]: &4 <14 (speech recognition), ¥4 £3 HMM(segmemal -feature HMM), ¥4 &7
(segmental feature)
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rhu

SA A4 Bor ol g EorME &9 ulmET ZYW(HMM; hidden
Markov model)2 F#3}7] ¢, +4¢ 248 s8d & A5 W d8 At
53 Jdeom, 2 AME Rofe FA YA Atk 2y HMME Hold 4%
dx EF3 AT Qe ISR Ud) 4 Az ARY FEHEAHES AY
2 BYE3A XEdn A U old TS BA3y] e o8 dF W
Aol AEYeH, EAHA WHog s - Zu(Gales 1993, Ostendorf 1996)-2
o]-8& Wi #AF L(Gish 1996, Holmes 1999) 283 #, 28lu HE 3
WAlg o] &3 T3 SA(Furui 19858 FAZ wWHo] ot ol WL Ty
£ 7 (frame feature) tJAlo] o8 T Yoz FAH ¥ 5 F(segmental feature)
o] &3 AY oA =P A Fol T vish A4 (coefficient) E= HIF o
o2 R} Yot 7€ dFe 24 A3y FH EA4ES Hg3r] g £H
9] Zold AFE FA ¥ HAFHY FE EXd FH WAE FAFH YHeE=E
BFSIA A7 W] Aol Brhe P, £F ZHolrt ¥Wdte 54 wWEd
A EAl(boundary problem)7} '#Wetd AL SA QA2 HL37] AP &
Aol ATk ol BEAAHS #3lsn A5S TN Y3, A8 =G
53& 243 H 3 (parametric trajectory)¥2]g o] &g £ 5oz FHd}1 ¢
2] Rdo] &3 £3H 53 HMM(SFHMM; segmental-feature HMM)o] A ‘?}Q A
(%41 2000a, 2000b, 2002). 13} AGE £4d A HMMO Aol 53ttt
A gx 7]E HMME ol &3 4 A4 A2H) b3ty oH3] g2 AtH
2 oA Wge) $rt BAMoZ AFHn Yok wEAA B dpelMe sz
SFHMM 97 & A3l 2 54 s Fo AMZFS ZFaAI7] A% 4t
ozx A U dF =y Aut ALt wrgstnz o

B =&Y 74L& O3y 2o HWA 2FqAME 7|E AT AGE £FH F
A HMME 7teF3) 27080, 33 A e £ 53 HMM] g3 SHES A3}
3, vpA R oA A4 AIZEE waA dr] {4 FE g AdE Ao
4Zo e AgE Fae FAEAHS HFE] AT 4F € AHE Hold, npA Y
o2 ¥ a7 8% 2 AES 9= & 3H ‘

o o A

2. ¥4 53 HMM

2 Zelde €3 53 HMMo| dis) 23] e fales dith. £4 54 HMM
Zd Ao & ¥XE HEIA ¥, 4 2HE d¥ez
EXEH 2dyste Wiolt o] WYL e 0
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o] W& sHsmoothing) AHE WESL A7) W] I BAHINE T A%
BA Aoz slg=Ew, 712 HMMON 474 839 4 ok £d, 7129
B gd walo] 1A EA Zolg slgsted A4 IR B AL A
o] Wasig: He MAsuA nHY B Yo|g ojfs =53 B WYy
914 7d-g B3Pt (94 2002).
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Deng(1992)2 HMMS] ZeiA e &8 &S A3 7] $dte Ahad AL
of W3 T4z e HF HiE 2dg ey, 2dS NS e
Ao A& Azter #EF FE WHolE RH3NATHDeng 1994). ©] H“ﬁ° -
4 B4g BeE WPos EPE Aol o, S Al BE BES
24A oz Jd2sgct o8 Gishe} Ngrt Ao} HAZ(word spottlng)oﬂ
A wolel AAs AHl @ A%, 2ad Had gt dW dolE AZHE
B A}23tE T (Gish 1993, Gish 1996). Hx1e] Aox Al e o] &5te] HMME]
Be) 299E FANASY @8 TaQ SAe) FWe Fo HMMS e
2 AFH1n Ye E?é #=(independence observation) 714 S S3IAI7A] £33 H
o FA9 ASelE Fold HY BAE shie 54 REcs 2dUsd A
5ol AHE3tA T °]9Jr 2ol 93 =< SAozRE dojxle EF mHL

B4 E7(segmental feature)old}l T

2d Ex HMMS HMM9 =9 #2 714 S ¢38lA7)7] 918t 24 A5 g
24 540z 2ddsgen, 945 84 A 44 A48T 4 UA=S 84
g 1Y Zolo EHEY FEXN BHIAG & BHES JHY EHEH
F3HE 7 demz VEHE BHY T4 FAG olRAE nestd nHHolE
Zte BHE& 5339 o33 2ol vEd F U

C:= ZB,+ E

g AN C,8 B,E 7 AT tlNe &4 2AR AF ASLES U
o AFez BEgE B3 5FL Fojd 23 delM HEY za g W@t
®¥ S Yehie U9l P B(design mawix) Z AF AF B, o) o
BEET. 9 4 BE C, 9 Z¥Y A3 ZB, 9 Aol2 sty w4 H
= #a} 9 Z(residual error) E : © E8Holy TY3A & E(independent and
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identically distributed)=jo] TH 7M. o] AN Z zHYe DALY 53
WEHEZ EFHHY, ¢4 24 C,& NxD 83, Z9 B,t 247 NXR RxD
Age) WPe Yea.
Fold &4 B™o] N=2M+19 ZiQgez FAHYGE a7, I 4
Y= yi,.., yye 087 2ol 24 vyz 239 5 U

@

.Y_t*M
C, = Y, yn= y:

. Vi+um
Y. = [y.1 - yopl, t—M<t<t+M.

2

A 3 & F ARl AA AT 1o H C, 9 7NEHE £E FY
Ae ZHAY §F vy, 7t H7 WEdd, t—1 B +1A%Y 237 $HE
Ak oleh £ A E£HE XYY st 24 A3 zEHY 5 E9
9 243 O ¥ ZE 03 o] Y 4 QU

g -y
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Z =11 0
() - ()
== 1 (%)~ () ]

A7A 2. & HA B Z9 A 3 HE (ow vectonE UhebTh T}
A B Z7h FA At N BE Zolz FFsE AH 93 AnE

=

deily) g, tiael #FE olgstel ANY WAL w2 ool BZY 5
A dEg ggo ot B2 dHE TP Aok o9 uLd PEoz AR

- =T

A4 #28 B, 93 o] Hodrt
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bit = [ fvl bf_D], ].SZSR

£4 23 C, 9 gAQ 43 Z7} 7AW F35E A4 A+ 92 B,
Y #(linear regression) WA oI} T 2L WP Adl ot Ag
&

=[zz1"'z c,

7)) q ‘& WP WX (ranspose)E ofri@ch AN AF BF B,k 23

H, 33 HYT (goodness-of-fit)y 2= At to] AL FAS}E ZE =ZyY &
Aol g Za 2E vste] Aatdth

(©6)

2 o~

xt'_"T]V r‘ﬁl ( Yy:o— 2: @t>( Y= 2, Bt))»

t—M

A71elA y, & 2z, € A4 £4F dAA FZE 3y HE(ow vecton)E 27|
8o, Bdo] Zole N=2M+1olth ¢ oy HFH A¥= 27 F& ge
YelE =38 A3 Al 4o $4 £32 2 2432 dve A YE
ATk olsh 2e BAL B9 Uy ¢4 B usHE AA A% B, 34
HAYE x27 94 A ade] EJog ALgHT)

22. 28

£4d HMM(segmental HMM)d A= 53 Alsl(state)ollAe] £ A= FES 9

3 B % E(extra-segmental probability)?} W& & 3E}-E_-(intra -segmental probability)
o] o2 #F¥3¥ti(Holmes 1999). ¢]F Ed &2 3ale] EAol v 54 &
oAl g 5] wolet ZE FAHQ ¥l L’rE’r‘—H—‘—, Wz Ed &g 954
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& @golu BAAE axel o8l BAHE BHA Wo] EYe .
£9 £ HMMOAE 249 Qo7 7}%0171 Mg 98 A Wolsh
3 24 WolE 3Y3 F2HeI7 ATk WA 94 24 WolE nAY Y
PA(1271% 32 S o188 &4 ABRY FPD thA] 7
23 WolE o4t WA B wolE ANSE FFoz WEEL FFBh
gebA g Alzte] 2@ ZATe @Al EAVTH oA E EAREL HF)
Slste] SFHMMolME 24 57 B8% 94 94 2dsid 53R

99 e4ozHE 2 2 54 A4 A A8 95 SFHMM
ANE 94 23 WolE AHoNe BF AFoz FW}n, Wy A ok
9 e4e $E SRR WEF A9 A 33 942 Uehdth A to
A 2% ¥HY G/t BY A8 ZB 2 E4909, 2d 19 AH s o0M 2
e C, 9 B2 BEL 94 22 8 U422 EZA e Zo) B
GELS

N

.{

)
P( Clls;, ) =P ZB/s;, D Ci| ZB,,s:, 7).

geba AlzE tolA AR j o 24 B2 Ee AY jo 2T A8 Z8 %
22 38 o8 e go| RAY 4 AT

(8)
b( C)=P( Cls;, V=P ZB/| Z8;, ) - ( C| ZB)),

Aqolx P ZB/ls, V~P( ZB, ZB;, Z)E %714 wole] 9|4 £4 &

_Or]
g2 yehym, P C| ZB,.s.H~F C| Zﬁ,)%:— @r189 Wol® vehus
WA B3 5L ouat. yH 24 Wols &4 2A C A4 248 A4

__zr_
ZB, o BAT 2d A9 A ;o L@y bR 2d Bd A4S AP
& % ik
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K ZB| Z8; %) = Tj;fM @0 5.7

exp{~ 3 { 2.( B— BNZL 2.( B 8)Y),

1) P C)ZB)=exp(-3 2},

974 £ ol AeHE BN Lt A
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Ehd
2ol
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ta
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AdHE 24 €2 YA RA is zH el TFHL

2 H8E 29Y9 FF 2HETA EDE dvdd 1A e A9 B, @

d EF Yx(ingle mixture) FAHAME Ald 4 ALHEY sl AsEHU
o

23 dx9 F#7 F7EFE Aol FAAFHY AJH F4F A
o Aoz HuEin YrhEF A 2002).

g FlMe £ 54 HMMS 542 Festm, 1 AY $Fe ALech A
FeE WS W EAY B4L nHtA $E AL A R HyIE =
£ Zagel Wt BE @ AV F; IR THYT AN TS
et

23 57 HMMS 7%, £49 o7t 19 3% 23 54
| AHgd o 3¢, ¥3 54 HMME o :
e

[«3

E 9o £ FH™e Zol7l 1HG & 5 =4, 7
Zo 247 3 Rdl (parametric trajectory model)3} FA}g ezt "ok 4 73
$o thal oheT 2ol EAY 4 ok

(A% D 2F Zo] N=loln 37 25 R=1027, Az 1] 23 ZB, & @
A TAlY 59 ¢, 7t Dok gk WH 2 Wols 88 P Cl ZB.,s;,d)

' 10l 91, 914 24 &8 P ZB/s, )L 23" #AHo] ojd BEH
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=Y B g 7FeAlQt BEE g "o} was C e v =g
Ae FHA Hm, 239 A7 ZB, 9 A Ik o) A =7

o TE AYJE y v 00=HY, ZB & s o U HF EHL BA
9tk Jeez 23 Ex HMMS 94 HMM# 9343 24 8ot

(A% 2 24 ol Nel F9)7 =do] U@ B3
: 24 Pold Y Y =

g9 Aol Tet 2od, & &
e 7Y EFz 33490 7}

9 o) T7} 5= FAF o) A% A PP pAs) B Ao
%79 U B8 Z, 24 RIHY A4 A% ¥8 B, &= 9o 2
o] At

(11)
§k=[ Z, Z,) 'z, C,

7t Rde 9y Az B8 g2, ¥9F A 2He g 9§
24 2dy Y8 Aok gM A5 As B9 B, o 32 A4 Ax
#y Bo] Bd Zolo WLHEE 2L, ¥ =4 HMMS 2453

AH 2 ol AW LolE e $4 AL EUYY 4+ YthE A
2002).
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Zo| 4 Hn

AT

23§42 oy Zay SHS2 TAsC don 23A Fold IA A+
of meh Aol Wash WS BB YW 2AY 54 2L T 4%
of EHHATHEIM 2002. £ 5L AWu7 Astel T shx z2d 5
AEL olste] A MRE HAth AW HMMo) ASSE 53 AEE 1279
MFCCS} 23 U, 223 oS 54 #WHe 1% 5|2 A5E olgsgon,
231 B4 HMMOlE 133e] 712 549 Agstdch o A7ol4 24 Zolrt s
olm 57 7 30149l Aol SFHMMS] 450l $4sjctn BEHA. =
2, A 549 7o Pt 54 AL 2642 FFs] MG 2 ZE 5
Zol HMMo] AHE5lE 574 WH (1339 234 o2 AFE F7hste) 393
=4 uy AHRT 4Fel $5TL T 4 Atk o AN A 53
d9 SA9 4% e Foe 24 540 55 549 54L Jgde @
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2 Zolg 57 A5 @ AN £F Lot FAET 3
#5 24 54 HMMS] d%c 348 ¢ & Aok 53 59
st} A A7 F18E A4 g0l Frbstn A LRI BAa
Lo RLZRE FYF £ oA A A7} FolA® W] Fi+
Bustgch Wdo $UF A Afdl s B2 dolg S/ 4
S NF {7t FASATL AA LFE 9F HE IAEG 28y F18

Z2d 287 27) HEo £4 AAY 4% azo& % & = (accuracy)°]
F7HAT oA 2RE AP LFY AY 0F9 FadAN FID I

230]4 Z7}= o] AHM (transitional mfonnat10n)7]— =41 Nl

L A S R A
t
£

oo R

52
=
Mo
of

re
o)
Jo
i
ri el

e gurges 9 WEHd WE AN AolzH Taizz, B
a9t 54 EQ 9EQ A%, 24 Ed uge;% o)

dEo. Fd Yy AHoE RHEH7 Wi, 2 ¥4
AZD JF A AfEn BEHY, F AF209 Ade 4 AFAAN =9
HE RUE HEQ AZE ol &3l ojeh Fo] FAef Eite] EHE I
g BAY AdFHA SHMEHN BEHe B2 AW B4 B vk Bk
(time-varying variance)o]&} #th. 71 BEAF wlhalo] AHE&x5d, dd &3 Uxz F
deEe & JHE 2837 AiMe A3 A5 FE B A¥Y #4E JERY
© N7i9 &4 8ol Fasith wapry £H9 ¥ HAXNAY EF dx9
F7F F7P3Y 4 53 HMMS Ed3le wivl ¥W4e v 333 7184
H1, o B2 A4t AHE 82 gt ojeh e EAHS A Yid o
N Hee & Fole Wl tish m ol %‘-9-'6]"3} "] =3 E7el-4 AR

o
o A% AT $NE HANE AL 1 Bued o 84 A4 Asds) A
Be 9%e 018 £ 7] WEA A UelAy 2 maY SAel ug 2ue
BEs] HE BNoE Bk F, 74 Zald 53 BAS WEFae B U9
2E Y] FEFHOZ ASATH B4 EY Yol mE 4% HAE wns
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7) Y3ld B3 54 HMMe] &3 9% 9 ¥4 Zo), 37 A& 23sy
A3ttt 49 o)A T EF IEE AFEI A JhE BAY Aol 1

3 BAEY 22 A%E Hou, Y 49k & F7HNA vind A% F 829
B e AE Aole A e oY AFde E4F AF w44 NE A7
% & FE Holn =, £F Zol9 4 "Eoz dgdt J|E AT
M & HZH(complete trajectory)S ©]-§3tR7] W& 4 BHE Sho 2
S8 2l dSdnt oo A Zole A 5 HMMoA ALgdte &
A ZojHth AUlFoz Ay g 1Y BAL EFHo Zolg FEI) R}
A X3, €4 53 HMMAAE 23 Zolzt ol HAEg & W=EQ B9,
1A EL 4ol JME AT fAG 4% S RYS € 4 AT (%94 20000,
2002).

34. A
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B

24 54 HMMolM 2 24¢& 138 208 Ror, ggdd g8 AHez
2939tk of AN B4 P ot ¢4 Aze S 22¥H Foix
) A, AY AS2RE 44 3% AN IRE 2AY & A ZIR
49 ¥ Yus EESE, 9N FRE 24 549 71F AAE Y
22 54 HMMoIA A% Fre 4% 39 $3des EdY 4 o=z
54 Ade A4 A+ U 922 474 298 4 Uk

Nog r[r
F{

(12) .
Vei=byR 1 tby g ot tbg iz g 1<i<D,

A7y, & TEAMY M ZHPY 2 FA=EH(cepstrum) HEE
dguiste, b, € rHA AF AFE vedt 2z, & A PH] 84

| R
vepds, (5] 2 EREc. 9 A0 Od was R WA 9 wes

10|28, & z,,=1, by, & A2EH 53 oA e FW(ntercept)S ¥ 3}
A F3 geiA REe BA 549 e dehle 33 PR A4 5 3
o webd, AF BEdelM WL AYF Yuix REe FAICGY, e A4
=45 A% PUE FHEDL & £ AT ol RS wgoz AY REo
FA3t A4E B o) W5 £8 FolnA HAT |

23 53 HMMOINE dA1e Zaqd B2 "9eE £39 £%0 A8 g
B by, e HF Edol o8] B (smoothing)® 7128 A XS Vb
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2, 43 PF A HA 3§ Hy phE DAY AXNE v, Uer REL
(R—=1D)XDAE9 AEg oudtA doh. 2% MEE FH/37] 84 28 &
sk g o8Bk AY FAst e ol g 2 2A BYL FYIHE 3
g WEE 713 e =Y (odeword) 2 MAV BF WEFL oln] 58
FEB(codebook)?] T4E AY T,o2 mAWE %, 7129 4y p 3 Pis
o} §% 54 Wy ALE 49 A%, ALY A2 I HMMET $5

& A& Holu, 71&9 SFHMMd Bl A5 A7 2A gvn BRadd
EY TY Y SEE A BS, £F Zolvt §HESE ¢S ol e =
=50l gasty, £ xS 7 FAYFE vAMAR ¥ ge ZsHo| 3
L3t Ag 459 W3E 53 ¢ F alﬁ\:}(Yun 2002).

£ g HMMETH a7} d4el 57} 8] g2, 4% 343
$8 ZaAsle $ges A7s Basinh e, wAl Ws

A =54 24 54 HMMY A5 U HMMS A5 &
AFeHAl "ot 53], A FHe 2ol u/] Mg =5 Fo)7] st %z %A
< 717471]51 , A3 HA oA LulEEe A W G A4 A HE B4
220 3 E}EW, 719 4 5F HMME A FASA &1 AL AIS w
71]—‘:— A7 g83ga # 4 it 23 53 HMMoA 3 -2 o8 =g
SA gdct =8, 2 £d8L FHY9 £EF T3 Ad=HEzE, 383}
Z-go 3ty 1 BAS dF e AFo diddn & REx FH FHo
HMAETDT & 4 gtk ol BHY FH oite 24" & e FEY M
g Haseld 2dYIgE AN ARE 29 F AE Aot Iyt ow Ay
Al2ER A9, Ad geje AHo] AEHY gio F Yoz FHY 4+ Urh
gy 7 HoE XS HE3e FE, 71€7d 93l TAHE xfolE AUy
2 2RI & g do g2ty 717l osle g EE AolE 2d gl
sl e HoAx A Holgoz rdyslool g (2Y 1 #Fx).

e i X

(a) o) |

<2y 1> F H(Zd<) vl
o3 B3 #F vw
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M@ WHoR 24 FHog $AL BUYSE AS, HolE u Holyom
B stelol s, 234 T4 oY A N2PA A 2% Ak aie] A
Hoz Rdlsuss 2 Aot §g Ao HAT. 58 23 Ao} e 3
ol Wl Folgoz RUY}E e HFP(overesimation)2F BY & 9],
g arde £4 o7t 59 B9l A A 2UYE ALdch wet 23 2
o7h 79 BSol A A4 WT 2 A (F, 34 THoE RdAGE B9
A W F 2uYel APsthm A2k olsh Lol A olst HA A7}
ARl AYPH A 24y PEe AFse] A4 NBe w2 ¥ & AL
Rolt.

4. 44 9 A%

$d 549 S4S ekan 3N Ade A 4 2dIY) $EAS IA
7] f3td 23 EF AEE Y ES EF 4¥S A 1609 2SS F
Z3tY o, 1671 =L 13709 SR L(liy, ih, ey, eh, ae, aa, ah, ao, ow, uw,
uh, ux, el 3709 HEZ(lay, oy, awD2. 2 FAHU olF BEFEL WA

oW AAE FA & AejolA TIMIT dlojejujolAe] We 7T 28E F&F
At AP AHLEH EAL 263 T 39319 7B EA HE2 R £28 BA

EAL ALESAT ERN 2SS 23 ghgo] 41,429709) L& ALE3)
Qom, HrldE 15119719 &g o] 43|}

A WA Age 22 549 54 542 49 9ste) 263 S S
@ 24 54 HMMY 453 9% 530 79e 29 53 HMMSY 45¢ v
T3Er A8 A 262 =Y EA vl 263 EA 7ud 2H EA
HMMo] © 2& A%5E Holzm o, 393 Z EAE o]§§ HMMo) ul3)
B 707} 50|11 &3 Ut 29 AL vlEEAY B AL Holxm ¢tk
AL 71E ATANE Jhd B4 ASE wHe] B ATME 2A B4
o] &3tA7] W& veld oo

M=1 M=2

HMM 52.88 55.86
N=3, R=2 53.56 56.69
N=3, R=3 53.66 56.74
N=5, R=2 54.62 57.22
N=5, R=3 54.63 57.25

@ 263 £3& °l&
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M=1 M=2

HMM 54.92 57.20

N=3, R=2| 5522 57.57

N=3, R=3| 55.18 57.40

N=5, R=2 | 55.52 57.57

N=5, R=3| 55.50 57.83

(b) 392} 54 & o]&

T3 39z EAo 7|6tg B 4 HMMY 2%, 593 A9 ZHgd 53
& ojg3 Yy HMMo) H)3] 588 A% A4S Holm A Atk oRE 4
B89 AL, 23 v|E Ag olate EAL UubFQ &4 Ho| ol 4 5F
& zdgdn 9] ez g

T HA Age 23 EA0 9o BAD HmA] A HA(EZHY) HILE F
& e xo]S HIELF Aolth BA ZHol7} 3¢ AfoE A WY zyd F#7t
A Z@ggolr] wWEol, &4 Zdolr} 59 ASow mE stk Al =Y ®la
% 2A v A g4 gAdME 5 ZE Y vnE § A9 gg dAdAaE
3 =9 vunE & A$dd ds] 4%S #AHoh o] AdME BT 263 5
Aol 719ts & B EAL AHEIHG

<X 2> A =YY vnd &3F B3 £ HMMY A% ¥l

M=1 M=2

N=5, R=2| 50.69 54.22

N=5, R=3| 50.26 53.77

(@) Hob GANMT A Za P vlm

b M=1 M=2

N=5, R=2 | 54.95 57.77

N=5, R=3 | 54.87 58.17

) <, B SAAM B A =Y v

9 Ao & 4 ARl A =Y vimd o3 EAH vlae 263 R 7
el Bd EAL AMRSELdE B7sln 363 540 wg £ ASEY
FL A5S RYS ¢ & Utk olRL A A" il EHS ZdHI}E
AL A Ty Yo Q% HlmE AA FHAAN ol AR FL AR EXFEHY
Hgsrl AP RAoZ ot 9o Ao 73 EF EdxY & FUt
& Aed 2+ A2 A%-g FHotslnA Ayt HMMI N=5, R=3%0 Z oM 26

ah, 392 S 7w £d 53 HMMS

A5 vl

49

& stk
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<® 3> 3 Y= 7+ 109 B9 263 FHH 392 S 7N AlAH e HF vl

B9 A5 | A2d | M-10
) HMM 62.37
263t N5 R3] 6404

) HMM 6257
% N5 R-3 | 64na

i1

]
$2

Al =

o7} 5012 A A%} 39 —c@ £ Azdoy 263 SHo) 7wy
A Aol AN A2
AFAZRE 4 2do 7|¥g 28

AAERE 2E 59 HMME €4 94 A2Pd Agstnd se 35,
z
|

_>;

WelN ARHe ¢ 4 Atk £ 49
% A9 2$, 268 54 NGB o83

r-{m

Ay 39z 54 ¥WEE o] &3 73-:—«1 4% zol7t 2A 458 ¢ F UM 2
olffe 4 EHEQ Af 549 ZHolrt &7 Wi BF EAY 23 nE
(delta-delta) gto] F3o] 22 Aoz FddEATH

5.2 &

B d7dMe &4 54 HMMY EA4E A3, 11177}1191 A+ AP
S AHBESIT £ 54 HMMo] BlE d¥l HMMRET 5o 43ty &4
g 2dS 2¥sE u dae $£7F €71 g FF Aztely A4 Azkol
%ol APe @) Slvh Wk, wi) M £ EojyHE A7 o3
a3 2de] 23 WA miy) AFE Eole A7 44 ANL2HY dF
A& o] AHetr7le EAE 7HASH(Yun 2002), & @FoXE wi/f b F
Eox At A1 ZAE VRS £ de A H(EA) Blus FF BF ve
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