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1. (FU®IC

WP CADIC R0 CRETIZRIZ, BB A FEBR ITER A% 2025 4£127 7 — A b 7T < AR
2035 4EICHEAKFE - SHAKREH WIREET 7 A EBREMIGT A2 FETH Y. Fiich 7 o — ANEBAT
LoD2Hb, ITERIZMN =7 LIFIEN2BHHA CAD XL TED, I v 77 A<
BICHENLER (79 AREHR) TTIAZWLAD D 70O 2R T 5. B LA
Ao RFRITIE. PR DIHNIAY ANVREENLH LADHRDED 5o N B IVRISRES AL %
ARRIANVICESTEELTBY, MR IZDEIITITARERELEL L\ i Elin)s 5
BNCTRE R TR TH Y EARENE (FA X537 ay) LIFENARENIL T 2ALEEDTE L
TOEEAELTWS, NYANVERIZIE, A1)+ bar (Heliotron) & A5 5 L —% (Stellarator)
EVIBERDHD ANV F I VIEFY) VoA F A (KB AT I L= 3EEDORAT T (AD)
B ATEMNT OENIze AN HIVRE CAOBEGHEE NI A VRICK > TORES Z KT 5D
Ty T7IARBRMELEL TS M A< 7 IHART, BEHERARETO HHEIMD TEWI LM TH
bo FHEAND A NVIEGELE LTIRESN TS H 0L LTid, #EAY HIVRFR #RT A 5V IR,
N0 A SRR, EEERIGERM D L, 22T TRTORMEEI [H#] PMfPTwioid, A
HVFR =T A TIEHFNREER RS L 272 Th b, TANVF B T2 ClE, 2
NETONYANRY AT L% X )5S, BERGEA L VI BETBRT 5729012, Heliotron J
EVIIRERTEE - BERL, 199 FE X D FEF ¥ YRR TEEEZIT42 > Twhb, 12T, Heliotron J
DREHRNIEFE R = Z LI - 2R T UAD OSENMF SN TB Y RO 7OV RESELAL
WZED a2 I 2 =F 1 — 12 BV CHREERG R ORI 2 5:l 4 2 EE L HEZ2H - T b,

7T A< EERBMG DR, B K ORISR OB E D, S NF T, RFA T A LVF - LA
» (ISS9%5 HID 15 — 24%). H-mode DEHl, M H~2 DX %7V =Y IV RRADLWEEE TS
A3 DA - MR (BFHRE ne ~ 1 x 10 m?®), BFEAESRERE (POEFRE Te (00 ~3 keV).
B ANF—RFOER - I UAD, B3I F—RFlhE MHD ANEEtEoipflZ & 1) v
VoA b YR OFOKEME T T A LiADKELE L THRPEIEEINTE 2 £/, 77— AT v
TER. BTV A r7abory (EC) &Eit. buaAf FIVElE B AVE—RTOMCADR EOYH
BOBS AT AR PN E —%T 5 2L 2SI Lz, BFHRICE > THREINT
WAHERP T AVE - LA, REEMHE, L7 9 A~ &b @IHRMICKFT 22 &2 /L,
BLUEH S & B AR S Tw b, AT, Heliotron J 2 EICOWTHET 5 & & 12,
DT T AREBDEREDOFEDNIZOWTHIANT 5. Heliotron ] EEE7 T Y = 7 FOFEHIZDOWTIZ
Bk [1] 2 B2 X 720,
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Aux. Vertical Coil

Toroidal Feld Coil A (AVFC)

(TFC-A) Inner Vertical Coil

Helical Field Coil

. Toroidal Field Coil B €
(HFC) 4TF(‘—B|( ST &’ > 22
1 : Heliotron J ¥ &R 2 : Heliotron J #EEH

2. Heliotron J &i&

Heliotron J &%, FE KA TRAIZ SN HEEBEIA) ANV I VEHWIZL=— 7 REGRA H
THHMOIHENY) HNVRT T A< EHEE (EFER = 1.2 m, ‘F/h4Ea = 0102 m, H0#Y B
<15T) THb, K12 Heliotron ] DEEZEIX, X 2 |Z Heliotron ] K OB O EH % /RT, fld;a
ANY AT HE L=1/M=4 (L 3% MYy F5) odfiEEs~) v afi, 2HEHEO a4
Fuafv, RO, SMOKTAL FV - 2L VHh LRSS, 2HEO Fa A Fva A vz v Tl
O VIO REZEARRE VIR T5 2 22X ), BRI & L5 /eSS i ¥
FHOKREGRTEZHLADLZ L 2> TWD, TNEND I A VI HIETTREZRERZ HET 5
LT, INHIPA R SR AT RETH b b — T AWHIMOFE T —) TG THD S T4
7 4 (toroidicity). ~VU ¥ 74 (helicity) \ZR H - REAHIEE S & LT haA FviEgsy) v 7
W CTdh BN EARA (bumpiness) ZEA L. HEZ, MHD ZEMOMREBX—7EHH LAD®
FIIANIF, RO & b0 Y EGRSEER Y TR TH 722 LI L, RS T TH S D
DO UADE A D7z THAI T OEREZTiEE LTWwh,

3. BROMAMR Low bumpiness

31 BAURA® - EXOESFACAKFM 2 — =l o :
INFTOERBRIIBNT, WHEAXRTZ PIVIZE ol s ¢ e . ]

FANYELRZMS (baf yuvg—1k) of g« s aﬁ,f}f'. ]

N X o TH g% - MHD - &3 A 4 P UiA g:j: “ { | Foas:

DIKT BNV O Do TOBe BIETE, N fed .

GAFHOFLEIZE D, 757 A3 D5 AikEETRK o Ee L ea iy i

OO B Z R D ERIPEA TV 5,
F 72, HEkKD Low. Medium (FE#EREAL; STD).
High bumpiness ®FHAK 3B S, X O EwvN >
YA A, (Very high bumpiness, Ultra high
bumpiness) ~& WEHEIA Z LR L7z, HRT A
WEF—ELTIE, ThETOHR LRI, Bk o® . ~
BT D BV LR SNz 2] F72. X3 I B B
CRT LIS BRI & o ThRE - HEM  ma: N E220BEEIBIBICH T ZETFEE.
DR Fe e B 2 B I NI, BFHEESM BFREIRDEL,
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DOMAERTFAE—F AN ER R LEHT L L, NV ERZIPEDNE EEBTEEIZ L) P
W WOERADTD D EXVMAZGAIC R ZENZAT 52 EBMl SNz, BFEESMIZRO
AU —HEERORER E LT, ok o B R s Twb 7280, TRAVISZ— FIZX D
bl / fHA AR OEE 2T 5 & ZOFERSEFTIE. LD &V bumpiness B TUESHSER T O
HRDEERELEDEL o T0b I EDPHRINT VD, LD EVIN Y E R XTI T2E R o H)
ENHMRKLTVDL50D, N ERADOR)RE M U TN TiE MR S, 2okEe LTofie
KT Ty Moo TWBILERBLTVAWEEEDND S, 4. Fli T RElits I 2V —2 3
VIR E e O TOW L TFRETH 5o

3.2 ECH/ECCD #RAW/=E&E 1 7 > BhiE MHD AREMH DI

BBe 7 7 A< Tld, HOMKT I XA RFEOBED O FKE - ZFAREBMAUNIC L ) AR Eh
72T N7 7 RT ORI RE CADDLEL SNTW5E, 2D 352MeV OWMEELHT 57 V7 7R T,
BLEOHRICLDBHBETT VT 2 VHEEEFABEOREL L), P77V o vk & DER
KA (MHD) AZeett & MM EEN 2RS4, LT, TAVF—2MEICHEZT LI & T,
BALHIC 7 V7 7 R ORFEEESHE R L72), BERLTLEH 2 LT HECMKT T X< PREEDSIH
X572l WA A VHRERICEY 7T AMEEESHG L TLE ) B0 H 5, €00, HIA
V¥ — A4 F & MHD A& E OB A OB, 20 CEZAVT -4 F DR
Wik - RO ARD TV 5,

#EFRIE T O Heliotron ] OREHGECALTIE. MRS H MNTR EZNL L vz, KL AIbh/z b
AFNVTNVT 2 VEAE= FIFHELLZ V. LALEDRS, Y77V Tz VAR MVvoErLF
X T ORMEEZA L2 2 I WK 7 vy = Y [E4AE— F (Global Alfvén Eigenmode,
GAE) 2L, B ANF—A A+ VIZL o TAREILENS [3, F72, MMOBGEAL & Rk, &
A F YIEDDIEFITECEICIE, EHRIE T BB o Tl A X2 NV SBREI AL B8 5 & ok
T A% (Energetic Particle Mode, EPM) »AN%ZE L E L5 [4], Heliotron ] T, ¥ A4 70 b
oy B4 20 ba CEREE) (ECH/ECCD) Z2 MW TE#A 4+ Ve MHD R e 0% e
(L FEORIRET> TV b, kT € — 24 A4 (NBI)
75 XA<IZECCDICX A ECTI A~EmZEML 7
i, EPM % GAE & o 7254 F Vb MHD A%
VDL AL S B A RD G H 7z [5][6]. Heliotron J
TRHEEBRICBVWTERBEA Y TERMTH L Z 250,
ECCD IZX D IEfA, M AMOBR Y 72 EKT 5 Las
THETH B A%, FEBRTIIBR Y 7OH 7 ICHbLTHT
PV E—k T (EP) b MHD A% @i % et sh
A E SN YT TNV =¥ ARY PV E D)
b, AT T T 2 M El R E L 2 D), mlA
F Vb MHD AR ER DR ENTE LI LIRS
720 29 L7z ECCD @O = & V¥ —i1Jihke MHD &
REVEDZZEAR I LHD, TI-IIZB VT HiERASh,
ZOMEPBIMENTBY, N AIVRICHET L% I o
ThhbE Wz b, Lo

—Jiv ECH & NBI 77 X< ICHUML 7= tr, BIS  m4: EP BhiE MHD FREHD ECH (3%
NTW3E— FORBBEDIZILT2HRPEON: TIRE

ECH109kW T 163568

Frequency [kHz]

#63563

Frequency [kHz]
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[2]c 41X ECH /YT — %2 LS 7z & & EP Jihie MHD NEEEDHS AT MV Okk{ %2R LT
Wb, Bl X7z GAE % EPM 7 £ @ EP il MHD AN @A ECH XU — % K& L §5 2 & TRl
ﬁﬁﬁﬁ&tfwé@ﬁb#éo~ﬁ%rECHMﬂVié%%ﬁFLﬁfﬁﬁfﬁyrﬁiﬁM?é
72, REEREEIIHNT 5 L bR s As, FhEEMIS, RENMOBEMA RSN &IZEBKE L,
ECH IZH ¥ A% % b & 12, EP e MHD A% ﬁ@%t-ﬁa@%@%ﬁ%%%ﬁufgéé@a
ZZTwhs

33 NBI7ZX7ICHTBFALAHHE (H-mode) DELAI
Heliotron JIZFEHTHIRRZEBY, XR—=Ffin -
AWK TH LA OLES M IN L, &
NR—=FLD7=DITIIFHEET T A< ERD ¥ F ) +HE
EHRVETH D, AFITIE. NBLIEzFH L -B%

§7 I A< HE % Q*EI fo_*i%ﬁ#‘lﬁ\{f (lﬁlgﬂlgﬁ AN LRETATSY >?(AU) peripheral
7% HIGP) WA RIZOW TR S, - o 20 g0 2% 20 250,2300 210 220 230 240 250
time (ms time (ms)

HIGP i ClBHE OME TR FHifHE LTHWS Y - R .
lwngv%ﬁEL oo g i g ESHIGP E AU ABEE T S XY I
ST » 10-20ms RLRLORGIISWE gy 55 2 geag 2 17> 2 B (#60553) Tl
DRIERIED 7 ZPH R ATV, ZOBH AP EE  Homode SEHE HELE & h 7+
Wid s [7. COFMELT, EZUNLVTIE =T R

AHFICRBESINTBY, M —F AFMITHER T A @ #68748, low &,
AW S N D 2 b, FAMRBOKEY A 2V af 5 Tl Low density
> UGS &) BEHIO AR R BT E B E 00 T Y g
HPBF O N L, #Y)7% HIGP IC X 2 W AR EZATH €2 1

L. HIGP - %=+ V¥ —oRABMm s hz |

5o ZOM, HTMHAEELLTVSIZS 25T, o

79 A EEORMAR bt FECH g 5] 7 T
RBRITABN S W TBY, MUADERERRY £ 0"

% Hmode B LEZ b b, -4

HIGP # AR & H-mode EHHEILEKT 2 &, ML %o oz o0a o6 o8 10

r/a

%K%%&%E@Mﬁﬁﬂéh\ﬁﬂ%fﬁﬁ¥ﬁﬁ 16 : HIGP 5B (- 5511 3 R EED =M%,
DOEBEHBH SNz TORR, 72 = 08 TORTIE  mmpp - mIScEREROS 7RSO
JIE HIGP Bita TH MM L7ze SO X9 RE#EER  Tuw3,

HCTIE, LBV TREREES Y 7RI

TEY (M6, TN EEOLH - Hmode BRICOL M -7z MES NS (8]

34 FEHBYAIOKICE S FREBETFEDER EERBEIRDIEX
N=FEIHEENT 57T AENDOITH L7200, WEREIZ T IF5. 74DV
ETOEIMPTRETHNIEEN—FILICHFFTH S, —F T, Heliotron J DFEERTIZ, ThFET
70GHz %5 2 iRk ECH ME CREMEIRIEAHY 1.25T ICHIBR ST iz7z, BGREITKS Wi L\wiag
KFFEDRD T Wiz, KTl 245GHz OIFILIE< A4 7 a2 FH L 72 PiiEMEZiEH L. NBL 7
T ARMBIZD R 5 #ER Y 1) 2D W TR [9[10][11],

BI7IZIERE~ A4 7 a2 7o PhiEi AR e i NBIREREZ RS, 4 7 0o A4 E
EBHICTOGHZ DT VA RA—FEHLEFREN10 M + =¥ =77 A<hBlill shiz, 774
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A—=FEFIIFNES 2Ly 7u b gL s, ZOAXRT Muhn 2MeV 22 5 E#
BYIAERSBTFEHEND, —HT, KEAF Y - BEA L VORNBER TSNV 7 OBTOREIL
10eVRBETH L LN SN, BENR2HPICHoTWD, BEBTOEEA I =ALL L Tx( 701
WEFIC X AT 2 MESFHEE, CHERAE - FHT 7 A THBl I N 2= =)V 733l
LThHb, NBI AfFE & DITHEEORN - BAMEDEAE L, BICEAMY QWG BEREZ B R 7277 X
RAERDPHER SN2 TOH BT AR E 525 L, 10°m® + — ¥ —ORBEE T T A~ EBIIHEY)
LCTwb, COFFEZFHTAHIETO6T H5 14T T TOREIWEEL - TBY., BRX—=571LB X
O R BE L0 2 Bk DRAFVEIF SE~ D FE DS HIFE S B,

#77985, B=1.26T e
L@ ' l '|~\|Bir-;- 1 [‘ 7 T
Bl ) NBI BL1

2.45 GHz | [ — ( ) L

A (x101m

O —

®) 7 (c1019m3) _/ GH

5---.{“————/ il

NN A Yy

S AT e Radiometer]
ov

c Radiometer Cll \OV ;
0 M 0
104 }(d) Pressure (Pal) I I 1f
o
......_.____/ Wpia (kJ)
! 0

5
5 : : T : :

a e 1p(kA

-= % (e) Q : p( ‘)‘J\

|_|_|" T(V/m)
: 1 Ll
0300 200 100 0 100 200 300 B

time (ms) 160 180 200 240
time (ms)

X7:F BV 7OKERAV-TFHRERE NBl 77 XY ERXOBERR .

n
e

—O

1 (AU)
I (A.U)

DIA

W

oo

4. £&ED

RELF T, BRlE B #E Heliotron ] OBEZE, KU, REDE DD DBRITOWTHAE L7,
Heliotron J %€ 13 ¥ S RESRCAE & % LY AN SEERS AL TH BN AVElAY F b a VA2 A
LTBY., BB ERELD 72O & s 3 A WAL L BIR 2 Fi7- 8, @ mtilioR S % HH
EAPKRTHI LT, AN D NVESGRGELICB)2H LWEBOIKRE 7L X2 TV REREWREE L
2o 29 LIZRETRBEN 79 AT EBRICBWTE L ORBEEZAEANT Z LIZORDB > T b,

AT R FATT 51 H 72> T BRERHEUIZERT & OB TaRIIEFIFZE & v o 7z NS R FFE 720
T KREL FA Y, ARS Y EORY: - Wbk & O FEBRILFEIZE D K& & H 2 R L Twb,
F /2, —WEAEFE X V) JSPS O Fe S 3 [12] # B L TB Y. EELFEMZEOISLZ HIFL T
Wb, FEER - FEET A BT, S5 MREL. Z LT PEA SV T I AYEO XD ERE
GBRE RS, BNIEEAETFANOREEZHE2VWEEZTWS, i, W7 A<ililloX 5% 5
HEAL. 7T A= AR OB EALZ Y . @S AHIEER G L7 7 A il E L 7T R
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BFMREIYHEXETETISAT GEM R

BT R T BERTER TS AT EHESHRAREEL — 4 — A RENZHH (UAH)
H A5 P W S22 BB 25 5 4578 (A 1)
- BEFHLFHEWE L Y 5 — A HEERARARRTHERT 27 L TEHE (MEF)
F ) O AHMF ) 70 R T HA7 RS RIS A R R R B (RSB
FNA A B BB T TR R0 G FEERARTERETEE LS ANS R
EEREARE (KFR) FHERX T4 72—
BB R BT HEIRY AT LRI & % 7 A W50
MG A 7 4 7 WEESTEA T 4 70 (CEAGH) (FOR )

HEEA T ¢ PREIALE1—2EY 3 25 (EFH)

WEBRY AT 28I

WIE Y AT L THHIET 1 Y &V BAE 5% (5 )
WAE Y AT B TGS R T4 T 50

BIEY AT LTHBEMMEEEIEH (AW
EES X7 LATHEEEHRER S RIET (L)
RS AT A T S A 5 (R AR
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VAT LERREE HIHREIZESE FEWRE)
http://www-lab22.kuee.kyoto-u.ac.jp/
Ny A IN— 2 DOEEB LR, ET IVICE D < SOS FiEIC &K B IEIEHZHIE

1. Ny 2aA>N—2EL0ZDHIE

Ny zarynN—=% (K1) IEREEZHRETE S
LAA YTV TEBRTHD, A4 v FSDON, oo
OFF % #3212k - T, A R
T AIMNEE o ZRMEFRREL R, ok
XOMHNBEEDFHMERI T2 —F 1 by AL vF>y T Vi Dx C = R%Tv
R T 125D 5 ON XEOHE) 12X )ikE 5,
Ny 7 AYN—FITEELHFEE L LKL 42E
KM CIEEH I TE Y, Z o W) EE H .
TRbLITEO MBI ZER T % 720 &I X1 Ny 73arN—2OEEE
BUS u ZHEYIEDD T4 — K3y 7§ %

AT A Z Lt EWICHELREE b, TOK, aN—y OB RS b EBERETVEM
WAHZENEELLLN, AEE T ST TOMALT—A b v N=F 20T 5 EFIVEETE LR
BRIC LT, BEREAURIEE T V28T 5 2 TE S, TR, XL AL NI EHEE T VIS
A4 v F VBRI REEBRRZHICEEL-EFLVTH Y, ZORBIE. REEER 2 EBLT 5175
AHIBEATNARAE S5 S EIHEH L CIIUSHIA ST 2 1 R E s 2 & T e R
BIFEHEDONLVIERIEETVE o TWAREILH A, TOET VI, HIEEEE S CHEEH
ZHEOTVWSL I (Sum of Squares; SOS) FHEELIMIEIND L OEHWHETH ), TDLXHIZLT
BoNTz Ny 73 3= OIERIEHIICE T 2 RO~ & A3 %,

-3

2. SOS FEIC & BRI LU HRHE

BEHALBSIE € T VL zeni=AzetBwptwr(Nzr) &\ ) T TIH
HEEINDo 72720z, wr BENLENAAL v F 2 TR RT 128
FRRBERKE A, v F Y 7 XM [RT, (k+1)T] XBIFS (20
X TOT 2 —7 1 Houp R ERZHEL72) AT TS 5. 1

25

SOS FHNRADEHOAZ VO E 2 ETRATIIE, (T5) £ 210 /

HRO “FAIIR (7)) ZHATHL I WEEMETE T 1] ,
ZEiwz b, BARMIZIE PEROEETIETHD, oZD 05 ir —R ]
WIS D — LIS (5B WIE, X 0 SS9 7 B0 A 12 B L ol sos

0 1 2 3 4 5
Temdy) e B)T T 7B V() ODFEPRIES NS K9 Time /s %1073

a:ﬂ%lﬁﬁﬂ,ﬁl]%‘éi’k?r‘f'\é ﬁbiﬂa LT, PRAKIETHSHZLDHED 2 HHEF v (EBRER)
HELS% (175]) SOSHHATHL I L& ML THET b DT

Hbo BT, Ny 2 A VN=5 OFIEATIHXE [0, 1] HOfH 08
THHNE (HHVIRTNL YL VFFATMO) Hl5 b i i
CEE LB TH 5. BB GRELEFaL -y %0 .
2 HEIELQIH —4R) BT 5 LTRKEVCOURAIME  <0a) | T
HIBHIE LT zi=8 (z2p)/(a (zp) +1) #F 2z, ZHNA B & SOS% :

Ml

A fi A Eﬁ;ﬁa‘%

0.2 —
HX 0 OBAEAT o 720 FHRR (M23) 125D, Fa—F 11 | znorto
DELDELDTHTENRLIEE L DT HPMAETE, 72— % 5 3 4 s
74 beb (BRI ) JHE S RARFAER (0.2, 08) Timels  xto

2 (B R TIIE L 2Z8MEELZ L T) ABICNE->Twd:  R3 Fa—Fck u (EBRER)

18



2022.3

SHEIREE B4 ATL59F (TBEHEE)
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[FREM 2 F OB FICH T 2 BERS]

IR T T VIZE AP IERIE N A THEICEA SN0
Ty R TFHOEFIREIOE TV E LTl 2 of%eafrb T
E7zo T L72IERIAS 120, 22 MBksc: & IR IC RN 5
JEMIE R AEIRE) (ILM: Intrinsic Localized Mode/DB: Discrete
Breather, IF ILM &729) EWHEN S X9 B ZZRIIC T AV F—
DIRAE L 72 IRENFE DAL T B0 PERMFTEDZ LR T O IERIEAH
HYEHZ WML L 72558 M EFVEH WP ETH - 72
2 BE T & ) HEITLD MBS R T ¥ 2 v v & H 72T A O
BRENDL LN HRhoTE, HlIZIE, HEBELNOA Y 744 F () BISHLTEEAAICHEH TEBHT
VR TG T RN =R F ) F a— T EOKRICHEM R _ ,

LA ORI E o TV DL D AR ETIE, BT 2 Kot B 1 FRRRAET

WT 2R T 5720, HFETOHHEDL 2L THZ L%, L

LAaDS, HECTTEFIIEFHICEERZFIICHEHTEX L7720, FTFOHHEI3 THDL, 20k
) A ORICEEFOHBEN—FH L WAz onTid, ILIM OZIZIFE A TR T ko
2o FIT, AR TIZ, ZD X9 HRICBITS ILM OREERLBEMEZ RIS E L

AKFFe ik, 1&ILD Fermi-Pasta-Ulam &7 (FPU#¥) &MIEN L ZEAOMHEAEHRT v T v
VWEBETHLETNVENRET b, ZHETHIIETE AN BETEX 5720, KTakE LTER
FTHIEDNTEDL, Lzdo Ty AMFRTIEINE TR 1 IRICHETEIFATYS (M 1c 2) . Fik
7 1 ROCKE T, T H I OREN 2B b A HE & . A& T Ex L Cal 2 IS IRE) L 7258 S fnik
T AN T S0 ILM IZDWTHRERT, HEHMOIRE O ADOMER ILM, B X Ok 7 mRE) 53+
& BRETLILM SRS 5 [1o #EH ILM 135K D FPU M TE T IWVICHIGT 2R TH HH5, HEk &1
B0 REWEPEIRIC X o THRZDNLEZ LWL E L o722l —F7 B ILM 3 F#ktEddH - T
WD THEAETBIHETH B, BEHNEBIIHMODL DL I PTVE 0D, ZEE EOMWEIZR L - T
B, ZDIEEAEPANLETH 722

BE ILM 12O W TIEERI e 21T o TV b, SEIICRARG 2385 L7242 2 1 IRITIZHED
W3 5ZET, FIREBTOHMEN2 THD L) 7% 2 HHERS THIPHER T 5 [3l, FEBRZ B L
7oy Ialb—va i RETHRE 2 EBUICIRT A 2 &L TREIM ILM # S BUERTE 5 2 LA
LMo TwD (M22M), T2, FNCH L CEEZ FROBRBR S 2 &GBEM ILM 85 sh
72 (288N e SO X RBEIE ILM ERiBI2 7R <. SHBFLIME LT FETDH %,

PLED X902, Tkt 2o FERERFICBIT 5 ILM 2o\ T, REMSPBEMOM 2By I 2
L—2a VRERICE > TRET LT 5, 5% FIRED D 725 3THERAL LM L o5 % X ) B L,
HERICHBIT 5 ILM O L E M. BEMEICHE T 258N DR ITFT TV FETH S,

SEHE

[1] Masayuki Kimura, Atsuki Mitani, Shinji Doi,
“Existence and stability of intrinsic localized 200 — “
modes in a finite FPU chain placed in three- e ——— =
dimensional space,” Letters on Materials 6(1) g 1o 2. g =+
22-26 (2016). E = E ZE,

[2] Masayuki Kimura, Atsuki Mitani, Shinji Doi, 5 =1 S 4_,_*:;:1 2
“Existence regions of longitudinal and N ,5,% S ‘Hm’f“
transverse intrinsic localized modes in Fermi- +§ so,f—%*%m 4; —_——b
Pasta-Ulam chain in two-dimensional plane,” & | = S S|
Nonlinear Theory and Its Applications, IEICE N ﬂ},:zuc
8(2), 153-161 (2017). 0o oz o0& 05 o8 1o oo oz a& o5 o8 10

Bl AHEZ, 4 YVaryy, PR, HEEE tls tls
AT 5 2 HHERE I BT 2 BER SR 2 BEEILMOEERESI2L—a>
:JCJJ:E@J@QEEZ ) ’%‘i*i%& 121(61) 5-9 (2021). Eb‘gljjﬂﬁlgﬁ'l:\ H?’J‘ilﬁjﬁrﬁlgfﬁfﬁ 3
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SHFEIFHEE £HBEIZST (IWMHARE)
https://bfe.kuee.kyoto-u.ac.jp
[FERESZF v XIVERED TRt Y ICK 5 E &S

B iGEN R 3 2 BAE 5 MR AL, MR OTEENIPE S B R & AREEIIEXETOHTH %,
C DIHENNE > TH U 2 RS . IGENEMN & FMRIIEENCE T2 M lE ZA TV, T 7 A4
DBBRIGEEREZBRL), B o TEDL W20, WEHEIC X BIGEEV. O ENES TH
LHEWHIEMDE DL, LU S, AR IZY 7 nT 205 T OIFEFITHMIZETTH Y, FiZpT
DUF ol (MEG) OFHINC IR OGS LB 2B mEE T FHET (SQUID) % Hw 724
YUY BRETH D, FOWE, SV NOBMAREBEOKREL: EOMENDH Y . AR
FHlO B ZFRR SN RS S EDPHEA T e osze T L, A IHHOARELRER ¥
YRR v e ZOERESFHIANOISHIZE L e E D T b,

HRYE VIR YT, BT REVHOT VA ) EREFIER Y E Y 72X ) ETAY ik
ZELESE, BBICID A VRBOEH 2T L2H0TH L, T, ¥ v ZFHEBUIER ~
VY7 LTWANETHY) BV FVNICEEOE Y Y v ZFHEHBEERT A Z LW RETH S5, 4
X Zotr Yy ZEE FHNICE BREK L2 FHEL F v A VR U ¥V iR v ERREL Tw
bo T, BHGMRRENIEFICE L, T2y FLA MRy FREICERTETH 5720, /NEW
OWRERTIR = 2 —a~—r 71 Y I kA BB ORI S,

AL F v AV HERE U TR VR, T =T oG E 7+ MY AT —=FT LA LTS
LT, Ry THETU—THOER OB MM T A ENTEL, COLXDEKEF ¥ RIVDORKSE
(& <100 fT/Hz? L FCTHh o 720 BRSO —F1 & U<, FIRFIRICRT % 8-13 Hz © B3
BREEDOZEB ORI R 2 BIR T, HEREIE, WAy —VEFAT, eV ZRNULF—7 >~ EIC
B EZ R, BRICELETIREZMET 2, 2L X BN BBES IS LT, 813 Hz DN F
AT ANY ZWH L. BERITOSHAGE L% 2 HzOou— 327 4 V& 2@ L7z, $HEH
WU X0, BAIRKEICIE 813 Hz @ a HHEBIOWHESAOND ZEBMOENTEY, KV AT AEZHW:
FHICH RO AIE S OWELZ BT L2 L5 T& 72,

S OFRE, IRFEPHICAE U2 BRMES 2 51 L T 7255 FEE ORI & 4 U % F 5wl
LZOREFEOHEE. A RITHROGEHISE R 2 OB Y — )V R ToRHIZ: & ATE2 S 512%
BEETVWELW,

P

Close

2 3 8

o

— Open-Close
40t:Ch3 All Ch ----Keep closed
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8

Normalized variance (%) Normalized variance (%)

} Latency (s) } Latency (s) - Latency (s) } Latency (s)

: GARBABRICX ¢ % 8-13 Hz D B BB IZAE DEE)
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BEFYEISFEE LHAEFINESET (TARRE)
http://qip.kuee.kyoto-u.ac.jp/index.html
[BERILHEERES & AV - 2 St F RS = 5 O /5 Pl 4 |

b RE DR R OREiaH 2 & BB AR RO EEHEZ T 570121, R LD
A XEHANOBEIEOH S LE 2 HHZ IEHEZHU) W stllEa 2 g5 2 L EE T, 26T
iR 4 PR G D & 9 ¥ ¥ TVNTH L % IEIEEFR R 2 R L 723 TF10E, B RRE o BigE
ZUHEICT 5720, SNOHOWIRICH LA HEH SN TWET, L L. BfFOIERIR LB L, “R
M THET S A4 AT K> THEWNRBESIDHIRING, “ NI A -V OEENREEIND”
G EOBREPFIEL T T,

TR OREEZ R T 272012, FA72H387 A MY v 7 FEZEH (OPD) JEIRAME D M3tz
5 X ZFHAL7ZIEMIEEFEHINEORBICM ) MATHET, ‘o X" i e, FHlicBWwT /A
ZAEBIERITOTIEEVIA A=V 2R/ ND LBVF T, HnFICL > TEHIIOMERZ FHO 5
NAHWREMELRD D T3, FI2IE 2%FEREAED X 5 Z2IERIE 2 BIREORFIL, Bt F#alk
WO L, BRERS EDPREWVWEEZMHITE, ZOMEIET EVIE-EDH D T3,

SR 72 HIE, OMEERS 2 FH L CRIEBBIEZZN T 57200 F L2 RE L. RHIEGEF R
WL L7z i O 2 6T SOEHMEE Tld, RN SHET 5 2 TP BIE LRSS %
HIRT 2 FEERERD T, 2O/ A TFORELZIY L7200 1 DO H kR Bl L72wWigEiio
ATHNEFEZLEMNT ST L TTAHIEHEEIEMHBEO OPD @I L > TEY &b 200 —
A (PTFNETART—) HOBERLZCHRERS EOMEALFIHTZ 2 LT, HLRETDRTZLH
ZEBHLFE L7

JEEREAEFEER Tl PR 532nm OFERE F 2 B0V 2 v CREEEIERED OPD M % Ekd 5
C LT BREEEN 100W 2 M2 5 Y 7 FAte 74 Ko —ba AL ¥ Lz, M OPD &, JHdk
B20DRY THPOw-AwdDY 7 F Ve w+rAwT A FI—Nx “FHIECER T8 T, 20
72O, Y TFNVIETA NI —COmERS ZITIMEBEPBEL T T, b9 —D2mii 3 X \EE T,
SRERE D EOWEMA 7y — V7 = & MA — ¥ —OREHTH B &\ ) T (ORFEERTIIAHBIRE [ A3,
600 fs)o 2F D, Y7 FNNHETA FT—HTIE, T/ BOEUKBONIRTREERICEILT LIS A
BEL, FoRoEIC—-—2MTHEAZALTVWE T,

BOUE, R R EEAH B R © 2 W - BRI BIS O FEMGEEBROME R T, 2200 — A%, B
WERTH S 2HTFHEWR (T —F I VHER) NTRESE.ZCILORET L 20 FHEEBIIL £ L7,
20D —LADOMICKHMEBIEZRITZWGE, 22008 — A0 E LA TIE, MEMBEICE > TRS
ENBL 2HTHOUE AL E Y (K (a)]c —H T, 22008 — 2 DBITHBRH L oA 700
PR (22 TIE670 fs) ZiklT 2 &, 2200F VBV ADOEL ) GwidfR7aE 3% REMME O
B2 K % DB ZHRORRIH S FE 5 [IX
(b)]o TO2ODWEDHEER L DH T LT, RAEME
DO DOHEHEROA T T A LI TE T
(B (c)]o Gt T OHA % 2 6T Bhike S 2 i
T 52 LT, AEROBERIBIZ R &0 R O
FBNOL0 5 EWFETE T, 25612 A%,
PERMEH SN TEZBE SV ZETIERL, /8
INWVAZREANRE LTHHLTWE S, 20720,
2 FRhRBEMBE O T X MEIZD JEKT 5 il &
5 EMFFEINET,

SEZXE : Y. Eto, “Locally controlled two-photon
excited fluorescence by correlated ultrafast intensity
fluctuations” Appl. Phys. Express 14, 022023, January

(2021). X. RERHER.
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[SIC BF 7T /N1 RIZH T 3 EFBIRIRR DR

fif £ 1~3 kV #%® SiC 7¥7 — MOSFET & ¥ 3 v b F—[EEES £ F — FOEFLI A, FHO B,
KbpBEWH ST a2, BHE, BEAHBELZ ECHELAIADGEIRINTVET, LALRIED,
SiC BEA o8 EM . REWE. v ) TREHZIERBHO S OH% L, KKRE L TEELRIZE
BREE 2o TV E T, FRIC 8T —FN L 2B W TR EBEEEIINE O pn #54 OFGREER 5 2 FR L,
INERBIHENTHETANERINT T, RHEW Y Y 7EE2467 5 SiC pn G O#i%
WIEIT NG v oIS X DAL, TNERET AEZ2EA + AMEREIZOWTIE, BTV — T DLW
AR, BERPHCTHREL T L2 (1. 4 ME, RS Ww -y 7 %EL2 49 5 SiC pn #E
DY = F —WEIC T 5 EEEN., BT ICOW TRV LE T,

VrF—fEE BERTICBILZEBTO N AU EICIsTHELET (K1), SiCIESiIZH~R
TEHRFIESH SHREVDT, Py RAVEEORT V¥ ¥ VEENRR 3HBE L. —H. P U A VIR
Bl ZrtE2060ET, L2L, SICTESILDVHIOBHERECTHZ A0, BF v ¥ v )V
BEARH S 20, P ANVERDPEL LB WD B ETEEHA. INEZWHLPIIT L7720 x i F—
VYo7 %ERHT5HSICpn#HEAFAF—F (ZEFF Vv VEEICEIDERL, EEAVICLDER
Ep i) ZERLUCRMEEZITLE Lz WHER 100 VELE (F—Y X 7%E 10% cm® PAT) OF
Tl MBI R NEF LA T NG Y U oI TH L T EH L F L2AS ER 100 V LU
T (F=¥rZ7%E10® cm® L L) OFTF Tk, HEAF MLICLAF v ) 7THETHHATE vy
MERPBH ST Lz, T2 ZORTOFMEZ 50~500K O )i Wil E#PH TRz 2 A, W
IOV IEFITNS W E23bh ) F L,

ZITC, BEBRTCMEFHOETIEFGHZ2 b AV L CTRERICERT LMEFRE2, WKBIEZUZ
FHWTEH L, pnESZHENS P ANVEREZFELE Lz, 22T SICIZHEERE DN Y M
EHELTWALZLICHEBEILETT, MiETHOETIIEETEZEICBOTT AICHFELETA, b
ANRBRIIMEERO M HICEBRTLLENHYE T, 2FD, SO ANV T 4/ ¥ OFGH WA
THY., ZOKRE, SiICO MY AVERITIEFIEL 2D T3, R2ICEBETHEOSNSIC pn RS
A4 — FoFg s, BECTE A RRKBERICHLTCFay PLAMEZRLET, T2 T, FEHE
LT 7 YN RN ANV EZRE L CEHR LT, FARIIRT L)1, EBTr—7 1k
FHRL N AVEREILVHIPITIZIZZEICERT ALY E L 2OXHIZ, F=¥ 7
W 10% cm® PLEO SiC pn AT, BERICBWTY 2 F—0E (74 7 Y KEANY FE A )
TXREINDEZEPHLNIRD T L2 FESINARKEBREEZ 1 mA/cm? Ei%ET 5 &, SiC pn
BEOY = F—fERA (R KERAME) 1258 MV/ecm LRETE E 7,

[1] H. Niwa et al, IEEE Trans. Electron Devices 62, 3326 (2015).
[2] M. Kaneko et al, IEEE Trans. Electron Devices 67, 3329 (2020).

SiC pn diodes  simulation

EC NA -2 gllllllllllllllllllll |||||||| Ill
510 r 1 mA/cm?2
c e e
v 2\;10'4 L experiment
F o :N=20x10"%cm
Quantum = E © TN 18
tunnel 2 10 | 7 iN=34x10, cm
S E o :N=52
Q ;A :N=6.8
108
) g
E ¥ ; :
eIECtron 810-10;—||II|IIIII IIIIIIIIIII;IIIII

o 1 2 3 4 5 6 7
Electric Field Strength (MV/cm)

1 BERICETZNFE M RIVOERXER 2 EREFN—7 SiC pn EE&DFEH S
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XX DNA2ES EABEDEFHENBEMEEIC K 5 EEFIHRIE

DNA &, EEWEMOREERF V80 H - BEROGK R L EAREREZ MR T 5 Lol CEERK
HEHSTBY, TOMES X OMBRNEREEZ S 223 5 2 &3, ARRERBHOEZ B~ Z M5
FIZBWT, EHIRIEAEKRGTOERE - EEISHZHEAET 5 L THLEANKREL > TS, DNA X
AARNT, B, G5X0O2ELEANE (BDNA M1 23E) 2322 L5 TWDEH, H
FEDFMTTIRAESEE O (ZDNA, K 1(b) 2 2H) I2281LT 5, TOK%E SR O DNA L. [#:5 ]
EIHEN D & 8T BB ZAT ) B RNA ABGERRICES T2 2 L DAILNTB Y . ZOEEE, S,
XFIEFHTHEICL o TEOMEZH - EHFASED S TR, ThF T AHBRETICBIT L A%
& DNA M0 @ Mg Bigt i3 ZB L T o 72o —J7. DNA O EIRE (REENEE) 135
WZBFBH % 87 DNA DKM L TWwEEEZ 5N, £%% DNA L %X DNA O
BIRBOERZHSPICTHIEIE, #0878 -DNA DG A = AL ZEYT 5 ETRELHES
T5EEDIT N T LTI EADIITER LTI S e IhTw b, bhvbhid,
DNA it 2 JEE CIHEBIZ T 2 2 L RE R AT (FM) BloJE1-HEMEE (AFM) % H
Wb &V, lEOLEE DNA Rk A% & DNA 2 B0 MaeBlgE L, Wil P Ciit 2 REgIcd 5,
IR 200D 2 ELEAMEZ ST LANVTEET A Z IR THO TR Lz, $72. Th
5 DNA O FEIREA FHII L. 2% % DNA OBMHEIIA % EZ DNA [T W GFEIREN G5V
CEERHLICRWELR Y,

M 2(a)i2 DNA ® AFM %% /"3 DNA RICHRZ AMBEAIIZEHESEAMEICHIG L. 5FADE
E5. ZRHAZIERIA W EFRWED, TN EIWRENE FRNTRENT VS, DNA ORI, R
LR HRREEICR > TVAA, CNIFELEEOZE LT AMEOFHIRICH YT 5, E HIZ,AFM 7 + —
A A= TR X D - BN 2 S MBI~ vy ¥V 72479 2 LItk ), A% & DNA
EH%E DNA ORBEMEEDOECEFHIL, £% % DNA IZALB S ICHRTHEIHV L 200
THOLMI L7 (M2(b)ZBW), KRifseid. 5%, FM-AFM 2w/ F /A7 — LT 3FsEh
ARG F DOREFE R WAL, & 51213 F 2 34 F 73, ZFHIR T F SR DB E TR L
TWL ZEPfFs b,

SE

1) S. Ido, K. Kimura, N. Oyabu, K. Kobayashi, M. Tsukada, K. Matsushige, H. Yamada, ACS Nano 7,
1817 (2013).

2) H. Kominami, K. Kobayashi and H. Yamada, Scientific Reports 9, 6851 (2019).

(b) ™ %% DNA
4% % DNA

% % DNA

10 nm

-253 mC/m?

10 nm

R 1:(a) B-DNA B&KV (b) [R2: (a) sk iC B-DNA, REFIC Z-DNA & 6 DAH DNAD
Z-DNADSFEFIL. B AFM & 5 (%) OXREHEEHE EB) 277 @138).
OF (F) OXRMIEEET () AUHBEODNADEEEHFEL. Bk OREOEIESES
NVOEE @B CHET 2. W, PROMMOICEHAD VEBEHEEPFOC L ERT.
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BEXHIEICK S 7+ b=y U ERBEIRSRBE Ot ERX]

FRONEH NNy 7 7)) v 7R Em T E RSO S E OB E 6T v 7 L TEBT 57201213,
% NI RIFBIRAE T & 5 F 7 RGO, /7 JLIREG IR L 7L L B ROMELERNIZHE
O RFEHAEL =y FEOER, B LU R TOMREREOFEH 2 EOFEPFIEL 3.
INFET, KAIDCOWRRBREORBINEN R Mz b OMADO 7 + b=y ZfiTzHWT, 1) Xz
NSRS RIFT 2 2 L Ok S & Q i /7 Wikds, 2) F 7 RS~ OO LANEIE 3) F
J R ONHR R FOM 2 HD TE F L7z, 1) Tid 10ns FREOR\VOLFFr & £ 6@ E i
WCHET 2 REGEZFEIL, F220 89 REIRFIOPRFESNTVLHIZ7 + =y 7D
WRZ IS ESL I ET2), 3) OFEDIFAEDToTEFE Lz, 72721, 2),3) IIBITLHH#H
TETIEF v T 6 OFEG SOV ZADOBEHC L 2 HHF v ) TAEKRE H W TWwiz7z0, Ko LY
RPBETH ), FEHEEFTOREIIHET L2 40, YY) a7+ b=y 7Ty 7IZHAN
pin HEEZEH L, THIZELKSIVAZHMLCTEF v ) 72 HHRITEAT L EITRHEF L2 E8A L
L7zo 2O ER T 0 v 2 Rf G RS OB AT ) RGO R 2 IR L, BWbr
Fitn & BRAMNEIT R Z W S8 F Lz, TN DK 1TIRT X912, 3 HIREH &R b ol #HH
RS C O RZELR/ IV AN L > TEL 385 2 L ¢, IR A ICER L 7oot% LR B ICHr
BICHSE T A5 LTI LE Lz SORELRGIE RNV E S oIRGELERL. ThbHo
BTNl EA HAEICAT ) S8 LMHICA ) T34, CORPR O EETHELS v FEOERIZERIE S
77 XE)—OFEHIZOLDVHLDOTH ) MERGHBEICHIT RS RHEE T E T,
2Z ik : M. Nakadai, T. Asano, and S. Noda, Nature photonics, doi: 10.1038/s41566-021-00910-y.
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X 1: (@) 3##R2E (A,B,C) HERDEXR, (b) 3HIERBEERDOER E— FHFHIRSE C DRRDE
BIC & > THIEEICEL T B1%F. (0) pin F1F—FICX 2R C HlEE 2 8T 3 HIRBFHEARDA
FHMKRTE, (d) $EREHEEASRBRIBOBER, BERELZRS O OMHBERIIIMHEITES L
DICHMBICEMPBEAEINTVS, (6) XEXKBRER. BEEENIIC &KV EEE 2~3ns (3 THiRSE C
DERDHIREE AB YV FEEHIRFROET— FHPEIBAICELL THIREADEI BIlEE S 3,

0 5
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B ZRIRU-BE—C v FIVET LA AL D NT v T -FLEY 7 b OBZAIEICET T-

JEFIIE T2 R T 5 B TS U CH S TR S L e 0 AR E XiE 5 b OPFAET %o
FMARIC L > T2 ANV F—HA DT MBI L. EREEKICENE LD, INEFEMAS 7 ME X
Ko B, FARY 7 FEBISET S 2 EI2X 5T, BIEOWFOPHLA TH 5 FER TP o E i
BRI CIEHATE v, RO TICL 2R EZMNTE D WREEIRBE SN/ (1], B b 2008
BOFMAKY 7 M E2RlE LEBRA T L. WHEEIREOBRICZSLZ EPHMOLNTWES, Th% King
plot & X5, RHOK T2 X H50%12. King plot [2IERIEE G2 4 L &85 L FHlE N TV 5,

King plot OREZFARBLICIEA %R ED 3HEORENAKY 7 FDSUER 720, 4 ML o R4
ZLORNEEFHOCTHET 5, 4 v T7IVET L (Yb) 1213, BHITHEL v, 28I O 72
WIRELRAAR DS S B D B0 Lh, REIOREZER L L THWON 1T E AR MIVBIEOK N
BHERE L ER A BB ODOT, AFRICHL/Z2ICETH . A IIERFIOEHREZHEFELT YD @
B AtV NIy TOMEZED TV D, RIFEORE D EHFT OB R EKOWME L F L TH Y T4
b FALT S E M o P gL (RBRKS:) & L FTHiZE 2 g L 72

AR TR, BEORNMNKZ RN L CTH—AF 2% N5y T TELEDRD L. HEFENAAD BRI
Wi, WA 168, 170, 172, 174, BX 176 T, ZNZFN 013 %. 3 % 22 %. 32 %. BL V13 %
ThHb, €2 T FMAEDORENOZDIT, 2 BBERHEIC X 2064 F bR V%, Yb FT % LKA
A5 N T TR T 548 1R TORMAAY 7 b2 HWT, FAZBIRLTA F+ 1MbT 5, Bk
TIEYb&RARE LA -7 Y2 ML TCYb R T2 —24 LICAESE, A4V Ty THTHA
F AL T B HHLTWAF =7 VAl b D70, HFE—20RMIZEE Ny 7 —EA 0 I13E
1O RNAR Y 7 MR THa L FFAELOR /NS 168 % i 4 FEHO MR 0 B — 1
FrDONT v FIIFEI LTV 2],

F AR 168 DH—A F+ > b5 v 75T E MU, King plot DFIEED L OV /N E LA HEDP S THMTE 5,
ZZTC A MK AFRNARDENIIEETD, NIy THOAL T L IdF =T B AET-LE
T3Sl 28 U CRIRTFAEABITL L 9D £ 550 A F VLSBT B 223 E £ 0 b F g,
AP/ EVFEMATOE A F VOBEARIESTH 5,

RE T A 013 % O 168 T 100 Ml % ¥ z T 12000
}RLT}‘§J7OT§%>:&€TH—:\‘LTV‘7: [3]0 11000 |

FEEETIX, BYD IZOoOWTIE L —HF—EHICLTELR 2 oD E “ 10000 |
BOFEMAKY 7 SBARWHZE S 720C, FAfiky 7 F3Emo &
B L King plot 2 lWCTRAMKS 7 F&#fEL, L—F—f @
WBZRE LT A F MLDE LRIES > 7Fho Yb BT

----- BALAIL

DIE7 &2 HWTEE L7z 4. Ul Eo#Efi %175 T ®Yb" i 300 400 500 600 100
A& ikda, B L 72 30BR R 2 IR S 5o 1 4> YD A3 #R /s
HASN T2, B “Yb* DN 1EFO2AALH

COMPITEES mmBEDO T v THIBOEETRHON KRSy FTIh3EWICBEESEMLT
72, WEEFBREGICHV 2B 08 mm BEODOTBHEAN W5,
WZH L7z [5le BAEIZ 2O 7EHE B CREEH EBR O Ak > 7
MEIAHED X 300 Hz THIE &N TW T, King plot DIERIEEIB E N0 L) iEim SN Tw 5 [6].
HREF CTEBDPEATNEDT, FHLDENSLZ LR MELH#EDIZN,
[1] C. Delaunay et al, Phys. Rev. D, 96, 093001 (2017). [2] 117l A, HARWI S 4 2009 ERF RS
26aZF7.
[3] Y. Onoda et al., Appl. Phys. B,105, 729 (2011). [4] Y. Onoda et al., Opt. Rev. 18, 365 (2011).
[5] LEF 32, HARYEZ24 2019 4EFKFE RS, 10pK14-12.  [6] L Counts, et al, PRL, 125, 123002 (2020).
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PORED T ZRAVEZRTHEIRET

Polari>metic Images Angle of Degree of
Under the Sky Linear Polarization Linear Polarization

1 BATHRELLELAEGREETL ZZRTHERK

Surface Normal Shading

W12 96T < ko = B TR TE W S gpaer, B0 s20m

Z OB O S 4 Bk BB S : ‘

TV Lol BROBESSHEL: et |

BRE A2 SIAAT LA BBAGIR P
?f

B

>
AoLP

(
oy N\,
\

BEILTET, BHEOHFIELILEE, K \ \“
Bt L S oZIC X DV EREHEET S " -
W A 7 Ui, ol 22 R A3 o]
HECTH BN 2 HH T 5 LBV D 5
AWEE T, ol 2 AR T A3 HE T 2 BERETORXEDTE
R EZHRE T HLEOLR WP E LT, 22
DRI A 2 W7 ZRGCIIRIE T T2 8 L7z (1] Rt & d. B OB TH 5 o IRE)H O
XD 2555 2 & T IREA D> TWAH I (RGomE) L) EAY (RGE) 12X - TH
FHDRENREINS, ZOKIIHEELTBY . FOMHIEHE Rayleigh sky model & LTt TE.
21T X918, WomE (AoLP) &{WitE (DoLP) k. TNENKERE TR Z &AL LR
ELRHEIZL o TEDDL I ENTES 23], ZOIGLINGIE. BHOWARKMICH T2 E - T
ZOMRICIRENZAL L, WEKRORLREL 22, M1oE»S 2FB L 3FHITRT L 912, Quad-
Bayer Z W72 @t h A 7 THIET 2 2 LI2X ). ZOWIRKIIZB T 2 3 2 mOGIREE 2 — o mi{%
ELTEHMT LI ENTE S,
Faix, ZOWTA ZMHEEMEL LoD, WREKE RSB 2 HIGCIKEBOZEAL & LRIt % [Fik
WZRDBHZLIZE ), —HOESEED S WERER O ZIER () 2RoOoNL EHE ML, B
RIIZIZ E 9, AN X 2. Zoft. BLUOZENLIZX - Ttk SN2 BV TO RSO RIE%
KT EMLZETNVEENT 5, TOETIVICBIT A, Bl SN2 HICIKRE, ZomICKREOREGEE
HAWTHBEOZE 7 L ix Ly EEICEI L - mCIREZ G 723 AGHEB L O HEET 5, Th
XD, F1TISRT L) 1S, BIVCHGE L2 mGEHR D Sl e ZRTBIRZHILTE 5 2 L 250 L
720 ZOMI, H—LMEOWRTHIIE, #HiKT 57 L —2OWRICARFEZ#T T, & TEHNZ
WAROEALZBEICTE L Z E bR L7,
ARFFIINEDBETH B 7208y ¥ TIZZRIGBIREITCHTE, BAATCoO=ZRek =L LToln
AR TE 2 FRIZ, HAIC X > TRABVERZZEHMIFIR ) T wkz & (ERFETI
WY Fz R RIZONT, BACTEHEMAEREEILT 5 HEE LTEMTH S, (SCF - WA
[1] Ichikawa, T., Purri, M., Kawahara, R., Nobuhara, S., Dana, K., Nishino, K.: IEEE/CVF Conference on
Computer Vision and Pattern Recognition, Jun., (2021).

[2] Strutt, J. W.: XV. On the light from the sky, its polarization and colour, The London, Edinburgh,
and Dublin Philosophical Magazine and Journal of Science, Vol. 41, No. 271, pp. 107-120 (1871).

[3] Goldstein, D.: Polarized Light, CRC Press (2011).

DoLP
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[ D dH DRy b7 — DERET - ]

KARMZEE L, Ek, S, RRMEZ2FERQWZ 720y b7 —27 OB ZT-> Twb, Bimd
LEEKITIRANT 70 —F TRYHMA TS, KT, MEIEY 7D 1DOTHLHNEDDH 5
Ay b7 =27 OFEE - HEIZ OV T T S,

IS5 A5 4 v Z7¥%4y F7—2 (EON: Elastic optical network) 1%, #EAXY FIVEIH % FKIZF)
H$ 20640y b7 =2 HiliThsb, EON OB %M 1 127”3, EON TIZ/SA ik 28812, L%
LHEEAERICN UR/IBEOARZ My ATy bEE) B TRZEEICS USRS E @Y 5,
CHIZED, ERARZ MVEBROMFENLFIHZWHEICT 5. KANZEZE Tld. EON OEr - fil#)
BT BB O ZHIEL T 5,

EON Tld. /S ADEE - R Y B ENE 2 & T HHWTREREREARY FIVEFRREY) -
it L B MER DD, CNEPREANRT PVEFEROW L EIES, [1] Tl B 1+1 832 7o 7

7y avEEHALZEONIZBUAWMILOWE (F757 A5 —Yay) FERRELTVS, &
WREERIZBWTTIATIVNAENY 7T v TNAD2DODRNANEEIN TV DRI 2 HET
o NAZBBEZR LT N BRI RIS, Ny 72Ty TNRADARYZ My ATy bOFE D BT EHE
BRAERZITH) LT K2R T I CHMA L2 ET S, 7777 A7 —2a yOFNERD B[
RE A BEGRIERTE I E & LT b L. EOWKRRANTIVIY X242 ME L Twb,

2] TlE, VT a7 7 7 AN HW2 EONIZBIT 5, S ZANO#F, ARG, AX7 by, B
T a7#Eh [T (RMSCA: Routing, modulation, spectrum and core allocation) FREZ#F LT 5,
EON TIZAXRZ bV oifett s X OBEMEOHIF Zii 723 X 9120 AXTZ v Aay k&3S 212
DU TEHEULENDD, $720. SVFATT77ANTIEaITH 70 R F—2 (XT: Crosstalk) &3 7WH
{5541t (PLIL Physical layer impairment) #3543 5%, 2 7H XT &2 7H PLI ##0DF TEE
3% RMSCA €7 VEMEE L., BUEFHEIC X D, EEAXRY MVEROFHREES W 5 2 & 2R
LTwWb,

RRG kL
%] i% 2t —— e
% % 9 § ‘ = 15 = g
jll:/\x ]Q e T A S o v & P
yry yoy
ISXTF4vI%kx%xy b7—7% (EON) X2 EONIICHITBTFI7I539A5—ar

[1] T. Sawa, F. He, T. Sato, B. C. Chatterjee, and E. Oki, “Defragmentation with Reroutable Backup
Paths in Toggled 1+1 Protection Elastic Optical Networks,” IEICE Transactions on Communications,
vol. E103-B, no. 3, pp. 211-223, March 2020.

[2] K. Takeda, T. Sato, B. C. Chatterjee, and E. Oki, “Jointly Inter-Core XT and Impairment Aware
Lightpath Provisioning in Elastic Optical Networks,” 55th IEEE International Conference on
Communications (ICC 2021), June 2021.
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[FPGAEEA#IEML AHP 2@t —FI>a—FICEDICARORY MILBFE
BRIES AT L]

WESE (DL) Hle aR7 4 7 2AFMOMAGDLREIZLID, RFELLEOHE Y A7 2B XE 5
RADHEA TV D o BRI R KEONIE 7V — 71k, v Ry b O@EBERIEREZ > T, AM®
BfEa~ vy F (BEMAER) LA XA TR SN2 REB RO ZRE=2—-F VL y VT =7
DNN)IZHZSELZ LT VANV L EDOFHEWENVEFEL I LI Lz TNHOWZEIZLD,
DNN ©uR7 4 7 ZAH A RMEA7R S N7zhs, Himwdiid GPU OFIH 2 Hife L LTHB Y. EERY 1 X2
BROSNTWEER Yy bARKAND DNN Hifnds O A ARIHETH 5720 22Ty SHEEIR, H2D
BRI CTEHIET 5 FPGA ~ou R v MillfHIH DNN OB e %2 M5 L7zo FPGA ~OBMIZH
725 T, FPGADOMRLNTZER - 2BV EFRZIRLEHTE S L) EA - IEHEALMED 2 flifb s
7z Binarized Neural Network (BNN) #FJH34Z& & L7z, L2L. &£TOHOE% BNN THEIELTL
9L, FHEPUE L2 WE W) ESE SN0, BEEREI SO & % 2 L L7285 2 1L
F— btz >ra—% (PB-DCAE) KT 5, VAT L7 X5 HEERRITTCORER NS N VIR
% PB-DCAE &, uXvy b7 — 20O A% 4AEKT % Long-Short Term Memory (LSTM) ® 22
Za—=F WAy FT=7THEENS (FR). LSTM OEF LY A4 XZ2ERO 12%FRETH 5720
w3 LSTM O % #FE3 %50 PB-DCAE #9354 F ViE5A. LSTM 2SRE/NE i & v o 2
BTG TR, 7Ty b7 4+ — 24121 Zyng SoC # M L. PB-DCAE (& programmable-logic
(PL) 12, LSTM ix ARM 7a+t v H %8 L 72 processing-system (PS) [ZFNZFNFEEL2, AT
TWIE, £ GPU ZHWTHE SN, Ht T, PB-DCAE D/8F X =% % C++ DAY ¥ 7 7 £ VITE
#L. Vivado # HH\WT [bit] 7 74 MIZEW L CTPL AT 5. LSTM X, VY —ADRSNT:
ARM 7ut v % ECHRMIZEITTE S L) Numpy ZHWTHEE L2, EuRy TSI
FBF—F O BIEEBRORR, IRETEICI) ., ERBELZIREEZ ) L EFVTA X%
95.7% HIK T & % Z & 2%

Ot ol e e

| Low dimensional :

: Tmage features :

[1] S. Ohara, T. Ogata and i . ‘ i
|

i |

| |

Reconstructed images

“ye Camera i unages (=T) 4 Convolutional layers 2 Fully connected
H. Awano, “Binary Neural layers Full—precnsnon decoder
Network in Robotic L Blnarlzed encoder Minimize mean squared error
M an 1 pu 1 at 1 on.: F l ex 1 b l e PB- DCAE Pamally binarized Deep Convolutional Auto-Encoder
PL: Programmable Logic =~ ZCU102
: H : PS: Processing System T
Object Manipulation for T Memory  Camers images () __| | FPOA(PL)

FC: Fully Connected | " PB-DCAE

p—
| Encoder
~ | (Binarized)
I v]|

Humanoid Robot Using

Partially Binarized Auto-
Encoder on FPGA,” in Proc.
International Conference on

Image features (t=T) ‘ Joint angles (t=T+1)

XX CPU (PS) N
.f‘ LSTM-based Module b) &\ \
Intelligent Robots and / " ||Tsm | e > W)/

Systems (IROS), 2021, Best

——

: Training phase Inference phase

|

RO b 0 C u p P a p er A war d | W Training PB-DCAE with a GPU a) Image features are extracted from the camera image (t=T) |
. . | m Training LSTM-based Module with a GPU using b) Joint angles (t=T+1) are predicted from image features and joint |
Finalists. | trained PB-DCAE angles (t=T) :
L c) Control the robot using joint angles (t=T+1) |
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BHFMARR > X7 LERRRBEE REEDFSET @EHHARE)
URL: http://ishiilab.jp/kyoto/
Y TIWHEIEL /A XICTER N EFRIEFEE X

BB OMBEMEICHED X HENIHEIGT 2B, WA o—/Tdh s L8] 12X el
1bE¥ N5, Google DeepMind #:3p% L 72 Alpha Go (R L E 2 X— 2 L4 %) PEHEOHRF +
YEF VEANLEZENL L, MLFEHIFEREEDO TV S,

SALEEIE AN THRE B TR gAY L <. HEREIRE O AR 2 SO EEI L Twb, L
L. BAEORBEOBALFER TNV ITY AN KRELRENPZDOH D, HI, Y—2hEnyIa
L= a VERETIRFEY Y VKRN 00, ERETOT Y 7VEIEZE IETE v, #l
ZATHENERETIE. NEHEPEMT 25 E0GHRAET v TV E KL WMAZ LIZTE RV, 2V TE)
BOBWERESLETH S, FI2, BRFHOMEL LS 2505 FHY VIV EToaUMERIE
EWH DD, FOREITEPEREE K E < HIL S5 5 OB 255 5 Z L35 TwW5b, Bl 21,
FERALFRICE D HIE SN AEEEENH -7 LT, ZOMEPEINTEDOANT—F 2k
FHEFNCE SR SNGE, HEEREIERAEWE 2 0142 BodtHE R0 AT 7 4 XIx L
THELRFEHEDPLETH D, IO ZDOOREDRINHIRE SN L BBt FHFE ThH b, T4
bh, HO¥EFY IV HOEETHIFAZELBL, T2 bR/ TVICED LT LT, B
HEIDOR T HTEFED AN 2 A 15t Ul 5 2 LIt 5,

ARG HP O F G e & RAEEETE L, R OBo FE B L ORE R DT, COWRB= 12—
SNEy bT—2iF, BH—Drrya—FE=onFa—¥h,

Lk =ONEETHE (H). F—0F7a—51%, BE
AP HEO—MTHLHEEQFEEIT I F_OT I —

FiE B QFHICH T ABEH A ERT LAY T —

Fully Connected

b output Q

Deconvolution
N

sCH) EEOTFA—FIE, Z ORI AT L THO N1

A (T HbBEITRVAIN ICERS 24— by a— e TR LY
FThoho TO¥ETLY, FRE LT, Mo 962 o WM“QMFKj Lt
FHNRY L9 BTy =S MOBBENL 2 L HHFTE N ——
o TIT. BB QEFEOHWMBIZZLD > TVWRVOT, memwwmm

HWOR S22 8 A b B O FEH R HET 5 2 L i3k v,

BB LFEEOFNIL. Ll vy ¥a—sr—20%
G TH 5 Atari 2600 W TirbN b, TRIZ Atari 2600 DWW DH D7 — K28 AT GRER)
OURERTRT 0 BEDTZD, W ODVDHATMRIZ L AR 2 MOBTRLTWSD, KAFHEIL, 7ERFE
WHLT /A X (20 S A%EE) 128 L TRyt 655 2 L2355 5. £72. Star Gunner (T
BI/E) Tld, SEEFHRIEREICH L TRIBICEWEREEZ M TV, 2, 2 4 AP oBEO%RE (Y
i FoOfE) AT ENLDbNDL, UL RETED, EREL D D RIBICAERREIENZ &
EEWRLTWVWS, %
7o EASCHTUE. [ L AOVERSARALATTACK: STARGUNNER ADVERSARIAL ATTACK: BOXING  ADVERSARIALATTACK: ROBOTANK
BikiE I 2L —% — o
DB FIZ BT v
S ARFLOBME
/R L Tw 5 (Ohashi,
et al, IEEE-Access,
2021)o

Average Score
t 8 8 £ § &
Average Score
Average Score

Noise Magnitude
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[FHY I TFX<ICHT S 3RITTMHD EEE 137 X

(it ($h) WARE)

UHFZEE T CAOBER T 7 A=, & ISk EZ 2w =9 275 A<M Likd
WCBLTHE - YIab—a Y EERRTOSE»OMELTwE T,

B, MRl FZE CTIIRHAR SRR T & 5 ITER (EIRSBWERE G Z50) P milclxdmcdh .,
2025 SEED B EBRAIEFE D . RAEIIIIMBICLE R T AV F -0 10 5L OGRS R L ¥ — % il
L 72K TR AE S 2R T NS OBBMEIZEOEHICELE T ENTIEA -V VY
VBB TROBEREOFAF OB HE > T E 9,

T 7 A~ O Cihd % E 2 26, BT 2LEN H201E. 77 A3 OETIAR
WX B NEZNEZMAALZODBBMIININT ¥ A LR, BRFEAF# (MED) V& Aol
%2 L TY o MHD FHDSHL D 3L 72RE T, K 1ISRT &) ISP ANTIRO b —F A1 (1
HIH) 2RV RLTEBY, 79X IOBMIBOEICHLAD SR TWES, ITERZED M~ Y
RIBEE T, CORSIEEMBIA VERE T T AT RELERTESTBY ., — B3
WFEEZELTWE T, Lo L OEEDOHIIEDMERIPE G 3R 70 2B 51, BT ASnl BB 72 5 & |
M TE D EEZ SN T WM& RS O Ikl Bk
WTFGARRT VT 7RTOHUAD R S8R K
SRR SN T E T L7z w0 Il Bk
b7 TERIIML DY UHIFEE T LML OFHT
ZHEOTVET,

—flE LT, 7T A BmLHEILIBT 2 IEdxt
DR BEOMEZHN L T T ALER ERkL &
JFRTT I AImEPBMIALT LA, 79X
ORI E FIRED 3/2 el BB L THImd %
72, TIARBIRMEE L LETA, TTAV
BILWD ORI A r — Vs EEOIREREE L ) +54
WHEWE, BERRL EORMEY I CHEEENES 2.
KEZBMBERZRLEI T, S0 EHEERBOMEIC
FEMRS RPEDSH B L2 O & ) ICHINER SR, &

K74

X1 FEEUFTEE S Hh S MHD FEOH,
BAORP ANFROE ERE) %#

Wil, 75 X7MACIAH TS,

I FERF O MHD PR ORI ICKE B e 5 2
$9, BE, UMRETIZ IR S OB L O % W ik
I aLuHAaYIal—Yara—Fol%k%
fToTWwWET,

72 MEDOEBRTIXT I AL TRAET SRR
W77 7 A BMBIL 2 W5 5 720, Rty 2L
BEIEY (RMP) & FEEN 2 JEdlset BRmsish & i L.
T A % DI 72 T EL TR A R E T b TE
D, ThooIE S RITTREICHET 20 %%
HEDTHET,
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http://www.rish.kyoto-u.ac.jp/labs/yamamoto-lab

[GPS ZEHEZ AV /- EHBEFHIARTIEIT 7 1 —DEEAL]

L BRI S A 7 2 (Global Positioning System; GPS)
NI - BRI O L 7 5 TH DHH BRI
DRVICHIHEN TS, 2 B DOABERAL A 72 O 71 A
5 AR T 048 7 (Total Electron Consistent; TEC)
DWRDEN L, & HICEHEDETIX, E PRI
1300 i ZB 2 p 8w T-FR#ELTD L Yy b7 —2 GEONET %
HEHHBTHS (K1), F41d GEONET 205 TEC #iill
T=FDNETT T4 =T ERIEL. HAR EZ2OERERE
BIEEOIRILGAZHTE7 (CUE37 5 p32 T
i) o T FRIEIR G SR ZRETH L, ET
WUEREZERT & OWZEm IO b &1 2016 4 4 H 2> & £ 200
HHAHD GEONET U7V A4 AF—F 2wz bES T
T A — AT E AR B S BRI o B B TR R %
15 AR L Tw 5 (http://www.enri.go.jp/cnspub/
tomo3/) o

B, F41X GPS-TEC 24 A 7 V' v FHIINC X %
BEFHELESET— % 22 728 LT B4 5
LTWwb, A4 /T3 MHz 22581 MHz i D&

o opo® |

124°E 126°E 128°E 130°E 132°E 134°E 136°E 138°E 140°E 142°E

1 UZIWEA4LT—48B5hH
GEONET BBl = D5,

3

W LIS L. BEHEE» S OREEEHCCETEELZBNT 2. £EAPTOL 4 T V7T
I X —% NmF2 (RKETHEE) & hmF2 (ETHEEPRRELRLEE) 2HW5 2 LT, FICEEN
M OHEEFEED T E L7z K2 I2H KRR St Patrick’s Day 4 N>~ QNI 2 773 M8 (I E&R)
POHEN (R TFER) FT. RAe2EEICBI2EE 600 km F TOETHEEOREN - &S % St
FORLT WD, B - BEAILIE, MAESETE LM ET2 HMICh o THE O HELERTA #
SAOHIZIE Dst 4 7y 7 2 (KB oOFEHR) OKF EILICETFRERA L, BEEEOSES L TIC
WMLULSERHL, A ICHEL TV, MoBMEIEFICRW—FEE2RLTE)., RBO NES T
T A =T OB R TR TH D, SRIIZOGEBREEROY 7Ly 4 282 B L TIT <,

Height (km

Time (UT~LT-9)

X2 20153 A 17 BICREL ZEXG#SUE St Patrick’s Day 1 N2 b DfEHTH,

2015 Day of year (DOY)
77.0 77.5

Dst (nT)

ONS&

NON B O100m s s
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SR AHLEDRH Y, RIS S F TR ) 35 KURAMA-ILIZZ0H Ty CICkEE2 R
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GNE. ZROXET v 7 F 2R CHPICEE L CHAEIES S5 2 21X ) BRETOREL TR L
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[0T 735 ARENA ViK% & ANDOE T 5 T8 212 L TR E 2179 720121,
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[ Mass Transport and Discharging Dynamics of Redox
Flow Battery for Power Supply

[Studies on low-field functional MRI to detect tiny
neural magnetic fields |

(h s 70 PR R 5 % 92 2 % IRy IMRT (2 B3 A F5%E)
[RHA=IN=T 2 v 7= 7%y FOKEEENILD
fifF 7% |

[ Reduced Ordered Representation of Eddy-Current Field
in Nonlinear Medium Using Cauer Ladder Network
FERIZ R PIC BT 2 B D Cauer #7740 %
725 2 38)

[Study on Electrical Generation and Manipulation of
Spin Current in n-type Si Spin MOSFET |

(nfISi A ¥ ¥ MOSFET 12351} % A ¥ VDB LRMA
B & AR B B 15E)

[ 3 f90 80 i i1 IRRRHE e D FE B & Hi—F8 R~ DI H |
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[5Q it MRS SR E pin ¥4 4 — FRIG TN
4 XA DS & BRI GRS A F5E ]

[Event Centric Approaches in Natural Language
Processing |

(AASHEUAIZBITAA XY LT 7Ta—F)
[Refraction and Absorption for Underwater Shape
Recovery |

B3t LW DE T WAL & 2 KW IED 3 RocTZRIEIG)
[ Visual Data-Driven Millimeter Wave Communication
Systems |
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[Airtime Management for Low-Latency Densely
Deployed Wireless Networks ]
(BIEFHER A Y DT — 27 D720DTT 5 4 L55H)
[Importance-Aware Information Networking toward
Smart Cities |
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[Robust Service Provisioning in Network Function
Virtualization |

(A v b7 — 27 BERERAEILICB T 2B ELR—E AT 0
voa=r7r)

[Energy Efficient On-Chip Cache Architectures and
Deep Neural Network

Accelerators Considering the Cost of Data Movement ]
(F—BEIAPEZE LA VT —R)EOEH W
FrviiaT—FTIrF T4 -T2 —-F V1Y
FNI—2T7 k5L —%)

[A Study on Integrated Thermal Control to Improve
Intellectual Work Performance |

FNTESE X 7 + — = ¥ Al L0 72 8 O f A T 2R S
B3 % 1fge)

[ FAL - B0 H LRI B 2 BELENZ ZRK
L7 AT A Ot i HEN B4 2 40 5%
[Novel Beamforming and Antenna Techniques for
Microwave Power Transmission in Radiating Near
Field

(AR R~ A 7 g BB =L T+ —3 ¥
TRET ¥ T FEAME T HH58)

[Novel Analyses on Single Shunt Rectifiers for
Microwave Wireless Power Transmission ]

(%4 7 O IEMBEIMEER > ¥ 7V v~ DRI K
DEENB L O LIS 5 0F98)

[High Power Microwave Wireless Power Transmission
System with Phase-Controlled Magnetrons |
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[Receiver Design for Highly Mobile Wireless Regional
Area Network ]
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[Mass Transport and Discharging Dynamics of Redox Flow Battery for Power Supply|
SM2FE11 A 24 HEE

BB CTIEIFHETREIAVF—OEAIELEDOSNTEBY ., TOHEMEIIE-> TEBMOREN
In Bk SIho0H 5, KGR EN R EOBAENEL ALV —OHIIH+ -5 -0 E T
Bk B A r — VCEET 5, TNOEOEH % BIRFREEICL VRIS 5 2 L BTHRNT v ADHE
FRENWEOMRFODICLELE SN TWE, EB/BMIII VS —F—L v ) FRVIREEEERT
— RSO > TENEZEH TE 5720, BILVEER R 7 — )V CTOFAENTEL AV F— D%
FHIRIETE B0 T2, VF L4 F VEBPL NASEM, L Ny 2 2708k EOEIRMK
HEBMOMIEN)L L D SN T WD,

LRMPSOMNBENZREDTLEEZD—D L LT, BNHROWERE IR T ONE, LEIBA
RO TS SO @Wﬁﬁ% L7-BTRE L., BERANOWEBHIZHT SN, HEMLA S KER
Y HZE S & LR, BOWEBEALERER S Z#E L, BREHEETLIENE 2L, £ 0&
B TIINIBOWEREIE» S THTE T, WEHBEHZH 35 203N EORRGTOwE &
Wol-77a—F2nE56N5b,

Z9 L7z, RBIETIER Y T2 X 2 BEROWEERBH L FOL Py 7 270 —-EilbICEH L, ¥E
WALER A S OHIEN X > THHEBEIC X 2EROERZ MM T 5 2 L 2ikAh7, Ly 7270 -8l
FERKHBEDIEAOBFELO—2TH Y, K1ITRT L) ICEBEET O >~ 7 L BHERS % 5
HEEEL72DDEVH ORI NS, BV TIIFTEICIC X > TRICHDTHEE SNSH—F T, B
DIERICEL > TH 7 0SSR SN L. BBITEMGHIM L7254, VNGO BOSWEE R
LT% v 7 o0 AET UL, &IV TRICY A% LT%E?@N L DBEBRVHEEINS,
5/7#%®ﬁm%ﬁﬁLﬁ%@EOHéﬂ7X FITEMBHHETHY, ToEEHETLIETL
Ky 27 270 —BWAWEBI L 2EROEHEZZITEHZ L AMNOBNIHEEZHERFTEDH0
EEZOLND,

$m TiE. TTEAMEHREREOL Fy 7 270 —BBORERIHICOVTHNL 20, S HE

WD HHET N Z VTN 24T > 720 ZOFEE, EBICEBMRE =R W SOC oftii2s U<,
9/7Lﬁm%%ﬁbtiiﬁm%ﬁ@ X BB E BRI L 2 EHROEEFEIEL L LAUR
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EE2TPNTLFEEZREL, ERTEZORYUMLMRL 7. RETHEEZH TN IS W TR
wmEGET A2 LT, AMERRCHE A T2 2 e TELLEZOLND,

AREFZEIEL By 7 270 —EillZ B0 2 BT E ORISR RO 20 OGN RT LD TH
ho TOHMRZDL LI, MMOFEBMBE IR LDV Fy 7 270 —FilMEOENFEOBEDO—IC %
HLEZ N5,
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[Studies on low-field functional MRI to detect tiny neural magnetic fields|
(HR 55 & iR 5 2 18 2 2 BHE fMRI (CREY 2 R)

SHMIFEI A 23 HIRE

#ERER MRI (fMRI) 13, MRI 2i&E 2 F W CRAEEGE) 2 5Hll§ 2 FETH 5o ko IMRIIZIE, i
WHOBFAANETZOUE LV ERBELATZ O VRO RFTHZEALZ MR H %12 W3 % blood
oxygenation level dependent (BOLD) #E2SHW SN TWD, LA L. BOLD 31 #i# S O WRIGH &
FHINCE 2 F TIORBERMSGEIET 5 2 L RE#S MRITL2MHTE 20w E VI HIEHFE L TWb,
AL TIE, 72 MRIFHE L THBEY ZBBAILBIHZ I XD 5 %17 9 spin-lock
preparation |[Z{#H L7z ZHUZ X ) BOLD #E0HlFH Wk T& %5 —7 T, BOLD ## & ORIE % HElT
B WBEN D Y . 2 AP S B IR MRI TOMEH 2% 2 720 £ 2 TR T o IMRI O FEBLU I
spin-lock sequence HIZ BT B EALBE DOMANT, 2 DD spin-lock preparation DML & g3k H IR
A, MR ALY I 2L —2 g Y &7, LTO320HIREZH{ TV S,
1. Spin-lock sequence HZ BT A WAL B O fEAT
Spin-lock FOREALDOZEE) % Bloch HHEAUT L DL L. 2 KIAIHRAEAR & Mz P28 A§ 5 2
& T, TR A SR L T b, B SN I B W T, BALOZENZIEZ B € — &R h#E—
NS 5 2 EATRENTze F20 77 ¥ FAFEBRIZK D Z OFENTIEOZ 241 2 WGE L 7z,
2. 0.3-T MRI 28T % spin-lock preparation DA &N & #H W e 7 ik D F A
Spin-lock preparation T& 5 stimulus-induced rotary saturation (SIRS) & spin-locked Mz (SL-Mz)
B L. 03-T MRI % T, RERES; OWRIE - AHZA L, Bl T 68 2 fess i B & v 9 Blel THR
Biid 211> TWwbo X1 IEFHIIN R Th % B OIRIEZ & ¥7- &£ & SIRS & SL-Mz % H
VW72 MR BT % o ARVIOFIHA T SIRS TREEDMKE T3 2 D12k L TSL-Mz TIZAREL o
TWh, T2, BIHEDMENR & FZEHRERD S SL-Mz OF 25/MESGEHIN B TH D 2.34 n'T D%
BaBiT A2 MR L L, BRI AR—NVDOY I 2L —3 3 VER» O MRS %
W2 HIEELRLEEPLETH D L0072,
3. Spin-lock preparation =& & MR B b I 2L —3 3 v OREE
Spin-lock sequence ® ¥ I 2 L — ¥ 3 YT 2 HEATHIZEICE VT, BFILOBESZRE I LT
BWIZEIEHL, YIalb—2a VFERPEMFICHT A2ME 21T o720 T ORER, TR & [F
Lg% BT 5121E sub-voxel # 8 x 8 x 8 LA EIZHETHLENH LT AR EINT, Tz
sub-voxel BUZHEH FHEREF OB R LT GPU HHMEIZ X 1) 28.09 fi5 D RTHEIF ] B di b 2 FZHL L,
ZOHEREIIRE NIz,

T, R 3 . . .
;ELT%C;? 0{5 ,?AI\ZQM%R%?? Stimulus-induced rotary saturation (SIRS)
- N HimEREDEMICE L TREEARKETEIL

52 3 ©® spin-lock preparation
B3 2 A e i) 2 6 T e e
&7z F 7o KB IMRI O 5
AL D 72 DI M EE o ]

< . o Spin-locked-Mz (SL-Mz)
AL EL D BIRE LT e e i mi— i C C B BAERE T L

W DG 5 W} e e g s & R %
LTWwWb, F7-ATEORE
L T D BRRE R A O HE 2 BY
LTHERLCL, 20L5 (@) onT (b)23.36 n”T  (c)46.71nT  (d)70.07nT  (e)93.42nT  (f) 116.78 nT
ARG ST IS Y TMRI 0 %

BUZINT 7458t 2R LTV 5o K1 spin-lock preparation ZB\\=7 7> b AMRIGERBR DR,
FOAIEEHRROBISGRERTH I —TA1IVEERL TS,
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[Reduced Ordered Representation of Eddy-Current Field in Nonlinear Medium
Using Cauer Ladder Network]

GERFEEDICH T 2 BERTRD Cauer BFEIAER %2 AU /- HEHIFRE)

SHMIFEIHR 24 HIRE

BAE TN OBRR 2 BRI T 2 720 G KRB, RO KRB LEI R D, 2T,
WEZER) 2Ll BRETHREBZSMEEK L EOHHEDL R WY AT LAE &2 5T T IVHK
(Model Order Reduction. PL'F MOR) OFE2SHERLTEBY, ZOHN%FP L LT Cauer ladder
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EDL IR T 2 FHLELRET S L L HIT, MESELZATRMITHORIAT 2HEE FRTik%
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A 257 5 OFMEBITIZE Y, FO-CLN X, 4 ¥ ¥ 7 ¥ EROMHINEREDOALLTA v 57 4N
DRI REER BT N2> L 2R L7,
(2) FEE S D FEO MM & 2 B3R X K KT 2720 0L FE MEA 77—V MOR) & CLN % (5
AT — )V MOR) Z#lAGHLELIVF A7 —)V MOR E2RE L2, BESHREZE>A V52 %
DB LD REDOTVF A7 — )V MOR 1. 4 ¥ ¥ 7 & BB L CEIJEEO RIS E BT,
R N DT A % R EE R C BT 5 2 LA RETH D 2 L 7R LTz,
(3) (2) ®<IF A4 —)V MOR #: % IEHRIALT 5 72012, WHEALTE% FO-CLN @4 S & 5 T
EREL (Bl WEMFESKEEZHESA V¥ 7 ¥ OBMEMIICL ), REOIEREVF X 7r— L
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[Study on Electrical Generation and Manipulation of Spin Current in n-type Si Spin MOSFET |
(nBISi ZE> MOSFET IZ6 T2 REROERMNER & R/EICEIT %)
SHMIFEI A 23 HIRE
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Huang Yin Jou (B&8%x %)
[Event Centric Approaches in Natural Language Processing]

(BREHBLEBICHTZA AN MRLT7TO—F)
SM3FE7 A 26 BHRE

Every day, tens of thousands of events happen around the world. People use natural language to
record the events they observed and communicate to others about the information of the events.
Thus, natural language texts provide us with a way to study the events happening in the real world.
In the internet era, a large amount of text data is being published every day. They can come in
different forms through different media, such as news articles, social media posts, web articles, just to
name a few. With access to this abundant amount of text data, how to automatically extract and
analyze the events in these natural language texts has become very critical. By analyzing the natural
language data, we can learn about the events that happened in the past, the events happening
currently, and predict the events that will happen in the future.

Due to their importance, events have been studied pervasively in natural language processing
(NLP). Some works analyze individual events and aim to identify their composing factors from the
unstructured natural language text. Other works, on the other hand, focus on the interactions
between events and how multiple events are organized into a coherent story in natural language. In
addition, many downstream NLP tasks can benefit from incorporating events into the task. In this
thesis, we studied three event-centric NLP tasks (Figure 1) that analyze different aspects of events.

We first consider the task of event coreference resolution, in which we aim to find text mentions
that refer to the same real-world event. We proposed an iterative transfer learning framework to
learn the argument compatibility between event mentions, which is an important indicator of event
coreference. The experiments on the benchmark KBP corpora confirm the effectiveness of our
proposed method.

Second, we study the narrative event relation between events, which captured the stereotypical
ordering of events that are causally or temporally related. We adopted a two-stage framework to
acquire narrative event knowledge. We first collect narrative event pairs with statistical significance
from an unannotated corpus. Then, we identify the shared arguments between narrative related
events.

For the third task, we consider the task of extractive summarization by reframing it as an event
saliency identification problem. We proposed a novel heterogeneous graph-based model to explore
the relation between not only events but also different granularity of text spans, such as sentences or
entities. Experiments on the benchmark CNN/DailyMail dataset illustrated the effectiveness of our
proposed method.

We believe the various event-related tasks presented in this thesis provide a thorough study of the
events in natural language processing from different aspects. We hope that this thesis will invoke
new research ideas for future event-related research.

4 . ' . N/ . .. ™\
Event Coreference Resolution ) Narrative Event Knowledge Extractive Summarization
(1] KMT to elect,,, new party chief FATEEICHFE R R ST, FR b AN (Event SahencY)
[2]| The ruling Chinese Kuomingtang Party (KMT) Boston native Mark Wahlberg will star in a film about the
in Taiwan is scheduled to elect,,, a new pas; Boston Marathon bombing and the manhunt that followed,
chairperson in January 2012, it was decided at Deadline reported Wednesday. Wahlberg's film, to be titled
the top-level KMT meeting,,; on Wednesday. Py: 5% paste "Patriots' Day," is being produced by CBS Films, which linked to
. a8 9 NOM,: FA/ the Deadline article from its website. According to Deadline,
[3] KM.T chairman Ma Ying-jeou stresscfi fair paly 1 Wahlberg is hoping to play Boston Police Commissioner Ed
during the election,, , at Wednesday's ACC;: YIF stamp Davis, who retired after the attack in 2013. The film will be
meeting,,;, saying g\lost-ﬁ'tmg or gift-giving DATl; ﬁ’f‘% enve/ope pas told from Davis' point of view. The film will feature material
must be banned during the process. 2 researched and shot by CBS films ' corporate sibling, the CBS
[4]| Ma was twice elected,,; the party’s chairman, P2 CANA put news program "60 minutes." Wahlberg is also a producer of
first in 2005 and then in 2009. NOM,: (*.L I) the film. "Patriots' Day" is the second film related to the
2 Boston bombing to be announced. Fox announced in
ACCZ: (ﬁféj envelo pe) November that it will be making a film called "Boston strong '
. \ @ 7.8 DAT,: 78 Z k mailbox ) kabounheevent. J)

Figure 1 : An overview of this thesis.
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[Visual Data-Driven Millimeter Wave Communication Systems|
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[Robust Service Provisioning in Network Function Virtualization]
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A network service (NS) is typically delivered using one or more functions, which provides a
network functionality for the customers and/or the operators. Each NS is characterized by specific
requirements such as delay requirement; a growing number of NSes with deadlines arise from the
applications that cannot work properly if the delay requirement is not met. Network function
virtualization (NFV) technology emerges as a promising way to reduce the capital and operational
expenditures of service provisioning by decoupling network functions from proprietary hardware
and enabling software implementation of network functions, ie., virtual network functions (VNFSs), on
commodity servers. Compared to functions deployed on the dedicated hardware, the performance of
VNFs is easily affected by diverse environmental factors, which includes various workloads and
resource contentions among VNFs, and the VNFs that run in virtual machines or containers are
prone to fail due to bugs, such as software crash and changes in operating conditions. Therefore, how
to provision robust services that are capable of performing under heterogeneous deadlines, the
uncertain processing times of VNFs, and the occurrence of failures, becomes challenging. This thesis
studies three specific problems about robust service provisioning in NFV. Each problem corresponds
to service scheduling under deadlines, service mapping and scheduling under uncertain processing
time, and service chain provisioning against VNF and link failures, respectively.

Firstly, this thesis proposes an optimization model to schedule delay sensitive NSes with deadlines
allowing resource sharing and preemption. Unlike conventional NS scheduling models with static
resource allocation for VNF instances, the proposed model ensures that VNF instances deployed on
the same node share computation resources of the node and are able to scale up/down to change
their process rate at runtime. Preemption is allowed, which means that rescheduling the order of NS
processing at runtime is possible and the process duration of each function of an NS is allowed to be
discrete. This work formulates the proposed model as an integer linear programming (ILP) problem
to maximize the number of admissible NSes. Due to the complexity of the problem, a genetic
algorithm (GA) is developed to solve it efficiently. The numerical results show that the proposed
model outperforms conventional models in terms of acceptance ratio in both static and dynamic
scenarios.

Secondly, this thesis proposes an optimization model for the network service mapping and
scheduling problem with uncertain processing time. This work models processing time uncertainty
through the I' -robustness approach, which provides different degrees of robustness against
processing time uncertainty. This work formulates the problem with the objective to minimize the
worst-case makespan over the given uncertainty set. This work shows the NP-hardness of
considered problem. A heuristic that divides the problem into subproblems is presented to tackle it.
The numerical results show that the proposed model outperforms the conventional model with
deterministic parameters in terms of worst-case makespan.

Thirdly, this thesis proposes a sub-chain-enabled coordinated protection model for the availability-
guaranteed service function chain (SFC) provisioning, which considers the availability of each
component, including links and VNFs. Unlike conventional protection models providing certain
protection for the whole chain, the proposed model configures sub-chains for each SFC and provides
proper protection for each sub-chain to achieve the required availability in a cost efficient way. This
work formulates the proposed model as an optimization problem to minimize the deployment cost. A
game approach is presented to tackle the problem. The numerical results show that the proposed
model outperforms the conventional ones in terms of deployment cost.
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[Energy Efficient On-Chip Cache Architectures and Deep Neural Network
Accelerators Considering the Cost of Data Movement]
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In data processing, the cost of data movement often dominates the hardware performance. Based
on factors that affect the prediction capability of the cost of data movement, we investigate
representative types of processing tasks as general-purpose processing and special-purpose
processing such as Deep Neural Network. We discuss data properties that influence data movement
in each processing task. Taking advantage of the proposed properties, we design four hardware
designs to reduce the cost of data movement for various processing tasks.

For general-purpose processing which has a completely unpredictable data access pattern, we
propose an energy-efficient hybrid cache memory system to exploit the non-linear relationship
between the cache miss rate and the cache capacity. As the cache capacity increases from 0, the
cache miss rate decreases rapidly as the capacity rises. When the cache capacity exceeds a certain
capacity, the cache miss rate decreases at a slower rate. According to the non-linear relationship, a
hybrid 2-level on-chip cache architecture is first introduced as a replacement of a normal SRAM
cache architecture to save the energy consumption. The simulation result shows a hybrid 2-level
cache architecture by our method reduces the energy consumption by 68 % in our case study of an
instruction memory subsystem without increasing the die area.

In Deep Neural Network, which has a large data scale but a regular access pattern, we introduce
hardware properties to describe the precise cost of data movement in each memory hierarchy. Based
on hardware properties, we propose a DNN accelerator for large-scale processing with a regular
access pattern in DNN and a set of evaluation metrics. Proposed metrics are able to analytically
predict the energy, the throughput, and the area of a hardware design without a detailed
implementation. In a sparse Deep Neural Network, focusing on the index-matching property in Deep
Neural Network, we aim to decompose sparse Deep Neural Network into easy-to-handle processing
tasks to maintain the utilization of processing elements. According to the proposed sparse processing
dataflow, we propose an efficient hardware accelerator called MOSDA to deal with the irregular data
access pattern in sparse DNN. Compared to state-of-the-art neural network accelerators, MOSDA
achieves 1.1 times better throughput and 2.1 times better energy efficiency than Eyeriss v2 in sparse
Alexnet in our case study.
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Figure 1. MOSDA architecture overview, only non-zero data are loaded into processing elements
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[A Study on Integrated Thermal Control to Improve Intellectual Work Performance
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[Novel Beamforming and Antenna Techniques for Microwave Power Transmission
in Radiating Near Field]
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[Novel Analyses on Single Shunt Rectifiers for Microwave Wireless Power Transmission]
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[High Power Microwave Wireless Power Transmission System with Phase-Controlled
Magnetrons]
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Ruiting OUYANG (FRH1ETE #iR)

[Receiver Design for Highly Mobile Wireless Regional Area Network |
(ERBELIEREES AT LIS T2 2ERICET 2%
SHM3FEIA 24 HRE

With the spread of Internet of Things (IoT) and intelligent transportation system (ITS), wireless
communication system with larger capacity and more efficient spectrum utilization is required. Due
to the excellent propagation properties of TV white spaces (TVWS) communication system, the
TVWS-based IEEE 802.22 wireless regional area network (WRAN) communication is one of the
promising technologies for wide- coverage, large-capacity, and cost-effective vehicular network. To
cope with application scenarios in vehicular communications as shown in Figure 1, this thesis aims to
design a reliable receiver applicable to IEEE 802.22-based mobile WRAN communication system and
establish a flexible testbed for practical evaluation.

As the first topic of this thesis, a reliable receiver design for IEEE 802.22-based mobile WRAN
communication system adhering to the standardized physical layer (PHY) parameters is proposed
and analyzed. The performance of the receiving schemes is evaluated by computer simulation. The
evaluation results prove the feasibility of the IEEE 80222 system under high-speed vehicle
communications in rural areas. As the second topic, this thesis discusses an experimental platform for
IEEE 802.22-based highly mobile wide area communication system. This work focuses on the
development of software defined radio (SDR)-based experimental platform that enables flexible PHY
performance evaluation of the IEEE 802.22-based highly mobile wide area communication system. As
the third topic of this thesis, a flexible and easy implementable channel measurement and modeling
prototype is presented. The multipath fading characteristics measured in the experiment are
modeled and reproduced by the proposed modeling algorithm and reproduction framework with a
high fitness of statistical characteristics.

From the above researches, robust receiving schemes and implementable testbed for IEEE 802.22-
based highly mobile WRAN are shown. The author hopes that the discussions in this thesis to
enhance the mobility of TVWS-based WRAN system and the communication coverage of

transportation system will support and promote the near-future IoT applications.

f@é’\: IEEE 802.22 BS &5 vehicle (CPE)

Figure 1: lllustration of IEEE 802.22-based highly mobile wide area communication system.
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