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Kazukr Fusii! Yukr Sarro!

1. ELHIC

FEEOTFTFA T2 AL LT, 2T 2HHKECH
REEFREZANT 2 zHNE LERINO Z L 2 HF
B (Text-to-Speech: TTS) [1] & FEXR. T DAL, &
IR ORERNEFRLBEEEH, NTBT 2 RNEH
R, SHIZBVWTIEAY— A —F—D XI5 —%h»
SOEMICERTEET 2 XAZICHIEHEIATVWS. 7
FAMEAGHEZ, 7FRA ML EHEREZTHT L 0D
ML LTEZLIENTES. EROMETI T X b
Uy 7ERA 2] TlE, ZoMEREER IR
Tholle®, 1 DOMEEEROMBEICTET 5314 7
A VO o T, LaL, ZoARE, &E
V2= HHNL L TRELE NS DI T LB REE L
THREICE S TAEREFOMENHLT 2HACDH L. Z
T, HoMEADOnEZTHLY, ETRERE=2 -
2 v b7 —2 (Deep Neural Network: DNN) 12 & 2 Fi#ll
WEZHZTT XX M2 oE5REBE -—KEE T TE
i3 % End-to-End &H G [3] BER SN, THITK
D, TXFRA ML EAZ TS 5 MEL 2RICREL S
5 EHHAEERD, BVWAREOER 2 AMATRETH D &

b OBRCRYRERT R TR R
Graduate School of Information Science and Technology,
The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo,
113-8656 Japan.
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HIROSHI SARUWATARI!

Mo, B—EI 21— L TOEREKE 1o 272 DIIEE
ROBEDTHENOHES ANER I o7, FFiZ, Shen

BT & o TRE S N B HFER End-to-End & H GO
Tacotron2 [4] 1, ARIDRFEIZVLES 2 mEDEFE 2 &K
A[RETH 5. LD L, End-to-End BEHEEBIEER ST
FIOL2ES DNN Triib X it nw b = Ak 3271
DIFREIPMET L, AERORlER, M 23E TGS
DFTIEDNEETH 5.

F#12, End-to-End HAGEE AT E H5)0 5075
DAPHIELWT 7>y b EHEET 2 Z 2 IXIEH ICRE#T
HYH, HRBZBWTAREHAD7 7t MR D DEH L
TLESHELDHZ. ELWT 7ty FOFREEREH
DEEICKEL FET BT TR, ElERIEREERTT
5 L THEETHS. iz, GREFOT 7Y MDA
KELEBE, Bo/27 7y Mo TRLES HEEY
LTHZONTLEVELWEHRZERITD Ze B TER
R BAREED D 5 .

End-to-End HAFEEFESRICBI 25K EFD T 7+
VREYBRRETEOIZ, TFAMNETHKO T 7
MEREEFARETLVOANHHE LTHAT 2 F
ENRZNFETIEBREINTWVWS. Okamoto S I3 H
A 5] e IFECEEE (6] DM/ D End-to-End & A &
ARCBOTANZ IV Y TFA TV (HEREHRE X
REEZBLE=XEDT 71y MERDBNELZIATWE 7 7
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AN) EFRVWAIHHHAZRRE L. LarL, 7laryix
2 b 7 RMFIEEFIRIC . o TIEE ICHERED RN S EER
HMERHTHD, HEHEAKOLI—FVBI7LarTHFAT
NVDEIEZ BN EE T Ol 7 7+ > MR D DFTIE
B1T5 Z 23N TH B, Okamoto S DIFFLIZEIEL T,
Kurihara [7] 5137137 XX b 700 55 HR L H#
ERTOLELFDDOFRICENLZIT - 7%, Tacotron2
DASNAFH T 2 HHHADIRR % 1T - 2. Kurihara 512 &
ZED AT X o T, BNEHOBBEOTHIRENREL, X
DIAIR LT Wil SR T oEARENFIH I N L
L, Tacotron2 IXFizii@ b HERIFE D End-to-End &
FAERTH 2720, FACHRHEOGH TR e s 2 &
2B HERSEHETH 2 0 e, oL ZES G
AMRZ LD B LERAEINBEEELR D 2) 0o
THREND 5.

ZO-DAMTIE, BRLKBERELFFOESZ&EHRICEK
ATRE 2 R D E W End-to-End HAGEZ E AR S A7 4
DEHE BIEL, BEEHERTREMNT I NIEE CERE
End-to-End BEFAMOFELIERT 5. BEFETE, &
4 & Kurihara & OFE [7) 1B 2HETEL L ZNE

BHREDIAA L HEEDAAEHH L, TO5EMEL
TR EI L ARE D RIVARY hu s 5 L% FHlT 3
XORCEBEETNVEEET S, 2, WiBoHEATERY
XU T EICHEFEL S 2 EET 272012, 7TF R MEN
D72 DFFEIZ tdmelodic [8] ZEA L, ZDHIMEZ WAL
T 5. REFHRSH L TEBWNEHE, FEWETHGOMm /5 %
1To 7GR, REFRIARLBERL OGN E R & AR
TE2ZrZWmET5.

2. ERFE
2.1 End-to-End BRESEFS

HFEAREZ, TXRA Mo ZOERETHT S WS
Y LTHRZBZEMNTES. T, COMEEERS
MIE L PER. FRETHZ X b U v 25K [2] e Mdh 3,
PERD T F 2 FEFRGTIE, &HARMEE EEREL 2
CHREETH o 72720, TR Mo SEREEE T
2EVa—), BEPOLEERBEZHETIEY 2 -1,
BHEEFIVCL ) SERNHED O BENMEL THIT 2 €
Va—l, FERHMEIOEREEEERTZEY 2 -
WCHEL, ThbDEY2—A%EETEZ L TEES
PATLERBELTWE, LhL, TOFETEZEAFTH
DEY 2 =N I N 720, 2k LT
Ly REREFR AR AT LADPREERI N B RAED 2. Z
DIz, BREHEOMENARER LB L THILT 51H
MIZ®H 5. %ZT, Endto-End HEHEAMK [3] LFEIN 3,
ERE AL Z DNN I X o THEER L FEMERINT
End-to-End BEFE &K TIE 7T ¥ A Mo EAERAERKT 2 H
—® DNN 285570, BEAKRS AT L2k LT
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DEFELHFIRETH D, ERARL D DEVWHEOEA %
BRTES. UL, Y257 AL2KH DNN TilRE T
W37z, NBICX2EFLVOBREPMET T 2. 207k
B, GREREOHIER, DL IIGEDETENSRE
5.

End-to-End HA&MOEEE T VEHCHFRROD DL
JEHCHEIFEID S DIHEARETH b, HORRRHEOREG
73 Tacotron2 [4], FFH CRIFR D AREKHDS FastSpeech? [9]
TH2%. IhHDFIREF, B TIRRFEDOEH G TR
flixtTED, Yasuda SIXHAEEFSRAHEHIT % 72
DORMEZIT o7 [10]. ARFE T, FE eHEROHS K
UHESR O M Z B L, FastSpeech?2 ZIERTFHELY LT
ETs 5.

FastSpeech2 1%, 7 F R MEilh 5 BHFRRFLICEWLL /-
BICHEERANE L TXVARZ bar s a2l T 5%
EAERFETH L. HNSNTANVARY busT LER
A-RIEDBREIBAEf LIRS, ANEhEHRIT
BRIEDAALERET, FFEAIE % £ 3729 1Z Positional
Encoding & FHENZEZ B LAED LRICT Yy a—&AL
ANEND. = a—XDOHIE Variance Adaptor (VA)
CIEENBEY 2 — A ATTENS. VAIX, Sk
E, By FRrtI—%TFHlT 2EHD Predictor &N
LTED, ZHRIOZEE 7 — 20 540l L ER1 kR
75 ¥ ORI E % W T Predictor D28 21TV, HEFRERIC
3% E X7z Predictor X ) SREEO TRISITONS.
BEMRESCY yF, Y —REEHRBERELE LTTH
5T, EFVOBREREHE S ORHIENEZ S0 2
MW TES,

2.2 BEET7I/EY FEEORRER

HAFEIY vy F7 272y bEEBO—ETHD, 1 DDE—
ZIHLTE Yy FOEK (H/L) 22(tXE3 2 TT 2
LU ERHT S, ZALOEDEVWDSS, FUHATH
RN B HEE (Fl 20X T 2 THE), T kYY)
DFANEIT-o TS, Uz, HAFEEHARKICBWT, 1E
LW7 27ty MERIZHACTEMREREZROBREZEMK
95 L TIFFICEE &S 2RO,

LrL, BV DA% ASTT % End-to-End HAGESF
AL, ELWT 7Y 2RO R OEEIEIER I R
TH3. 2T, Okamoto & [5] [6] i& End-to-End HH
BRDATNC TNV aYyTFR 7V E WA % 1R
R, BRAOTF 2 T AEREANTZ T
BEREFEOMENNRET LR LiL, 72
YT F AT OUIIEEMIRIC & o THRIEDRW S FER
METHY, EEEROI—FN I LAY THFI IV
DEIEZFICEREE O 7 7 & >~ PR D OFTIE%RAT
5 Z L 3WEETH 5. Kurihara 5 [7)1E 74037 F X b
FTRUDPLEREBEEEZRTOLF L ) OHERICER
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HEE]L [KF] e

(N H
WEE® ® :
EET

(HEHEH®) H
WEXO L

B1 77ty MEEOHI.

K1 AT 2HEREOES.
HARLE | EARE OBEK
[ Yy F LA
] Yy FTHah (F77E> M%)
# 7y MER
- <S0S>
<EOS>
<EOS> (REff)
- 77k v MEBICZELR L

%17 o 72, Tacotron2 ® AT 2 HADIRE %
{To 7. Kurihara 5ICX WO AIC LT, 7rarsr
FARTANUED SRR G I8 G2 AW 7RO I
DSEJRE & 72 o 7273, Tacotron2 (EH{AD @ b H A EIFH D
End-to-End BEE &K TH %720, JFEHCHIERH DG
R T 2 2 2F e #HmMGETH % ) R, M
DALEE (FHARILPHED IR L2 FE I NS ATREED
H3) LW RTHENDS.

NS DFATIIE, TFAMETICEDIELWT 74
Y MEROPBOSNNIERE R OMEDWRET 5 2 L 2R
L7ZbDTH%. LarL, HERETIE Fig. 1ITRT LD
2, HERBIIBUIZ7 72y VEDBEL 5. Uz, HEE
T, BEBCHRER 2 EURA 72T ¥ X MIgHt
LTEELWT 7ty MERIBHEETE S ZEAEE L L.
3. RBEFE

ARETE, BARRBEZROER & m# I & AT RE7R R
D EW End-to-End HAGEEF G A T L DEB%Z
Hig L, SAYEH TSI XN -IEE N End-to-End

HHEAROFELZRRET 5. RETFEOMEZ Fig. 21
KT

3.1 EERRESOHTE

AWFFE T, Kurihara & [7] O THOW ST W
35 % FastSpeech2 X— 2 D FEH 2 [E 7% End-to-End
BAEGBICEHATRERIECIRR S 2. REFHETIE, £
3, HAFET F A ML T OpenJTalk [11] ZHW= 7
FA M EITD, 71aYTFALIRVERS. Z0
®, 71ary7F XI5 Kurihara 5D 713
AL [7) ZFHWT Table 1 (R $HEFETES 2T 2. 2
ZC, SFEATIRS [7] TR ASEZEYIZ Table 1 O 21THD
5 T1TH & Rk DR S 2 E#E( 5 L T Tacotron2 12 A
F1 LT W73, FastSpeech2 Tl 7 ¥ X M5 S 7z
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Input Text(ex : 3 EKZF)
|

[ Text Analysis ]

EXRBEHR:saitamadaigaku

BREEW [

Decoder

I e O
[ Phoneme Embedding ][ Prosody Embedding ] [ VarianCiAdaptor ]

]

[ Encoder
Encoding

2 REFHEOME. BEFETE, HRETFAMEZATIEL
T, SRR EFEROMLZITS. il LEHRE, 55
HDAH & EHI DA BNEWLL, ME X T FastSpeech2
@ Encoder ICAT&EN 5.

HABICT 2RBRENERTE RV, 22T, A%KT
¥ Table 1 @ 8 THITRTRLE “” ZHAITEAL, R
F ¥ [F U R X 2RO MHFE 55T FastSpeech2 % ST
T3, F/2, “<S0S>" ¥ “<EOS>" X FNZI AL X
RKEeBEW®T 5.

Z 2T, OpenJTalk 25 HAGEMATICHEH T 2 8HEF X
NAIST-jdic [12] 37 7 # L k& oTW5. KT,
ZREZTFAMCHLUTIELW Y 7>  BH#HEERREICT
% 72912, OpenJTalk OFEEIZ tdmelodic [8] ZEAT %
tdmelodic IZHAFETF A D722 +%2 DNNIC KD
HEfETEZ2EY a—VEHHL THRINFHETD
D, HRECTATRE, MIIEA R Y OFEME A REE I8 H X
NTORVEEER, HEREREDT7 7Y FHZUNERL
TW3. iz, 771> hOFHEEIC X 2 A EH O ME
LM TE 3.

3.2 BEEEES THRMH(TIF SN/ FastSpeech2

Section 3.1 THE XN /-TRIHEHR e BEBRIE, &
RHDIAL C R DIAAICER I NS, L, 2 DD
HIAHDHZEL D, Positional Encoding %177 » 7241
FastSpeech2 @ Encoder IZAJ1$ 5. DIBEQMIEIZA Y P
F LD FastSpeech2 & [H]UTH 2 7-DEMET 2. D% D,
FastSpeech2 I A3 2L BEZBIET 5 Z  TAKE
BO7 7ty s ZBERINHIE - BIES 2 Z e A AREL 72
5. 727> MilfENCB U Tld Section 3.3 I T %
179. F72, + VI F LD FastSpeech2 3R % 1T 5 B D
7—&7u—% Fig. 21Z/RT 55D Prosody ICBH# 3 5
HEZEHA LD —T 5.

3.3 EE

BRERD7 7t v MR REEZED» D 272012, T
H5ZBR ¥ LT FastSpeech2 \IC AN T 2GS EFET %
CETEREHRDT 7ty M2 DEFELEE IS S
POMEREITS. Fig. 312, BETLBSORIEICE D AR



BIRUEF MRS
IPSJ SIG Technical Report

(a) w/o prosody control

n a Nde y an e N
_ — _
5.8
5.7 ™
5.6
5.5
5.4
5.3
5.2 .—-—\/’
5.1 \\ "
. 5 Vel
=} T T T T
S 0 25 50 75 100 125 142
C
S (b) w/ prosody control
Q n a N de y a n e N
g 5 gr= S e E
— .

5.5 \[\\/‘
sa VA\BEN
s v ,A\
5.2 \
51
0 25 5'0 7'5 160 12'5 142
Frame Index
3 HAREOEREICE D FOXELT 20 ROMHMIEET 7

A XY FORYID ERL, BERCHET 2HETLS ML
TW5.

BHREODFOPENT 202RT. ZOANTFA M, H

FEOBASTHE [RATRRAI THE. 22T, H
SCHIE L TWARWEEEZ FAWT T 3 X M 21T - 725
R LTESN 2 RS % FastSpeech2 ICA 1T 5 &,
Fig. 3(a) IWRFT LI T2y 727V M DDHZEED
ABENB. —5T, Fig. 3(b) WRT &5 IS %
BET2L, I't) TERL M) TFETI2HEEA7 2
LY FDEFREERT S LS CEFAERY AT L2 HIHT
x5.

4. RERRVEFH

FEERWFHITI1E, IRBFIRICI D ERINBTHFDOT 7
Y IPEHARRDBDOTHY, {ERFEIBVWTT7 7LV
MO ERILTWEREFEOMENREINTWE D%
BT 5.

4.1 SRERZMY

AWFETIE, H— D MEEH I & 2 HAGEE AR 10
R DRSNS JSUT a— 82 [13) ® 55, HAGERH
BF 2 THEET 5 BASIC5000 ¥ WS 7k vy F2HW
TEBREZIT-/. BEOY 7Y ZREEEIZ 22050 Hz
T, HHTB3ALARZ FaZ I LDRITIZ 80 & L.
%72, FODOMICEER I X7 4 WORLD [14] ©
Python 7 v ,8—T&» % PyWORLD *' % /=, 2285 —

*1 https://github.com/JeremyCCHsu/
Python-Wrapper-for-World-Vocoder
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LogFO RMSE [cent]

N

o

o
L

100 -

T T
Conventional Proposed

B 4 1ERFELIERTFEOFBFHERR (logFO RMSE).

& ¥ 3T — X OB ZF F 4488 X, 512 X ¥ L7z,

AR CHEH § % FastSpeech2 1%, GitHub o33 *2%
74 =27 LTHARGBIMGZEZVRY MY SERICHE
Erfior. ¥BIHHATEIEERT 74 X2 FDIFERIEI,
JSUT a2 — RO H I U TR KEE S S 7 ik
LYY THD Julius [15] ZAWTEL. ZOBMEHT 2
FEETNFET 74 DD L L7z, FastSpeech2 @
BRIEDAA L HREAEDIAA DRI 256 IZEE L, DNN
%3 O Optimizer X F %25 0.001 ® Adam [16] & L7z,
XNVARZ vl ahoBRBEEERT 22—
RO —&I2iE, Hi-Fi-GAN [17) 2{#H L7z, HiFi-GAN
DETINIE, GitHub L TRBIN TV 2 HFFEEAD
UNIVERSAL_V1*4% 7=,

PR FIRE, REFEERET 25 L 257 GitHub L
DEE2EZOEFAHALTEEEITR-723DL LT,
RABBPRENAEZTR LY D DNN 7 —F 7 7 F v I3 R
FEOBDOEFALE L. BFEZART 2RCHHT 2%
FEOETNLDEHZ T v X 100000 ¥ Uiz, DU, 6k
FERICBIT B “Conventional” MR TFTEE, “Proposed”
FIREFETERT 5.

4.2 EBROFABEICET 3 REHRTME
FZBAGoEFL LT, BRAEFLAMNEROMD
W B R B TR L (logF0) @ Root Mean Squared Error
(RMSE) [cent] # Fl\ W /2. F7z, AEBRTIE logFo OF
HEEOAICEEH T 2728, KBIEHIICE T 2 58 EH I
HAREH OERMpiRZ AW TAERL 7.
4.2.1 WERFELREFEOLR

HIDIT, TERFHELIRBFEDOEGHEHE D logFo Ol
HEICEH LRBIEME 21T 5. RBIFHMEOH R % Fig.
41TRT. ZORNE, FHERERE FIE S LI ORI &
h7my bLADDTHS. MEHOHENIE, 1 A7 X—T
%1200 DE L/ EEDOHNTH S cent T, RMSE DfEH

*2 https://github.com/ming024/FastSpeech2
*3  https://github.com/Wataru-Nakata/FastSpeech2-JSUT
*4 https://github.com/jik876/hifi-gan
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Original RMSE (cent)
“Conventional” IZX13 % “Proposed” ® logF0 RMSE i
BERT 2 ST,
ERTMTH 22255 2 DEIFNIWVIE ETREDO TR
EREWEEZ 5. iHiifERL D, BEFRICIDEKX
NFEBHEIHT % logFO RMSE 23k TFik & h EWE
PEAMEANCH D, IFEHEIFEID End-to-End & H &K
FREZBWTD, HEFTLELZEER T2 I TEHRERDHE
BEFHEEIYET D Z RS-,

ZZTC, ZOFHMIEREFCONT T 2 201, fERTFE
W BIRETIEIC X B logF0 RMSE OiE% RS 2 0T
BARIZER LTz, ZOfiR%, Fig. 51R3. ZIT,
il “Conventional” 12 & b FHIXN/= G EF I §
% logF0 RMSE %, #tifil¥ “Conventional” ¥ “Proposed”
@ logF0 RMSE D453 %2R L TED, B X L THtlho
fEDS 0 & D KERAIFREFIRC X D O TR E 2N
BLEFHMET — X TH 2 2BHKT 2. ZOMEND,
RETIEIZ LD logF0 RMSE 23tk U 723l 7 — &2 13 426
X (k0K 83.2%) THO, HLLIH Y TNk 86 X
(2D 16.8%) TH2Zrehbhoiz. BlEXD, (1)
HERTET logFO RMSE 23 (H1s, ERERDO T 27k
YRR PETCTWBAEEENEV) Y I, RBEF
FICk b Z2ofEindiE S, (2) #ERFIET logFO RMSE
ARV (HIL, EREFRO7 72 FZIELL FRITET
WA RREMEATE W) U T, IREFIECFEEE, b L
P LEERI S Z e RETz. DF D, ERFIE
THEZELL FHTETWEY Y AL, BEFEHECS
WTHRBRICHEEZ PHTE b0, & LY
HELSOBMI X DEROTHREZH L E-HDD
QIS HEIND Z e BRB L.

4.2.2 TXRAMRRICEITZBHZOXEDREE

Section 4.2.1 OHER & D, EEFEIHEEOTHREE
PWHEIXEDZ e Bbhrol. TIT, BETFEIIBVWT
OpenJTalk DFFERZHT 2 Z ¥ OFBERAET 25H%
175, ZOEBRICEIT 2 HBEFEEZ, BEFHEIBVWTT
¥ 2 MENTIZ NAIST-jdic DA ZEHAWE=dDE L. 0D
oD FEEEZFIZ Section 4.2.1 X [E L & L. EEFLM
DGR % Fig. 6 1283, FHlliFER K D, OpenJTalk OFF

i
ot
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NAIST-jdic NAIST-jdic + tdmelodic

6 TEFZALMENICHWIHELLELLBEICET S “Pro-
posed” @ logF0 RMSE O L.

Proposed

Conventional

0.0 0.2 0.4 0.6 0.8 1.0
K 7 HEEOEMMECETZ Y 77 L Y2 XAB 2a 7.

F1Z tdmelodic ZENMEAT 3 Z & THREFE OBEETHI
BENWET 2 ZepREhiz. 20k, DD FHET
filiCid7 & A M MEHTIC NAIST-jdic & tdmelodic D /5D
V.

4.3 EREEOREICEY % XEHTE

BRSO SVE & RS % 72 8 o EBIEH & S L 72
FEEME, 297 RV =2 V-V RAD TSIy b T 4 —
LTH27 Y —X (18] ZHWTEML 7.

4.3.1 BEEREOELIEICEEY 5

HEREOHEMUME 2T 272907V 7 7L > Z XAB 7
ZNTE, ZHEHEIHLTY 77 Ly AEHE X(BREHA
DRNVART v aZF L5 HiFi-GAN ZHWTEK L=
B ZER LRI, TERFIES LEREFRCKD
BERLEBERTHS AL BEIRL, ¥5 50 X ITEW
DEFIRI B, (ERFIELREFETERLLERIZ A
EBOELELNICT YR LITEID YT, ZHEFIIRHLT
%, A ¥ B DA X ISEWG&ER L CIHMEiZ21T5 X
HIHER LIz, ZOFHIETOZEEE OB 25 AT, 1A
DFMEEUE 10 BITH 2728, AFFOFHMiEENE 250 T
H5.

Fig. 7 CFMiifEREZRT. FHEFBRE D, BEFRIE
ERFEIDBEVXAB Ra7 2B LTED, —HEHK
EDFERNPS, FEROZ 2712 p < 10710 THEED
HBeEMRLI. Wb, BEFRIIERTFELYOE
WIEECTHEZ FRITE 2 Z e A EEIC RSN
4.3.2 BRMICEY 35HE

BRRE O BN Z TS 2 728D MOS 7 X kT,
“Conventional” ¥ “Proposed” IZf1Z, HAREHED XL R
R7 baZ5 L5556 HiFi-GAN Ra—XiZ kW B LEE
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Proposed

—A

Conventional

1.0 15 20 25 30 35 40 45 50
8 AMEFRDARMIHET 2 MOS f&.

A (“JSUT”) OFt 3 FEZH L7z, ZHEF I 3 FiEow
IO THEREIN-EFE2 T VX LREEFETHE, ZOH
AR 5 BXRE (1 JEEICE W5 JEEICR W) THME L
Jo. ZEEFICHLTE, AREFROBERE (NHH LX)
WEBLUTHHMiZ TS &5 1R LTz, 2 OFMEiTOZEE
FHORIZ 50 AT, 1 ADOFHMEELL 33 (55 3 [EIFH
RUEZEDZ7:DDXI—[#H) TH3o, FHiEiEEE
FFRIINLT 150 [BITH 5.

Fig. 81CMOS 7 R b DR ZRT. KOLT — =
BN EFEXMERL TV, FHlifER LD, EREHOBR
HiZ “JSUT”, “Proposed” , “Conventional” DJET & < -
X, tEDHRED S, ETOFERIC MOSTHOERE
(“Conventional”-“Proposed” A3 p < 107°, “Proposed”-
“JSUT” 45 p < 1076, “Conventional”-“JSUT” [ A3
p < 10720) BBz ZewprIni. b, EFHEEI
PERFE KRN THEEO FHIREEZ I TR, AREHD
HAM O ERICHEI L Z e ARB XN T-.

5. &HDOIC

AT, ELWZ 27Xy OFAZEHICARKATEE
BREAGRS AT LAOEBZHIEL, BEEEHRTREMSITL
729EE CEFE End-to-End HAGEE & KO FIEE R
L7z, EBRFHEOMRE LD, HELBOEAL T7F A b
R OFEEFEDBINAEREFHOMELTARICEEZE XY
L2Zr%EmLiz. SR, 722y RO PELEESIC
I—HFPEDT 4 — Ny ZERAWTZOEIEDTRERE
FAEROPAZMET 2. £77, 52 328HEHEROER
EEETLIOMET 5. BRI, 7722 o
FERI [19] ZEA L EE RO 2175 .

BEE AL, JST 2—> ¥ a vy MR,
JPMJIMS2011 (SLEEEER), F4 27> 7HAat (Zra
VX LBFE) OXEERZITIZHDTT.

BE 3
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