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IEEE PerCom 2021 Best Demo Award: eat2pic: Food—tech Design as a Healthy Nudge
with Smart Chopsticks and Canvas

Best Paper Award Runner Up, IEEE International Conference on Soft Robotics
(RoboSoft 2020): Liquid Pouch Motors: Printable Planar Actuators Driven by Liquid—
to—gas Phase Change for Shape—changing Interfaces

Best Demo Award, 33rd Annual ACM Symposium on User Interface Software and
Technology (UIST 2020): poimo: Portable and Inflatable Mobility Devices Customizable
for Personal Physical Characteristics
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ACM Ubicomp/ISWC2021 Best Poster Honorable Mention Award: IoT Nudge: IoT Data—
driven Nudging for Health Behavior Change

People’s Choice Best Demo Honorable Mention Award, 2021 ACM CHI Conference on
Human Factors in Computing Systems (ACM CHI 2021): Flower Jelly Printer: Slit
Injection Printing for Parametrically Designed Flower Jelly

ICRA2021 Cognitive Robotics Best Paper Award: Detection of Slip from Vision and
Touch

ROBI0O2021 Biomimetics Best Paper Award: A Multi-Fingered Robot Hand with Remote
Center of Motion Mechanisms for Covering Joints with Soft Skin
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SNTWEWTOISLDANBRELEHADREDOERIZER T IMEEToz. E&
MIZIE. TOT S LD ANBRELHAREORARETOIV S LOWMMMEEFE->THEMIC
B4 BT EHIRZEL., Ef- Approximate Memory FIFHIDE A DM D EZ RO BEDIEE
FBASHICLTz, SHICEENHBRELELTH VTN T—RICEALTRO =M EDO B F A
FREL.EDLSBT7 IV —Lav s EBFANTRELZONEEBEDOT—42EANE
MLtz AVEA— 37 —FTUFvHARTEEBRORRICE DV TRMMICF EERET
BHFEHMNZ N AMBIIARADBREDBFROERICHEBNLEFEZELAALLS
TIEEAF L,

(2) &

ART—< ATTS5—HlfEIHEE & T5—M R DEL V&S Approximate Memory €
{EREEEDIREL]

AT—YTIE ACT-I AHBTHRR - EHLET7 TV —ao T —408 D5tk
D RLE L Approximate Memory [CEWTIT—EREHIETELRENELLHZLICSERT 5
MREZELICREYL, XEENERICEELGHETHS LT R,

FI)Vr—2a> DT =30 EDIS—THHEDREIL. BN CDOBEIZHEYZ S, HIZ X
J370/—FEEBERTREL, /—FRTLERAVATRNTIS7ERETHHEEZ
%, CDT—RATIE 1 EVRDIS—HHINBULRAA2ENST—RE, KYIS—THTED
BT —2(FIZIE/—FDOFFME) A 1 DOEERICKRIMSh AT LiaiEd 5,

LML Approximate Memory TIXI5—FFF|HTEARE T LY KEL 512 /(0%
FONAITH D CNIFERGATYDERET OV HITENDIHIZZLDE YAER
FFICEREN T 2 EME MDA HITHY . [T HIEIEBHTHLL,

ACT-1 IREAE TIEA BN EEHFFHT 572 ULTD 2 DOEBELT=:

(1) ACT-1 A THT o CLWVIREDI—R OIS KD BT —RAFE R D&t

(2) BRFEDAEILAT 0 REHBRBAMIZ LD MREIR T 5L . Approximate Memory M F]
REITEHELTCLESAREM A H S LE R,

B#k (1) TIEHF=IZ SPEC CPU 2017 DA EYTHER/INF—2 8 )—ZXO—REHHL.
SPEC CPU 2006 EREIFRDIEM A B SHEEFERLT=,

Bl 2 TREFEOARILATIOMEBRBEMIZOVTHEL. TNEBRTLHLIGAE
JEEZLIaL— 2 THRETAETHRIETETMLU Iz, ABLATOREBREMEIL.
BERDEAVNEAE) LENE (FRLR)ICEREBT 5ZETX vyl abEvbEDR
tEBEITFETHD AFEICKYIT—HEDELGST—2(ERDFITERAU 5L
TSN EAE) LEN - BICRETE, E45I5—FFEATES,

AEYLAT IR EBEMIEIF vy 2EvrEDRILEZBHELTLDEDD ., #HITFHFvy
VAV EREFRTIETCLESBELH D, HIZETSTDHMEICIELEDF/—FEUD
NEESNTOUSLEEZEZ DL BERNOFHEEESFEIETRA O 2ILBERMIZELIZT
DEREIND, COBRAUAEZDMDT—2%EAE) LHin-MMEBICRET 5&F vy
AEYPERETIZKYMSEENMET T 5,

AEYLAT I MEBEMIZLSHMEREIE T % Approximate Memory KA F| R ELLER T S
=& B 1(HERRIRN) D1 KYSIRA)DEIGIIaL—2ZMFE LIz, KPZal—




BEARLATINEBREZBEHT 5T —FDTRELAELEEZT —FHDE DA IN\EAE!
LEENI-IBICRET 2HDERENMD. ChoDFERELEICIIAL—RTTATS L
O—RASIXTELRITHILICREICATILATINEERT D, TOY S LETICHh M oTz
HAIWHEAT LA TINERLGELDTr—RAELLET S ETHEEBETEIHMES 5.

gem5 (modified)
Source Code . Output
3 3 ¢ I (2) A I Front-End I
typedef struct cache_unfriendly { : addr: OxA0000
char *p; - '
double v; size- 8152 (R, 0x40000.8) 1 (R. 0x40008, 5) 1(W. 0x40010, 4)
int id;
s {3) Remap Info @ I (5) Address Remapper I
func{] { size: &, remapped: F } — (R, 040000, 8) L (R, 0effffonon, 8)f (W, 0x40008, 4)
5 waddr = mallocisize); , ad / Stor
printf(“addr: %p\n", addr); (1) _— & remanped: T Load / Store Queue I
printf(®size: %lu\n", size); 2 8, remapped:
id Memaory layout
size: 4, remapped: F _ :
J opono] P @] p @] P ]

oxfionon| v | v ] v ]
T AEYLAT I EBRBTICLOMREIETEHET 50D 2aL—4

BAFLI- 2L —2ICKBEMIZEY . AR LATIOMEBRICKDERIETHARES—X
TIl& Approximate Memory DFI REFTEHETRERENEFZHR LT,

RT—< B TAJSLHNDREZRIET SHIE/ SSA—FREFEDOHE

ART—<TIL Approximate Memory ETEMEESTOS S LODHIDBREFZI—HDFH
ZLURAICMA DO DFEEFE-T-. CNERINT H=HIZ(L. Approximate Memory Dl
HINSA—ENSTATSLOHENBEAND=ZRBOEELLETINELNHD, F—IC
FENSA=F(BAZOTHH) EEYMEITRENI—2 DOBEZR. EZICEYMEITRE /X
A= LT0TSLDANDBREDOER. REITTOVSLDANDRELTOTSLOH
HDBREDEFZTH S,

ACT-1 MR CIE=BREOEENSLTATSLDOANDBELTOTSLOEAD
REDEFRETOISLOMAERNWTHNT I LEREL, TOV S LOMAEIET
AT S LEHZNLEHELTHMS TIHEMTHY . AH x DHBE xt TOWMHREEET
BETED. WORBIEIAN x B dx EFTh=LEDHADTITHY. TATSLDARN
DBRELTOTSLOBNDBREEZRELTLS,

TOT 3 LDWM5% Approximate Memory HITENZFIFAT 51201, A ELEDKSITKRD
BZONRBETHD. BIZIE x"2 DML 2x THALSZ. MAFAHIEKET S, o
TREMICIEEZONTZAAICEATEIMAEAANBEILICHET IDENH LN, I
XS LDOWPDRENSTATSLDEERTERLBHEEENNM S, LHL
AEHED Approximate Memory FIFABEMIIEHRIETHY . WA DFHEIZTOTSLDEE
ETERUCBERANDN > TIXEEKRTH S,

ZITXHIZDMOKE 1D 4 TIE. Yo TILT—RELTROT-TOT S LOMHE
NEDESIBIGEEICBNATRTHINERE LIz, HEMNIZIETOT S LA AAIZHL
THETHZBE. EHRBTHOTEANICHNBLEHURE NS NSNS S S IEMOHE




DADNDREFENELD, LALEBO IO SLICEALTEDESIHIESNATNIZERY
T EHEMIBERSNTULVELY,

BRMIC ACT-1 IIEHAR TIX. ERMIBT7 T r— 3 R/ RICTAT S LOWOEE
ERICEHLZOEEEEZR/ LIz, 7TUTr—2aV [ EHILTUT4LE IV—RIL T4
A BBV AT NASTIIINITAIIE  FREZ2—FIILR YN T—IDHERTH D,

N1 27327 v LY OEERSE
0.12 3.5E-04
el EEEN AT w—

0.1
L2 5E-04
0.08-
% L 2. 0E-04 421
& 0067 ,ﬁ
B L 1.5E-04
0.04
- 1.0E-04
0.02 5.0E-05
ﬂ TTT T T TTTTTITTITTT  ITTITTT AT TITIIT T T T T T T ITT T T T RTT T ITT I T AT TTITIT TTTIT T IO {:'[]L'Fnﬂ

F 8

2. INASTIIWNITAINRZEFTBREEBDOF oI (IT) DEEELZOLEEHERK

2 [ENASTIIINITAINATT)r—2avIZDNT, BEDF vy (1 7)) SEIZEEE
EETDEEFRBERDIZEDTHS, FYUoVDEERELIX. TDFYUVICEENLEFR
ENT N EEICHNENEDRERETNINZRTE. EHFRBELFEEEOEHRDE
BIZHT B FEHERETEI-T-ETHD,

2 DSNATTINITANATIEEEDOEBZRBIES LT EETHY. K7TVT
—33> Tl& Approximate Memory HIfHID =12 H T ILT—RIZBEL TRO =MD EZF
DD T—RZEALTHFEVELEDAEEMELAE L, SRR EOCZTOMDOT T 7
—2aVICEATAERIEIXMI ZDMDOBRID 4 ESBDIL,

3. SEROEM

SEDREREIE (1) Approximate Memory D BEHIIZ[A (T -FARZSISHEHEET H L.
(2) AT THONT=HRZ(FH D Approximate Computing 7 NT4 A L[ 24,38 F L2 T B B %h
REEITE. DR THS,

M 2OV T AR CTEINFETEBRIN TV -FREEZRREL-A. ShETHLS
NTILEDSHEBHFELZEALEZLRATHREINGERELAH -0 D KELGHZHRBEDE
BICIZEFETHD,. AARPBTHELMR -BHEEICSELBEERKICAITHRAEZETI,

(2) [ZDULVT. fth) Approximate Computing /3545 A L& H % X CPU NERD BEEZE1E -
RIEFREIZITI-ODEEARGENZ AT 5, FIZIEMEEER - FEREICITIEHICEEY E
DYDIEEEERF THEUSFENMONTEY . ZOFIE(ECTITEYEM) ET7 TV r—3
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VDRBENDHFBRRENSHRELURET DINEEZEZI TS, TOOICIFARRRTIREL
R&3ITTATSLDAL NDRERL OEGREHENLGERLAALETFEEND,

4. B
wZE B B D E AR
MREMOERICAITERICES LTS, AARDREFIVWTNEINETEDNDHARE
BIZEO>TEMINTLEDT=LDTHY . Approximate Memory D B BYRIZEHIENZ[[ [+ TH
BHERETHAICERFTTHLMNILTWS, SELIESHEAREHRITOILTRIEBEE
EERTEDEEZD,

MEDEDHE (MEREEAH R UVHRERITRE)

HREIPRRGECTERBISEITITT 22 ENTE = HRAOF TV ABERREIL KD
ZICRYFELTV BN FECERSETORBINENTELGL21=0, EDFEEZFY
ERALMIREEDH DI ENTE,

HERREORER MR UVEM -EE - MR- UE~NDERHE

MERR DO ZEM B UPZEMOEREHRIL. Approximate Memory &LV /\—R 5 7 il
D=HIZT AT S LDOWH EVSEEBHNLGF EEHERAALIENKRENEEZ S, AVE1—
BT —FTI9F R BEDELOARTIEERNLGERICEDESHERLTIRET HIRMNGH
ERMNZ VD, KRB TEENIC—FEERLEEDTH S,

HREREOME M - BRER 4

AHAZERRE (L Approximate Memory EFIEDF-OITTS—HEAN=XLEEELI-LTY
IO T7hoDRRAAEEHLNIILIIET IR THEIMNTH S, CNITHLEERD
Approximate Memory BARIE T /NA AL AN ILDEFHEHALMNITEIRETBLAVY—DHMES
KU IT5—REAN_XLFEZELLEVW IR ITTLRILTOREZFHALH,ICTSRBL
BLAN—DOHAENFZFEAETH = £-/\—F 927DV INITTETIRTOLAY—
FEETOLEEMOHEELESL, FAZIEHRRROFEMIZELI-T— A TIE/N—FDx
TFULRNILOERBEY IR DI TLRILDARILAT O MNEBRE N @A DB BEZ ST,

5. FHHEREIAL
(1) Ew (RFHRX) R
1. Soramichi Akiyama, Ryota Shioya. The Granularity Gap Problem: A Hurdle for Applying
Approximate Memory to Complex Data Layout. Proceedings of 12th ACM/SPEC
International Conference on Performance Engineering ICPE). 2021. pp. 125 - 132.

(2) %R
MAMEREHS: 0 &




QR)ZDMDHR (FELZFRRK. ZE. Y. TLR)—R%F)

1. Soramichi Akiyama. Assessing Impact of Data Partitioning for Approximate Memory in
C/C++ Code. The 10th Workshop on Systems for Post—Moore Architectures (SPMA). 2020.
pp.1-17.

2. BHRNEER SATLT—FTIOFVYHRARSEFEME 2021 F£7 A.

3. BEFFEHMBEFESE AVEL— AL RATLHAREMEZEER (CPSY) AIRREFTEFHEK
&, 2020 % 12 A.

4. Il ZEE, 1B STX. Approximate Memory [ZHITAHAIS—RARMRT —SDEEED
SRMEEICET HRE. 5 AR HERANEICEET Y Y —- T —02avT 2021 7
H.pp.1-10.

5. #IL EE NE & S m4, & S Approximate Memory HllfEIF iEDFFED 1=
DDA FI—URFE. WH . 28 BRANECET S <—-T7—0PavT. 2021 F
7 B.pp.1-9.

6. Il TE B RABEHLT IBEEROTIVS—YaveEdRELL:
Approximate Memory D& ET. Hot Spring Annual Meeting. 2020 £ 10 B. pp. 1 - 11.
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1. HROALL

AT EL AN TERREERYRLERMICERERET S-HOHBETILE
LT, o5/ v RBIEOREA NN TS, CORMBATIE, EHDSIURIZHh=>THE
DOHALEMBEROEBAZBRYRLENDS, TRo0HRIOR/MEEBEYT. CCTEMNBEHED
ERIBEHDLEERICEZONS.

T4 RBIEDEMIE, oS4 FRBMBOF L SAUR— b7+ A ZBIRBBLHE,
BRAGERWEBREMEIZEVWTERTH SN, BHEROBERICOVTESMLETI—F
N PLMVEONLGWERBICEEREATELG. ZSTAMRRETIE, BN ET—RN
VIDHLETDF A MRELBBEEEREL, 7ILTUVALERETHEELIC, HEOEM
MERTTHILET, HAEKRTOREL T IILTIXLORFEELREEDIRAZFHIET. Chic
&oT, FIRESNI-BADELETOAUSAOFRAMELGEZED, ZLDOFERVERRERE
[SX T AM—MNET7IO—FERIET 5.

ARREEEINEFTOARLTELT, BEOMEREICHLTIETDFERE -SHEDERSE &
BHEOR —FAT7DOMREEERL, FRBEOBEREICHLTEFEDISRAPREEZMA -
RREEZDILET, KOO DHEREEB-. TD—AT, KY—ROIEMHEORERTE L, B
HIMIEIECOBFTLRE, SLOEBLRBAMBEINZO TS, FIZIE, —fBD/UTrybh
REIEICRLTIE, AENERELZERLIZIEETE, ERTRGHEDERAN M >THELT,
RELGHREDORMEKL TS, F-, BREBDS —EOHELIMICIRSFEINEITHEL M
B TEREWEEICE, EE0KRITHLTEEDNENATUYRETILTYILEEZDIENE
BLEEETHIN, BRAMSNDZINATVYRETILTYXLIEERICEMZEBEISRIZRS
T3 AR TIEINODEEDZRICERYAED.

2. HAERER

(1=

ARAETIE, Ao/ RBIEDERDIFREZBIELTHLIZINATYYFET7ILITYX
LD, THHINELICH T HTARMEDER ], [HEREDIFER - LREMEHFID3ID
DHART—ICRYMBATL. o351 0mBIEOMEEEICEVOTIE, BHEELSEEMN
[CSBF I HEMETIILPEEEMICSDIEIBAMETILLGEEDIESEFLREETIL
NERIN, FAEFNDETIVICELETZILITYXLIREINTE:. —AT, Thid
BREEMEICEETALEE, BULRTILITVLOEEALALTALLEWSEELH-
2. TNAD)RET7ILITYVXLDRFEIZEWNTIE, SESEFLRBEETIVICEEHNICE
L, BHOELLEZTINIVRLOEHETILTET7ILITVXLEFREL. £z, TBxH




NELICH T HERBEDBEICEVTIE, EEMEEEEENEEINTLEIRRESE
Z, TOEEEEICE TORBGHRERIEDFEAF TEH-A - TREREDEFER 1L
BRERITIZIHB LTI, T4—FN\YIEELAH KRS, BEELELLIMREREDHEEZE
BL, HiB7LTVXLORECHEOETES A T-.

FROENETNDT—TITEVWTEBDRIEZHEL, TO>63HDEERX [1, 2
3] AHEEMFEEDRHBEEMRSE NeurlPS2020 @ spotlight presentation # (£ ¥%iE:m
X EfE) 4%DFHE) THRIREN, BREITo1-. £, 1HOEERX [4] #HHFEE
BHOEMRSRE COLT2021 THKLI-. MAT, 2 HOEZERX [5, 6] HNERERE
NeurlPS2021 [CHRENT-.

(2) 548
ART— AINAT)yRE 7 ILTUXLORFE

T—YADOHMEEHTIE, SEIFLRBICEBMNIHEGL, BROELGST7ILTYX L
DBAHEWMILTHTILIAVALEER L. oI/ RBIEORAREEHIZHLTIE, BHY
MO EEMICSOFEIEEMET ILOEEENICSDFEIBAMET ILEEDIFESE
BREBEETINEBEIN, ZRFNAOETIIVICELETIILIVILNRESATEL (K
1). &IZ, BRBETIVIZHLTIE, [E52FD/NESNT—2F0BLNELTET—4
L, BEDEEEZL D BMBEHINIZHLTIYVEMNIZEET ST LT X LHER
SINTWDS. CO&LSH, BEDBEICHTIAMMEOERRIIET—2HKEFE)ILYLE
RE&KEIND. —AT, ChoDHEREEMBICIGAT 5LE, BULGTILTUXLOETE
DOTHLNEWSFEELNH o1z LR E, B TA—RNYIIZEIFH UMV REIE
DRHAIZHENT, BERNLGHERETHEEH/N\TyMIRBISHLTIE, (1)EEN
ETIATILTIVRL)BRETILVATILIVXLIZDOZT, B8O (3) T—21K#EF
DTy ERRIEHYTILT)XLDEEEINTEY, TRTNELLEAEL DN, EM
BEADEADE, EOTINTIVRALNRLEAENHU THAIMNEEHRIHIETL0OEEET
H5. BEMETIE, (WEQR)DENFNORMEMILT S, DEYEERMNETILIZHL
THBHMETVICEVWTHIZEEREICENMETH7ILITVILMNRESN TV A, (3)
DIFSNEYETHD RS (FTE-> TV . AETIX, COFEREILIERL, (1)(2)(3)
FTARTCORFEMILTIHDOTILTVXLEREL, TOEMMEEHIEMICEIALZ (K
2). COREREFLDHMX [4] IRWMFBEROEMRSE COLT2021 [THRIRESNT-.
Fz, AFROERZLY BN DBEHLGRERETHAMEEE LI\ ToVMEE, R
BTy EREICIRRL, TNODEREFLOMN [2, 6] FZTNZNEHEET D
EFE4:E NeurlPS2020, NeurlPS2021 [ZHRIREN 1=




1. BEMETNL (LELW) 2. BHMETFIV (LFALW)
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1. Z20BEEBETILOFETILT) X LOEREDIER.

1. BEMETNL (CE L) 2. BHMETL (LFEALW)
BRI EEhEESF IS BHEHMERIC (Bec) Tk

« EXP3 FATYRLE:

. e T S
HEBDtkal ) X fin R = 0(,/)\1]") [Auer et al, 2002b]

R — 0 (N 10g T) [Lai and Robbins, 1985;
7l A Auer et al, 2002a] - Rp= 0 ( NZZ:l fti*) [Allenberg et al., 2006]
A: suboptimality gap parameter 5 T 7117 i
gl ! o i « R.=0 NYL e, -2 [Wei and Luo, 2018]}
(BBROBAOE L S%TH/35 4 %) ! Zhallte— 1.,

& i [Bubeck etal,
O NE=i e — ‘ftH”Q0 2019]

. RT

Best-of-both-worlds 7 /L3 Y X L BEH/ BUHHDO E L S5DETILTH I F B [Bubeck and Slivkins, 2012]
+ Tsallis-INF 7= ) R L BESREYE 70125 L R = 0/ (50, B 9 € 71123 L Ry = (VAT

A A )
_ LA T = - _ NlogT’ [Zimmert and Seldin, 2021]
[1,2021a]: BEHE 7 L8 L Ry = 0 (122F),

BOSE T MK L Rp =0 (JN min {T, X7, £, BT [J6c — ol X — 2l })

2. MEMETIVATILTIVALGEE), BRMETILATZILIYX L
GEFR) T—AREFEVI Ly ERCGEHE) LIRET7I/ILT XL, 2021a)).

% T—~ BIER S ELICH T STEEEDEER)

T—< B OMREFETIE, EERLFEEEMENEESINTLIRREEZ, TOMEE
ECHTHREEERERIEDEFEA TEH=Z . T—< A DNATJYRF7ILTY X LI
BT OMYMAICENTIE, EENLERNETILEEEEMNLEEBMMETILOZENEN
ISEIST BHEEFERLED, BEICIE, TERICEFHAKROTELIZETEENTIRR
FELL CLAZDSEDDETILOSEMGKENZRoNS. KHAKTIE, TDLS
HHEMNAREOERGIELT, EEMNLETILAOSERSINT-BHMESKIIZEEENLE
NEAMHEZETIVEERLTz. —fRIC, COETIISHLTOTZILT) X LDEREE AT
FTBHILET, TOTILTVXLDIFET—2DRIAIH T HEEHEE T TES. KRE
TlE, THFR/N—IMEE, ZBNTovNEE, HEEEINUToyMNIBEGESETFLR
TUFAURBILMRBIZE VT, BHSREMERENETIVEEEL, HHVIADTIL




TJYX LA RELGERERIIZL D EZIIAL-. TRLGRBREZFELH-HX [6] AERR
R NeurlPS2021 [THRIREN Tz, /X [6] LR EESHRMETILISH T H1ERE
PRITDEREST.

AR T—~ CIRARERTE DIRFR - HE3R R4 |

T—Y C ODHARFHTIE, T4—FN\VIBENHIKRP, 7ILT)XLDMRERED
HEEERL, FiIf-GT7IITIXLORECHEDHENES Az AUIMURBEILDIEE
MG A T, RELTEIEZORADBMBEBIZOVWTO I —R\YIDBITED
BRICBONZKANBEEINDD, EMBEIZEWLTIEZD &S EBMLE T —R /v
NELNBLIERLEL. RAETIE, TOLSEKRICHIGTEDLIBET—R/\YY
DRREREEERLIz. &I, BEIA—RN\Y I DB BRI/ Ty EEEERL,
COMBEREICHTITILTVXLERE, ZOREMEEHEMICFIAL:.. COBRESE
EH=FmX [3] [FEFRE NeurlPS2020 [CHRIRENT=. FTz, swap regret EFEIENST
WYX LD HREIEED M ELZETL-. COEEX, EHOERRETARLLFLSIY
REBIEDOBEAEDVTERRELXRYELIZEEZDIRAEVICEELTEY, 7)LTY
ALMT —LEBEROEEICEVTEMRINTED, COEEEFR/MET HREOZERK
ATRERR SR (FBALMZSNTULVEA oz, KBARTIE, COMEDEMERETZHEL, £
FX AT RERR SRE#H TEAS ML=

2. SEROEH

CNFETORRERBLT, MECEBIEDEEEL DD 51V &BEILRHEIRL T/
ATVYRBFUSAVRBILT T X LA, HEISHLTRERAGT LTV XLEBRT 5L
MTE. EN—AT, —ROERBOMBERE®, FRLUTOERRENENUBROER
EDHMICEETIREMNERREMELE T, AROTILT) X LEERATEENELSRE
FVWELRBRTHD. =, RETHIRLELCTHIRIGEEDRELRC~ADERKEZRE
IBI2E, BEMNGEITBEEEA T ORENBEEEZONTLSS, TOBEHRIE
WEFRATIXERZCEMEBEISRICRONTNS. SEROMRTIEINLDREDHRIZE
YT, HITLT, A3/ mBILV IV T DREFEZHEET S TR TE, ERICBEFo>TL
BAUFAVRBIEDHAERENE<HY, EEHFTORAFICHALYLT VI IT7EHE
DEILN TG, SEOMRFHTIE, COREOHERELBIET.

4. BCFHE

RRDEFHKREIRYBEDE. NATYYRETIILTIYXLORAFEIC OV TIE LD EE
HAERNHY. BREDODVKERNFONEEZR D AU MU RBEILDER/MFIZ2Z
TAIZEWTIE, BEORETICETEFBE LT IILIT) XLAMAMNENSHERHAERS,
BREBICHELETILITVALATHABEERRIZEST A, TOEECAPHESELEEZR
BALHE REQOHEMN -AHNLGETIVIVILOBRENEELGRETHD. COFRBEITEAL
EHEREERNICLELODIDTH S, KARDORRIIEOFREEZFHERL, KA~ND/N—F
IWETIFRHEEZ TS, -, BRHINEADTRRIEOHAERRE, SBLGEREZL DT
IWTYXLEZDHBMBEZHOMLIzmD MG I H BHTZT THL, B




5.

FEVATLOEEEADORNZESZA-mmD, EXICADREIZL—EDREIENHSD
ERIAATNS.

HARDEHAICOVWTIE, BIREBEZFALTEIOHARELORROHKESZLE, -4
HRAREMBTERITEINOEES L, BRI RICERLTRIXFORR L
=— AT VIMITTORRGERGRICAT - EHOHEENREH THO-RITFRERT

Hd. 5% BHOEMUISBN-ALDOBRBLELBL T, BHFZALETEHELLIRITA

DHEERRL. BEOHRERDBEENREIVRELTNEEZVEEZ D,

E2AX A E D PN

(1) EmXX ([RE ) F&R

1.

Shinji Ito. A Tight Lower Bound and Efficient Reduction for Swap Regret. Advances in
Neural Information Processing Systems (NeurlPS). 2020, 33, 18550-18559, selected for
spotlight presentation.

Shinji Ito, Shuichi Hirahara, Tasuku Soma, Yuichi Yoshida. Tight First— and Second—Order
Regret Bounds for Adversarial Linear Bandits. Advances in Neural Information Processing
Systems (NeurIPS). 2020, 33, 2028-2038, selected for spotlight presentation.

Shinji Ito, Daisuke Hatano, Hanna Sumita, Kei Takemura, Takuro Fukunaga, Naonori
Kakimura, Ken—ichi Kawarabayashi. Delay and Cooperation in Nonstochastic Linear
Bandits. Advances in Neural Information Processing Systems (NeurIPS). 2020, 33, 4872-
4883, selected for spotlight presentation.

Shinji Ito. Parameter—Free Multi-Armed Bandit Algorithms with Hybrid Data—Dependent
Regret Bounds. Proceedings of Thirty Fourth Conference on Learning Theory
(COLT2021), 2021, 2552-2583.

Shinji Ito. On Optimal Robustness to Adversarial Corruption in Online Decision Problems.
Advances in Neural Information Processing Systems (NeurIlPS). 2021, 34, in press.

Shinji Ito. Hybrid Regret Bounds for Combinatorial Semi—Bandits and Adversarial Linear
Bandits. Advances in Neural Information Processing Systems (NeurIPS). 2021, 34, in

press.

(2) e HiRE
MEMEREEH 5 4




YN

(BT - BFRE )

xR ®REE

MMERENATVIFRBFEETILOEBRERVAT L]

1.

2.

AFCEAR: 2020 4 A~2022 % 3 A
MEEHZS: 50243
B EE: JrILAR =0

SEAOY AR

Current deep learning methods lack robustness to be employed in critical applications such
as autonomous driving, medical aiding systems. The objective of this research is to investigate
new paradigms and architectures that could lead to greater robustness in machine learning
methods. Specifically, we investigated machine learning robustness from three completely
different perspectives: (a) from a security perspective, (b) from a deep learning model
perspective and (c) from a novel self-organizing paradigm that does not rely on optimization to
learn (this novel paradigm also differs completely from self-organizing maps, using merely

dynamical equations to learn patterns).

e TS
(OHBE
The research here discovered a novel paradigm for machine learning. This new paradigm

called Self-Organizing Dynamical Equations does not rely on optimization or parametrized

models to learn, instead it uses only dynamical equations. Experiments have shown that the

new paradigm surpasses state—of—the—art unsupervised deep learning methods most of the
time. In fact, the proposed paradigm is inherently adaptive and robust. Input fluctuations and
changes in the problem structure does not affect the model learning capabilities which is
something unheard of in machine learning research Beyond
these results, investigation into the vulnerabilities of deep learning models revealed a clearer

picture of the problems ahead for this research direction.

(2) F#

Research Theme [Robust and Adaptive Machine Learning with Self-Organizing Dynamical
Equations]

In the search to find a new foundation for machine learning that can be as robust as solutions
found in Nature, I raised the question of “can learning happen without optimization?”. This is
not a random guess, Nature itself does not seem to rely on complex optimization strategies.
Evolution itself has a very simple logic that works both in ecosystems and immune systems
alike. Albeit the simplicity, it seems that the complexity, adaptation, and robustness of Nature
is orders of magnitude beyond our best artificial creations. Many of these systems, however,

are self-organizing ones, which have many local interactions and complex emerging features.
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Motivated by such cues, I tried to create equations that mimic Hebbian learning (i.e., would

pull weights close together when they activate together) together with an unusual anti—

Hebbian rule (i.e., repel weights that do not activate together) that could reach equilibrium

when used together (Fig. 1). Interestingly, I found out that for chunking variables in
sequences, such weights create a space in which the distances are proportional to the

correlation between input states. In fact, the space created is accurate enough, that

clustering in this space surpasses other unsupervised algorithms of the state—of—the—art

most of the time [Vargas, Asabuki, AAAI2021]. Beyond this, the equilibrium of the system is

defined by the input and the dynamical equations, when the input structure changes, the

previous equilibrium state also vanishes. This creates an inherently adaptive system that

changes itself together with changes in the input.

When analyzed closely, the dynamical equations lead to the emergence of attractor-repeller
points which shape the clusters and are in themselves the patterns learned. Changes in the
structure of the problem also changes the place and existence of such attractor-repeller

points [Tham, Vargas, 2021].
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Adaptation : Low, After

Adaptation: High, Even after equilibrium

convergence, learning is hindered. the system above is inherently adaptive

[Vargas, Asabuki, AAAI2021],

Robastness: Low. Behavior changes Robastness : High, Fluctuations in the

strongly with noise [Su, Vargas,

Sakurai [EEE Trans 2019]. input are not enough to bring the system

out of the equilibrium state.

Figure 1 Overview of the Self-Organizing Dynamical Equations' paradigm

In fact, the investigation in the first phase of the ACT-I (before the acceleration stage) have
identified a couple of features that are related to robustness in machine learning. The two
main ones were (a) dynamical properties and (b) nonlinearity. This novel paradigm beyond
adaptive has the two key features responsible for robustness and shows promising results
towards a novel foundation for machine learning based on self-organization and dynamical

equations rather than optimization and parametrized models.




Research Theme [Understanding and Evaluation of Robustness]

To further understand the problems of the mainstream of machine learning, especially current
deep learning methods, I created some experiments to understand the reason for such a
vulnerability [Kotyan, Vargas, Al Safety at [JCAI2021], [Vargas, Su, Al Safety at [UCAI2021].
One experiment investigated what happens with pixels modified in images and how change in
such pixels propagate through the network. The result can be seeing in Fig. 2, in which the
perturbation is shown to reach the deeper levels of a ResNet even when the modification is
not originally from an adversarial sample (a sample in which the modification made the

classification change). The reason for that is lack of non—linearity and dynamism in the model.

Nearby Attack
Successful ‘ >p | -30% success rate
One-Pixel i
Attack | N !
N Random Attack

3% success rate

Figure 2 a) Propagation Maps of a successful one-pixel attack on Resnet shows how the influence
of one pixel perturbation grows and spreads (bright colors show differences in feature map that
are close to the maximum original layer output). b) Average Propagation Map over the entire set
of propagation maps shows the overall distribution of attacks and their propagation. c)

Illustration of locality analysis.

Research Theme [A Multidisciplinary View of Intelligence]

Robust and adaptive intelligence is barely understood not only in machine learning
but also in psychology, neuroscience, decision making, among other areas. A
multidisciplinary view of intelligence might be the key to understand its most
intricate mechanisms. Such multidisciplinary understandings can also ignite new
methods in machine learning creating a mutual benefit cycle.

Based on this, I also investigated decision making [Vargas, Lauwereyns, Cognitive
Neurodynamics2021] and started still unpublished research on psychology and
neuroscience. Such an unusual multidisciplinary approach might seem unnecessary
at first glance; however, they were the basis of the main result of this research
project (namely the Self-Organizing Dynamical Equations paradigm). This reveals

the importance of such a holistic multidisciplinary view.




3. SHROEFH

Motivated by the strong results from this research proposal, I will continue to investigate (a) self-
organization adaptive and robust paradigms that could transform the field of artificial intelligence,
(b) architectures for deep learning that could increase robustness substantially and (c) study
intelligence from a multi—disciplinary perspective using psychology and neuroscience, aiming at
understanding how intelligence is developed in live beings as well as utilize this information to
improve methods in machine learning. The advances in robustness for machine learning would allow
applications to critical systems such as autonomous driving while understanding intelligence from
a multi—disciplinary perspective can open borders for applications, collaborations, among other

social economical benefits.

4. HCEHE
The objective of this research proposal was to investigate paths to robustness with different
paradigms.

*Achievement — The main objective was achieved with an unexpected strong success! A

primer into a possible new foundation for machine learning which is robust and adaptive right
from its first smaller element was created, i.e., Self-Organizing Dynamical Equations.

*Research Progress — Progress and planning for new foundations rarely follow a linear path,
because they need some key ideas or developments to ignite. Despite the expected nonlinearity,
the progress was unusually fast and steep for such foundational research.

*Future Prospects — Further developments on the novel paradigm proposed here should allow
for inherently adaptive and robust machine learning systems to be employed in real world
applications. This is especially important for tasks in which deep learning do not convince, i.e.,
robotics, autonomous driving, and other critical applications.

*Novelty — In the research here, a new foundation for machine learning has been shown to

be possible.
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ESRRADA—TULZBIETMYEALELT, BIET—HE2EWMEITHHEEEEL,
IEEE Communications Magazine [C#RExSNt=. Fi-, BHIT 51— FHTOEKDLEM
Al EIZRITT, B ER A RANMEIRFZZFFL, IEEE Internet of Things Journal [Z#E
FRent-.

T—X B:XKFRYET—H
ENAIWFYRT—=IDKEKEADILRIZH (=1 51%E1To1-. EBFEEFZALNTE
EHSIEPESLEEZ—IETITOIFXRICOVNT, KbhEFEFEE~ADEARIZDOLTHRETL,




IEEE GLOBECOM (R #gSnfz. SBIT, KpRO—2 DMELRE L TKE/—REHE
UICHEREESE
BRICERT S
KEZOVRR—
LOav+ET %
REL. Thb
DEMIZDONT
X, tiEE X
I H N THh
THEAAKRPX
¥ ARELED
BmAhEH/TKE
h%%ﬁ&ﬁ
L\, SEES
ﬁLmeLt
(& 1).

1 X7 TOKR MBEERORRT

T—< C:DDoS K ZEHN4

289 % DDoS HEIZH L TRYNT—V Iy TORBERINZITOZH, LAY 2 XMy
FRED/—FDFa1—A T HEEZERTHRMAMF 21—V EZRAR L. BRAER
EVZalL—Iaviz&y riabnﬂﬁé'—ﬁu MCQ EDEXMMEL, REICET HTFHYRMEED
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T—X D XHATRIE

LED EDNXBEINOHIEBTLLTERINI=T—4%, AATDEREZEGMBEELTERT
B3It HhA5381E (OCC; Optical Camera Communication) [ZDWVNTDEERETEESDHT-. OCC
(21X, CSMA/CA D &SGR —FrRILFiHEEEENTEGOAREMEEHIZRIL
—TYrEEMAIEE RS RAHD. FO—VICREBRHLBEKOE=2Y> T IZALS
A—R7—X, ¥=EHNRE O FiHEIELGE DIRETZEED, GLOBECOM FNDEFERE
THKLIZ. IBI2 0CC DB BEME AR - TN\A RBEAIHAT5F21) T8
it Z 2L, CCNC 2022 THELT= (X 3).
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T INA R % FREE
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3. SHROEM

FTEMHLGERATOSRORAZEAND. BAKTETN\ARABTOA Y TIVRGERIE
ZRETDANDZXLOREFFIFBICEEZLT—ITHY, SRIF-AFEERYANLGAS
ARBELGRAEZLEHRLTRYBA T KPRYET—IE LV RHASRIEIZDONTIE, §
BRERLLGLORMIBLRMTHY, HERMGREAEEDTEL.

EXRMETIX, £T—7(3 Beyond 5G ¥ loT ZXAHR YT —VDEBREMELLLDTH
Y, EXEFERICAITTEREDEELZELED T FITKPRYFT—I2EDRERIZDONT
[, B TOEBNHELOVEDHY, BEZEDHIIENRAUMILEHEEZLONS. &RRIC, #
SEMIZIE, RAR—FR—LPRI—rTAZIFLORYNT =V —EZNATS5D—EE
LTREELTIKHT, ENEXZAHERLGIEMELTREMBRNKREL. Tz, KhRrub
T—OHRMICKY, KPREDEZRIOJLRENBRGZELY, RERELGEICHT IREMLEAR
=Y (%)




4.

5.

B C&F il

B B D ERUIRIR

WFNDOT—TIZDNTH, My THRXECERSEANDRFLE, EEMIZE+HLTRE
ZHIT, REMZERTEREEZ TS, EMMICH, KMEIT—X(ZHFHF=ITKP RV
D—O0RNATBEICERYIEH, RERMGREERF . KPRERITOVWTIE, BEREFHED
RBEDLETHRBARELHALE-ERARIDBEICHLRINL, FEICRMNEEFEZTINS.

-HARDED S (RARERAEF R UHARERITKIL)

FET—RITDOWNT, BETHACT-IRNDHREEH AL TRBREITIGET HENTE,
DEMICHEZHESD, HBRXDERGECRITHIENTE . F-MREBICEALTHLEE
BIICEATL, IR ZITICHIYIERICHEMMISERTSE .

"HARRROBERMBE VRN - EE-HE - NEADERNR(SRORAHBERLT
<FZEby,)

AFRRRIF 5G UBRDENANRVET—IODERLLGYBZHLDTHY, BSEEXDH
REXZDEMELTERMRIIKRENEEZEZONS. SH(2, SROBEESRRIZEITHL
FHOA—TURERD, H-ETIGEPE DR RADORAFKICRIFONDATEEELAHS.

PR RERE D IRANE - Bt

ARRRE, HEDENMILRIT—IDREEFKFHLWVAETHRRT HHYHAE
HTHY, HEREFDRATLGE, ISGRORBRBANZ X LIZDONTREI L. Ff=, K
FYRT—JOKAATBEIIONTIE, SERELLHAFSND—AT, FLRYBATHSE
MDEL, BEBIMM D R BRMITIRE ZEH D EMNTE =
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(1) Ew (RFHRX) R

1. Yu Nakayama, Ryoma Yasunaga, Kazuki Maruta, “Banket: Bandwidth Market for Building
Sharing Economy in Mobile Networks”, IEEE Communications Magazine, vol. 59, no. 1, pp.
110--116, 2021. (IF: 11.052)

2. Yu Nakayama, Kazuki Maruta, “Age of Information based Host Selection for Mobile User
Provided Networks”, IEEE Internet of Things Journal, vol. 8, no. 2, pp. 672-—683, 2021.
(IF: 9.515)

3. Yu Nakayama, “Horizontal Integrated Framework for Mobile Crowdsensing”, IEEE Access,
vol. 9, pp. 127630--127643, 2021. (IF: 3.367)

4. Yu Nakayama, Ryo Yaegashi, Anh Hoang Ngoc Nguyen, Yuko Hara—Azumi, “Real-time
Reconfiguration of Time-Aware Shaper for ULL Transmission in Dynamic Conditions”,
IEEE Access, vol. 9, pp. 115246—115255, 2021. (IF;: 3.367)

5. Yu Nakayama, Daisuke Hisano, Kazuki Maruta, “Adaptive C—-RAN Architecture with
Moving Nodes Towards Beyond 5G Era”, IEEE Network, vol. 34, no. 4, pp. 249—255, 2020.
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1.

Yukito Onodera, Hiroki Takano, Daisuke Hisano, Yu Nakayama, “Avoiding Inter-Light
Sources Interference in Optical Camera Communication”, IEEE Global
Telecommunications Conference (GLOBECOM), Madrid, Spain, Dec. 2021.

Tianwen Li, Yukito Onodera, Daisuke Hisano, Yu Nakayama, “Multi-Channel
Authentication for Secure D2D using Optical Camera Communication”, IEEE 19th
Annual Consumer Communications & Networking Conference (CCNC), Las Vegas, USA,
Jan. 2022.

Yukito Onodera, Hiroki Takano, Daisuke Hisano, Yu Nakayama, “Adaptive N+1 Color
Shift Keying for Optical Camera Communication”, IEEE 94th Vehicular Technology
Conference (VTC-Fall), Virtual, Sep. 2021.

Yu Nakayama, Kazuki Maruta, “Cell Zooming for Green Mobile Networks with Vehicle—
Mounted Radio Units”IEEE Global Telecommunications Conference (GLOBECOM),
Taipei, Taiwan, Dec. 2020.
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1. BEDRLL

CMNFET. Human—-Computer Interaction (HCD)®OARTAIADHEFTIE. £EARTESLZADH
BOIILGHEEEZER T A-OICERLGEIZLS U INAVGN, F-HADKILGHEEEE
BRI 5=OITKRRGBEOT IVF2I—NANLNTE -, T TR COKISLERDTF
AY—ZIRERL .. fRELHRALUND  EEHFYFIRASN TIGI > ERKEREZ /0271 —X
PORYIN AT AITHARALIET, LAV E59230 077U —2 30 DFEEFRHL
FH&LT=,

FTAARHBDOATZIZH =25 ACT-INMERERFIDMELABID 71— X TIE, EREHD 1
DOREELT. FIZAFABDIMDLIIC—EBZEODVWTELBFICEETIBEEEBERTMZTAL
f=A 37— REMELT=,

ZTLTCARMEEMICEZ LT A2MEI—XTIE, EEREBROMOAEmELT, HIZEHFFH
BRBRIZEDLSSIGEROREEIZEB L. B 2 AL T (Self-assembly) OIFYEE LU %
NoZEXETHIA 3 T—RADHEEIToT=,

FYERMKMIZIF, KECHITT 3 DOHAREEMELT-, HRREAIVTDOEE L ATRFHEMIT
Pop—up Print ICDWLNTART 5,

® Pop-up Print: HEDELMEEMZE 3D TN BIRICHELLS. RLEREREXRE
DY R—bHHEERETH-HIZ. 3D ETILEATRLL DY FXDLSITHY =1
ATIIRBETENRIL . ENRIZ ICEEMERRATLFE

2. HIERR
(OHBE
AR DBEY . AARTIEEARDOREELEELT-B 2 AIL T (Self-assembly) LT UHR
ICEALT 3 DDMEEITofz. BRRAMIVT DOEAE L. HIZEFEHMIE Pop-up Print [ZDUNT
YNSRI
® Pop-up Print: D EMEEYE 3D T T HEICRIBEL LGS, RUNVERS B
EREBDHR—IEELZRBET H=0I2.30 ETILEHTFLLDHFEDEL
SICHY==ARIRETHRIL, FIRIZICEEDZEERISFE

(2) &
WZET—< 1:Pop-up Print

- HRER

3D TV A TREGHEEMEFRT BIRITIZE. 3 DD RN EEELZY T L




1. RUVD:ERERE. &R AT LA, —fRMIZ 3D TR IEKERRIZKELE
EMIVLEEAM(Z AR ICEOEWVEEFHRITAEICEVEREET S

2. KREOYR—IEE, ERARICBEEH. 3D T2 HIZ([FA—N—n
Tz EERE FSHNRIT 51=OIZHR—b EREIEN DM HEENRIT 28ENH
%, CO &S R—IH ZERIDEHo-HETRMYBRINEEIND, DT
&, HR— BN TBIEREI L, ERYDIA) T LS EBERICIRE
BRZFEXIES,

3. ELMREATE, TR D 3D T 2D — R REARETH D=, 1 —HIE1=<
SADBEMENRITHIENHEMN, KELGEEWEHNSILE-DIIZE S,

—A.EYDOLEREICHZRITHE. AT LYY FTORETT TICY/LBEDHEEE
YA IBELTEMLTEY . BRICELEZFIZZEDORY-ENEREITRR
ZEATHILTRIEMLGKESS, DOFY. Y/ IEHLNLOHIRY F-ENIRETHEDS
NTWD, ChEHERYREFESRTELH D,

AR, COLILBERDOFRVEEZEOTLEEYD 3D TUUMNMIGALIZEDTH
%, 2FY.3D TYURIZANTBETILDT—2EEIIRVI-AEIRIZERLTS
EHRICRHELGRBOYR—MEEZERT 5, TL T HRINE T LEHETERY
ZEREATAHAILT, BYDELSBKICERT S, COHRY-f-ALEBEITRYIRLITIC
EMTES O, FEHRNEE I T B EE T ATELEVNS KSLFIREN T HE LA
%,

- #ER

1 (&, Pop-up Print DUEDBETH D, T 1 —HI(EFYUF=AFID STL 771 I)L%E
ANTD (A 1a), TdE VIO TIEIRY Iz f-H A BELFEEEF R TRIRIET S (E 1b),
ZOBRA—HFIEETIVERET 5GELT FADIY-=ABELGEEIRETHIENT
E5, FTD%.VINITTIFETIVERY ==& (B 1c). 3D TUVMNIBBELRMDEY Y
T#1T5 (B 1d). AMETIE., BEDOPTERV A DBRIZEHOT R IEIEDEEHE
MTHALTWS, GE. KFETEH. KEIBIZESBEIEHYIOBAEIRYRT L
TlzAZFEBRLTWAN. K 2 [TRT KA ALYz A B SRV IESL MY 2K 1=
SIBETH VINIZ TN DOWREGDIRNEF LGN SETIILERY - F-A AT REL R
KIZBET HELLTED,

Y X

1: Pop—up Print QLB D 7




2: YA TR E L — T ANERT 5T MREREEAHEL<HY
F=-HAT eI RITIBIET BT EMNTES

3 X Y =HRIDET IILERY 1A THRISN - EEDEEMDBITH S, TEF
A5 Huffman’ s Cone M KSIZ1=1=L DA EEA LK DI, Stanford Bunny D K574 — A%
BETIVCERY AN AIEEGR I EMNRIN T, Tz, XA THRIFHMEYR—#EHE
EOPAZHLELEDETILD 506U TFICHIZ NS ENHM oz, SHIZ, (EEDEFM
(FELH) ERDITITVIAKELRRAL-KEDOE A THBMIZRE T DKLIIZERET
SINTHEY. BEDHWNEEICEEATRINT S ENATEETH I EBMER LT,

name properties *' view of design tool  printed objects
without folding e
print time: 10 h 24 min
e Tokkuri support: 477 g
(& Choko) folded

print time: 5 h 20 min
support: 342 g

without folding
print time: 15 h 13 min
Huffman's support: 741g

Cone folded
print time: 3 h 27 min
support: 139 g

without folding
print time: 3 h 22 min
support: 108 g
folded

print time: 2 h 39 min

@ Starfish

support: 106 g

without folding
print time: 3 h 38 min
Two-hump support: 124 g

Dome folded
print time: 1h 57 min

0

support: 59 g

without folding
print time: 7 h 16 min
support: 149 g
folded

print time: 5 h 25 min

@ stanford Bunny

support: 141g

*"Print time and support consumption was obtained from the simulation resuit of Objet 260 Connnex 3 (Digital Material Mode, computed after auto replacement).

3 ==LHIDETILE. BATIRETEHIRIL =& D 5l




3. SHROEM

HRREORLA TN BEREL-DEF, EEROHELRISEB L. EMEEEZFIRAT L1
BIT—ADRAKETHD, TLTCCOMEHREICEAEEINT- 3 DOARBRIE. ATRLLDE
BLGEICRONSIFE YK INSEREG/LI7T UV Tr—2aVFETHSD, Pop-up Print TRL
P& SLTHRYFATREEITD 3D TYUME, REGEEYDOERICLELRRBERMEZER
L. RERMD DY RTFIINGEREEBRTELEVSBRATERATHD, . FroTREIC
AWshndHY=t=AR DAY TE—BRIGRIKICHERLIZEDEZEZDIELTESH. B
IHRIEZF OMIKDRBFRELTEAEDEER DD,

4. BCFHb

B 2% B B ZERUIKR

MEIZ—XURTNEEARD B EEBIZEB LA —XIZRYMEA . KIEZz—XTlE
SEROBIRERISEBLIEZI7IVr—ar FARICRUMBALL, SMRELLTEE LTV
M¥EHFUMED 3D TUMTAU oDy IRIIZEZ B2 Y IIEZENZEN Pop-up Print & Inkjet
4D Print 7OV YL TER TE T2,

-HRDED S (FAREEAH RUARERTIKR)

ACT-1 FtBEFICIXE LT FATHS 1A BIBLGLEER TREIBEBAD SR ELE>TLNST
LLHY . MRERICIETZEDHNER/ L LT T, AREHITKRIZEIL TIX, COVID-19
DEEICKYARINEBEL-IECBNEMDFAIREIZLGS-IELEICLY . BHDFELY
Bhf-,

AERRORERMRVEMN -EE-HE - UEADFEENR (SEDRAHALERL TS
LYs)

Crane *° Inkjet 4D Print (&, 5 X DHEKRIBFZLEFLDEEICKYENEHN AR TEGZLVK
RN TN D, ZOR AN IMDREVERICEST2EEZTLVS, T TISHYMKPOT7T
Dr—2avEEMET I REDHE PR ENSFERICEVEMEZZ(TTEY., EE{EDTEE
HIEBWNEEZ S, TR, Self-folding HfTEEELNILTRELTOSHIXIFIFFEELEL O,
REGRBRNENEAFTED,

- B IR ERRE D SR 4 - PR A 14

3 &t E1F Human—Computer Interaction, YI7RARTAORA . TV TILIELEDREMEET
AREERELTUO D, AR AR T EHITYIE CC DRBFITS AT HIENTE . I,
NETEEDOKELGIFYERRTEST7INTVRLGEE TN TN A, BIELFY/E—
DITORII-D7T)r—230 JEWSBATIE, HRMICHIEBIN DB E o1
LEZD MRERN—BYFALZERET. TFRYBRI7IIr—23> O BHERELIZIENS
FEizEJondIEERED,




5. FHHEREIAL
(1) Ew (RFHRX) R

1. Yuta Noma, Koya Narumi, Fuminori Okuya, Yoshihiro Kawahara. Pop—up Print: Rapidly 3D
Printing Mechanically Reversible Objects in the Folded State. Proceedings of the 33rd
Annual ACM Symposium on User Interface Software and Technology (UIST’ 20), Pages
58-70, Virtual (previously Minneapolis, US), Oct. 2020, DOI: 10.1145/3379337.3415853

2. BFEMA, BiEiith, BASXEE JIIEEE. Pop-up Print: MEELHIFY ==& 3D T~

b % 28 EAUESVTATLARTLEY IR I27IZET 57— 397 (WISS2020), Dec.

2020.

3. Junichiro Kadomoto, Takuya Sasatani, Koya Narumi, Naoto Usami, Hidetsugu Irie, Shuichi

Sakai, Yoshihiro Kawahara. Toward Wirelessly Cooperated Shape—Changing Computing

Particles. IEEE Pervasive Computing, 2020, DOI: 10.1109/MPRV.2021.3086035.

(2) e HiRE
MAMEREG S

R)ZDMDBER (XFELFRREER. RE. EEW. TLRV—R%F)
BFEE
1. IEiE#Eth, Self-healing UL HMMIMNDOBERMICECBET S I VT - 7HFaT
—33v (AT —X, FIT2020 by FarJ7L Y X2y aY, 2020/9/1
2. IBBHt, ITUTIL-A2859ay, [FTETERERZZMERS, 2020/7/20
3. IEE#Eth, HCI [CHITHaVEaT—2aFIT7Id)r—3y, ERBRATRFA,
2021/11/10

bl
il

1. Best Paper Award Runner Up, K. Narumi, H. Sato, K. Nakahara, Y. Seong, K. Morinaga,
Y. Kakehi, R. Niiyama, and Y. Kawahara, “Liquid Pouch Motors: Printable Planar
Actuators Driven by Liquid—to—gas Phase Change for Shape—changing Interfaces,” IEEE
International Conference on Soft Robotics (RoboSoft), 2020/6/30

2. Best Demo Award, R. Niiyama, H. Sato, K. Tsujimura, K. Narumi, Y. a. Seong, R.
Yamamura, Y. Kakehi, and Y. Kawahara. 2020. poimo: Portable and Inflatable Mobility
Devices Customizable for Personal Physical Characteristics. In Proceedings of the 33rd
Annual ACM Symposium on User Interface Software and Technology (UIST ’20),
2020/7/23

3. People’s Choise Best Demo Honorable Mention Award, Mako Miyatake, Koya Narumi,
Yuji Sekiya, and Yoshihiro Kawahara. 2021. Flower Jelly Printer: Slit Injection Printing
for Parametrically Designed Flower Jelly. Proceedings of the 2021 CHI Conference on
Human Factors in Computing Systems. Association for Computing Machinery, New York,
NY, USA, Article 425, 1-10. DOI: https://doi.org/10.1145/3411764.3445346, 2021/5/14




YN

(BT - BFRE )

xR ®REE

TEFESOHEENERETIVLE HR=—21—5ILRVE]

1.

2.

AFCEAR: 2020 4 A~2022 % 3 A
MEEEZS: 50249
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A= RBEBHEIILHETHERBHRUOEICENT, T—2DEFHMELEDKSICETILEET
EMNIEELRETHD. BEMERETIVIET—EADETIVEFZD—ETHY, T—2D
A RBREEESADHAEHLETETIVEL, AT —2NDETILNSGA—2EHRTS
CETNI—UREMEANSATES. BEMBERRIHALATIENTE, BRELE]
RIBEIZBEWNVEWNSEHALBFEALHLIEDOD, BHLETILDZE/INTGA—FOBIELEH
DR B DEBENHoT-. — A, Z2—FILRYET—S(NN) [T AN DERFDIE
BEERICEDI(CC1—OVETIEZEBICHALIZETILTHY, BVLWRBREEHALAR NS
BRENEH OIEMNLNA—URBHBICZASNS. 12121, REDOBIREIIEL, TS5voHRyY
AW DEENHoT=.

AHETIE, TEMERETILE NN ZRETHIETHE D REBEMHMICTEN T HM
PEFEOEBULURAETS. ZLT FhICKYBON-MREZERESLEDEHRT
— BT DEFEHILEEBET .

BEMIZIE, UTD 3 2OT—<ICEYHT :(A) NN ~DHERETILIESHAA, (B) NN [
KBHEERETIVHE, BLU(C) HEETILIZESD NN IR, (AT, EITaR0EEER<
RIHERETIERBEICERLIZ NN 2R3 5. ZLT, ChEBRESGRETEESED
CET, FBEMAGETILVHREZTS. B)TIE NNZRVTEHICREL-RESGEHTETS
ZEITKY, FHEMHYFEE CRRIIFAANIGHTS. (O)TIE, HEETILOMBZEFALT,
NN DFEZEEOCHNEIREDOERICERVED.

e TS

(1=

BEMNERETILEZA—TFILRYETI—I(NN) ZRELI-EHFEFEORRELLUZ
DA EIZHEBL-. EFRMIZIE, (A) NN ADOHEEETILIESHIAHA, (B) NN [ZLEFEER
ETILHTE, BLUVEC) BEERETILIZES NN IRD 3 DOT—VIZHEILHAEREZEITL
f=. TR, ICLR S ICASSP &LVot=byTREBFED 5 HDEEESERRK, 1 ROD
Y—FILEX, LV T HOERARERRELTARLT:.

(2) 548

ART—< A INN NDOHERETIILIEDHIAH |
CEAERDMICEOCRN—RGHEAET ILENN ~ADIEHAH




BAERAHICEICRA—RBHNET LERELS. ]
REXTE, BAERSHICETIETLEBRHES | A\ !
KABLIZEKYZEE S SRREIZH LT, Sparse Bayesian | ‘5\.“ i

learning IZEDNWTEAREZER/N—R{LTBHIEIZLKY, | o @8:;%}"‘3‘0‘ }ééé:%fﬁ
SAEMREER ESHREELIZ, BAERAHOIUR—F | o R AN
UM EEERE TEHILERLE. F, BRMAEME | g}

LT, BEEANIMLIOVEREERASMOBERMEICHLVERESZ . 3612, #RE
FYRT—D% B HAH NN DRFEEELTHIAL End-to—end TEE T HILT, HHE
EIERDAIKICIEDRAH, HD Softmax FAEFIALIzEELLELISAMDY—Y
EZILIToNBTLERLEZ. AMBIEEWMET DMy TRETHS ICLR2021 ~NFRSHh
1=

Johnson S FIZE D NN EFEHERI~DIGA
R BRI 4FE LT= Johnson D FIZE DI NN #12ZE=L1-. Johnson$y 76
HEESIIRERANSHESHZETRLILESTTHY, 1
VAT —RHHFIZIEAIND. HEESDHA OB
BEREBILLGLEDESLEAMAONDZEN—RITH
5. AMETIE, EENEBEOT—INHNEELRESE
BFOILIZEBL, COMBEEDAAT NN #REL, X
BREANOEEER LIEONDIEERLI. BERMICZIE, Johnson S EFEIENS 4
BREONFGA—REFRBEREMAEDLEARIDISLBHEESHFIZEIINNEFRE
L7=. Johnson RFIZEDIKHSRAERERTEDBIED NN [ZLERIFL, EXRHEDIE
FHETEEBONA/NR) T A VBT E OEFEEHIEBAHRER AT HILIZLo
TEILT=. RFEIL IEEE Access NB&EShT-.

WIET—< B NN [CXAHEEETILHE

HEREEBDNATVYRETILEE BBV EE DA
ERETIVERNET IILEHAMIZES
TEHREEREL, FHEAEYEZ~IGHA
Lz, ERETILIET—E2DERBREREE
TILETBFETHY, N\2—REME
[ZBWTIESRNILGET 2D AELT, X
DHHEEICSNIVELT—2EFRTED. BAETILIEEBANICDHELISAEERESR
FEEETIVET S0, BAETILIE—ROICERETILLLEEBELTE WS EEEEE
BOLEEDONEN, SRNIVELT—FE/RSIIENTELGL. AMETE, MEORFE
FRBAEREFNDNAT)IRETILEREL, ¥ BEAHYZE~DEYDMEERL
f=. ERMIIZIE, NN OEABELT—RMIZALGNS softmax BAS, ERDMIZED
GEAETIVEMBRTEAHIEEFAL, ThERFITHRIERAMICEICERET IVER
BIZZ2E TS COE, FETILONRSGA—A0HBEE OLSIICE N HERETH
LT, MEBEZERAET S, REFEIE MIRU2020 [ZHEWTHRELE-.

“HERETILENN ZRLE LB RIIFAFE

p(x)




ERETILE NN ZRE S LB [Class probability prediction |
RANFRFEZREL, £
FRINIGAL-. BRIFIE
IZEWT, 2TORINE—EH
IZFRTHEIIRETHY,
EHRTOZAN DR T HETREHSE Sl —
(bifurcation) # & E 9 HATBEME [ Coordinate prediction |
N&HD. BIZIXETLFAICHNT, 0 &6 [XERPETIIRCABTHSH, Ehhdohn
9 5. IREETILCIEIIRDIEZEBLIFRIFRFEEREL. BEAMICIE,
ROBELHNDEZEZREERSMICEIEETIVIETS. ZLT, BEERSMD/ITA
—RAEDIFEDEIREMENSH DIV SAEERELLLICHTET HEICKY, RIEEEEL-FRIZF
175. AAREIXICFHR [CHNTHERLT-.

P

H (t
. ’ 7y (c100)

() 01(') - < > ‘

He
o

P (x@D) | ¢, x(0)
‘v "5,)’ H§,(x | c,x )

oY

HET—< C ERETILIZELS NN IR
NN O B #)HA1E LR ER4HE AR IR~ D It B

NN DB H %R DHIE LB O DB AHIETES 1.0
SHERLMNCTHELHIT, BAHEIEA B AR 05
~ADEATE S AR ERL. BKIICITEER+5 00

SRVEBA—t T OV OEHERMTIOEMET | 1§ 11
DY LB D BEE LA IE TES%&H%, dynamical Ry - 0.5
isometry DEB/ICHIEARLAVIETLOEFEZEE =i = Ml
RBZETEE L. T, BEDHELE NN (Z2ERICBVTER S—ABEEHES
B, HABAIICENTEANT—ADEEEEEEZRETHEDD, BHHBEOR
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