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Body Bias Control for Real-Time Systems
-Optimization and its Switching Parameters Analysis for FD-SOI Technology-

In the past decade, real-time systems (RTSs), which must maintain time constraints to avoid catastrophic
consequences, have been widely introduced into various embedded systems and Internet of Things (IoTs). It is
essential for any of these embedded systems be energy efficient due to battery life is important. Such systems tend
to work intermittently and reducing leakage power in the idle state is essential. However, traditional energy
models idealize overheads, they often require a significant amount of power since they must directly control the
system supply voltage or cannot deal with the overhead of adjusting the BB voltage. Moreover, when the power

supply is powered down the data in the memory element is lost, thus the models are not accurate.

Dynamic Body bias (BB) scaling is a promising approach to managing leakage energy and operational speed.

In this study, we investigated the RTS energy efficiency by analyzing the ability of BB, applying dynamic body
bias control in providing a satisfying tradeoff between performance and energy. Although BB is an efficient
technique to reduce the leakage power, it has not been commonly used dynamically because of the large timing
and energy overhead when a conventional CMOS process is used. However, recent System On Insulator (SOI)
technologies enabled to use dynamic body bias control with acceptable overhead. Here, we focus on Silicon On
Thin Box (SOTB), a type of Fully Depleted (FD) SOI technology which can control BB widely with a small
overhead.

For the BB control, we analyzed the timing and energy overhead of two simple microcontrollers and a
dynamically reconfigurable processor with SOTB technology. We propose a practical energy and timing model
that includes switching transition and idle regions analysis. It is based on extracted real-chip parameters.

First, we optimize VDD and BB voltages by using brute force coarse-grain method. Secondly, we propose a more
accurate energy overhead model by using an analytical double exponential expression; we transform the real-chip
physical parameters of the double exponential waveform into analytical function coefficients. Finally, we build an

optimization model with a Non-Linear Programming.

The use of the proposed model resulted in an energy reduction of about 32% at lower frequencies as compared
with the conventional model. Moreover, the energy overhead was reduced to approximately 14% of the total
energy consumption. This methodology provides a framework and design guidelines for real-time systems and

CAD.
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PEEMBEEL TV 5D, SEIT, 4 ETRELERORT 131 7 A EFROZEE Sy % Double Exponential
Waveform Tl 2 HIEARE L, 520N T v RIA X A7 0T, W2 AT 43
A 7 AFEJE % Interior point linear programming % H\W\ Tk § 5 HiEEZ R L TWD, ZHAITED,
ImBPo 1 ETOT Y K74 OFHT, TNEIURBIHET LT —/hE< fﬁé‘f?‘%’ N
A7 AELE, BREE, BEREEOMAEDEE ROT 52 LN TEL, 6 ETIIm
LhOBEERL TN D,

VL b, RAFZEI, AT 4 A 7 22BN E L S BT 56 OIRIVETR DR ZEIZ DN T, %
F oy PSS ETNVEBEL, ZRIZESWTRT 4 A T ABEZ o b 2 FIEEZREL T
WhH, ZOZ LK DT ANAT ADHANC LDV TN I A DV AT DDA P 2a—Y 2 T7T
VY RLEEIZANT T, ZOEMERDET VAL LIZR T, TOERITLE ED7 R0,

£oT, Kin XC@%%L FE (DO EZTL2EERH LD LR 5.
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Chemical biological studies for the development of drug seeds

for Parkinson’s disease

(I AN AR T—Z LD R—F Y VRBIREIE S — ROBIHFIE)

R—=% 2V 97 (PD) IXHANMEVE RS2 ARSI O 2RI 5 SE BN E 2 TR &
IO AR BTN, WIRTEIZ X 25 HERTE L OMAEE S, RATREE ORISR IZIX
o TRV, AHFFETIXHTH PD 16— ROBIREZ B, FI 44y
—DFEEZHNTER A7 V—=v T e vy MEAYOVERMS AT 2 3266 L 7-.

(1) MFEANE YN EAGREEN L T 5 —F Y VIRIRERE Y — FORIH

PD TIEf{bA b L ADTUEITHE 5 MRS RIKN O—na o> T\ 5. T4, PD

BETENBEYE TCHOIE I AL E LV OEDRMFEFT THEIZIK T LTS Z &R

HEEINe. LEER-T, BB VEE2NEIE I 53EHE PD OF 8 BlinRIE L

AT N SN, 2 TCAMETITHIRAN E U L e B EEICEHE T

EOMEADAI V== 7 REZFFEL, KREHNT 1 LEMOFT LA EY

NE v EZEE SE LA L LT BRUP-1 #FE L7z, & 52 BRUP-1 1% Keapl &

Nrf2 OfEA 2 EHRET S Z L T, HO-1-t U L E VR ZTEE S5 &0 ) R

a6z Lz, £ LT, BRUP-1 [IHIFFE D €V L E R OTEM(LEZ T LT

PD 7 VMR 5 LBEE 2R R E 2R L7 2 &5, BRUP-1 ZHWE Y

VB R OIEMEAL D PD QBRI & 720185 2 LR E Tz,

Q) EGFLBIC L D2 F4— 7 7 D—FEE N LI iRR#

PD TIIA— 77 V—OBERIKTICE VAR Z X7 EDRMBNICEREL, Zhn
MR EEETHEEZ LN TWD., & 2 CASE TITMRMaIC S LA — 7 7 o—%
HET AN ERERL 26 (LEMERE L. oA WIT PD €7 VHIINICERE
TOERE N EBEREBEZFIC I VT T AL ED, A— T 7 U —FEA
O PDREE L L CoOARAMN RSN, S5, MEDOZ I WNT ) 27 Al &
TV, TRNETH— b7 7 V—F8EEN A Th 572 FDAKRIEA v F B IO
J U AFTUP/PNEKRA NV RAIREEZ N L CA— N7 7 O— 2 FETDH I L ARIET
% &R, BriiA— b 7 7 P —FEH| SMK-17 78 PKC-TFEB #¥ 42N LA — L7
7 U EHE L, MRRARGEISEMEE R T Z AL L.

UL BB K0 #H PD /G Y — X2 FAE L, ORI EEZRE LT,




EEDHEE

WEE S 555359 = K 4 VAR 20
AN . TR B JE SR K R A T+ [ V5 AHR
R B E SR BN A Wt (MERBRERYE) bR E
B JRE 35 A U it (T%) FAJR
BERB R FEIE Bt FA E

Tt (), &L Gy AT EERDOFAGE R SCL. [Chemical biological studies for the
development of drug seeds for Parkinson’s disease (7 X /L 3 A A1 O —IZ L D /3—F 0V VR BITRIE
W — ROAIHIFZE) | LEEL, 24FL0MHRS LTS,

IR F Y IRIERTIEARIGIE DAL L2 WEHAME R TH 0, WHIK & S5 HiK B O AR A
FAMHIT 5 X O 2RO NRE RO LN TND. RGHLTHE, N—F 0V U JRELIE
WD B HB{EA N LA E A= T 7 V—%ERNE L, T I WAL Fu P —DFiEE W3R
BVEMEAL B OTRR & Z OVEASEMITICEA L Tl T 5.

F1E (FFim) TR IS Fa U —IC X PRIFEMIEE, ZHNE TITH L NI > TV H X
—X YV RO RO TR T D & & b, BEFOHIS—F 2 Y UIREEOBER & F i
X DRI E L CTHIBRIE A R L RIS « A — b7 7 D—REOIEMEALAI O FTREMEIZ S\ T, AT
RONEKE EBITHRL L TV 5.

F2ETIE, W E THLIE U LV E VAL~V THM S5 Z L1 X 0 iR eE R %
R BRUP-1 & W O {LAIZHOWNWTIRRTWND. B U LB ITEKRNOBR N it E TcH v,
N—=F Y URBETEE Y AL EVENAEICED LWL Z ERFmLNTWS. 22T, BEU L
v EOERRERZRE L, 10,000 LEWOF N LHMIBAE Y LE CEEEINSE 56EW &
L C BRUP-1 %#[f& L 7=. BRUP-1 |Z Keapl & Nrf2 OfEABLEZ N L CTHILIGE Y 7T L Th D
Nrf2-HO-1-E U LB VR 2L S 5. £ L CBRUP-1 IZE Y L E LV EOHINEZ LT, 73—
X2V RE T IVHIIIC IS T DIETEERSE ORI « Lewy /IMAKEDHIIPNEEEY O BN - FREAm A0 5E
DETEBINCIHIT LTI AS—F 0 Y VIRIRIFRE — R THDHZ L ZR LTS,

W3 ECIE, a7 A — N7 7 U—FERNCOW TR & AR IEE A A U T RS
[ZOWTHRARTWS . RIS LA — b7 7 U— %28 56 E 39 RIEL, 9526
FEICOWTHT IBNGT ) I 7 ADFEEANCA— N7 7 V=82 — 5 LT, O
R, AR TF U eI L AT E 0D FDAKGRIRIC L 54— 7 7 U —FFE0 BER X b L AIRE
ENLEELOTHDHZ LA REL, £72, FiHA— 7 7 U—iFEAIE LCRE L7 SMK-17 73
PKC-TFEB (A2 L CA— h 7 7 V—%iH8T 5 Z L AR LT, & DITE DB OMRRIRGEIL MR
Hricky, 7a77 Y —AB X UOMEROELUND A I =X L THEINLIA— N7 7 UV —I2iT
AN O BEEEY 2 R ET DIEERH D Z 2R LTz, LD XS Iy ) 2 7 ADFIE
ZANTWLS ONDA— b7 7 V—FEHNZOWTERBTF 2B 602 5 L RIFRZ, A— 7 7
D—HEP N Y UIRIER O AN IR ISR 05D T L AR LTV D,

WAETIE, AR THONTENEEZRIET 5 & FIRFCRRBZIZOWTE L L TWAH. BRUP-1
LAV LA N U RASEOIEMAGIE, BT 2R ORRICFST L2 b =% Y
VIROBHICBWTHZITH D77, WIROEIT L CHBENICRE 2 o XV BN L% THL A
— 77 U—FEICLDI NGO VT T A KD IREE O A EILTE 50 TN
D, I DI N HEEBOIRFEIEZHARDHOED Z ER =% Y IRIBRIZE TH A 9 Lk
L, KiaXzfHb< < ~>Tn5.

AR SLDORRINT, 7 I NS, A P —DFIEIT L > TR—=F 2 IRTRIRICEN D OOk
RS LA RMRAE R LI EICHD. Lo T, KL OEF I L) DL 22T HE
BRHDHHED LD D,




WEES 35362 5 K 4 il HEE

T w4
Chemical biological studies of small molecules targeting mutant 3-catenin tumor

(B-catenin ZE 53 A ZAERY & T 2B E AT I N A Fa D —F5E)

B-catenin |X Wnt > 7 /UREREOF LA O HHEZR 5 TH Y | AIIEESHE % w1
HfE LT 5b, Lo, B-catenin (CTNNBDIZIEHRI O RN AT 5 & Brcatenin [
FAZLEAL LENICER, B 7 TV BEISTTET 5, B-catenin OZEEIT KNG A
DF) 10%., FFHIFEA A DK 20% 78 ERE 2 72N AFE TRO B0, D L 9 72 Al xt
L CHZDRIBEIKIIRIZFHIE STV ey, Z 2 TR TIEB-catenin 28 BN A
JRINNC T R F— T A& HE T bW E TG L. = OZRBEIEREAN & 7E AT
Z1T5 Z LT, Breatenin 4 BN A A RER) & T DT 72 D AL IR LIS 245K LT,
B-catenin ZF ¥4 HCT116 MR 7 AN h— 3 A& 75 L | B-catenin BFAEA A375 fifidic
TR =2 2FHE LW EEMERRBEL, REXMTIA4 77V —XD
metacycloprodigiosin (mcPG), A HLEMT A 7 Z U — L Y DS37262926 (miclxin)iZ
HROIEMEE L L7z,

(1) vacuolar-type H*-ATPase (V-ATPase)fHEHINC X % B-catenin 25 FEA 73 /@54
)7 A b — AFHE

TR K622 IREFRIRIZ H I OTEMEZ FLH U, mePG Z{EEARER & L CHE L7z, mePG
I% V-ATPase #fHET 5 Z L 0¥3#HE SN TE Y | 1> V-ATPase [HEHA bafilomycin Al
F L O concanamycin A 4 [FlERIZB-catenin 28 B3 AFRBEERIRIIZ T AR Fh— T A & iHE
THZEERM L, S 52, Bcatenin B4R HEK-293T #ifaiZ 28 ¥ B-catenin % i
FPRBLSE 5 & V-ATPase [HEANC LV 7R =V ANFHE I Z &5 . V-ATPase
FELEEAIELZE B B-catenin {KFRIIC T AR b — Y A2 FHE T 5 2 L BRI ST,

(2) MIC60 FHEANC & 5 A HB-catenin (K7 2> RUT A ML AGHE
At L0k E SR abEm T 4 77 V) — XV miclxin 1T B OTEMEZ
R L72, miclxin (¥B-catenin BfAEM T L L% K4 L7= HCT116 CTNNBI A45/-\27
NP —=V RZFH LR, BRWT L)V a2 /RIE LIz HCT116 CTNNBI +/-12137 R h—
VAGEFHFBE Lol micdkin 77 4 =7 4 E— X WG X N B ERRR L
ToRE R, miclxin 283 b2 v RU THEX 7 BEEERMICOS)HE KN T 5
MIC60 E#EAT 5 Z &3 o7, miclxin X, MIC60 ey 352 & CI b R
U 7N A2 S, eIF20-ATF4-CHOP &R OiEMH AL ZfE9 R b2 RU 7 « A |
VAZEFR LI, ZOANLVAGEE LT Bel-2 ORI, AIF OENBITICE DT
RE—VARFEHEEIND I EEHLMNI Lz, £7Bcatenin / v 7 XTIl LH-T
miclXin (XD I Fa R 7« 2 MUV AGFEBRHEFE SN, 2 b DR 5, MIC60
DILFEIC L > TEHEB-catenin KFHIIZI Fa > RU T « A M VARFEINDLZ LR
R X T,




EEDEY

WEE S %5362 & K 4 HE HE
AN S . A B 3 R T Vepk
Bl B 3 B R it (B EA E

B JHE 36 A U B Wi (B JEE B

BERB R FHIE AL A IERR

FhET), ELEVY) MEHEEREOPAEE KGR SCIE, [Chemical biological studies of small
molecules targeting mutant B-catenin tumor (B-catenin 28 23 A A EER) & T Db EME W=7 I v
NA A o—fE) EEEL., 24ENLE-S TWVD,

BRBOE LT, HDHE NI EICERERET D0 AMBICK LD & R B aRHETHZ &
TEHMZ R TBRTHY | FEOERLGT DK L TRITERN D722 <ARIGTE 5 AlietE
RO TS, RS TITAR A BN AFETIRD H L5 B-catenin R AZFER & L. A IIETEA]
DIRRE T I AN F v D= FEE IO T B EGE T S O iR 217 - 72,

51 BE(Fam) TIIERBASE ST & 720 FAERVIRIRIE ORI A & 2k D fRR & L CTHak
BAEFHEH DO REMEZ R TWD, F72, RIFEOXS &3 2% Wnt/B-catenin 3 7 T /R ER K
F OV Wnt/B-catenin & 7 F /L EFER & L2 20 E TOIRFEBRICO W T L T\ 5,

852 FECIE, ZEHLB-catenin [ZX T 5 GBS EWE & U CHRRERTEIR L 0 HEEL -
metacycloprodigiosin (mcPG) (22N TilR~_ TV %, mcPG (3 B-catenin B A= B (2 25 ¥ B-catenin %
FREIFEHSIEDL L TT R P—v RA2FE L, A% B-catenin (26 L THEMRBIELZFHFLE LTz, £/
mcPG (X V-ATPase Z[HET 5 Z L Z# R H L. 2O V-ATPase FHFEIZ & - TZ HB-catenin (2% 5
ERBENFEIND I LR LTE, 512 mePG Z1EMH S5 & B-catenin 28 527 73 A Kl ige
AT death receptor 4 (DRA) DR F mZ B &2 EH L, % O K T caspase-8 DIEME(LZ I L7z
TRV ANFEINLGZ AR L, ZOZ 05 mePG 12 X 5% BB-catenin |[ZXFT 5 A
PESER SRS 2 B & T LT,

3 ETIL, & b 725 B-catenin ZRHLN UK T D B RBIEHEAIOPRRIC L 0 A L2 EiHb
E ) miclxin 22V TR TV %, Miclxin [B-catenin 28 A HCT116 AR T R h— &
EHE LN, Bcatenink /) v I X T T HETRN—V ARy L EINTE, ZTOT L
5. miclxin (21 5 7 AR b — 3 AFHENE FB-catenin IKIFHITH D Z & &/~ L7z, Miclxin 7 7 «
=T 4 E—REHWTHEZ B ERB LI R., I hary FU TS 7 BEE R
FEFTdo % MIC60 Z A& & /37 B & LCHE L7z, Miclxin 3 MIC60 % [ 9% A g D1k
G THoT, S HIT miclkin 35 K VVsiRNA & VT MIC60 DIEREAPHE T H &, I b RV
TREMPEFT LTI Fary RUT « ARLARGIERISND T L ZDOA ML RSEDRR
& LT Bel-2 DFHNWA L, caspase I SRV AIFIKGFET R h— ARFHEEIND Z & &
L. miclxin |2 X % B-catenin 28 B3 AMIBIZF51T 5 7 AR b — 3 AFHEME A O Lz, —
7. EHB-cateninZ /) v 7/ AT AHZE Tmiclkin ICX 5 —#HDOI a3 R 7 « AL AB X
V7R P =V AOFENHFINTZZ &5, miclkkin (2 XD MIC60 DIEFEARIC L DI hav R
U7 « A KL ANEEB-catenin IKIFHNIHER SN D EREFROT TV 5,

B4 ECIIAME TR ONTENE L RIET 5 L RIRFIC, ARMFZE TR L 72 AR ORI 504
F~DFFH L 13872 B B-catenin DF 72 RERAIZ OV TIRRTN D, S HITA HB-catenin FFH D%
REEHOICT D Z &S % DB-catenin 28 B ANTKTT D IRFRIEBIRICENR D LFFED < »TW
2o

K LORERNE, T I NN Fr P — FIEIC LY | B-catenin BN ANTKTT 58T LR
JEBARERME 2 R R T DA AR RAA G- B2 6N5, Lo T, KX OFEH I LEF)DFAL
BT HERDBHLHDERD D,
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T AT LD IINTHREEE & AEPEMEZ M B3 5 HE CNC v 27 ADB%E

a2 — 2 HfEf#E (CNC: Computerized numerical control) 1%, =i « Ek5E
I TR 2 R 2 80T 0, 207D NC 7a 7 F A%, il s o4 2 gk
ELTCRIBINTWS., R7a T MIEENDIHERPIEOLNTNDED, FIRIZED
VEREE AR CTERWVWEERD S, 72, NC 7r 77 2B X OITEME, AR
DA R —Z OB ENDEIESND & &I, TR EZRKICKEIN TS,
BURDAPEY AT L TIE, £ b OEE-WRFEFRE LG T DHAEAR RN, A1
— X OREER - AR SN2, HDEVE, KEEHRASRON T KBS LTV 7220
MERDH D, ZNHOMBEIC L, KiaXTIE, BElbT —2 T VS HEFET—
B R—=A%IERATHHE CNC VAT L% L. 7 —%X—X|2 CAD 7 —%#
EHFEELZ IR, REVERT - AEEAHT A 2L L, ERKOHE
a5 L, BRERMTA2ENT S TERBOEREREE Lz, £, FH
TR R—= 2N A N —F Ok - R, BIO, MTERICES I THE®Z 8
HEMREL, dECHIEHTEA VAT AR T Licky, AEtzm L.

1 ETIEL, AR R LRI OV TR L7Z.

F2ETIE, A g Ba—2bEnb Z LI X Y, HEOEREE b b ik S
TETHAPRRIC OV TR L7z,

% 3T TIL, A CNC v AT AOHANE S & 72 2 G T —H _X— R et D LT —#
ETIUTOWTIRT, G LT — 2 BT UT, [EBRERE STEP O NC 7— X E7 VAR 5
Z LTk, REHER, ITHEaE®R, N THNEROLEZIZB L7, AL CTHEIZBFRE L
TINTHATHERY, FOERICBWT, oL 2T AMERAFHA T 52 L &27REL L=, L
BAfrEa L, SUNTHRERE VLN THREEROFHAZFEBL L. T —FX—R(Z L
D, T av A COFROKRIEEZEMEL, H LIEREANEH T

FATETLL, IHT—H =R |ZBIF D CAD OGHIRT — % 21572 HIEZ OV TRR
7o INTFRATEMA LR U TG R ORHBOSIE N O, ST P RFEaER 0 T 22 ilfE-
HZ LTk, 1k, HEERIENCEN U CRA L QUM T RS 2 BRI R T2 Z &8 T
&7 £z, BHEERROMTICEW T, REHERT —2 2iEHT5 281280, BT 5
T HBBRI B CHIE S AL S5 Z LN ARES 700, HSVE & h FCE Tz

5 HTIE, FINLTRONAREN R EOBIRT — 2 LA~ L — 2 OftR - iz,
F B AR A CEFE L CEIET A 2 LTV GRS S X HR S AN T4
BRI 5 Z LT, R L —Z THRMA L —% LEEDH D WITENLL EOINT A%
R CE 7.

HBOETIE, fme L TKEETEHELNIENELE LD, AR E TR L=

-11-




EEDEY

WEE 5371 & K 4 JEfE HET

AR E . EA B2 MEFE R R 2% it (%) Y|

Rl BEMESS AN R Wt (L5) Ml Rz

B2 ME FEEAR 2% it (%) LIR{EN = TIN

B2 ME FE AR 2% it (%) A e

b (T%) AN EHRH OARE R ST (57— 2 /I X 0 TR & A pErE 2w |
T HHME CNC VAT LOBF] EBEL, 6 bk Tn5.

a2 a2 — X #fERE (CNC: Computerized numerical control) (%, i « &g 12 TVEREHR
ZHIET 2 EMTH Y, TOEDDONC Fr s T ML, fESEOmMB AR S LRdan T
W5, R 7 T MIEENDTHEEPBONTWDZD, TBRIC L 0 LB E 2R TE 20
MENHD. 72, NC 77 7 LB LOINLEME, AEBGO AL — & OfRRER-CH 7L
HIEEIND EEHIC, MIHEREERICKBEINTWD., BUROAET AT AT, 50
EIE - BIE M Z2 AT AN 2N, T —Z OB - AN HEA S, D
W T, WBERAKROM TICKBRE TR, 26 0RMEIcst L, RHT Tk, s
—HET IS HEFET —F RXR—=A%IERATHHA CNC VAT LB LTS, HET
—HR—2|ZCAD T—HEaEHbicky, FEBRT— X2 EERHT L 2 L &2 AlhE
EL, BRIEROHERE T2 <, EREERNTA2ERT 25 TEHREOAEREZFFEE LT
W5n. Fe, ET—FRX—RZARX L —FOfRRER - R, BEO, IMTAERICESINTH
WIEHMALEHEEREL, #CLEMTE LV AT LARMRET LIk, AEEE2m FSwT
W5,

1 ETIE, AFEOE R EREICOVWTHR L TV .

B2ETHE, aryva—ZHEIcXk Y, TIEEBOEREELCHEEL R S 4T & 72 Hdlr
FIFBIZOWTHERL L TV 5.

B3 ETIE, ME CNC VAT LOFEAEE L 25 HT — 4 RX— AR HEELT —
FET MOV THERTN D, MELT =X E7VIE, [HEREAE STEP O NC 7 — 4 £T L&
PEEET HZ Lk v, XEHEW, LS ®R, N LEREROLELZFEB L T D. AR5
THMEIZBI% L2 TS ERIE, ToE/RICBW T, o AT AEREFIHTHZ & %20
BEL LTWD. INLEAERIL, FEMTHERL VAN TSR BRFEROFHHHAA2EHRL TV
L. WHETFT ==L, ML7re A TOERORBEZR/MEL, G LEHREA
EHL TS,

W A4ETE, T —FX—RIZBIT 5 CAD OFFHEIRT — & 2153 2 FiEIZ W TR
RTNWD. TR EREZ IR LG IR O REURE H D, B PRI R O T 2R
ZHIEGT S Z STk, ek, SERIEICER L TRAEL TW T EELZ LEREE LTI L
TWa. 72, HHBEBROMTICE WL, RHBRT—22EH+T52 Lok, B
T 5 TERBICBWTCHIESE A Y SEL 2 ENAREL 20, minEZm ESETn5.

55 BT, EMNL TR LILIREN L O T — & LA~ 1L — & OfER - mi4, Jt
HF— A R— 2B LU CHIEAT A Z LoV TR TW S, FEfifsiEic S xR sn b
INTMEZRINGT 5 2 & T, R ASNL—2 THEM AL — % L[ESH D 0IEE Ll Eo
INTh=RZ R L TN D.

FomETIE, fme LTEETHONTZANRZE LD, AFREOREEZEHL TND.

PLEEG 212, KX TlE, AEEHEEOE P L OVEEBRSG L OERE AT L2 L
WX VIR & AFEMZ 0 LT 254 CNC AT LB LTEY, A LHOSHICE
WTC, T¥#E THEHFGTLEZARDRI RN, XoT, RnxXoFEHIIE L (T%) O
PN T DEEN DD HEDEFRDD.
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CAM-system-based Intelligent Process Planning and Control of
Directed Energy Deposition for Easy Fabrication of Accurate Shape
(f6i5 CIERERIE DT D CAM VAT L ~_—A T LTz
FRmAHE T )L e —HERRE D FNRY AR H & i)

FemPE T R L X —HEFETE (Directed Energy Deposition (UL DED)) 1%, #HHMEZ 5 %,
BETEIRIZE W T, @A b EEERREcilET s Z L2 T, HiELE
L OEHSCREM O a—T 4 U I HMBICHE L TV D, ZOTZORIEN Bz
T, W oREEHMTE L THiIfF ST\ 5. DED TiX, L—3 /7 Z/LOEERIEIN
2T, L—HRE &M RIS 2 S O EME B ER L ETH 728, 0 TG & e
LEEOHENITHEH O CAM v 27 AR 5 TW5H. —F T, DED D CAM
B DI ZEITFERICR N TR Y, £7Hilkd CAM VY7 U =7 Th->TH DED 4F
HOBNEZFATSH DO DOBEEL 512 2 TWewy., & Z CTARMFZETIX, DED O T
FEETH & B EE OFIE 21T 2 72D DR FIEEREL, T RA v EY2—LE LT
PEROUIFINTHD CAM V7 N =T ~FEHES 52 LT, EHERBIREH S IZER T
X559 F 5=, DED D CAM ¥ AT AORIEZFIFE LTz,

51 RIS, RO s L BRI L7z,

B2 FETIE, BAZ L CAM 2 AT AT L D TREHE OOV TR,
G T XTCBRET HRAEUHEI TREANZRZER L, EOWFAIZLY DED DAL/
ANINAENERT D 2B L. £, IRKAEOHIVI 21— a v 7 —ZIZ&ES0
THEEE S COREER AT L2 L1 L0, BEELEISHE 2 FEA2RR L.
X5z, EHAFBICETESNE L —Y ) AR LT, #EBHERNEICEEIC D LD
\ZU— 7 OEBZHIET D2 &N, BELEEELZERTIOICEETHD Z & 2EMH
L, AWFETIRET S CAM ¥ 2T L& W TRFECTHEBL L.

%3 TETIX, AWFZE T L7z DED ! AM HE& OISEM 2 ¥4 5 FiE, ROZFD
SR A IE L HEEOBMITIR A2 155 FIEICOW TR, B M2 BET 5 FELE
ITLTRER, L—V 7 XL o@hfERIENE, —YH 106K K O RS o HlfE
L, HWEREWSEEBNEMZRSOZ ERHALNICRY, HEEEZRET H7-00#HE
L U CER L.

FAFETIE, BEOHETHEA SN ET VESRL, KRIFE CTOMRERREREE
WEA LT, BEEICEH SN BRIEAEO YL R L. ETBEOWICHET T,
BERTIR O T — Z 123 L Clalm ot 2170, BEE S & ffg & O RRAZ 15 7.

55 BT, BF L7 CAM v A7 ADOFEITAREME A MRGET 5 72012, BRI S 3
RITTEIRE TOEIICKT L NC 70 7T L&A L, BERRAE £ L. T ORE,
L2 EMERFEBIEIR NGO D Z L 2R L-., £7-E T oRRMmE s 5,
BELIEBEOTOO T — 7 BEHIE O M BEMEZ RIE LTz,

FoEIL, fme LTEETEHEONIZAREZE LD, AFEOMELEH LT,
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WEEE 55372 5 K 4 kW EHIA
AN S . A B JE 3 B it (T%) wE EEL
Bl B 3 B it (T%) I ks

B JE 3 B R it (T%) B ACRE

BEESR R AT L (T N

YT HN=T RET—CAREER Tl (Ll Fokk

¥+t (L%, &L (L%) EHRERE R OALEE Km0 T CAM-system-based
Intelligent Process Planning and Control of Directed Energy Deposition for Easy Fabrication of
Accurate Shape | (ffi 5 CTIEFERETE D= D CAM ¥ AT b _— A2 L= fgmtE o %
I —HERA DO B TREGHE & i) L, 6 ELRERSINLTVND.

feraE = L X —HEFEE  (Directed Energy Deposition, UL F DED) %, L—¥#/ X)L
DOEERENC A T, L —V RS & RG2S EMERBRERLETH LD, £
O TARFHE & R EEOFEICIZEA DO CAM Y AT AR KDL TS, A
X DL, DED O TP & REREOHIE FEE2RREL, TR DS EMRRIE
WEMEIZER TE DL D129 57200 DED HH CAM vV AT ADBFEEITH L &b
2, ZORMEETAMLL TV D.

#1 BT THY, ATEOE & LWEROIIIEI OV TR L, AWF7ED B %
WRARTND.
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High-Precision Forming Method Based on Prediction of Shrinkage Error

in Selective Laser Sintering Combined with Milling

Selective laser sintering combined with milling (SLSM) is an advanced technique in selective
laser sintering (SLS). The SLSM has the ability to easily and accurately form products with
complex shapes. In the forming process, it has shrinkage error that significantly affects the form
accuracy in SLSM. However, since the shrinking mechanism is not clear, the shrinkage error is
currently corrected by trial and error. The objective of this study is to develop an effective method
to solve the shrinkage error problem in SLSM. The scope of this study includes determining a
useful method for analyzing SLSM shrinkage errors, understanding the occurring mechanism of
shrinkage errors, developing an effective method for predicting shrinkage errors, and finally,
finding an efficient solution to the shrinkage error problem.

In Chapter 1, a brief introduction to the study is presented, including the background of the
SLSM technique, shrinkage errors in SLSM, main issues and specific objectives of the study,
research methods used in the study, and the organization of this dissertation.

In Chapter 2, the proposed finite element analysis (FEA) processes used for investigating the
shrinkage errors in SLSM are explained. The effectiveness of the proposed processes is confirmed
by comparing the FEA result and an experiment result.

In Chapter 3, a developed mathematical model used for estimating the shrinkage errors in the
SLSM is described. The mathematical model is developed based on the FEA results, and is
introduced to replace the FEA processes for practical application.

In Chapter 4, definition processes of the proposed equations in the mathematical model are
discussed. The parameters in the equations are determined by interpolation based on the data
obtained from FEA results.

In Chapter 5, the shrinkage error results obtained by the proposed mathematical model are
presented and evaluated. The evaluation is executed by comparing the results of the mathematical
model with the results of both FEA and experiments.

In Chapter 6, techniques used to compensate shrinkage errors in SLSM are discussed. One
technique is based on the simulation results of the FEA model, whereas the other technique is based
on the calculation results by the mathematical model. The effectiveness of these techniques is
assessed by the results of experiments.

In Chapter 7, the conclusions, achievements, and limitations of the study are highlighted, and

future research directions are provided.
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Tailored Design of Boron-Doped Diamond Electrodes for Electrochemical Reduction of CO2

Electrochemical reduction of green-house gas CO:z into useful chemicals is a promising method
for developing sustainable society. However, CO: conversion meets difficulties, since high
overpotential is needed to activate the inert gas of CO2 and competitive reaction of hydrogen
generation happens at the same time. Boron doped diamond (BDD) has been substantially applied
on COz reduction in recent decades, since it has attractive electrochemical properties such as wide
potential window, low background current, chemical stability and mechanical durability compared
to conventional electrodes. Although, so far, several researches of CO2 reduction on BDD were
reported, the instinct characters of BDD electrodes such as boron doping level and sp? carbon
impurity for CO:2 reduction have not been studied. This research aims at describing the influence
of instinct character of BDD on electrochemical properties and CO2 reduction. Furthermore, it
provides guidance of using tailored designed BDD electrodes for CO:2 reduction.

Chapter 1 describes the background and purpose of this research.

Chapter 2 describes the relationship between the boron doping level of BDD electrodes and the

products of CO2 reduction. BDDs with various boron contents were manufactured by microwave
plasma chemical vapor deposition (MPCVD). Structural characterization, electrochemical
characterization, and electrochemical reduction of CO2 were conducted. With these investigations,
the most proper boron doping level (0.1%) for HCOOH production was found and the heavily
doped BDD seems benefit for producing CO. This research opens new insights on boron doping
level for COz2 reduction.

Chapter 3 describes an unexpected phenomenon that displayed on low-boron-doped BDD
electrodes. Generally, the presence of sp? carbon impurities in BDD electrodes causes undesirable
electrochemical properties, such as a reduced potential window and increased background current.
However, it was found that the potential window and redox reaction in normally doped (1%) BDD
and low-doped (0.1%) BDD exhibited the opposite tendencies depending on the extent of sp?
carbon. Moreover, it was found that contrary to the usual expectations, low-doped BDD
containing sp” carbon hinders electron transfer, whereas in line with expectations, normally doped
BDD containing sp? exhibits enhanced electron transfer. Surface analyses by X-ray/ultraviolet
photoelectron spectroscopy and electrochemical methods were utilized to explain these unusual
phenomena. This work indicates that the electrochemical properties of low-doped BDD containing
sp? might be due partially to the high level of surface oxygen, the large work function, the low
carrier density, and the existence of different types of sp? carbon.

Chapter 4 describes the effect of sp? carbon within BDD electrode on the electrochemical
reduction of CO2. With increasing sp? content, the faradaic efficiency for the production of Hz
under a constant current density increased while that for the production of HCOOH decreased.
Moreover, favorable electrolysis conditions for producing HCOOH shifted in the negative
potential direction with increasing sp? content. This phenomenon was ascribed to the presence of
adsorption sites on the sp? carbon. This work provides guidance for selectively controlling of
CO2 reduction by adjusting the distribution of carbonaceous species in the BDD electrode.

Chapter 5 summarizes the results of this thesis and presents conclusions with future perspectives.
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Samarium (Sm), cobalt (Co), and their alloy (Sm-Co) nanoparticles can be considered as
important constituents for magnetic materials due to the excellent magneto-crystalline anisotropy.
In recent years, an amide-type ionic liquid composed of 1-butyl-1-methylpyrrolidinium (BMP") and
bis(trifluromethylsulfonyl)amide (TFSA™) has been considered as a promising electrolyte for the
electrochemical preparation of various metal nanoparticles. However, the electrochemical
preparation of Sm and its alloy nanoparticles and electrodeposition of transition metals under an
external magnetic field in the ionic liquid have not been explored in depth yet. In this study,
attempts have been made to understand the electrochemical formation of Sm and Sm-Co
nanoparticles from their metal species in BMPTFSA. Furthermore, the electrodeposition of Co
nanowire has been investigated under an external magnetic field.

In Chapter 1, a brief description of metal and magnetic nanoparticles, their electrochemical
preparation in ionic liquids, and electrodeposition of metals with an external magnetic field.

Chapter 2 presents the general experimental techniques used in the present study.

Chapter 3 describes the electrochemical behavior of Sm species in BMPTFSA at various
temperatures. Sm(II) was suggested to be reduced to Sm(I) at room temperature. At a high
temperature, the disproportionation of Sm(II) was expected to occur to form Sm nanoparticles in
BMPTFSA. Sm nanoparticles were considered to be prepared by the proportionation and
disproportionation equilibrium among Sm, Sm(II), and Sm(III) in BMPTFSA at high temperature.

In chapter 4, the electrochemical formation of Sm-Co nanoparticles in the ionic liquid is
explained. Electrochemically generated Sm(II) was found to be unstable in the presence of Co(Il).
Sm-Co nanoparticles dispersed in BMPTFSA were formed by the multi-step reactions of Sm(II),
Co(II), and Co. Co(II) was expected to be reduced to Co in the electrolyte by Sm(II). An external
magnetic field was applied to obtain a significant amount of the deposits on the electrode surface.
The effect of the magnetic field on the current density and the morphology of the deposits was
observed.

Chapter 5 deals with the electrodeposition of Co under an external magnetic field in
BMPTFSA. A magnetic field application showed significant influences on the current density and
the morphology of the deposits during the potentiostatic cathodic reduction. The direction of the
magnetic field and the concentration of Co(Il) were varied to understand their effect on the
electrodeposition of Co.

Chapter 6 is concerned with the summary and the perspectives of this work.
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Functionalization of Room-Temperature Liquid Metals via Galvanic Replacement

Ga-based alloys liquid at room-temperature hold promising potential in highly flexible and
stretchable soft matter electronics due to their high conductivity and theoretically infinite strain at break.
Research efforts put forward various liquid metal based soft devices over the last decade, proposing
diverse fabrication routes for the bulk material or its dispersion as an ink. Current researches focuses
on tuning the liquid alloy properties to match a demanding need of a competitive material
functionalization. To such end, various surface or bulk, in-situ or ex-situ functionalization of liquid metals
at different scales with other metals such as liquid metal marbles, metal particles doping, or thin film
alloying have been proposed. However, current functionalization methods either fail in scalability, on-
device integrability, or in simply offering the possibility to work around several metals on a single device,
i.e. to provide distinct functionalization at once.

The objective of this dissertation is to develop an on-demand surface or bulk functionalization
method of room-temperature liquid Ga-alloys which is compatible at all scales for liquid metal based
soft matter electronics. To this end, custom galvanic replacement reactions on liquid metals are
proposed.

Chapter 1 introduces the background of liquid based soft matter electronics and liquid metals
functionalization, and presents the objectives of this dissertation.

Chapter 2 elaborates the fundamental thermodynamics, chemistry and physics involved in liquid
metals, their alloying with other metals, and the state-of-the-art liquid metal downscaling methods.

Chapter 3 summarizes the novel concept of “oxide-free galvanic replacement” on Ga-based alloys.
Customization of the spontaneous chemical reaction by shifting the reaction medium pH out of the
Ga20s stability range to synthesize tunable, non-oxidized noble metal thin on large liquid metal droplets
is elaborated. Control of the encapsulated liquid metal interfacial electrical properties is demonstrated
on droplets and liquid metal micro-electrodes.

Chapter 4 elaborates the downscaling of the “oxide-free galvanic replacement” on liquid metal
micro/nanodroplets to synthesize tunable multi-metallic, biphasic solid nanoparticles shell — liquid metal
core frameworks with a wide range of noble and ferromagnetic elements.

Chapter 5 elaborates the transposition of the surface functionalization of micro/nano liquid metal
droplets to a bulk functionalization via mechanical sintering of the multi-metallic frameworks to form
multiphasic LM composites on substrate. On-substrate patterning and formation of distinct composites
with tunable properties on a single device is achieved.

Chapter 6 concludes this dissertation while discussing the future outlooks of the galvanic

replacement based functionalization method.
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Radical-based Representation Learning for Japanese Processing

Machines cannot process natural languages without transforming them into numeric features. In the past, people
extracted features of texts by models depended upon their observations. For example, frequent words are often
more important than the others for an article. Recently, unsupervised trained distributed representations, e.g., the
word embeddings trained by word2vec, are proposed. They are trained by neural networks that embed useful
information into the word vectors or sometimes subword vectors via carefully designed unsupervised training
tasks. Such representations are becoming more and more used and have achieved success in various natural
language processing tasks. For early models to train the distributed representations, learning rare words is
challenging. Subword approaches have been proposed after that to learn rare words. They divide words into
n-gram characters to help the training for rare words. The subword approaches are powerful tools for rare words
in alphabetical languages. However, it is less effective for character-rich languages such as Japanese because of

the rare characters in the large character set.

Japanese has a huge character set. Most of the characters in its character set are the ideographic characters,
““kanji", originated from ancient China, or made similarly to how ancient Chinese characters are made.
“"Kanji" can be further decomposed into basic meaningful components—the radicals, which are shared by

different characters.

Common characters and uncommon characters share the same set of radicals. Thus, the radicals are useful to
generalize the knowledge of learned characters to the unseen characters.

There have been some researches on the usage of radicals of Chinese characters for natural language processing.
However, the foregoing researches proposed using words and characters with radicals and showed minor
improvements without words and characters. Such methods remained the issues of learning uncommon words and
characters unsolved. We discussed the weak points of the conventional methods and propose to leverage
convolutional neural networks as encoders to extract the most important component and build the radical-based
representations. Our proposed methods achieved superior performance than conventional methods without using

word embeddings or character embeddings, especially for unknown characters.

The proposed convolutional encoder to learn the representations of Chinese characters based on radicals is as
follows: The convolutional layers extract the word-level features and character-level features from the radicals
(input as texts) by novel parallel organized convolutional kernels with different widths and strides.

(172)
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Then max-pooling over each character and gated connection over the radicals in each word is utilized to extract
the most important features and outputs vectors that be used as representations in down-stream tasks. We also

leverage positional and structural information to improve our model's robustness.

We evaluated our proposed encoder by sentiment analysis tasks and a text generation task. The performance in the
sentiment analysis task was on par with the state-of-the-art word embedding-based models, with much smaller
vocabulary and fewer parameters. The performance in the text generation task was not improved, but we observed

significant training cost reduction.

Our proposed approach presents a powerful and cost-effective representation for Japanese natural language
processing, especially for uncommon characters.

2/2)
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THEHEINEZ L OEMTONTE, ZORE. JEEREAITERENCER T 5 b 0Tl <, BiE~
U AOFEMEDEIZ LV Z D Z ENALNIR ST, T OMMEZE(LIL. *He FOME— DAY
T 5 3He FNIRFE N EFDIRCEEKF 25T 5720, fERKETHLEMICHESND Z LT
EZHEB2ONTE, L UHEZ(LTIEEI &7, BREBIE 2 re 3 2 LS R FE
T 5, ZiLHDOERANEDITEFEROBMFICRKRE S HIRT 2 SN 5,

Z O b EELFENERE FOR CIRE T E R CTH D, ZOERBRTIE, FEE He B Aol
PAREN - 2K A2 2 rad/s OABHECREZI W2 &, BIREBIE FRORALZ/RIET 5 RO KX
PRI S A7z, M0 2 OFE R ERBEREIOFEL L & 2 b=y, oA Y AhT-
IR BN T 5, ABFFE T, BE *He DML 2 3CBHEIE DN R 25 Z & &2 H
& LT, BV E 2 HWEOBEEE & BEOZIZBUR e —ER VRS 12 Huv iz
EBR. B X OMRALMFLE LW & I S D ALK EMR ‘He Dda UHVIRE 73280 % | [RIERAT IR A
BEEZ T 15 mK F TOMIKIE, 4 rad/s £ TORESHEE TITo 72,

FIRIFRTHY ., Kol w, BERBROMERBRRLND, 52 FTIL *He DIEARR
PEREIZOWCHBA L, % 3 T CIXER *He HFFEDIE T 28, ZOH CTORGRLONLE ST ZR L
T D, 8 4 B TR RO 5, BIICHE O < BE *He O SEATHIEDEFUZ DV TR TV 5,

555 BIXARMIIE TIT o 7o B ‘He OPERBIER R TH D . FEBRIK O B ARGUBHI 37~ 2 ks )
TELEE OIS & [BEEAIRE A Z O 72§ R T 8B X OMEE T Co RO RER AR50
%, 4rad/s ETOEERIZL Y | BVER(S T ET 2 7 Z)E 70 mK LL T OIRFER TH 15%B0 45 Z
ERHALMNT o7, B 6 T TIE, WA bR IRFINC K& < BT 2 “HA LR O3
&L TREHWEERRERIZONWTRRTWDS, Z OBEMHEICHEUERRIREI O3B TH | SUEHEERIZ
KO BMERNBDT D Z E RO TR o7, L L 5 SEOEBEEMERIE ORISR & R0 |
B AN Z BIEEIT 100 mK LL EOERE THh -7, E-WTHOBRICBWTE, Yo KX
SUTFATHFRDOFERIT AR 1B RIS, —TF, 8 7 ETHERTND 2L 7 BRI 2 fLAR A [EH
& HAFT DA, FEATHE & [FRRE O R X 2R RNGFET 2 Z EBbhofe, L EORER
X0 FER He OBPEIXEHROEE L Z 1 TEILT D28, TOKE STEERFREIORIIZ L Y R
L2 RO THLNI o T2, FHYETIIIN S DORERRORBUEEDO—> L LT, EHIK ‘He
FORNL R > b T —27 EFHAERAT 5 3 He AR IZxtT 52V 4V OB EEELE L, H9
ECIIRRmE LT, AFRORENE LD LN TV,

Db, AREwSCiE, BUENY 7 AR & D ORI e E e L, RIERS R OFF/E % 9] T
MR Uiz, & BIZRERZhFEOMME & LT, ER ‘He F OERNLITIHE S5 *He A%t Llaldxs
THEIND AT O OMPEERRE Uiz, AFIEIE, BETEIROARHY) & K038 L BB S
L1632 L AR LIEET, Wt BSOS TR L5595 & 2 AR 7
7N,

FoT, KX oFEFIIE LER) O E2Z T LERNRH DL LD ERBO D,
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T W X 4

LTS J VAL 2 T 2 IR USRI LRI OBHSE & AT SRk~ H]

AT, ARUEEER R DIRFZRSUGEIE FIZEIT 2 “FUERERREE LIS DBFEI T O
T, 3E1 2HMER TR TND,

B 1 R, SR DA L EREIRITR D T WRFBEE UG & T v RS RR
OB DNTIRAT, F7eboh, iR & @)/ OIAE T C i L k1 /v
RIS ED & B ) U DBETTET ) F— MRV LA LR E o 5 — R,
5| &R & S CIEM L SN2 7 N o ~OBMEBISZ LV | 5T 5 5 BER T 7 N URRERIME DAL,
ZAUET bu R LTI, ARx RAEBNEEEIC R DA A AR FERS TR D, 2 MPa DIk
TS T, Y7 an A% P 25 °C T, %A 7 VBRI LR ORISR E MTBD (7-A F/1-
1,57- 8 U 77 v[440]7 A-S5-2NEERSED & T D7 b USSR SR TE LD
T EERRM U, ABUGNE, Fix OIEA ) VbR D8kx 727 ha VIR EICETE LD, &5
2, Z D&% Aspulvinone E AR ORL TR UIZHEH L7,

55 2 FECIE, SRR P D TR MR EE L AR 2T X ) B AR ) O CARBUGRIZD
WTHlATz, A ) ) AR LI ON S IRy TR T D, FHIT T T
2 AT D SR R LERSRIEE LRSI C IO TAE U5 B = UERHEIIARI 6 L CGRE 797 2 /LK%
EHESEIUR, 3T 27 2 E=AAF YU 0 v ifions EEX T, FIRT, 7R/ LF T 3
VEREIRICR LT, WIEO ZFMUIRFEFHK T, 7 = MUV 40°C T, R OFRER & A
HHCHH DBUR-VTH BT B[54017-7 0T 1Y), BLOKRETHT I LAIL LT VLR
BT AT NVERINT S & TIMUREEECUGE = UROT 2 ALRISOSEIT L, kG572
Eo AR YV V) VBEERNEIEE TR LN Z LR AN L, ARSTHELNDT R ) B =LA
PV D exo-A VT 4 ORMECET, = /URPRIAD D PRSI AR MRLE L ChoTm, £
T T, BUSHERECOW TR DR EAT 7o & 2AH, ARISIZIRIT 5 E=/WROT I JEEIRNIET v
ML &> CHEFT L QB TREMER R LT,

HITCL, Ly VRIS DIAVRBISSAE TICET 5 Kolbe-Schmitt BUSUGZOV Tk
Too MMNTSMIES) S ARG T LTE S PIRRIREI ORER, SN L 57 L% L OISPHUIIARETHH 2 &
MES N 7otz F2T, LYV ) —UZ% LT 2 MPa O VIREFHS T, 7 b=k VU LR
H130°C CHMER CTH 2 DBU Z1EH &% & Kolbe-Schmitt BUOFIGANE T L, ks 24U FLEH
EANEINERTEDLND ZENHBNE oot LY LY ) — VN BGELN DY U FOUEHERIL, B
PRSI E O BRICE FNV TV S EEREK Th D, ARETIE, WTHO LY Ly ) —/LiFE( R
5H 4NI72N L 2 NIV LU LTS ) F/UEREARD SR T O D 2 & A R L2, NMR <2
AR LEAHTREC L DT ORER, ABUETIE, DBU OIRINIC L >TLY s ) —Vinb BT 507 =
T NRISENEREE UCER LT Y | LR X U EOAESRIE LT =7 D HOMO DFE 7%
L CND Z E AL Lz, £, Wil WE_BURBE LA TEL 2L, 77 LA — L oFEli
HARECHDH Z L aR LT,
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EEDHEE

WEE S 555394 = K 4 Bt BK
AN . TR B JE SR K R A il I
R B E SR BN A it (T%) HAN K

B E SR BN A it (T%) R B

N e Tt g

P (B, L (B B BXK BOPAEERGH T, TR L OHEBEEE Vv —
Fefb e 2 B ELS OB E REEAHER~OEA)] CEL, Fime 3%F REMOMR I T
Do

1 E T, R E VD A VBRI A bR FBEELIL E T b a R
HRARAS~OBEAIZONWTIERTWS, T7hb b, il &) 2 aIERLROFIE T T ik
(bR & e A ) VRIS S D & W a ) o B AT T ) F— b BB IR L
TNVHRF T T — MR, 51 & X SRAE TR SN2 T L% o ~OBERIGIC L 0 | ®IET 5
S5HERTZ MUOBEERBNELND, ZHUXT b R E MR, BRA e ABEEME IR N DA
RN FEHRTHD, “BILRFEMET, P7oox & 3T 25°CT, %A / v FEisicxt
Uit B OEERER & MTBD (T-AF-1,5,7- b U TV L7 044017 -5~ ) 2EH &4
Le, ®ET DT b UBHEERNERECEOND Z EERH L, ARSICE D, a0k
A OIS DA T b r VBB EIETHE LD, S 6T, ZTORIG% Aspulvinone E &
OB TREbIZEA L,

B2FE T, M AE VD TR BE T ERBTST7 I B AU U AR
BOSIZOWTIRARTWD, X3V U Y VFEEL R EICAONDEHER ST Th D, FE
I, RV FLT X TR D SR Al R 3R B E AL BUS I BV TAE U 5 B = LR AR
LCRETHT I LA ZERH SR, MIST25T7 I E=AdXH U o vingEbnd &5
Z 1o EEIZ, 7u 00X T I UHERICH LT, BIEO TBEREEHELAT, T F=1FU
VA —40°C T, il B O RRIR & AL CTH D DBU (1,8-Y 7V ey 7 a(5.4.01 7 5 -7
), BEXOREBETFHT I EHIE LTT Y PHNRUBT AT LV EEHSESD L&, bR
B ELSZ B Z N T E = VRO T X 2 ALROGET L, fIGT 257 2 7 =4 F 4
VY ) UHEENENERTEOND Z AR L, ARISTHEOLNLT I /Bt x4 )Y
D exo~A LT 4 L OERMELEIL, B ARHPREN D TIEINAKMEE L S ThoT, £
2T, RISHEREIZOWTHE A ORFEIEITH) 2 & T, ARIGICBIT 2 =407 I 2 ERIGIET ¥
HNVEEREZ Lo THITL TWA Z E BRI N,

B3 ETIX, LY LY ) — VBRICKRHT DR S SAE FIZE 1T % Kolbe-Schmitt S 2 D0
THARTWD, YBHORFHIEMBES IS TdH - 720N PiEtOR 8. $RfIEC X 5 7% o ofEE
IBIFARETHLZ ENHLMNE R oTz, 2T, VLYY ) —MZxt L i fbIRBIMESHET. 7
£ b= KU EEH 30°CCDBU Z/EH &% & Kolbe-Schmitt ! D SIS HEIT L, k3 2% U
FOUBHEERNENRTELNDZ EEZHLNC L, LYY —LVENSEON ST Y F LR
RERIL, B AR EICE TN TV D EEREK TH D, AHTIEH, WTIhoLr Yy
J—IVEEERIN S 2 W LA IV AR X UL LTV ) FAEFHEARNEINERTEOND Z
L& R L7z, NMR RFHREALFRIFIEIC X DT ORE R, RIS TIX, DBU OFINIZ L > TL Y
W )= IVINBIET BT =AU NROSEERLE LTERH L TED . LA U b OALE IR
PEIXY 7 =4 D HOMO DB TFHEEZRM L TWAHZ EEZHLMNI LZ, £7-, FiE -« 5E
LIRFHLEATE DL, VT LAr—NVOEBLAETHDLZ EER LT,

ARFFERRIT, bR FEOAREFEFAIC KX 2alfett 2R L, AEILFE~DIEH Lo
S E, Lo T R LOFEE T L (EP) O EZTIERBIHDL LD LR D,
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F i 3 E 4
HMEAEN 7 ~ I OEALRIEY BRI A 72 B 5T TED & BoE T e sl gR

WHREZPEAET L7 0 A THDHEFHICENT, AHAEHITERIEROREZMHD .,
A ATE CILEEHIEEE 2 S TE D DO, FRHIMIEREAEY Tl — hF—%
LRREAT O MERD D, MEHERIKD 7 <~ 52 TiX 2016 4EICH)6D TASRENE AR
WA ST HEAMTEIA AR E S ORI PEINT 52 W TiThh Tk Y | &
EHRICHBHEINT 57~ A TORBATEINIRBEA CTH 7o, £ 2 TRIFZETIIAMAE
THAAT O HHPEIN 7 ~ Ly Z W TR RBITEN A5 EIC R L, IS E D £ TO/UET
DENREZ T, X TR = 7 ~ Y Macrobiotus shonaicus D4 B3k % 5T L
ZOAEEEEBICHL T2 2HME L,

H 1 ETIIAMEOE & 725, AL BIRHIZEMED L — FA 7T 25 /%
F L, £~ L UICET LM R 2R~ T,

%2 ECITAMAEM AT O 7 ~ LY, Paramacrobiotus sp. & M. shonaicus % FiVC
REATEN DG 7eFd 21T o7z, WML b ANARZBR L%, HlcEs 2L
OGN Lic, SR SR FIIoK P 2 0k L7121 A ZAENA~A D | BTHZRICE 2
LT\, ZREEG N DB IZPEINC R o 7o hy, PEIFERIZB I D44 Tl
MERERS T ORE PR E TE O T, RBIIRNTRET T LT L amme Lz, 7z, Mk
e ESREBATENCREZE DN B2 Z L 2 B L7c, BIE D DIL 7 ~ D TR RITIRF L 72
VR ERRR AR L TS Z & BEDLOGIIRBITEIOZRMERNH D Z L 2R LT,

W3 ETIIAETY v~ A&, DNA ~—7h—, JBRELE:, X CRRITEOH
2 X 5 T, M. shonaicus I3 ALHEE , (P2 BR< 9 HIRIZAERT 22 L 2B 6T LT,
FRIZONDREILE T, N7 m & A FTEHREREC TS Z L2 6T LT,

% 4 T Tl Paramacrobiotus sp.& M. shonaicus % i\ CHEB T EREZ B LT-,
¥+ DICRELLER TlX Paramacrobiotus sp.DSEARBGD TRWZ L2 LM Lz, A
ADIFHEENTIEL, EXONTREFOREPBIEICEHRIN TS Z 2B onIc L,
ZDOBRPECHNRF SN TWD Z & 2 LT, PEIFE R TIXAER O S IR
HANEALTEY, 7~ AU D HERERUR 7 OB ORI TR LT,

UL O Z /G L, 5 5 B Clfam & SR O REZ ik~
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WEE S 555395 = K 4 R
AN . TR BEERBARFUERTR EE L A fk
R B E SR BN A it (T%) WK SRR
B E SR BN A it (MEREREERE) R E
BERBRFUESNE L (B YR BEE]

+ (), Bt B%) BltERERE OB S AEe UL, A7 <~ 22 O SR

(21 TT_Eﬁ‘[ﬁﬁ@J&ﬁEﬂ%¥% BElZE) LEL, ELVK-TND

WHREZEAT H 7 a2 ThH DA T, AT fﬁfﬁ$&®(ﬁ ZPED . BPEAERCILE
BHIZERIEA S TE 2 b OO0, FRCMBERAEAY TlI— M — 2R LR AT O LER & D, M
BARD 7~ D3 ORZRATENE, BEGRIZPEIN T D4 W CRBEIE 3 R . @& Shony, BRI
HHPEINT 5 7~ LAY TORRBITIIRMA ThH o7z, AFIECTIIAMAETEZIT O BHENS v L2 %
HAWTRRBITEZFEMICTRER L. ZRICED L TORMBFOERRZ M-, A THMEINZ ~ LD
1 % Macrobiotus shonaicus ® A ARENOAE BRI AT, £ DAEREMFENCHA ST L2 ENnB 7
YLV OAMWATEY AT LA CORFRIIIEHT 5 2 & T, 7~ LY OREOBSR (LRI RIE 5 R A
BETDLILEEZAMNE LTS,

FLIETIIANEOE R L 2D FIO L2 b THELA~DORBIZET 2H A & 7~ AU 58K
F72 A2 R R T= DB | RZICATR O B ERERRIZ DWW TR L T D

02 B CITAMAEMAZTT 5 7 ~ LY, Paramacrobiotus sp. & M. shonaicus % A\ T2 RATEN & FEHM
IZRCH L, WAL A ANAREBR LI, WRICED ZE2H LI L TWD, SRS
IKHE K Lo I A ZAENASAD | IFHEERICE X DT\ e, BB DRI IZEINC R -
7oy, PEUNEAZ IS B TR T O AN R E T o, ST TRTTHZ L 2R
L TW5b, £z, MR L RBATENCHEAEN H D Z LA R L, B X7 ~ AV DR ARITERE L
ROV ERRREZRHA L TWnD 2 & BEIIRBITENCZRMEDNH D Z L 2R L T D,

B3 ETIIAARKH TY ~ AV A4, DNA ~—h —, EREkEL, 1 CTREITEOAEIZ X - T,
M. shonaicus 3ALMRE, WA FR< 9 HURICAERT 2 Z L 2B 6T L, FICIIO BRI ClX, N7
a ¥ A THTERENRECTNDZEERLTND,

% 4 ¥ ClX Paramacrobiotus sp. & M. shonaicus % i\ CEB T IEREZ B LTz, KT OERELER
ClX Paramacrobiotus sp.D%EEPBOD TREWVWZ EZHOENIL TS, A ADIFHEENTIE, 10
MR FORIMBBIGICEMRE SN TS Z 2N L, ZOBRNELICREINTND I L%
e LTS, PEINER TIEEEDO SN IR ~NEA L TR Y | 7~ L2 5 MEMERE T 082
FROBREZATHID TR L TV D

55 BTl fhim k/\?&@@%% YRTN D,

YAl RESCCTITAEMATE Y ~ 22 OEFIATE) &L BB T ERROBIZE LV | BAE(LFEIFTE O R
RDTZ O DEBEIRAMREHDL LN TER, KoT, KX OELE I LERP) DAL 22T 2 BN
HHHLDERD D,
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F i o8 4

BEEC AR ZHE D SRANT — X D ERGEINOLEIRFEH D= D
Recurrent Neural Network DHF%E

IR DI R & KB T — 2 Ol a5 e UT, RETE IR RN
RETEWREEZZER L TS, REFE &1x, SRIBAH L IEMHEBIE & FETH 5 FERE
R ZEEET O BEEET AL TH Y, AREHELHSTHFRW, By —2Lno
T=HE R AT — X THW B35 E T /LI recurrent neural network (RNN) ThH 5. F7=
7 T AR S A E OB O OETT U > 712 softmax & FEEIL S H DR
BHRANEND., EEFEILZET VORERDNLRNT T v IRy 7 RRET L TH
D, ZOOERERET NVOTFEERI ST DHITIE, BEONAR—RTF A= %R
ITERREMIICFHEE L, BRI 21Tl il e b e,

AWFETIX, £ RNN OFCTEMEERETT VDO —>ThD gated recurrent unit
(GRU) IZ22WT, ZDETIVORHMEZMENT L, GRU OIREENLTE & 72 D552 RD 5.
TR, FEPICHDRREET D EORWEE LT FEGIEERET H. RIZ,
N T % softmax DRIGEN AT L, HARSEDO L I &V 5 HEOE DL
BT T ) o I T 27O DOMESRNZRD D, Z O D softmax L0 & KB
HOENHABARARET S,

F1ETIE, AFEOYREBENEZIRRD.

B2 ETHE, EEFEOEML LT, RNN LZ20¥ 0L X, By fizET Y
T T BEOEARIZONTIERD.

% 3 T CIL GRU DIRENEZE L 725 /37 A =X OFFERD, T EHiKL TFE
TOHERRREL, ERICK > TGHIT 5.

% 4 FETIE, softmax OXTH 5 log-softmax DOfEILZ fENT L, Z Do HIEI%
DERIZ DWW TE DR AZRET D, £ L TH=eH B85 L LT sigsoftmax %425
L, EBICE > TN b DM NBEEOREEZFTT 5.

F5ETIE, fime LTREONRE £ LOARNROMEEZTRNT D L& BT, A
TEDEZ DR 2w 5.
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WEE S 555396 = K 4 & BRI
AN . TR B JE SR K R A Tt BN fE—
R B E SR BN A it (T%) NIl &
BERB RSN L (T BNl IER

BIERBA RN WL (E®ETy) A &

T (L), &L (I%) SAEFERNOFAEERGRSUE, THEROAMICHE S RINT —4
D NG E DL TE 725 D728 D Recurrent Neural Network Offf%2 ] LB L, 45 FHiE
REN TV,

g7 (deep learning) 1%, A THIBEDSE CUFEFRICHIEI N TE Y, BRGSO
WERER 72 & CHRIEERERZER L TV D. ZOWEEFEOET VOTF T, ARSELIESE
VYT =Nt RAT — % THWBILSHET /LIX Recurrent Neural Network
RNN) &L IR T WD, £z, 7T A5HELSHERE R EOEBSMOET V 7121
softmax & FEZN D H DB HWEND. 20X RiREFEIIT7T 7 v 7Ry 7 AT /LT
HDHT-, EREERFEERDSED1-0I1T1E, ZED/RNT A —F AT HRET 5 4
Wb o7,

AL TIE, £ RNN OHF CTEMEREZRET L Th 5 Gated Recurrent Unit (GRU) % gt
L, GRU ORENLELRD5MEERDOTND. ZZHNT, R L RWERERF
BHELZRZL TS, DEL, softmax BAEORBIGE N ZMIT L, BARSEOL O, &V
5 DIEDEN L VST ZET Vo 7T 212D DORELRMEEZRDTND. 2O LI, K
LTI, BEEOARIHE O RYNT — % # HWT RNN %, EFEENOLEEIZFE T 5 Hika g
THIEEHME LTS,

B 1ETE, RO EDBZIRTND.

B2 BT, ARWSIOEMICRDEEFEEE L, RNN E20FE0# L S, B
WD RINT —H TET VT aT 5D & EORERMEICHONTIRRTNSD.

# 3 ETIE, GRUIZEHL, Z® GRU DRENLEL LD KD 7/T A—Z D5EM%EK
b, THEHIRIGRMELE THFREFEZREL TCVD. &5, TOHE 3 A N ORI LEE T
RL, TNOEEEFERICL > THHEL TV 2.

W A4AETE, BEBOMOET Y 725G LT, B E L THW BN S softmax BE%L
IZOWNWTEELTWD., KL TIE, softmax DXI#% & - 7= log-softmax Dl 2 f##T L,
ZDOHNBEBOERMOMEE 2RI T\WD. Z LT, #Fii-aHi %L L T sig-softmax # &%
L, ZoOMNBEEOA M2 EAEFEERIZ X - THHMli L T\ 5.

b HEITAMILDELDTHD.

PLEBET BT, RFFEORRIIL, BEROIAIZHE O R8T —# % T Recurrent Neural
Network %, @FENOLEICTFET L HIELRE LI EThbd. FEMRITHGR MG
RTHDLD, 5%, BEBOAICHED EEORST—2 @A S, EHEICBWTHEREE
MRE9 22 ERMFFCTE 5.

X oT, KimxoFEHTEL (L% OFMNEZITIEERNH D LD LD D.
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WEES 555397 & K 4 W Fe2 bl

M 4
Uniform construction of non-singular ternary and quaternary homogeneous forms

violating the local-global principle
Ry T RIS B 23t 72 S 720 3 B O 4 I D IERF ARG A D — AR 221 1K)

BHEmIZRB W T, REBSERIE O A I, Diophantus DR 5% < OBFEE IZ
) ﬁnéhf% 7. B, B2 bNERESHRENFEREZRODNENERET H Z &
ITHEELRMBETH D. )%FﬁSéﬁtfﬁb\ﬁéﬁl%ﬁ%ﬁiﬁﬂﬁfi‘5?5:%7172&0\ XA BT
DN, RPTREFEOREZRENEE N ZFONENEZIRET 2 2 & 13MmH THEVH
BThsn. EEE, RTRERONERRZRT 20, BIDRFTRIEFEBE A D L7 720
BERENFIEL, ZHE TIZE OB R BEFINHM O TWD ., RPN ITH
W, BRI, RETRIBE RNV ST 2 WS R R 0 BARG 2 R 5 ik L L
T, WHIZBET 2 k7 A 2 B G- 2 5.

F LTI, REn BT 2FVMRED T T, JRPTRIBRERD AL D SL72 72 WO IR n IR

g (n=2r+3 > 3) ZMkT 5. FERICIE, HFEFIL, LR OAE n > 3128 LT i
BN BRI 2 525 THAH VW) TREZENML LI ET, e b (BT
72BED) 90%LL LD A E n ikt L CIXEMABI AR CE 5 2 A L7z, £/, £ n i
LT, ERoMERkE, AV R TR WREROEIREE 52 Tnb. Zh
%, B (1972) 12 L5 5 kRO — kb x5 %2 5.

Z O 1HONEX, EKENK EOXFEFEICEDINTE Y, REHIIANEICKIT
HEBEEOERELREN S OFEHOMEICE S £ T, Ko aHY L.

52T, & 3mod 4 B p> 31Xt LT, RTREZFONAE A Z - oW IEFr
o whmE n = (p-1/2) #2475, Ziuid, Swinnerton-Dyer (1962) (255 3 &
HimO—ibz 52 5. EBICE, BRI 14nr ¢ >0) B+H0/hSeFp zEa v
IMRED T T, — DWW n > 3 ITH L TH, RFTRIIFEEE AL D L7720y no Rl
(n=(p-1)/2)) TH->Tn ik Abel (RIZFHET 2 b D EERKT 5.

JRIFT RIS L O S B ORI B U TR A AT R 3 8 % & D D, AR§a SLORFFE L
FLAANCIE, JRATRIRFEEE AR D ST 72 72 O FERF S n YRR B0 O X FERRSE n Rl o BLE
Bl D —FE 2R RERR T IEIZ A S TR 7z,
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EEDHEE

e %5397 & K 4 SN B2l
MOCEBMME . BE EERRREIY W ERRE) RN
Rl BEERBEOT (B SR A

B HE S R AT - (3 Ea N

BERBICHHESTE Mt (B HH 28

b (B, B (B SPINEZEER N OFALEE R SCIEL, TUniform construction of
non—-singular ternary and quaternary homogeneous forms violating the local-global
principle (JRIATRIJFEL 272 S 7220 3 B8 N 4 BE DO IEFERA RO —H7oAEmk) | &
AL, &5 23 % (ZDOW, fTEk2E 55 bbb,

REDTRRXOFEMOFEIL, R 7R AL EEARMESE LTS &,
REFGEAN 121 SOFRICKH L TERESNDRIMRICHEZFF BN 5 6 RIki 72 A B
TOfREFFZ 700 & 2T, RFT RKISREO KB & FFEAL, BEEGRIICE B B L LGRS
NTW5b, ZOFEEMOMBEIL, BUCTIL, AR LER I 2SR B A E
E LTRSS NG, YUNTER % 72 KB DS BORERIITAERL S AL CR7-H . Nguyen (2011) 12X D,
n=2 LA MEENCR LT, RPTRISRE O K2 5 2 5 n RGBS BERREAS AL S 7=, AN
CTIE, iR HhE &V D 2 DDIEARIRIGEIZBWT, 12EAEDEE nITOWT, FFTK
I RBL O | & 70 D BRI D — kR 7k & 5- 2 T\ D,

FSCOHE 0T TR ChH V1 TR KRB O, 52 B L5 3 m T, dhig & dhimo
ZTNENDOLEEITONT, AT L ERERDIBROINTWD, RieSLOH 1L OSE
THY ., FIETRE 0 RaFEOEE. %Y TREDSGE N HbILTW5, FEBHO &1,
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Equalization Schemes for Distortion Caused in Propagation Medium

Wireless communication is by far the swiftly developing area of the communication engineering industry. Signal
propagation in wireless communication largely depends on the characteristics of propagation medium and propagation
environments. In electrical magnetic wave propagation, the received signal attenuates due to absorption by interfering
objects when it passes through obstacles like glass, wood, concrete and metal surfaces. On the other hand, in molecular
communications (MCs) the characteristics of a diffusion channel play an important role in propagating the data
molecules. Some of these molecules hit the receiver while few remain in the medium which may reach later or lost.
Inter-symbol interference (ISI) is a major problem that is caused by diffusion. The objective of this thesis is to study the
effect of materials on signal propagation in radio communication as well as in MC and proposes solutions for suppressing
distortions caused in the propagation medium and the propagation environments.

The chapter one introduces the visualization of wireless communication systems and technical issues related to it
including Molecular Communication (MC). Different types and potential application areas of wireless communications
are explained. The characteristics of a channel and issues faced in radio and MC environment are explained. In the
preceding sections the types of equalizers have been discussed. The research motivation, research objectives and
contribution of this thesis is discussed at the end of this chapter.

The chapter two introduces indoor propagation of Wireless LAN across different materials. The first section
introduces the WLAN while WLAN standards are discussed in the second section. Understanding of propagation radio
signals is necessary for coming up with appropriate design, deployment, and management strategies for wireless local
area networks. For that reason, the effect of materials on WLAN has been discussed in the fourth section. In the preceding
sections the performance of Wi-Fi signal strength between practical measurements and theoretical model are analysed.

The chapter three introduces the implementation of frequency domain equalization at the receiver side in the MC
systems. The first section introduces the inter symbol interference (ISI) cancelation. The second section introduces the
types of MC receiver. The third section illustrates the system design while fourth discusses the proposed technique. At the
end the simulation results are presented with the discussion over them.

The chapter four introduces frequency domain precoding at the transmitter side of MC system. The second section
describes the RC equivalent circuit of MC transmitter while third section illustrates the zero-forcing precoding. The
implementation of threshold and approximation of equalized signal have been discussed in section four. In the preceding
sections the performance of approximated signal with the conventional approach are analysed.

The chapter five summarizes the results of each chapter and presents the overall conclusion of this dissertation.
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Coordination and Control for Connected and Automated Vehicles at Signal-free Intersections

In recent years, researchers are exploring the benefit of Connected and Automated Vehicles
(CAVs) to coordinate the movement of vehicles at intersections. In this strategy, the vehicles are
capable to obtain the information of other vehicles through wireless communication where it helps
them to decide on how they can traverse the intersections safely and effectively instead of relying
on traffic lights, road signs, and rules. However, finding the right coordination strategies for the
CAVs at these so-called signal-free intersections that can provide both safety and efficiency with
low computational effort is challenging. To address these problems, a bi-level strategy is
developed. In the coordinator level, two Mixed Integer Linear Programming (MILP) formulations
are proposed to model the merging time problem of all vehicles. In the first formulation, an existing
MILP formulation is extended to include the right and left turns of the vehicles while fully utilizing
the intersection area. The second formulation aims to reduce the computational time in solving the
first MILP formulation. In the vehicle level, Hamiltonian analysis is adopted to obtain the optimal
control input of each vehicle.

In Chapter 1, the research motivation and background are discussed. In addition, some state of
the arts coordination and control strategies for the signal-free intersection problem are reviewed.
Then, the research objective and contributions of this thesis are clarified.

In Chapter 2, some mathematical preliminaries are provided particularly on mathematical
programming, i.e., MILP and optimal control analysis.

In Chapter 3, the scenario setting for the signal-free intersection problem dealt in this thesis is
discussed.

In Chapter 4, a MILP formulation is proposed in the coordination level to improve the crossing
order of the CAVs and thus, reducing the travel time. On the other hand, unconstrained optimal
control analysis is adopted in the vehicle level. For simplicity, only pre-assigned arrival of the
CAVs is considered in this chapter. Some preliminary analyses are conducted to investigate the
performance of the proposed strategy in terms of travel time and fuel consumption.

In Chapter 5, the MILP formulation is extended to include the right and left turning of the CAVs
as well as considering the continuous arrival of the CAVs. In addition, constrained optimal control
analysis is adopted in the vehicle level. Some performance analyses and case studies are conducted
to investigate the performance of the proposed strategy.

In Chapter 6, an event-based MILP formulation is proposed to reduce the computational burden
in solving the MILP problem. Some simulations are provided to investigate the formulation.

In Chapter 7, the conclusion of this thesis is provided, and future research direction is discussed.
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Thesis Title
Development of Stochastic Nonlinear Multiscale Computational Method for Short Fiber Reinforced

Composites to Study the Influence of Microstructural Variability on Damage Propagation

The mechanical properties of fiber reinforced composite materials are scattered especially in the
development of a new and cost-effective manufacturing process. The main reason lies in the microstructural
variability expressed by physical parameters of constituent materials and geometrical parameters to express the
morphology at the microscale. The short fiber reinforced composite materials can be fabricated easily by injection
molding method, but they have random microstructures. To solve the problem considering variability, there have
been many studies on the stochastic finite element method. The first-order perturbation based stochastic
homogenization (FPSH) method has been developed based on the multiscale theory and verified for porous
materials and multi-phase composite materials considering the variability in physical parameters. However, its
applications were limited to linear elastic problems. Therefore, this study aims at the development of a stochastic
nonlinear multiscale computational method. In its application to short fiber reinforced composites, the final goal
of this study is to clarify the important random factors in the microstructure that give significant influence on the
damage propagation.

Firstly, the above FPSH method was extended for the stochastic calculation of microscopic strain. This
theory enabled us to analyze the damage initiation and propagation in a stochastic way. Since huge scenarios exist
in the nonlinear behaviors, however, a sub-sampling scheme was proposed in the analysis by FPSH method
together with the sampling scheme for geometrical random parameters. Furthermore, to reduce the computational
time for practical and large-scale analyses of stochastic damage propagation problems, a numerical algorithm to
accelerate the convergence of element-by-element scaled conjugate gradient (EBE-SCQG) iterative solver for
FPSH method was developed. The efficiency was demonstrated for spherical particulate-embedded composite
material considering the damage in the coating layer and the variability in physical parameters.

Finally, the developed computational method was applied to short fiber reinforced composite materials. The
fiber length distribution, fiber orientation denoted by two angles, and fiber arrangement were considered as the
geometrical parameters in addition to a physical random parameter. 11 models were analyzed having different
fiber orientation and fiber arrangement with variability. In the sub-sampling, 2 scenarios with 50% and 0.3%
probabilities were analyzed, which resulted in totally 22 cases. The differences among 22 possible damage
patterns were discussed deeply. It was figured out that very largely scattered degradation of homogenized
macroscopic properties was mostly affected by the fiber arrangement rather than the fiber orientation. This finding
was different from the result in the linear elastic region where physical random parameters were more influential
on the macroscopic properties. Also in these analyses, the accelerated EBE-SCG method was again shown to be

efficient.
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