o

aup

FALER 2 30 RR S Fam IR (20244E3 1)

RIHGTEEST—HFBLECHMAHDFEICL S
FIE5ESR T — 4 %= AUV /= End-to-End [RIBFS A EIER

WOCE BHE D x5 BRI RE

HiE = A

R RSB AT R R
ko.yuka.kp2@is.naist. jp

e

FIRFE AR, 36 L FORER T 21572312
HERNCBIER 21T Hifficdh 5, EmEr OEKEBIED
RIS AR 2 EH T 21213, BEAKS. ELT
DEELT-NBETERRTRGRET 2% 0, EB
DEIRE OFEE FERHAR 2 — 20 5T 5 2
EREMTH S e HfFI NG, AT TIX, FREGE
RF—ZBRE LTV EERRFE T 2720, [
HWERT — RICMA CEE L FOHGER T2 F> T b
BIRR & BHAA T 2 BIER R R LAeA 7 94 V7 — &
CEREL. RRANEZTEZHWTHHAZ A LV EX
AT 2 FRERRET 5, FEBER» S XOEK
AIRELLRE % I 2 B B0 3 [FRBER 7 2 b 7 — &
TORRMEREA LORERD, REFEICBVTRE
N7z

1 IXLHIC

[AIRF & 5 BUAR (SimulST) 1%, X ARZ R FICEEL
FoORFMEZHHENICHR T 28 ch b, FELFD
KR T 2o T oBRERGT 247714 >
B BER (Offline ST) & LE#R U, {REIETORIER %
FEIHTX 3, EETE=2—5 1%y hv—2 12K
5 < End-to-end ® SimulST EFILBIEREIN TV 3
D1, 2], RS ERGEFR (S) 7 — 203 7% 0o 72
72, MuST-C [3] D & 572 TED DFHET — X 5
54774 (Offline) 7 — X EHWTHEEINT
=72, SimulST 1356 L FORGEK T & f7 723 12
FNCEIER S 2 &\ 5 BT, J@RE DT S [FREER D
EZFTEP LTV S, BRFIZ. &6 LFOFHHI
BT 270, TRERFEOEM. SELTF2EEL
7HNBEZTELRTRLGETREDFEIEZIND AR
TWb, ZD7z, fEihE CIEGRIE 72 [F] R 5 75 BHER
ZHEBT 5121F, SI 7T —XZ A L CHREFEER O
HEFRITELZePEMTH S eI h 5,

— 2324 —

Offline train speech Round i + 1 (R;41)

Inference -’V\r— — Style-R; | z:i e

[<si>Fh(@. Bok.|R>%.
Train speech <si>

. <si>
Train % Style-Riyq <ofs AR EBNE LS

<off>...
<off>...

H1 HOHED DB L5 SRIEEE L 2 /N S RE
P SRR AL DA T

Friz, ®EE L HARGEIZ Zh 24 SVO 538, SOV
SHETHZZh 5. Offline BIFRICBWTIFIRH &
NBEENHDE VDK Z W, Offline 77— & % FHWTIH
REBIERZ 2B LT L E S5 &, IRHFRICESFETHD
DHICHTELNEPHNSHEL L HBRDOHITHT
K BRBREDGEDRDH D, BIENKEL REIBNDD
2, FHOZENTDSI F—XIFWLO0dH 3D
DD [4,5,6,7]. Offline 7— & ¥ LL#g L CHih TH&E
THb, AHFETIX. X D ZEICHIFHATEEZ Offline
T—2HSI T—XD¥H L FRICHHT 2 Z & T,
SI 77— XV ETHHHEICHY ., 52507
YFEDJF S (Source) 12X $ % Offline & SI D HANGE
D% K 2 127”3, Offline ¥ SI DA X A NMIZIEK
EHBVHADH D, K2 TEUURDEVHD 3,

« Offline TIZIE & A ¥ DR DFEH HARGEICHIER

ENTWVBED, SITIEWL D0 DFE X DFENE

XT3,

* SI 1 Offline & FL#R L. SIEMI 72 MG < 234

ERoTWVWAED, X DR 2N X D IEIZER

T T, KEBEORREZEHTE %,
COXSENE G LFORIERTES L5
WCHEEEK 2TV, SIEROFEREZER L
TWAZehbhEENDE, Lo T, SIT—42%
FWTZ 5 L7-8ER% SimulST 23228 § 5% Z & T,
RRPEDME EAHIRFTE 3,

FERAFEL LT, SIT—=XEZHWTETVE R
POEBRTIHENETEZALNSED, T—2BR

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



Offline Target

LA L COBRFGEECFDEG)ETHNHEBICOVNTMRAFABEIZG)ELHDERIESD2HYIFQQBY EFEA

And (1)I'm (2)not here to (3)say that (4)men are to (5)blame for the (6)crisis and what (7)happened in my (8)country.

BN, BIEWEITTIIRSHY EFEA. HhELDBED. EFE)FHED. BIFEE.

B2 ZHTO Offline & ST DEWVDOH], RIHDOEFUIHFFEOXNEER T, HIS0IE NAIST-SIC-Aligned [4] i & Eh 5,

ELTED, EFTLDOEEDN LEF VR nEis
Hb, ¥z, ZEOD Offline 7 — X THE X N/-FHHi
FEBEAET NN LTSI 77— X % Fine-tuning X
BRHENEZ SN, LaL,. ZED Offline 7 —
R CHEBPINIEHFEEAETNMINLTZEDE
FHVED SI 7— X % Fine-tuning ¥ % &, #@¥Y
ZRILRTL, B TRWHES D SD THRENCE
BLTLESETADBERINEBNDLD 5,
AHFFETIE, SI % 7213 Offtine /1 % BRI E
WT2RAXANR TG INIZRAET —2%H
WTH—O SimulST EF L2228 T 3 FIERIRR T
b0 RARANRTEGTHZICED, SI /1
Offline A X 4 VD1 ZEIRNTERT 2 K57
I—FRICETNIERTEIEDNTE S, £AR
W TIX, —EER XN T 0 4R X 71
PBLSI 7 — X % X HIZRDZEFICHW 2 HEH A H
DB E LTS FiEbMHARDE, SIT—X
NOETHIMED X &7 28 E HiE L, FBi
DFER, BEFIEICE D, XOEREMEZH 2
i F15 T3 % BLEURT, COMET, COMET-QE T
DRELE RGP ol T, HIERE
RMER, IBRETMEERET VL, &b
SIZZANVDOHNDBEFTE LD Z e nd o7z,

2 BIEHASRE

AFHEIX VY —RDOEER Offline IR 25 Y
V—=ZADZLWSIND KX A Vs B3 b
MTEL, FAALVHETVITHLTEREXA, VYA
7 — & % Fine-tuning &H 2 FEIE, WL O0EZH
NTE/[8,9], Chu HlF, BEDT —XIZHE IR
A4 VHETLVERHCTEREDIED A4 VAT —
REEBXEL L, PEVWREAAL VAT —RITHEFE
WG (Overfitting) 32 i %Z, FX A VYN, A7 —
RTCHDBI 2RI XTEMNET 25 210X DR

— 2326 —

L 72 [9]o Tagged Back-translation [10] Tl, X7/ N—
A DF % HRERICE D < Data Augmentation 1 i
FALTED, NMT 7 VOFEEICBIT %8R/
A LT 2728, F VP FADFEL L HEIER
LIEONERXEXBIT 2R 7EMAE5LT05E, K
HRIE. DX I R—ZADFiED S EMPET
BD. SIT—XDOFEDFEICE D ML,
3 REFZE
31 RJRERET—2FE
AT, L2 8 Offline 7 — & & W T
SI F—RDAREZHV, SimulST EFNVEEE T3
HIERRET %, HATHIRICHEN [9]. 2 E TIEH
K EREXTHNDIRFEIC AR A N R 7RG L, Hi
RRICIX RN E & Nz % 7' % Forced decoding L
RITHBFETAZANDOH S ORMZIT S, AWFFET
&, SI DA IE<si>, Offline DIFE1F<off>, D2
FHoORITEHVS,
32 BCHEMHDEZICLIZEREFEL
RITBEREET—2FE
SIF—RDARER X SIS 272012, A
FCTIXEBI AR X L7z ST 77— & % W TEBIRE IS
FEIELHCHED D EE e, XN ERET —
XEEEDFFE L AGDE S, HOHAD h 8%
FRAL2 7 E2RET -2 HOMELZK 112
T, 3. TTRHEEINT Style-R; & T /X
L T Offline #E 7 —XDREFEBERZ AL,
J1RF1Z<si>% Forced decoding 55 Z & TSI A X A
NDEFLLST 7 — X2 A REE 5, S nFH
SIF—&%, Roundi+1(Rip)) T—XET 3, KIZ,
B ENT Ry 7 — RIT<si>R T ®BMAFE5 L, £V
P F D Offline, SI 7 —XIZEINL T, JLET LD
Style-R; ET M L TR T &ERE T — 28 %

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



F1 FEBRCTAHIF L/ Offline ¥ SI 7 —&XDH A X
Train Dev Test
Offline | 328,639 1,369 2,841
SI 65,083 165 511

fTOv, ZHEXNZETFT L% Style-Riyi £ T %, TD
BIEE 2SS DIRT Z 2T, BIUEREN S
T —XOEME ELTWE, SimulST £ 7LD #E
B ENTEZ Z e h 3,

4 528

41 =Rty b

AHFFETH W % Offline, SI 7 — X Xl & b, 7
SiEEA, FEE7%¥ 2, HWSET XA M
XD EN 2 ST 77— & Z AW, Offline 7— &
& MuST-C [3] v2 55 H 7 — &, SI 7 — & & NAIST-
SIC-Aligned [4] V% FI W 7z, NAIST-SIC-Aligned 1.
NAIST-SIC [7] ZHHWT, REETF X b HB
BT FAMPDXET 74 X b, Filtering LT
M X 72, NAIST-SIC-Aligned I2381F %, INTRA,
AUTO-DEV, AUTO-TEST 57— & % Z {124 SI D%
B, OBHFE AT —&2 L, 2OBHDSIT—X
D55, BiFED Forced aligner T % Gentle ¥ %
T, SIT—RDIGFED T F A b & MuST-C DX

BREDT7IARXY M ERNEDDET—XE L
THALEY, EBRICHER LT —&XEy FO¥A
AR ITRT, wENRFHECIE Offline 77— X T
37 < SIFHfi 7 — & 2 vz,

4.2 FEEEEER

Fine-tuning Aif D € 7 /L1 Fukuda & [11] @ base &
TIEHOVTWV S, base 1k, HATFEHBEAET L
T& % HuBERT % Encoder, mBART % Decoder & L
Tt s = 7 2 EE D Offine ST 7 — X
“C Fine-tuning L TEAKE LTV %, Fine-tuning {122
Wi, EXDHRWERD [12] TO Fine-tuning K D
REWHED s XHMET L L, [12] D & 51T Prefix
Alignment [13] Z X — X L/ET L THEL /-
R, BIZE D DR =7 4 YFEOHRELE WV
WD D o FeTe D, AR TIEHTE ZHRH L 7.
Fine-tuning DFFICLL FORECEBR 2 ITo72d D%
ZThZhR=2F74 v, BEFEL L,

1)  https://github.com/mingzi151/AHC-SI

2) https://github.com/lowerquality/gentle

3) AR THWAT—XEZLRTRBLTVS,
https://dsc-nlp.naist. jp/data/NAIST-SIC/Aligned-ST

2326 —

AN—2 54 >: Offline, SI ZiLZ4L, Offline, SI 7 —
£ T Fine-tuning L 72 €7 /b,

IREFE 1: Style, Style-Up X /'t ZBRAF— &
C Fine-tuning L7ZE 7V (-Up X SI 7 —&X %
upsampling L 72E 7 /L),

IREFL 2: Style-R,, Style-R,, Style-R,, Style-R;3
HOZED 782 2 7N ERET —X2FE I
W L7=E T, Style-R3 X, Ry 7»5 Ry T
o TEERMEERSBLEFTLY,

F 7=, Fukuda & ¥ [AIfRIC, FIREEBIRO =9
DR ITDD DT a— FFEIX Local
Agreement (LA) [14] ZEH L7z, #NRFhDET L
WBWT, Wzl 57-008r ANEROE
TR b A XDHA % {200,400, 600, 800, 1000} ms
DS5NRE—YTTFa— Kz, BEHDa > b
0 — L2 fT o7z BRI CIEER DRI DR T & A
IV REBRLTBEFHESEE T H % Average Token
Delay (ATD) [15] Z F W, PEREFFAHIC1E. SHER L
DHGE—FE %M 2 BLEU, SR oD
DERIFELUE % ] 2 BLEURT [16]. SHEER, i)
XETTRAERSEZRROHELMUELHEEL /-
COMET [17], COMET-QE % i\ 7=,

5 RBEERCER

N—=2 74 v e REFEDELEF AT (ATD) & 1%
BEFTAfi (BLEU, BLEURT, COMET-QE) @ B % %X 3
WRE Y, EERSE 2 5. BLEURT, COMET-QE 12
BUVWT, WTFhOBAETHIREFETHEER L2
Ao, BEFEICBVWT, PEDSITFT— %%
upsampling L, 2 X L7258 0ES o DFF
iFETERONT, LLAKTEHIGELD -
72o ZO—F T, HOHHEID D FE T K 2 HL SI
F— R EHWGEIIZERERED A B E SR
DED SI 7— X D upsampling & LI L, X D Zhk
DB 2SI 7 —XEHW2 Z & OHMEIR
iz, HOHEID DI X 2 2B FEE21T-
RSB ZITRWEEZHRS &, WiEDTD X
b PEREM_E MM H & iz,

—7 T, BLEU IZBI} 2Tl IREFHER—
ATA4 2 TH5SIDERDROVAERE 7D, BLEURT,
COMET-QE O 5& A K E Bz 5, SIFHf

4) RIFETIE, Ry T—XEEMT ZILETILL LT Style &
W, Ry 7— &% base \ZA LU TH#MH L7=E 7 L% Style-Ry
L7,

5) COMET TOEBKERIZ, COMET-QE & HENFHELL TE
D, SR LT,

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



—+— Offline —=— SI —+— Style —e— Style-Up Style-Ro Style-R; Style-R» —+— Style-R3
SI test Sl test SI test
0.80
0.78
[£3]
4
£ 076
2
S o074
0.72 %
o /\,‘_\‘
100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900 100 200 300 400 500 600 700 800 900
ATD ATD ATD

B3 N—25 4 RREICE T 2EILEME (ATD) & MEREFEM (BLEU, BLEURT, COMET-QE) @ Bi{%
T2 N—R7A4VRBRIBIZHNIE BRILOH] (ATIEF DY 7 X > b HAL @ 400ms)

B 1

Source It’s probably the smallest of the 21 apps that the fellows wrote last year.

SIR—=R54Y) —FPNEWTTVTT,

Style-R; JBEFH) . BZHL 2007 FVDOHFT, BH/NIWVDDTT, WEE, 720 —23F02dbDTY,
SI reference WEEEo Tl Nz b DT,

B 2

Source It was running into bankruptcy last fall, because they were hacked into.

SIR=RF4Y) ELEATYT, ZOMIELIATT,

Style-Rs RRFE)  Zhud, WEE, BPEICORDo72bDTT, RERS, oI FEXRAINLLLTT,

SI reference WpEx LDk, REOMBRATT, Ny FU 72 SNhbTT,

- Offfine = Siyle Style-Ry Style-R MEFTERVENDD 5, £ I TAIFETIE,
—=— S —e— Style-Up Style-R; —+— Style-R3

SI test

Length Ratio
=

100 200 300 400 500 600 700 800 900
ATD

B4 SIEHliT —xicB1 2SR WXk

T=RIZBIF RN SR ORI B ZM 4
RS, IBEFIEL KT 2 2. SImodel 225 DH
NEEEWEACH D, SRR EVEZOH
NBENTWBZ T, BLEUDA LICHFS Lz
EZohb, L L, —HoD SIFHiT—XIcE F
N2SERE. AKRRH I REFFEEFONE L
EENCH 5 7=HNETIRLTWBIEEDRH -T2, B
R 2ITRT, BISZ 112B VT, ST model A3 iE 5|
WWEKZIT>oTW2 500, BIRIERENE W,
DX BRI WS ZE 0L SI Y 7 — &
THEEETAPEE XN T, SImodel {ZiEF
WCEBEITS EF MR- EZ B, Bl 2136
X 2 @D SImodel Hi/7Tld, Tthey were hacked into| D
o DEER SN FEIRIRT IR > TV 5,

DX S BN NS IGERD, STFHli 7 — &1
ZABENTWIZ s, BIRROAICHE - 72T

— 2327 —

COMET-QE D X 5 7%, REFETF A P2 R—RIZ
L7=3Hli 1T o 72o COMET-QE TOfERIE. 5 H%
H LU 7-3HiiE o T, 22O FIERDED K
bREASN, FIT. BOHAD D ¥E 2D
ANTARETFE 2 1ITB VT, Style-Ry 2> & Style-R;3
ANZEEEE ERDIRT 22k D, KEED D
B DOBRBETFT NV TERTE 3 Z L XA
%, 2. K4 XD, BREHIR-—ZF 4 VR
HAOPEL, BEeHED D8I X 32 REEE
EREDIBRTIEE ZOMEABALND Z D005,
Lo LEBROHITIE. R2WRT LI Tzh
. TRERs). Misid o, NEICKEL
WEBLBRVORESESFEREPIR-—ZA T4 VL
teRZIHHEIRA TV EREALD D, ZhbDFER
FRONTHERINE L 27— ZAH% L, HEEIC k=L
HELLWEEZILND,

6 HbHDIC

AT, FREEMRICBWTORED ST 7 —
ZERWREEFE LTR I ERAEEE 21
RL. HOHEID D 2B X 2 ZEEEEBED A
Nrze EBRER2 S, KD FREER S LW [AREE A
FERP R B FIHEIC L DR TE 2 2 e 30 b o 20
SHBROFEL LT, AR TDET L ER— R,
WERE DTS & 5 REE A THER T T L DAE
R, MR AT liZ & 2 TV 5,

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



&!I'I'

i

ARIFSE D —ER ik ISPS Bt & TP21H05054 & JST
SPRING 71 '3 A JPMISP2140 DBk #5213 7= %
@"G% éo

BE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Xutai Ma, Juan Pino, and Philipp Koehn. SimulMT to
SimulST: Adapting simultaneous text translation to end-
to-end simultaneous speech translation. In Proceedings
of the 1st Conference of the Asia-Pacific Chapter of
the Association for Computational Linguistics and
the 10th International Joint Conference on Natural
Language Processing, pp. 582-587, Suzhou, China,
December 2020. Association for Computational Linguis-
tics.

Yi Ren, Jinglin Liu, Xu Tan, Chen Zhang, Tao Qin, Zhou
Zhao, and Tie-Yan Liu. SimulSpeech: End-to-end simul-
taneous speech to text translation. In Proceedings of the
58th Annual Meeting of the Association for Compu-
tational Linguistics, pp. 3787-3796, Online, July 2020.
Association for Computational Linguistics.

Mattia A. Di Gangi, Roldano Cattoni, Luisa Bentivogli,
Matteo Negri, and Marco Turchi. MuST-C: a Multilin-
gual Speech Translation Corpus. In Proceedings of the
2019 Conference of the North American Chapter of
the Association for Computational Linguistics: Hu-
man Language Technologies, Volume 1 (Long and
Short Papers), pp. 2012-2017, Minneapolis, Minnesota,
June 2019. Association for Computational Linguistics.
Jinming Zhao, Yuka Ko, Ryo Fukuda, Katsuhito Su-
doh, Satoshi Nakamura, et al. NAIST-SIC-Aligned:
Automatically-Aligned English-Japanese Simultaneous
Interpretation Corpus. arXiv preprint arXiv:2304.11766,
2023.

Hitomi Toyama, Shigeki Matsubara, Koichiro Ryu, Nobuo
Kawaguchi, and Yasuyoshi Inagaki. CIAIR Simultane-
ous Interpretation Corpus. In Proceedings of Oriental
COCOSDA, 2004.

Hiroaki Shimizu, Graham Neubig, Sakriani Sakti, Tomoki
Toda, and Satoshi Nakamura. Constructing a speech trans-
lation system using simultaneous interpretation data. In
Proceedings of IWSLT, 2013.

Kosuke Doi, Katsuhito Sudoh, and Satoshi Nakamura.
Large-scale English-Japanese simultaneous interpretation
corpus: Construction and analyses with sentence-aligned
data. In Proceedings of the 18th International Confer-
ence on Spoken Language Translation (IWSLT 2021),
pp- 226-235, Bangkok, Thailand (online), August 2021.
Association for Computational Linguistics.

Rico Sennrich, Barry Haddow, and Alexandra Birch. Con-
trolling politeness in neural machine translation via side
constraints. In Proceedings of the 2016 Conference of
the North American Chapter of the Association for
Computational Linguistics: Human Language Tech-
nologies, pp. 35-40, San Diego, California, June 2016.
Association for Computational Linguistics.

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

(17]

— 2328 —

Chenhui Chu, Raj Dabre, and Sadao Kurohashi. An empir-
ical comparison of domain adaptation methods for neural
machine translation. In Proceedings of the 55th An-
nual Meeting of the Association for Computational
Linguistics (Volume 2: Short Papers), pp. 385-391,
Vancouver, Canada, July 2017. Association for Computa-
tional Linguistics.

Isaac Caswell, Ciprian Chelba, and David Grangier.
Tagged back-translation. In Proceedings of the Fourth
Conference on Machine Translation (Volume 1: Re-
search Papers), pp. 53-63, Florence, Italy, August 2019.
Association for Computational Linguistics.

Ryo Fukuda, Yuta Nishikawa, Yasumasa Kano, Yuka Ko,
Tomoya Yanagita, Kosuke Doi, Mana Makinae, Katsuhito
Sudoh, Sakriani Sakti, and Satoshi Nakamura. NAIST
Simultaneous Speech Translation System for IWSLT 2023.
In Proceedings of the 20th International Conference
on Spoken Language Translation (IWSLT2023), pp.
330-340, 2023.

Yuka Ko, Ryo Fukuda, Yuta Nishikawa, Yasumasa Kano,
Katsuhito Sudoh, and Satoshi Nakamura. Tagged end-
to-end simultaneous speech translation training using si-
multaneous interpretation data. In Elizabeth Salesky, Mar-
cello Federico, and Marine Carpuat, editors, Proceedings
of the 20th International Conference on Spoken Lan-
guage Translation (IWSLT 2023), pp. 363-375, Toronto,
Canada (in-person and online), July 2023. Association for
Computational Linguistics.

Yasumasa Kano, Katsuhito Sudoh, and Satoshi Naka-
mura. Simultaneous neural machine translation with pre-
fix alignment. In Proceedings of the 19th Interna-
tional Conference on Spoken Language Translation
(IWSLT 2022), pp. 22-31, Dublin, Ireland (in-person and
online), May 2022. Association for Computational Lin-
guistics.

Danni Liu, Gerasimos Spanakis, and Jan Niehues. Low-
Latency Sequence-to-Sequence Speech Recognition and
Translation by Partial Hypothesis Selection. In Proc. In-
terspeech 2020, pp. 3620-3624, 2020.

Yasumasa Kano, Katsuhito Sudoh, and Satoshi Nakamura.
Average Token Delay: A Latency Metric for Simultaneous
Translation. In Proc. INTERSPEECH 2023, pp. 4469-
4473, 2023.

Thibault Sellam, Dipanjan Das, and Ankur P Parikh.
Bleurt: Learning robust metrics for text generation. In
Proceedings of ACL, 2020.

Ricardo Rei, Craig Stewart, Ana C Farinha, and Alon
Lavie. Comet: A neural framework for mt evaluation.
In Proceedings of the 2020 Conference on Empirical
Methods in Natural Language Processing (EMNLP),
pp- 2685-2702, 2020.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A {38

—+— Offline —— Style Style-Ro —®~ Style-R,
—s— S —e—- Style-Up —#~- Style-R, —+— Style-R3

ST test

100 200 300 400 500 600 700 800 900
ATD

B5 R—274 2 BRFEICBIZEILFE (ATD) &
HREFEAM (COMET) DRAfR

— 9399 — This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



