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LM REPIRBD B, FTHLTF L butylaldehyde in scCO, (9 MPa)at 120°C for 1h.
TIT b RRA Y TFILTIVT b RANE
AT, 120CTH T NAaFEE 10%REICTFA2Z N TE, £, ARMITLAETEY
fe < 72 < ROSIRE DR T RBALKIGEOBRIRMEICTH G T D ERRALMNER ST,
BOGIVER A fr— % Z3VE TO 4512 LT, XLPE % 2.0 g HWKIGRES T F LT VT b
REOHRF 21Tl 2 A, W—MWIIRTDERME o7, 7F LT NT E RO XLPE ~
DULFE Be B D ARY)—VER R & B 2 =|IR 30 2 [W O N EBREZ 25 FIRBEFE (1.0 g) & 1k
RFEZIMZ T 120°CITHNEAL 9 MPa T 1 IR L 72 (Fig. 2), £ DFER, 7F AT AT R
BIEF LTI NAGRBIRAIAERT L, JSZBIEICT S Fr—/LaRETH D I &N 5
Lipot,
TFATINTE RE 0.6 MR LIE ZITIXT VSRR I%ERD | AR OV 0 1 B %
MELIZE ZAR—ZAR) v —LAFOGR FERKZRLZIELTVDL I Lo,
TDOZENL, 7T E R Wi REBEALUSIZ G2 & 0 BRI L,

- 267 -



FREREMBREEMEREELVE2— ROFY—EORRASRKRS Y —(VBL) E5P9
F3WITOT 4y F(2009.4-2014.3) FE RERE

XLPE OBAMBMAFIET 2 2 LN TE, VI VBRI FLUIcLTh, BER
MALIRFE T, 3T RBR LT TFAT AT e Re A0 TRRARFMETRELIZ L 25, RIS
BT LT D 2 ENTE T,

2. ZELIREBERBEK L LEEEMESY LIk B3 LT 4 DAY VL L BRAMREE

21 BE AV VBALRIGIEA Y DN RTFE - R EAE A ISR L
ANVRUBERLT AT E R, ZF b BB LND Z Lo RARMOFEERESCH
BAL AW OB RERAHICERE TIX 100 EUL BRI B EZH SN TE R, L
L, Y VB Z WD 2 R<EOINWIEE T DI 0 hb b
T BEHEOY AT O TEMNICFIHAT 2 Z LIFEFITRONLTE T,

F BACOSIC N DAY VIR FET AT T AT =B THES
LD ARME B %) DA 7 050, & L THEbiL, XM Th HEF N KEIC
s SN DS L 7> TWD, BRBED 3 BHRTRY ., SHRW . EKIF)D 55 Figd @il
1 O THRETHIRBERIIE SRV E SN TEY  AIFSEIIMHELRE L 03inCO2
B A Y & bR FETHR LR T
T UBILRIGT D Z L R LT,

Table 1. Peroxide formation by the reaction of ethers

with ozone at -20°C*

2.2 %% ° %% j_\/‘ﬂ_/l) ‘9“_75) Eff% %ﬁ”b ozone/ ozone peroxide, %b

y o 1= Y S - dilution purity method
HHE 6%05/0, Z-60CITIHHI L 72 Si0, IZ medium % cther  THF
LD EAY IRAE S, Ar X CO, T ozonizer-03;/0, 6 blow 55 44
BT DHEME 17%D4 Y R E LT, conc-O5/Ar 23 blow 25 14
0;/0;, ZRIRER THRILBZEZER 7 T conc-05/CO, 17 blow 12 7
FEBRET L EmMESY R ELN. @ conc-03/CO, 17 batch 12 11
KU U BNk E LTZ% CO, ThAE pure-0;/CO, 95  batch 1 1
Lf:(Fig 3) a. Ethers(10 mL) were reacted with ozone(2 mmol) at

’ Ov‘v . L -20°C for 1 min. b.The yields based on ozone were
-2 2704y R E CO, . calculated with iodometry of the ether solutions.
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BBy 7 U — FBROERRIED ZRALZEREEREN =27 ) — FORELERENE L,
A B RE O FFAM B 78 D B 36 36 K OV EE M 1C %*éhé@%nhm@ﬁ%%ﬂé%®?%é
2 DEPERE - EiE L 7 ) — hERRE L THIEZ T CE D, AEEECIE3I -0
REML S DEIRT,

2. BET Ly 2 har s U — b oRERI

v varvERERTABICI VR Y A a7 U — N TIEEBRHT A — AR X T
L, VX ¥ Abars7U—NLiEEE, Honr UL TR, K, &, RREoarry
— MM EZREL, M1IICRTE)ICERBAG TENLZHEMO L) IHANTHLIETH
D, BZE LI E@%ﬁ THEM R EDAY v N ERT D,

‘ _ — - mF‘ KD E - ‘EF‘ KHE —
= "k ®Ei
P P m;;sa
=> <~ AE7TTad
S 7J<9:‘ cE - 7K57\ CE
—) AV RKFIR IS EAVNKFIRG 4
fngk
<= B A
P :

BREILIXrAbary)—k

M1 @mmES LS A harrY—F
(FEVXAEERME, A ITALES A (2 250k X2 EEESLIFYALa 7V —FoO
FED TR T) FEEL - BMRE - KPR O ET AL
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FHRERFEHELERERARE VS — RUFv—ECRRTFHS 1) — (VBL) 5
E3IHWTOT LY +(2009.4-2014.3) FBRHE

TOEIRTEND, HETIIEBREEDICHWAEZOOBEOE N L Xy A har s
U— " ~OWREREE>TWNDH, RIFFETIE, BEOEWVERET XY A a7 U —F
ENRINCHIET DO OEMRE 2T o7, mBES Ly A har U —TiE, S
DD DOINEE NHECORBPEHITIER LT, KoFHOMEICREREEREND, T2
T, K2IZATEoICmBETLXFy A a7 — MoOREA, MR8, KOoIEHOBS
EREMATIZC L > CEHEL, ZHOBNBEICKIETRELZHET LI AT LAEZME L,

3. 27V —MNHEBM~OEINRESICLD 7 T4 T v 2 OFNFIA

BAEDMHSEBIE S KNFEHOFBEBEIIMNLY, K3 ITRTAHROBREEIKTH D7
TAT va (FA) DERICEEL TS, ZDH, FA OF-2FAHASEORHENEE
nNTnWs, —F4, a7V —rOMEMICEL T, BERNBORMEIZEY, T TII7
@@%Uﬁﬁﬁﬁ%bubfb\éo Loy L, FRRPIIBRL 3 i3 7e iz, Blif/rar 7V —hK7 Ly
YatERBRE LN, DT, bl FA%@ L CHckisy 2 /vy, FA 8 20 R+ 5 2
EEEB X, M4ITRTHE FA 2 FRICIRA L72MEM (FAS) =227 U — MZHW,
7Vyv;ﬁhkivﬁgﬁﬁéﬁmt&;é,%%%1mwghf,é%ﬁ&@%%%ﬁ
LRENG DN, FERAORREMEN KX < Bz,

X3 FA @ SEM H.H X 4 FAS ® SEM 5. H X5 FA DRV TR

4. BFIVEM L L THW O D KBADHIE D720 DA T L5 L DR
REFATEL P OBREINEN & LTHOERTERED, MENLEL R —ANE% b
Do M6 AT LD ICARHEI RMEEL L AREDND &, BREREDRNI LITMAT,
WEETN S OOENNEL 572 EOMBERRET 5, 22T, MTICRT LI RRBHD
WSRO E ARG X VR L, RN R G OMEICEEITH L & Lk,

Bt X7 KE&AOFHERIO
K6 KL OREY s (ERpeDELZ L, HREE L-EBATLAL)
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FHEAFHIEEERERRE VL2 —  RUFY—ECRRFHKRS ~J—(VBL) &P
EIHMTOT Y F(2009.4-2014.3) E#EY R b

suvx/ 23 EHEE - Gi#E= 7 Y — OB
(F43E) e, AR, #HE 50

@i g U E, EN)

1) RARZEM, BEARGS, HEHEE, bk, e, KM a7 —ro b
—H eV T A RO OD IC Z 7 OIEMEAN  —HERICR AT 5 I1IC % 7 OFHEi—,
A ARRE A HT A4, 55 18 %, %5 38 5, pp.31-36 (2012)

2) WHEHI, PHEMEE, 2k, AR SR AT e ERWar 7 ) — ok
IHEWCRE S D058, =7 U — b LSRRG, AR 7 U — FIL5a, Vol.34,
No.1, pp.394-399 (2012)

3) ALK, HEEEE, iUk, EEEME : 2027 ) — b ~OH{tWiEEFENCET 5 E B
RFER, 207 ) — P LPRERGRCE, BAR=2 7 Y — M4, Vol.34, No.l,
pp.808-813 (2012)

4) FEw—HS, ik, PWEER  SFERR - MEE2 63T o&BETLdy A har sl
— N OMREEREICBIT DRSS, 227 U — P TEERGSCE, HAa 7 U — T
242>, Vol.34, No.2, pp.475-480 (2012)

5) A, KARER, ik, A8, &M, FHE: Fr—F e U7 0L 1C ¥
JRRCxT 2Ear 27 ) — MEEEOERICET L7 v — MNih, BARREESH
s EE, %5 18%, %5 40 5, pp.823-828 (2012)

6) ILEHE, Ik, MK, KARFER, SiFkE: a7V —ho =YL 7T
AR DT D IC % 7V OIERAFN —ar 7 U — i TER —, AARESRASH
Wris4E, %5 18 %, %5 40 5, pp.829-834 (2012)

7) KEFEIE, MPHEETE, BEEEME: 227 U — hORBIEICZET 2 2 B X ONER
MEIOFERR O, HARRE e aSE Ram UL, 5 77 &, % 678 7, pp.1167~1173

(2012)

8) /INRAE—, MFHET : 200N/mMm2ifk&EdE =27 U — MIBIT LA FBIOV U A

72— AOFRETT5NR, A ARG SIS R R, 5 77 &, 5 679 5, pp.1367-1373
(2012)

9) HMIRE, PR, A, BT Tk 2027 U — M oOSKIHEREEICKIETAE
PR OB 2 AR E SRR, A ARBRE PG R CE, # 77 %, 68l 5,
pp.1613-1622 (2012)

10) ACAGZEE, MR  BEFEM O X A AL EIFICA T 2 O B OF Ml FIEIZ BT 2
fFge, HARBREASHEE R SCEE, 774, %6755, pp.679-684 (2012)

11) AR, ik, BN 7 rd 2 ha v 7 U — oM JOBEE L~z
Jis U7 GHEFAG SR EIC R 2098 —FHIFAGIREICKIT 2 7 L% ¥ 2 MM R —# 4
HLRAIRIREE O HPA—, B AR P ME R SCE, #5784, #5685 5 (2013)
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12) sk, Aagel, TEAO®R . IC ¥ 7 &ZiEA L2 27 )V — O ML —HE U T 1
i —av 7 UV —FRICERATS IC ¥ 7 ONERER N TE—, BARBREEAEHE
R CEE, 55 78 %, 688 %5 (2013)

13) BEAIBEL, HUEEE, FIRIEE, RARFER . Xy 78 RFID # 7 - &% 28k
a7 Y — MNEMICHEEE T 256 OBEHRERHEE, B X OEE - 27 7 ~Dm A,
A AR P& Ram SCE, V0.78, N0.684, pp.241-249 (2013)

14) FEASRSE, SPRASA, RARZER : $fa 7 U — MEMNICHEZR S/ RFID ¥ 7
& OBEMEREAFEIE & LT IEE R S B, AAR= 7 U — N L HaF R
#£, Vol.35, No.1, pp.1885-1890 (2013)

@ =757 & (plenary lecture:PL,invited speaker:IS,oral presentation:OP,poster presentation:PP)

1) *OP* H. Sugiyama, “Communication performance of IC tag embedded into concrete
for the purpose of information traceability”, Second Conference on Smart
Monitoring, Assessment and Rehabilitation of Civil Structures, Istanbul (2013)

O E NI R LR, HrrmmnE, (OB, —MRIER, FRAZ %K)

1) M) gl . Tar 7 U —rO hL—% U T 1 IZBT D H5E0E R & TED B IR
IR pEMYE), KWRAEa 7 ) — MNVEEBEESHERRS AR, KRR
2 < 1E1f(2012)

2) [—fk) SEARRE, PR, ik, 228508 &P A7 a2 FH Lo@mmEa s
U — b OREERIZ R T 2 REREFRBIZRET 240198, A ARE R 2012 FR=, 4l
2 (2012)

3) %) Hah—%, Bk 7y A har s U— NGOG 5 L,
H AR 74 2012 k%, 4 dE (2012)

4) T—fik) ZE—B8, ZILg, PHHEER, 40 IMEORE T LX¥ vy A hav s U —
N O e TR IR BT 2 FEREIFSE, B AR 2012 AR RS, 4R (2012)

5) [—fx) /NEpsath, BEET, ZILg, 2550, FIEEEZ : 207 U — O P R ER
BB 2 HRRAIMEAT, AARE YR 2012 R, 4dE (2012)

6) [—fik) ZEWEfk, PEHEE, Ik, 2408 . Bhar 2 ) — MIBT HMEA ORI
B4 D AF%E, HAARESEYS 2012 RS, 4HE (2012)

7) [—f) SRERS, BEEER, IR, 25865 a7 Y — b ORBIGHEIC K IE T 62
KON BET AT IOATFSE, B AR RS 2012 £ k%, 4dE (2012)

8) I—Mk) Bk, MHETR, Lk, REEH LTI EZTear 7 ) — o
FEMERIC BT 2 B SE JEME 1 220 7oA, AAREEES 2012 Rk, AR
(2012)

9) [—fik) BEAATH : @EYOBIFE R E L COLEFEEOSHEMEMERBANAME 2 5 & %
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Doy, HABSESESA 2013 FE K%, LR (2013)

10) T—fi%) FBSESC, BEAFER, BEARE, HikA B LA TRCB T 2@FEMOLLE
PRI B 298 — fRIA AT 2R D 7 — LB L OVF ¥ & © T — (LB O AL SRR YR
— MIG2 28—, HARREYS 2013 fF k4, LR (2013)

fi 50

@E=, Wi, ik

1) [3FE) BIURiEs 14 - BEMREEIUAR, 1 AR (2010)

2) 33 PHRETL, ZILJED 13 44 0 B AR RS A T vET AR - [AIfFRL JASS10
TLXy A MK U — FLE, BAREESES (2013)

3) [FEE MEHMEE, ZILREH 13 4 A ARBE PR A TR - [Ffifa JASSEN
JR -3 EITMERR (231 8k > 7 U — h T, AAREEZEES (2013)

4) [EE) PEHREE  RGARSHar 7 ) — MNEREMEEL DI, BEA L Yy —TF
Lt (2012)

5) EE BILSZ) 14 4 @i a7 U — M TH# - [Ffig, HARE S (2013)

6) [fgat) il : KRBV EBE EH, C3 27V v 7 AR—FK [a2r 7 U — MeEhRE], &2
v M= (2013)

@F57r OhE, EW, 2B, HE)
1) TEIAN) MR, A TEGSERIEEE, ARSI 0T r s A (FRli24 7 )

O/ E s (BHEwfged - BIF, SRR (h4 - 535, et « %5t, JLEFTE - L)

DR IRZILR, 2> 27 ) — D b L—F YT B X7 A AT T OB,
4,160 T, #F7eitze, PRERAYIEIEAFIE PRk 24~25 47)

2) TR FEASREE, HAOEMRBIRLMM DX AT v 7 ~T VT AT a—54T,
2,800 TM, #F7esfH, T (A) (Fpk 25~27 4F)

3) TR BEARSE, BRESALEMELEN T n a7 Y — MBI 0454,
3,400 T-H, WFJEfER, HFMIE (B) (Fpk 24~26 4)

4) 4352 PSS, KB AWM EEMEIOMFZE, 400 TH, MRS EAAFZET
(CFRk 24 %)

5) &%) PhHMAETE, FINBFICIC T 2Bk, 600 T, BASF ARV U ARRA St
(CFRk 24 4F)

6) 485 MHHMETL, @miFEA L N - BIFRAT7 7 REHWiear 27 U — NoMEEIZE T
% FEERAIAFSE, 500 T, ¥ B#fmFE A v MRS (FRk 24 4F)

7) 5% Bk, 77947 vy a (FAY Y RE) (BT 2%E0 8, 2,000 T,
RSB AT —F v 7 (FRL 25 4F)
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8) L&) BEAMH, A TLFDOE=4 Y » Z5HlZ @ U EEZ MM RIZBET 5098 —
AR T DI T — & 2 A= 08—, 400 TH, (Hh)EEfRA T HEEHEE G2
(Fpk 25 47)

9) LAy MHHERE, [E T 3mE R LERRRE R, 207 U — NERFHOLHxR
(ZPE4 5 HUYEDRFICE T 5 E,, 550 T, KEHZEKASHE CEk 24 4F)

10) 3L ik, ELARmE @ gt RERE, a7 ) — FESEFEM O RR
(ZPE4 5 FYEDBHICE T 5 A, 2,000 TH, KA ESH (AL 25 4)
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FREREMBEEMERE L2 — RUFY¥—EORRASHKS Y —(VBL) E8F9
FI3IWITOT Ty F(2009.4-2014.3) FE RERE

BEREBMYISEEXY NV—2 a2 a—TFT 4 VTV AT A
DA F7 BE 3

MRS (BdR) ™, KEeot (EEER) ', BHSE (R 2 X i) »

1 RZRE LR RHE ® o A7 ARSI {yokota, kim} @is.utsunomiya-u.ac.jp
*2 R LFMRERHE Y A7 AR FHI (2012 4FJE)
*3 KRR LR RHE® o A7 AR FEEI (2011~) ohkawa@is.utsunomiya-u.ac.jp

1. IZU®IZ

BEZS OB THOWOLRTWAS~v A 7 a7 ety i, LEEEFON E2ERE LT
A% bYERRM LA TV D, BIEE RSO Bic X o MERedEE, BEICWHEE S O
KoMz o Tndizd, 1 5O LSI F v 7O ECE#HTL 7 ety - a7 oKz
Am—a T {ERRARICHEAL TS, ZH LA =—aTic Lo N L2 EICESZ T 5121,
TOEONTZ T U FITih o T WHNEMEZAT 5 IEROWHVLEE T TIIA+0TH Y, #HK
Bt - FIREMf OB E S D07 L—27 2L —Ri KD 5TV D

AFRHETIE, A=—aT7 7oty PidbRCENE LS L7 KRS G H %
AT LEXMREL, [Hx0ar7 O EEEICL2 7 Ve —F %L 5 LIk ERRBEOMR
RuERofe. Kar7oAEEHEL, T7hobb, (1) REOCEKEE, 2) MEOKRE - FE, 3) &
WHERBE OB, (4) FEM, © 4 $ELEREL, o2 ZOIATHIFERIEL Z L &
L7z.

AFRIIREL, (a) by a7HETORBRIEA D=L (AT HNAT = L),
b) HEEOaTOMTHAL TITH BREBEA W =X2A (2aT7MAI=X2L), (c) =27HMD
WEZAHEOHAFEEMEITI BEIEA D=L (BEMA T =XL), O3>0 Ta=y
M3 T TITo 72, BATICA 2 ORCR O 2k~ % .

2. AT NAB=A N

21 XART7 v v 7 ZHALE Lo #&#r0 5217 720 —BBPC (Basic Block Parallel Computing)
ML AWIMEEZFRIH LEmd b2 X557 —%7 7 F v & LT, TOWFNIFEITAIEE L m

SEEE LT < (FFM72) VLIW (Very Long Instruction Word) &, 71 77 A D EATRFIC (H)
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FREREMBEEMERE L2 — RUFY¥—EORRASHKS Y —(VBL) E8F9
FI3IWITOT Ty F(2009.4-2014.3) FE RERE

MIZ) WA FEATATRER M 2 ME T2 A=A T RRENTHS. VTR EEOEER
FRE L TBEWHIFETT 28, AR72IEHIMERE SN2 WA XA RO A2 =N
THORTHEBET D, BEICEL Y EEROMEMARFTZ 2T b iuIVEREM L& ER TE 508,
—fDT v 7T A TITHBEICFKMEDIE TN D720, FIEOME D ANHEEEN R Y 7 &5
ZAONTE. Fxld, MEOETBEL S & ITHKMDORKRE Z TRl LRSI M OS5 (K
KT r) Z#HA L L TERIEEITTAZEICLY VLIW T —% 57 7 F ¥ TORERDOEL)
FIH %X % 57 (BBPC, Basic Block Parallel Computing) ##Z£ L7= (K1 ZH).

A=/ AN FEATDOREF

ﬁfﬂ 1 4 al 4 a2 14 bl
a2 > 4 a3 fi4 b2 fir4r b3
4 an A1 47 an 145 bn
(51 A) +

e bl

fiT4T b2 1

O BE A BHTT S b0 L THL, b (EH

AT bn TSy & oa & RIS EREIIT TS, Tl
} else { BN B AT, XFAT 4 BB WTICET
- VER DB

X 1. BBPC D& X
22, =y e E—IC LD THIRSIEO RS W Fik

THIE PRNCES S BHEITIX, AMERECORERF—U—RThHSH. —iiz, TH
IZEDWI B IAT T, PRI GG T o R S nubEREm EARE SR D.
W, THNE, BEOREEZ L LICLTRICEZ I FERZBMEOERNLRINT HZ LI L
DiThbhsd. Zokd, THME (THO LT ) IBEFEZOWORHAIKN TH D12 EH
W TRIOFEIZT TICHRA 2 b OPRBEINTWD A, R TIE, £, BERAIZ2MHE
MO DiEamaiT o712,

TSI ADOEITEHERBEO L LTETEL, R boE—2EALL. 1F
W b e B, RERIIICIRICHAET DEROMEEND L S ZHERNICERE /B8R & 5.
INEFHALT, 7r 77028, 70l T L0y I LIZETEHOTRILLT I ZEL,
Z IO TR OWRHEZ KD 5 FIELRE LT

3. AT AT =K L
3.1. 2 N ARE B S A7 L—PALS (PAth-Limited Speculation system)

WEHOT v 7T KL, FEORSOGIZE Y FITEFTEEZDEMENEE 2L Gt
777 ANEDREE (VNR) TEITIND N, FOHSEEOMEPTZ & OLMORE OMAE
DEOHIZTHAET D, TR E LIEFICRERIITR D0, L—T DD R LESIZR
Sl E, FEOT 0T T DNETTIEL OEELENEN 1 2RV L 22IRbND Z &%
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FREREMBEEMERE L2 — RUFY¥—EORRASHKS Y —(VBL) E8F9
FI3IWITOT Ty F(2009.4-2014.3) FE RERE

O L7z, A ZOFRIESNT LR N2 AARRERKE ST 2RELTND.

AWMFRRETIE, 2 NAREERE ST X2 ERT LD OBENR~LVTF a7 T —%7 7 F
¥ (PALS, PAth-Limited Speculation system) Z#Z L, TOHNEFMOT-DD T I 2 b —F
Z P& L 72 (X1 2) . TU (Thread Unit) 23 5 @O 7" 1 & » - 2 7 IZF Y4 9% . MB (Memory Buffer)
TBREFEATICHEI ATV T 7B 22 BT 28 TdH 5. TMU (Thread Management Unit)i 3 ¥
PN IS WTH TU TOERBFEITONEZHIHH 3 5. LS (Load Shelter)iL MB D FERE Z i 55
HHDTHD.

:;‘::01 Thread Management Unit (TMU)
— f e,
T?ﬁﬁ;?“ TU# TU #N-1

G — - I—— -
- L1 I-Cache | [ | L1 I-Cache L1 I-Cache »)
c Memory Buffer = MB - MB -
G B #0 [ #1 #N-1 D

T 1 I 1 T Load Shelter

(LS)
¥ h
L1 D-Cache

X 2. PALS Ok

32, wvFarratyEF oW a— FARFE

—f DT s T AOWIULFEEZ~ALVFaT Fak v OB EZENTE AL OMKE L
TRERBETH L. AFETIE, bLbLWIHLEERETICERI N (BKRD) 7o
7T LG E LT, ZONEMEE L BEDFITRBOFEREL S LICA Ly RERTRLHE
PATHEIL, WHIEITTHFREEZHRFLE. 22 TOERBFETISEFIETHY, b
DT T T LEOMILTED LI IZHFTIUXR WD, RN RFELRELL
33. FH~ AV TF a7 Fety oIS

R PALS I PN EES S I FIEIT AT O b O TH LN, £D—FT, EEOHEH
~NANFarFaty ¥ BT, e s I AETRICAELNDIERE D LICENIC (=Fv ST
LFEATHIZ) WAHbLZ i FELRFRE Lc., RFZEIEIREL, vl 7 A0 FEITEE 2R
T 5 A, BRI AT O HEIFIC s, fiE Tk, 7a 2T AFETHICHRDIKRL
FATEAT > TV AT ZHE L, ZOEFTOWINLIC X D EgEm LRGN0 E2RIET 5.
B“ETIE, xoOFu I h (Y—ATa T T L) OfELXHIREET, BHGET e 77 0%
NA TV BB L0 PEREERICER L, ZORNTHLERWILEITS. 202D
DOEMEMAGDED ZLICkY, v~ v FarFut v RMICIESHEET 2 RE L,
TDOFEFWHNFEATICBITT DV AT ADRFEBRT L.
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FREREMBEEMERE L2 — RUFY¥—EORRASHKS Y —(VBL) E8F9
FI3IWITOT Ty F(2009.4-2014.3) FE RERE

4. BEA =X A
4.1. # G AL A

AR EGMEOFRITT TIHEARBONRBERINTVDN, £O—FKT, FHlif, Fric
FHRMOES & T 2 ERIC K& 2 #S NS - 72 5ERIL, Ikt 2 £ 97 7 7 2 i &,
ZORKE L > THRMOES Z@Eim LT\, Z07) I %o X co el
FICE E o T\, ABFgETIE, MAEMRBAMWORE 2 O X E L < #2720 OB 3
ML LT, EERMNIMTEERRE L. Zhicky, 6k, 77 70-IRE L TERICE
BENTWELDE 2 OOFMIBEICE L DD Z LAz 7. FAAMok#kEX, Zo
2 ODIREDOK/NE S LIZERMICIT ) Z ENARETH Y, LIEOM ER &M TIEORGHC
RELFEH L.
4.2. W/ IEE R G OMIE MERREEAN & R R A L R

ek, MHAEMEAEOREMIL, ELEICE VRO EREFERICEE N7y V2EETD (T4
LIEE) LWV o ltROENTRUEZBE L2 DRZHIZ T, BEOWHI T v /T LATIET
VHELBEEITOITBRHTHY, BEIX, HHHAHE-> T—FITHEEITI 2 ENEZW
ZIT, WK EB X DNHBE/Y — 2 L BRI IEER OEE & OMAEGDLEICL Y
HAEAHE O RN 21T - 7=

Fo, WHIE R TIIEMEREZ RO DILOMR, 7oty THEARENICZ > THED,
Lo THERAEELERRHBLE 2o TV, ZRICHIELEZY S 2 b— g Vil z
19720, MEFBAMOBKREMNZE VA — b~ OB AN il EL, @SRy 2 =
L—ya Y EARRICT D HEERE L. &5ICZOFEE, GPGPU I L2 @mEkic~ v T
LT W EnD, CUDA MBI D BREEICHEAE L7z,
43. A7V MEITOBEHELZBBIELY 7 by =T —— U =7 il
KoYz hTRIFSD Tava—T 407 d~vrFar 7ot yddH i 0I305E
FHICKRGZREL TWRW., 55N E R GRS 5121, #hvE — K
U Tt T 2 ONEROHR L TENEOMELD bRB RV, —FT, n—Fv=T71{L
AT NEERT 270 7 7 AOFENBRENICHEL 0D, 20T 77 Ax4t
FEMEICH; A AT Y27 MERSHETHEL, MR EORA VN DESE — Ky =Tk
52 ENERARAE S, BB GENHEE o7 KFETIE, A7V =7 T O @S
BIETDHZE TR 7 by 2T — =R THfaE B TE 5 FIELZHBE L.

5. B8bVIC

Uk, KFvv=7 FTIEIBBEAROHIEDE 250 LIZHHERIE 21TV, SEElR %
BHZenTE. 27 wmoFEwmL (EW - ESh, 4 =T EoERS @R (Bl )
EEte), 28 FOEBREHIEER, S HFOERNIIERRICE LD TNS.

WITNDOT = b5 BROEENEENTNDIHDOTHY, A7 v v=r MOk L Tl
DTN TFETHS.
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FHEAFHIEEERERRE VL2 —  RUFY—ECRRFHKRS ~J—(VBL) &P
EIHMTOT Y F(2009.4-2014.3) E#EY R b

FuY=s 25 BEARESBAFIRY V-7 arCa—T 4 TV RT AOHIERSE
MUEPESE, REet, BEEE, XIIE

@i (OME, EHW)

1)

2)

3)

4)

5)

6)

7

8)

9)

REERE, NIERAZ, BERFESE, BHWIE (Fr 7T DAFET AR TR A L
v RoEl, A7 AlEE S 2m SCEE, Vol.22, No.6, pp.209-219, (2009))
Takashi Yokota, Kanemitsu Ootsu, Takanobu Baba, (A Quantitative Evaluation
Methodology of Interconnection Networks, IPSJ Transactions on Advanced
Computing Systems, Vol.2, No.3, pp.58-70, (2009))

Yuanming Zhang, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Clustered
Pipelined Multithreading on Commodity Multi-Core Processors, A7 AfilfElfE
W EmoCGEE, Vol.22, No.11, pp.371-384, (2009))

Yuanming Zhang, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Clustered
Communication for Efficient Pipelined Multithreading on Commodity MCPs,
IAENG International Journal of Computer Science, Vol.36 Issue 4, pp.275-283
(2009))

Yuanming Zhang, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Clustered
Software Queue for Efficient Pipelined Multithreading, Proc. 10th International
Conference on Parallel and Distributed Computing, Applications and
Technologies (PDCAT 2009), pp.116-123, (2009))

Takashi Yokota, Kanemitsu Ootsu, Takanobu Baba (An Effective Throttling
Method based on Quasi-Global Congestion Information, Proc. 10th International
Symposium on Pervasive Systems, Algorithms and Networks (I-SPAN 2009),
pp.104-109, (2009))

Kanemitsu Ootsu, Takeshi Abe, Takashi Yokota, Takanobu Baba (Loop
Performance Improvement for Min-Cut Program Decomposition Method, Proc. 1st
International Conference on Networking and Computing (ICNC'10), pp.78-87
(2010))

Yuanming Zhang, Gang Xiao, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba
(Automatic Thread Decomposition for Pipelined Multithreading, Proc. 16th
International Conference on Parallel and Distributed Systems (ICPADS),
pp.91-98 (2010))

Kanemisu Ootsu, Takashi Shiroto, Takashi Yokota, Takanobu Baba (Handling of
Inter-Thread Memory Access Dependencies for Automatic Binary-Code
Parallelization, Proc. 10th IASTED International Conference on Parallel and
Distributed Computing and Networks (PDCN 2011), pp.107-114 (2011))
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10) Takashi Yokota, Kanemitsu Ootsu, Takanobu Baba (Steady/Unsteady
Communication Performance in Large-Scale Regular Networks, Proc. 25th IEEE
International Conference on Advanced Information Networking and Applications
Workshops (WAINA 2011), pp.727-732 (2011))

11) Hiroyoshi Jutori, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Dynamic
Selection of Speculative Paths in Two-Path Limited Speculation Method, Proc.
23rd IASTED International Conference on Parallel and Distributed Computing
and Systems (PDCS 2011), pp.173-180 (2011)). (Best Paper Award % &

12) Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Performance Estimation of
Speculative Multithreading through Whole Program Path, Proc. 23rd IASTED
International Conference on Parallel and Distributed Computing and Systems
(PDCS 2011), pp.181-189 (2011))

13) Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Performance Improvement of
Hot-Path Based Thread Partitioning Technique by Unifying Loop Parallelization,
Proc. 23rd IASTED International Conference on Parallel and Distributed
Computing and Systems (PDCS 2011), pp.252-261 (2011))

14) Hiroyoshi Jutori, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba (Dynamic
Selection of Speculative Paths in Two-Path Limited Speculation Method,
International Journal of Computers and Applications, Vol.35, Issue 2, (on-line
Jii), ACTA Press (2013))

15) Atsushi Shina, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota, Takanobu
Baba (Proposal of Incremental Software Simulation for Reduction of Evaluation
Time, Proc. 3rd International Conference on Networking and Computing (ICNC),
pp.311-315 (2012))

16) Kazuhiro Kinkai, Takanobu Baba, Hiroyoshi Jutori, Kanemitsu Ootsu, Takeshi
Ohkawa, Takashi Yokota (Comparative Study of Path Prediction Method for
Speculative Loop Execution, Proc. 3rd International Conference on Networking
and Computing (ICNC), pp.283-287 (2012))

17) Takeshi Ohkawa, Daichi Uetake, Takashi Yokota, Kanemitsu Ootsu, Takanobu
Baba (Reconfigurable and Hardwired ORB Engine on FPGA by Java-to-HDL
Synthesizer for Realtime Application, Proc. 4th International Symposium on
Highly Efficient Accelerators and Reconfigurable Technologies (HEART 2013),
pp.45-50 (2013))

18) Yuanming Zhang, Kanemitsu Ootsu,Takashi Yokota, Takanobu Baba (An
automatic thread decomposition approach for pipelined multithreading,

International Journal of High Performance Computing and Networking, Vol.7,
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No.3, pp.227-237 (2013))

19) Takeshi Ohkawa, Daichi Uetake, Takashi Yokota, Kanemitsu Ootsu
(Component-based FPGA Circuit Design and Verification for Robotic Systems
using JavaRock and ORB Engine --A Case Study, Applied Mechanics and
Materials, Vols.433-435, pp.1849-1852 (2013))

20) Takashi Yokota, Kanemitsu Ootsu, Takeshi Ohkawa (A Cellular Automata
Approach for Large-Scale Interconnection Network Simulation, Proc. 1st
International Symposium on Computing and Networking —Across Practical
Development and Theoretical Research— (CANDAR'13), pp.545-551 (2013))

21) Takayuki Hoshi, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota (Runtime
Overhead Reduction in Automated Parallel Processing System using Valgrind,
Proc. 1st International Symposium on Computing and Networking —Across
Practical Development and Theoretical Research —(CANDAR'13), pp.572-576
(2013))

22) Hiroyoshi Jutori, Takanobu Baba, Kanemitsu Ootsu,Takeshi Ohkawa, Takashi
Yokota (Exploration of Highly Accurate Path Prediction Mechanism using
Detailed Path History, Proc. 1st International Symposium on Computing and
Networking —Across Practical Development and Theoretical Research—
(CANDAR'13), pp.582-586 (2013))

23) Masayuki Omote, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota (Efficient
Data Communication using Dynamic Switching of Compression Method, Proc. 1st
International Symposium on Computing and Networking — Across Practical
Development and Theoretical Research — (CANDAR'13), pp.607-611 (2013))

24) Takeshi Ohkawa, Takashi Yokota, Kanemitsu Ootsu (A Prototyping System for
Hardware Distributed Objects with Diversity of Programming Languages
---Design and Preliminary Evaluation, Proc. 2013 International Conference on
Field Programmable Technology, pp.474-477 (2013))

25) Takanobu Baba, Hiroaki Miyata, Boaz Jessie Jackin, Takeshi Ohkawa,
Kanemitsu Ootsu, Takashi Yokota, Yoshio Hayasaki, Toyohiko Yatagai
(Interpolation-Based Object Decomposition and Parallel Computation Method for
Large-Scale Computer-Generated Hologram, Proc. 12th IASTED International
Conference on Parallel and Distributed Computing and Networks (PDCN 2014),
pp.200-207 (2014))

26) Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota (Performance Estimation of
Hot-Path Limited Speculative Multithreading on Entire Program, Proc. 12th

IASTED International Conference on Parallel and Distributed Computing and
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Networks (PDCN 2014), pp.258-266 (2014))

27) Takashi Yokota, Kanemitsu Ootsu, Takeshi Ohkawa (Performance Impacts of

Arbitration Functions of Interconnection Network Router for Steady/Unsteady
Communications, Proc. 2014 International Conference on Computational Science
and Computational Intelligence (CSCI'14), (accepted, to appear) (2014))

@ =55 7 & (plenary lecture:PL,invited speaker:IS,oral presentation:OP,poster presentation:PP)

1)

2)

3)

4)

5)

6)

7

8)

*OP* Yuanming Zhang, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba,
"Clustered Software Queue for Efficient Pipelined Multithreading," 10th Int. Conf.
Parallel and Distributed Computing, Applications and Technologies (PDCAT
2009), Hiroshima, Japan, (2009).

*OP* Takashi Yokota, Kanemitsu Ootsu, Takanobu Baba, "An Effective Throttling
Method based on Quasi-Global Congestion Information,” 10th Int. Symp.
Pervasive Systems, Algorithms and Networks (I-SPAN 2009), Kaohsiung, Taiwan,
(2009).

*OP* Kanemiysu Ootsu, Takeshi Abe, Takashi Yokota, Takanobu Baba, "Loop
Performance Improvement for Min-Cut Program Decomposition Method," /nt.
Conf. Networking and Computing (ICNC’10), Higashi Hiroshima, Japan (2010).
*OP* Yuanming Zhang, Gang Xiao, Kanemitsu Ootsu, Takashi Yokota, Takanobu
Baba, "Automatic Thread Decomposition for Pipelined Multithreading," /nt. Conf.
Parallel and Distributed Systems (ICPADS), Shanghai, China (2010).

*OP* Kanemitsu Ootsu, Takashi Shiroto, Takashi Yokota, Takanobu Baba,
"Handling of Inter-Thread Memory Access Dependencies for Automatic
Binary-Code Parallelization,” [ASTED Int. Conf. Parallel and Distributed
Computing and Networks (PDCN 2011), Innsbruck, Austria (2011).

*OP* Takashi Yokota, Kanemitsu Ootsu, Takanobu Baba, "Steady/Unsteady
Communication Performance in Large-Scale Regular Networks," /nt. Workshop
on Quantitative Evaluation of large-scale Systems and Technologies (QUEST11),
Singapore (2011).

*OP* Hiroyoshi Jutori, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba,
"Dynamic Selection of Speculative Paths in Two-Path Limited Speculation
Method," 23rd IASTED Int. Conf. Parallel and Distributed Computing and
Systems (PDCS 2011), Dallas, TX, (2011).

*OP* Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba, "Performance
Estimation of Speculative Multithreading through Whole Program Path,” 23rd
IASTED Int. Conf. Parallel and Distributed Computing and Systems (PDCS 2011),
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Dallas, TX, (2011).

9) *OP* Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba, "Performance
Improvement of Hot-Path Based Thread Partitioning Technique by Unifying Loop
Parallelization," 23rd IASTED Int. Conf. Parallel and Distributed Computing and
Systems (PDCS 2011), Dallas, TX, (2011).

10) *OP* Atsushi Shina, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota,
Takanobu Baba, "Proposal of Incremental Software Simulation for Reduction of
Evaluation Time," 3rd Int. Workshop on Advances in Networking and Computing
(WANC), Naha, Okinawa Japan, (2012).

11) *OP* Kazuhiro Kinkai, Takanobu Baba, Hiroyoshi Jutori, Kanemitsu Ootsu,
Takeshi Ohkawa, Takashi Yokota, "Comparative Study of Path Prediction Method
for Speculative Loop Execution," 3rd Int. Workshop on Advances in Networking
and Computing (WANC), Naha, Okinawa Japan, (2012).

12) *PP* Takeshi Ohkawa, Daichi Uetake, Takashi Yokota, Kanemitsu Ootsu,
Takanobu Baba, "Reconfigurable and Hardwired ORB Engine on FPGA by
Java-to-HDL Synthesizer for Realtime Application,” 4th Int. Symp. Highly
Efficient Accelerators and Reconfigurable Technologies (HEART 2013), Edinburgh,
Scotland (2013).

13) *OP* Takeshi Ohkawa, Daichi Uetake, Takashi Yokota, Kanemitsu Ootsu,
"Component-based FPGA Circuit Design and Verification for Robotic Systems
using JavaRock and ORB Engine ---A Case Study,” 2nd Int. Conf. Mechatronics
and Control Engineering (ICMCEZ2013), Dalian, China (2013).

14) *OP* Boaz Jessie Jackin, Hiroaki Miyata, Yoshio Hayasaki, Toyohiko Yatagai,
Takeshi Ohkawa, Kanemitsu Ootsu, Takashi Yokota, Takanobu Baba, "Proposal of
Fast Calculation for Large-Scale Fresnel Hologram using Interpolation Method,"
Int. Workshop on Holography and Related Technologies 2013, Kitami, Hokkaido
(2013).

15) *OP* Takashi Yokota, Kanemitsu Ootsu, Takeshi Ohkawa, "A Cellular Automata
Approach for Large-Scale Interconnection Network Simulation,” Ist /Int.
Workshop on Applications and Fundamentals of Cellular Automata (AFCA’13),
Matsuyama, Ehime, (2013).

16) *OP* Takayuki Hoshi, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota,
"Runtime Overhead Reduction in Automated Parallel Processing System using
Valgrind," 4th Int. Workshop on Advances in Networking and Computing
(WANC'13), Matsuyama, Ehime (2013).

17) *OP* Hiroyoshi Jutori, Takanobu Baba, Kanemitsu Ootsu,Takeshi Ohkawa,
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Takashi Yokota, "Exploration of Highly Accurate Path Prediction Mechanism
using Detailed Path History," 4th Int. Workshop on Advances in Networking and
Computing (WANC'13), pp.582-586, Matsuyama, Ehime (2013).

18) *OP* Masayuki Omote, Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota,
"Efficient Data Communication using Dynamic Switching of Compression
Method," 4th Int. Workshop on Advances in Networking and Computing
(WANC'13), pp.607-611, Matsuyama, Ehime (2013).

19) *PP* Takeshi Ohkawa, Takashi Yokota, Kanemitsu Ootsu, "A Prototyping System
for Hardware Distributed Objects with Diversity of Programming Languages ---
Design and Preliminary Evaluation," 2013 Int. Conf. Field Programmable
Technology, Kyoto (2013).

20) *OP* Takanobu Baba, Hiroaki Miyata, Boaz Jessie Jackin, Takeshi Ohkawa,
Kanemitsu Ootsu, Takashi Yokota, Yoshio Hayasaki, Toyohiko Yatagali,
"Interpolation-Based Object Decomposition and Parallel Computation Method for
Large-Scale Computer-Generated Hologram," 12th IASTED Int. Conf. Paralle/
and Distributed Computing and Networks (PDCN 2014), Innsbruck, Austria
(2014).

21) *OP* Kanemitsu Ootsu, Takeshi Ohkawa, Takashi Yokota, "Performance
Estimation of Hot-Path Limited Speculative Multithreading on Entire Program,”
12th IASTED Int. Conf. Parallel and Distributed Computing and Networks
(PDCN 2014), Innsbruck, Austria (2014).

22) *OP* Takashi Yokota, Kanemitsu Ootsu, Takeshi Ohkawa, "Performance Impacts
of Arbitration Functions of Interconnection Network Router for Steady/Unsteady
Communications,” 2014 Int. Conf. Computational Science and Computational
Intelligence (CSCI'14), Las Vegas (2014). (to appear)

23) *PP* Boaz Jessie Jackin, Hiroaki Miyata, Takeshi Ohkawa, Kanemitsu Ootsu,
Takashi Yokota, Takanobu Baba, Yoshio Hayasaki and Toyohiko Yatagai, "Parallel
Computation Method for Large-Scale Computer-Generated Holograms by
Decomposition of Object and Hologram Planes,” /nt. Conf. Optics and
Oproelectronics (ICOL-2014), Dehradun, Uttarakhand, India (2014). (to appear)

24) *OP* Takeshi Ohkawa, Takashi Yokota and Kanemitsu Ootsu, Masahiro Aoyagi,

Katsuya Kikuchi and Hiroshi Nakagawa, "HW/SW Hybrid Processes Network
with Application Layer Communication for 3D Chip Stacking Systems," 16th Int.
Workshop on Innovative Architecture for Future Generation High-Performance
Processors and Systems (IWIA), Kohala Coast, Hawaii (2014) (to appear)
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3) +J&5L%s, 23rd IASTED International Conference on Parallel and Distributed
Computing and Systems (PDCS 2011) Best Paper Award ("Dynamic Selection of
Speculative Paths in Two-Path Limited Speculation Method") (2011 4= 12 H)
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BIR 21TV, ZHICRETHTETH
5.

hiS

BRHEL-5

2. 15K HRE o i

3. EBAE L HIE THEOEAEKE A oM
3.1 HE

A, HE7Z T TlEZe < G AE E AW TE s OB N L < AIThild Koo TE .
Bl 21X, BEVEOEEEIRERES LN ORBIEN Or Ry b, £/, "AORELER
ENRFEFOND., ZOXI R END, HlH T3 WG TS0 5 OM#EEH T 5 A M
DRDHINLTNWD. UL, I LFEsEBRAHE TS EHGIIIRVWFHEZET 5720, &
PMTEGZFHDOTLEI ARSI TR, F1D0N6 200 0EGEZ 8T 5 N F(E
T5. LIznoT, REWIZEEEZRD DRTOERE, >F 0, FIMEBEFTOEBICEWNT, B
HLAZED ], [RoTHREW] EWHEMRAME TS Z ENEELEEZ L. £ 2 TRIFE
1%, FIHIBE OBERSIZBWT, T & B AR T 0l 5125t U CRERKE Bkl ¢ X 50k
T 2B OB LB E L.

3.2 ARCS EF/VDiE

WET1 8 % B BAFE DT, ARCS ET NV EZWMT 52 LaB 7. ARCS £7/ViL, ##
WXt 2 EE-SI1F %, A E7 /L (Attention), R “E7 /L(Relevance), C &7 /L (Confidence), S -E
7 )L (Satisfaction)D 4 DOERIZGHEHLIZET LV THD. AETTNE, BLLAZEH ] Il
DERE, ELESIC ZEICHT2EETHY, RETE, RUVBWBHVEI] LWVHF
HHBEICHETLIHELZLTHD. 2L T, CETAIL, [RNIETEZES ) L) EREICETS
BHRTHY, S ETNVEFR~DBRIZORND [RoTEhroTe) LWIHRBKICHETLE
FLlpoTn5.

AM7ETIL, /PNEA~Y 272 (AR.Drone) Z %5 Z & & L7z, AR.Drone I&, B A 7 D3
WTRY, HEEIESCEBRLUIEEY 7 r /7 I 7T 52 LR TES. ZE MV ARCS £
TADBEMIZOWTIEND . T, PMUAY a 72 272 0 FH CRESELZ2LICLY, TBb
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LAZEY ] REFHRFIR-TED25EE2 (AET V). WIZ, BBAEIZ X5 EWiK
DODHBEBHOTE LA ML —varERTHE6 9. AR TOEELBIET LI Licky, &
BTL2M@EREDOL IR SN LONERGESE, FEHEIZ TRV W] Z2RHOZERT
XHLEZDZRETA).RICHBEIEAO T A —2BLOEIMEHAD ST A —2 2% %,
CYEOABBETE LA ML —va VEBZELTHLL, BEVEZRBELTHL . Zhic
Lo, #FEFCONTITELIRELE-THHA25EEXD (CEFL). ZLT, RBICHE
BB EICAT A= EHRELTHHI. ZHICLY, MREEIELN, o Thhols
LESTHEBRDEEZXD (SETNA).

3.3 EB

KEM DR 2RI D72, HIH THB X OB AL T 52 5 A TU e U i 5 P 22
D 1AEAE, 40 NERtBE L, EREITWD, 77— bl 24T 72, EBRiZ, BEOHA L,
AL RETNOMOHAT-T=. T 27— ML, #ilf & mgas, zhznicxkLc,
R0 E Lico 2, [GEFE, Bk - BLEm< v ELan?), oM =nTd
P22, THlE (B{GOER) 2 LB i Eo CAHAIWTT N2 WO HA L Lz

T — MRERE 3, 41RT. K3 AHENIH T LT = MR TH Y, M4 3
WBZwtT 27 o r— MERTHD. ZOMENS, REMIL, H#HB LI OEEBLE, Zi
Zrizxt L CTEBNC BB ZME 3 2 721 TidZe <, WA LT RFFICERZME S 5%
RBRHDH L BB L.

B sopEs 5 ecaEs [ EubTibL B <sciEs  E sciEs [ eestibn
prgEsny Wl 2<BTEELL prgEsny [l £BTEEED
10% 2%
A <
P X R 13% 35% 35% 15%
% 5%
- k- 2
DASEC 12% DAEC 28% 52% 15%
gofz 5otz
2%
& —]
ifive 15% N oL 35% a0%—  25%
7%
e — s —
foT = | frdiet 53% 35% 10%
Ff=Ly Py =
2% 2%
0% 20%  40%  60%  80% 100% 0% 20%  40%  60%  80% 100%
X 3. M3 2T v — MR B4, BGLIRZKT DT v — MER

4. FES

AT, v~ 78R —LOMHEEZRIHT 2720, BIFICET 2RE S L O 4L
WX EMmE TEARE L. £, BEBELEEHIEOMEE B T HEINEBFRO =D, H
AR & i 2 RIS R D B OB 21T - T2
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A4 XIPFDFESNRRIEEICET SR

RREM (FHd=z)*>! ynagao@cc.utsunomiya-u.ac.jp
PACRIAIE GEREIEE) "2 saren1979@yahoo.co.jp
wHET (D2)*? 50012951007 @st.tuat.ac.jp
EfEH D (M) *h 4 sugar_madder_gon@yaho0.co.jp

1 TR R R R

2GRN E RIS AT SRR g L 2 — RSP VBL #Y

3 MR LR PR FRGE G B P LR A AR R I
M FEE RFRFPEE P RRHE LR A A R 7 REIK

1. %%
A XIZRWTIE, hoBEMWFE & bl U TN LBIHEIN OEARITE S | WE IO RIS
R, PRSI S TRV ORBURTH D, A XINT-OREGEBRIE, L
BOPTEDLDTRENTHY . PRI FIIRE 2RI A A L, YRR ICINE N CTH —misy
A B LS — MR Z Bt U, —ARE9 7 FLEM O PRI C &b £ 55 R SR NC AT 5
(Tsutsui et al., 1989), A XIPFDRIBERAFRIZONTIT, MMOMHFIAL L THE L K
WHDTHS (Kim et al., 2005), AR RF EL, (KO TLERNCE < DA XEFINTF-%
525 Z EMARBICZ AL, DTk < HER L OMEA X O BB 2 40T 289 8
ROPEMPENE 72 E OFRAE THHENIEM T2 Z ENFREE 20 | BH L EEROBRIZMIT oA X
YIF-DEINER R PR E SAET 5, — RIS, BRAUITF255)7EL LT, BIFHELEICLY
(KN TS B0 72 B2 5k L . I ORI 2 BB L, (RS AT & - Tk
RINTETDFEDRH DB, WTNOHIETH A XORBINTE2155 Z L 13D THREETH D |
M OEFE CHNL SN TV D ERT 2T D EEA XIIUSHTH Z LIXTE W, T 2 TR T,
T L CHARE SN TR R RIE A JRIT LT, i So A PP BB S AV R R IR
BRATHZANTIERN L CEFED Z L2 BHIE LT, A XRMAINF DB & 5E2RER oo B,
EERR P OMER VT | 3 L ORI O RR R A D3 IR F DRI R RAE T BB DV T
L7z,

|

-

2. BB LV

BRI CREAE TS & - T S Au 7oA IR HAIEITAIC X0 B AR R854 (COCs)
ZERELL IR AR S B (TR LTz C0Cs Z0gehl] L CHREBRICHGA L7z, BUTFITR Lo (RS ks
TR THRIZ, ~F A MRAEEEEAZER L, BHZ2IES L — P —BEI L0 R L, Rl

- 310 -



R 25 AREE FHEPE RS VBL M AR A B2 BFSERCR R

RaHh Lz, 375, JIZNEH (GV 1) . JIEZNa RSS! (GVBD 1) | B — IRy & I (M T 44)) |
5 IR R P (M) 36 KX OVE PRI L7z, E£72. GVBD #1726 MITHTE T % &b Ty
HEB L L, B E REROIIFED DERWIZHE SIS, ZREND AT =V DOFEERDT,
ROITARERIT, <P REE 132 BERMRE I TREHIIT 217 > 72,
SRR 1. RABE R DN A X AR DRI RN R E S R

medium199 (m199) XA MR E LT, JP-F-H5a H3EH (TVMD) X2 EER X & LT, £ EIUE
EEA% 48 PR ICEEREA Z AR U TRl Ao IR B 2 Al L 72,
SR 2. AR AR IFRI 3 A X R REAIRF D ARSI AR T T 5%

FREAEEZR I TVMD 2 VT, RS BAA DN D 24,36 B L V48 BRI A% E L, B8 T
B\ [E A Z A ER L A DR RE 2 F L 7=,
EB 3. BRI ~DOPER VT OYINDBA XK DRI K E 3 8

PR IRIZIE m199 2 AV T, U SPNF ORISR I W B D IR B CONfa A L&
(FSH)10p g/ml L =X RT A —L 173 (E2) 1. 4ug/ml ZHMULTZK A 1 EXB IO 5 HRED
FSH 50 u g/ml & E2 Tug/ml ZINLIZRKZ 5 HFXE L, AVEVERINKZBRX E L, £
MU AEE 2% 48 IR 1 B EARA 2 /R H U TRk oIR8 2 Al L 72,
TR A BRI A~ O RER T O A X ARRLAIN T ORI T T 52

PRSI IE m199 & VT, (RSB, A v 2 U UEEREIRF T (IGF-1) % (0,
0.5, 5BEL50ug/ml) HDHWIE, FTU AT 3 — 3 VIR ERF o (T6F-«) (0,1, 10 B LW
10 0 ng/ml) ZHHN U 7= B30 P CROARE 2R U 7212 IS [ EREA 2 RS U BV IRTE 2 54 L 7=,

3. RWRLEBZ
FEBR 1 £ LR LM@Y . B AEBRICB O T, IWD K%, ml99 X & ik L TR0
o7, IWD XiE, m199 X & AT, MI HIRAAREICEVEZ R Lz, IVMD (ZIXIRF O picigdE
KT ThHdTF-a, £ AV UBIOELEUVRER ERRIMENE Y, T OWE D e
BREATEZ D LWV oo flix OVERPFHEEDRE 72> TM HIOETEH{RES T LB BND,
# 1 RS A X RTINS R IET 8
ERX R B HDAT—2 (%)

Y144 GV GVBD M I MIT 8 AT

ZEPER (%)

m199 [X 48  2/27(26.0) 12/27 (44.4) 8/27 (29.6)a  0/27 (0) 20/27 (74.0) 21/48 (43.8)

IVMD X 100 11/51 (21.6) 16/51(31.4) 24/51 (47.1)b 0/51(0) 40/51(78.4)  49/100 (49.0)

FRIELL : 51H ab: BESMICAEEDY  (P.05)
R 2. R 2 TRLICEY | BREAREIC DWW T, 3 XD TEITA GNRD > 7208 48 FEfE X1
UNVTIE, MITHISEAS 24 REfE] & 36 B IKIC AR TRERWEADA R 67z, T2 &b, &Ry
& L CIX 48 FEN Y TH D Z &R X7,
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K 2. BRIAER RIS A X IPF DRI KIE T 5

ERRX ik WA HD AT =2 (%) PR
e GV GVBD M I MII Wy LB (%)

5/33

24h 33 6/28 (21.4) 5/28 (17.9) 17/28 (60.7)  0/28 (0) 22/28 (78.6) 152
15.2

36h 71 12/64 (18.8)  21/64 (32.8) 27/64 (41.2)  4/64 (6.3) 52/64 (81.3) 7171 (9.7)

48h 43 8/39 (20.5)  14/39 (35.9) 11/39(28.2)  6/39 (15.4) 31/39 (79.5)  4/43 (9.3)

FEBREIEL 6 [

R 3. F 3 T/RLZIEY | W RHERRIIMER LT VIERINKIZHER T I ERB L5 FXT
BElZEmWMEZR LI, o, LEFXE 5 EXIZRWT, MOTHIERm B L, ZBMRIME< 72 513

ARGz, ZAbDOREEND, E2 & FSH T, MBS EVEER R 2 FHE L T2 Z & AVRE

=Y AW

3 BRI P A~ OVERIVE > DUIMIAA XIS DRI KT 508

EKErX R WEA LD X T —2 (%)
. — M (%)
ORT-%% GV GVBD M I MII K 5y 2P B
XX 67 17/60 (28.3)  22/60 (36.7) 21/60(35.5) 0/60 (0)  43/60 (71.7)a  7/67 (10.4)
1fEX 46 3/42 (7.1) 11/42 (26.2) 26/42 (61.9) 2/42 (4.8) 39/42 (92.9)b  4/46 (8.7)
5K 71 3/66 (4.5) 29/66 (43.9)  29/66 (43.9) 5/66 (7.6) 63/66 (95.5)b  5/71 (4.0)
SEBRAIEL 2 5 [H] a~b : B SHEICHEEZEZH Y (P0.05)

ER 4. RABIOS IR LIZHEY | T6F-a 10 ng/ml #INX CHLO X LD MITHIZE D3 &V MBS R
Sz, IGF-TI2HBWTIE, MTEZRIZHOWT, 5 BLO50u ¢/ml INK THEEMEIZHRTH
BEIZEWVERS RENT-, Z0HOFER LY . T6F-a B I OIGF- T OWIIL. MIE~DOHEIT 22

g5 2 ENRE T,
7% 4. TGF- o 23 A X RFAIFT DRI LT BT T 548
TGF-a R BWESHOAT—T (%) ZEVER
(ng/ml) SRk GV GVBD M I MII WK 5y LT (%)
0 85  4/79 (5.1) 38/79 (48.1)  29/79 (36.7) 4179 (5.1) 72175 (96.0) 6/85 (7.1)
1 88  4/84 (4.8) 40/84 (47.6)  33/84(39.3)  7/84 (8.3) 80/84 (95.2) 4/88 (4.5)
10 115  12/108 (11.1) 39/108 (36.1) 46/108 (42.6) 11/108 (10.2) 96/108 (88.9)  7/115 (6.1)
100 91  6/83(7.0) 48/83 (55.8)  26/83(30.2)  3/83 (3.5) 77183 (92.8) 8/91 (8.8)
FEhRIAI%L - 6 [F]
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# 5. IGF- 1 254 X RHBINF DSBS RIF T 5%

WSO AT — (%)

IGF- 1 gk SRS
- % Gap s
(zg/ml)  DRFEL GV GVBD M I M1 (%)
B

0 66 3(5.2) 29 (50.9) 32 (56.1) 1(1.8)a 62/65 (95.4)  1/66 (1.5)
0.5 88 12 (15.2) 42 (53.2) 27 (34.2) 4 (5.1)ab 73/85 (85.9)  3/88 (3.4)
5 74 5 (7.8) 32 (50.0) 23 (35.9) 7 (10.9)b 62/67 (92.5)  7/74 (9.5)
50 77 11/74 (14.9) 30/74 (40.5) 24/74 (32.4) 9/74 (12.2)b  63/74(85.1) 3/77 (3.9)

FEBRIEHL : 6 [a] ab: B SHICARZHY  (P<0.05)

4. #EE

IVMD 134 X ARFEIP DRI ERERIEE LTAATH Y . F7-A X RBIN T DRSS
BT L UL 48 BRI NS TH D Z L WNVRIB EN T, & HITHEFRLE RO R KA 2 Ao a3
B ICIRINT 5 2 & C, 2L 0T AT 5 2 E N FB STz,

5. BEER

1) Tsutsui T. Gamete physiology and timing of ovulation and fertilization in dogs. J Reprod
Fertil . 1989;39:269-75.

2) Kim MK, Fibrianto YH, Oh HJ, Jang G, Kim HJ, Lee KS, Kang SK, Lee BC, Hwang WS.
Effects of estradiol-17beta and progesterone supplementation on in vitro nuclear maturation
of canine oocytes. Theriogenology. 2005 15;63(5):1342-53.
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SRR 25 4RSS FEE RS VBL EF AR A R 27 e ak S is

ARKE V7 v —RBEPYETRERE LELY VBRI - B
FELEIC L AL T TNV a— VAEEEROBRR

BEHE = (Bd2)", AR K (EER)?, SREmt HEHEER) 7,
& A GRS SR B)™,
EHEFERD2),
HTFH "M2)° fHEiLB4)"7

*1 RTEHARMNWE Y yokotas@cc.utsunomiya-u.ac.jp
*) REEARME AL ishiguri@cc.utsunomiya-u.ac.jp
*3 PRI MEE R kiizuka@cc.utsunomiya-u.ac.jp

*4  VBL, K7FFfE 7 ERBRME ¥ H Y ytakashima@cc.utsunomiya-u.ac.jp

*5 0 FORUR LR R PO & T JE R BR 58 R 2L AR B B 50012953002@st. tuat.ac.jp
*6  RFPEE AT FE R AR EL T 5 mal28505@cc.utsunomiya-u.ac.jp

*7  RTEEARMWE R a103506@cc.utsunomiya-u.ac.jp

1. #65

A, BW—Rr=a— I VEWVWIBENTEASH, REAMODLRWOALFT NV a—)L
DEFEMEABEIONRBL LTHEESR TS, XA AT va—LoAEE LT, BEFEMAIC
J& 9 HlERE (Saccharomyces cerevisiae) # /==& J — VAEERFE L L TRF SN TETE
D, TNETIKEZLOWEMTONTETND, £, EF, BKIEME TH 5 Clostridium
BEEZMHWT® e T H )= e = ) —)b (ABE) BESEAINTWVD, LLAR
MWH, TNUHLOEEIZAHNLNLFEENIIE, Y hyFeERhvErav 0o /EEHE
TOHREBRHNENL ZENEL, 4%, BN EB LMl ESKEs 32N rH 5,
ZDT, KEARNANA T AEHNTEAAL AT V= VOEFERLELE IR TS, KAER
NAFANSDNA FTa— VAL, Bra—2&2MKSRL, SoNn-HEEZ A
BNCT VA=~ BT 52 LTI D, LLRRG, RERAA A AFotLn
—ABLUONI AR =T, V7= CEVEEINTERY, Znn, HE~0LE#EZR
EFTDHID, V=V ERETOIALEPLETH S,

—RIC, HESNLIEMEO 2L, ECAMBABHEIZBL, V7 =r20RT %6
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Rk 25 AFEE FHERE RS VBL P AR A R 7 WFFERCR HAS

EETDH, o, RATOIREERKIE, V7= 0boRENMHE L OENE LIEARERA
AFVYATHDHEBEZOND, EOD, BHEOZFEEIKIL, AT T3 — VARERE
ELTAEHATHDIEBZOLNTEY, ZNETIE, VA5, 2 X7, v ZT75BXW
7?/7“%7 T DOBEEEIZOWTHRRT S T& T 5D (Yokota et al. 2007, Irawati et al. 2012)
I, AHEDO ZREKRZHEBREICHAA LT, &0 & L-RICELN D EEKIT

V7 =D RE L OVEMEN S BITHEIT LR ’é’f%\/wﬁvx?&;ék%z%ﬂéo

KGR T, A Z RIS A 2 T BERIRZ BRI LTz, A & 7 3sstk O BER IR
Z, V=V OB L OEMEDNELVTEREANS T~ ALRZ, ZOREKEZHWT, =X
J—VEBLWABE BEEZITH 2 & T, "M ATV a—VAEEREE LTofgAMEE2 B L7z,

2. MEEE Tk
2.1 Bt

ARRFFECTIX, BEHEIR Z R & Lcume 3, filkoaro5 vy, arI4+7a,
72'?3%&()\%@&77/1/‘/'7A%ﬁﬁh\’ﬂ’ﬁ%b?‘: Kz =2 he—u (C) & L7, 72,
C DEEREEHZ AN TIA Z 7 BREZITV, 155 BEE IR &2 B A ISR L CERI L
THEEREHAZ R1 & L7z, RI OFEEBHIZEWTIE, C OBEEKZEHIZ 25% MLz 6 0
ES0%IMLI-bo 2fEEHEL (ZF4, R1-25 B X WRI1-50), EREGTHA~D 7 A<
KTORBAN T T AORMEEZ 8B LW 1.5% (£, R1-25aiootUR1-25b), £72, 10
BELOW1.0% (ZHEi, R1-50a 35 L OVRI-50b) & L7z, R1-25a W\ T A & 7 fHbs %417
VY, 15 DAVTC BEREIR Z B LA IS IR L2 ERE LA R2 & L7, R2 OBEIREFHLICIH W T
%, R1-25a OFEHEKE 25% ML, 7ABIORBEBI LT LAOHRMNEEZ 8§ BLT1.5%
ELTELOEHAE LR (R2-25), 7ok, WTILIZBWTY, U A ¥ gk OFREKE Hv
2o fFONIZBEREIRIL, 45°C THIBEL, ZTD%, n— X —AE— NIV THIRLT, kL
7oRBHE, RIfR 180~355 um (250 L, LN OHTICER Lz,

22 ’ﬂﬁ%ﬁk/\/\
21 CHEBNTEREBHZOWT, =& 2 —/L s NV U, 75—V ) F=, BRI
M) F=r, detrlo—2ABLWa-Elua—2%, WECIVERELE,

2.3 BEEPELALER

M RPELALBRIZIE, MR L TAAM BT —E (Meiji Seika 7 7 /L~) &7, 45°C T
Mz L7230k 200 mg %2, 10 mL & L AUES #4512 , PEEAEESE 50 mg 2 AfiE L 72 0.1 M FEfg
PEER (pHS5.0) 10 mL 2Nz 7=, =D, %r~§7~ c N ez B—%FHWT, 40°C,
60 A b7 —7 /min T 48 RFFIEEIREEAEE LT, BERBE(LOERG, B ZHESTEL,
WS LT,

24 =X ) — LI
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faEERE & L C, Saccharomyces cerevisiae NBRC 0224 % H 7=, FEEEHE:# (10.0 g/L R
URT by, 5g/LBERF=F R, S5g/L, BIO2g/LAiilit~ 27 % 7L, pH6.0) (2, KL
% ORBEARE 2B EE, v —H— - NR -z A —%HT30°C T 96 e, &
EORAE CREFLEE L=, Z O, 24T Llc=s 7 — VRERIERORE 2 88 L7z,

2.5 ABE %%

fHEGME & LC,  Clostridium acetobutylicum NBRC 13948 % FV 7=, REEA R HIE, 1 g/L
B A, 22g/LEEET Y E=U A, 0.5g/L U U KFEIIV T A, 05gL YV UlKFE
J1 U T A, 10 mg/L g~ > H >, 10mg/LIE LT U 7 A, 02 g/L it~ 7 %> 7 ALK
W,10 g/L i fegk LK, 1 mg/Lp-7 2/ ZEFBB IO 1 mg/L LR &2 &eEiilz,
BEERALBEOREZ 7L a—AHERT300mg ST & ) ICIAMR S, 1 RO EHE T A E
BB LIOA— 7 L—TIC X W ET%, 10 gmL EFF o2z TR L, Totk, R
WAL, 37°C, 96 WFRIREEZTT -7, ZOM, 24 B Z L2, JEBEIC X D4R
BEMAOREIZ8HI L=, £7-, BREL7-H EO pH %, pH REKZ H W CTHIE L7,

2.6 FIEEA A UMK v~ N7 T T 4 —IZ K B REER MR O HE O E &

OYMTATIE, BE AT e A A4 v ik 7 v~ k25 7 (HPAEC) (DX500, Thermo Fisher
Scientific) & AW 7=, 0T B 7 LB L OH — KT AIIE, ZiZ 4 CaboPac PA-1 (4 x 250
mm, Thermo Fisher Scientific) # X' (4 x 50 mm, Thermo Fisher Scientific) %\, » 7 A
B, 77 54 —7 2 (Model 502, EYELA) % VT 30°C (2% E L7z, AHERIZIX, 16
mM KER{ET N U T AKERZ VY, fiE | mL/min (232 E L7z, 728, B OEAEIX 10 uL
L7,

27 HAI v~ 87T 74— X DHBEERDDE &

IHTICIEL, A7 v~ 777 (GC) (HP6890 Series GC System, Agilent) % f\y, #7
LZIE, ¥v EZ Y —47 A DB-ALCI (30 mx 0.32 um, M/ 1.80 um, Agilent) % M 7=,
HEARE, BE 250°C BELOATY v FE—F (10:1) IZRE LT, ¥¥ U7 HAIZIX, He
Z My, 20 psi EET, AT ALRE%E 40°C (—E 10 min) —150°C F-ii (20°C/min) —150
°C (—/& 10 min) ZEE L CHIE LIz, 7ok, V7 VEAREIZTO0OSuL & L, NEELYE
LT, =X )= VREBERYOERTIX2-7 03 ) — /L%, ABE REEAERY O E R TiX A
2 )=, THENHWI,

3. MR LB
3.1 BEERH DAL PR Sy &

FAuotro—2BXWN o-Er—R BN TIE, CIZBWTKRLEWEZRL, KA
R1-50a IZBW TR bIEWEEZ R LTz, £/, BEKRKOFAet Lo —XAB X Wa-El e — &
X, aFIRBoEAEHETLHE, WThb SRKETHEIEWELZ R Lz, —FH, 7
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T VT VEICBWTE, a I AREERKRT S L, TRTOERFHKIZEBWVT, 5%K
ETHEIERWEZ R L2, BEIKETAEETROLNRN T, RERASAA I~ A%
MRS L6, V7=V BN DIEEHIRRENZ LRI TWVS, 2D &
N, AR CHEEIE L THWERERRKICOWT S, ikl r S — Y o) 7= mnd i
=8, MEELFEEELTHFATHIEEZ DD,

32 =& ) — L%

KBTI LI, mTd ) — VIRE LR EOANREENOHAE L2 ) — /L O%t
FERIL, AKX TR 100% Th o7z, £7o, =F 7 — VIREEREHIZIRMN L 72 BE iz >0\,
RO REERRE MO X 2 ER & L — i E DB 21T o7& 25, 5% KETH
BEEIRDONGRN-Tz, LEORERNG, A X FBEEKE BREHIZEMLT, VA%
TREETSTHOERR TH- T, =& 7 — VAFEREE LTHHARETHL EE XD
no,

3.3 ABE %%

TukeyHSD VEIZ X 5 ZHILRE DR R, 7% /7 —/VOXHEIEIL, R1-50a 2255607
PEZBIM Lo A R < TR TOEMT, ARERETIRDONAR o7, U EOFRRENS
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1. Introduction

The demands for solid and pulp woods are increasing in Indonesia every year. On the other hand, trees
in natural forest are decreasing due to excessive logging and illegal logging activities. In addition, desirable
wood for solid wood usually comes from long rotation plantation tree species, such as teak and Shorea spp.
Therefore, it is important to utilize fast-growing species with good wood quality. Gmelina arborea is one of
the fast-growing species in Indonesia. It is considered to be a promising species because of its ease and low
cost of plantation establishment, rapid growth, and wood suitable not only for pulp and paper production
but also for solid wood products. Some researchers have investigated the wood properties and anatomical
characteristics of G. arborea (Espinoza 2004; Kojima et al. 2009). However, information on the wood
quality is limited in G. arborea planted in Indonesia. Thus, this study clarified the effects of radial growth
on anatomical characteristics and wood properties of 5-year-old G. arborea planted in Indonesia.

2. Experiments

Five-year-old G. arborea trees (54 trees) planted in Yogyakarta, Indonesia (07°54° S — 110°32” E) were
used. The trees were initially planted with 1.5 x 3 m spacing. The stem diameter at 1.3 m above the ground
and stress-wave velocity (SWV) were measured. Furthermore, the trees were categorized into three groups
with different radial growth rates based on mean value and standard deviation of stem diameter.

3. Results and discussion

In the present study, the mean value of stem diameter in 54 trees was 13.1 = 3.5 cm. Table 1 shows the
statistical values of stem diameter from nine selected trees with different radial growth rates. Significant
difference was found in stem diameter of three groups. Furthermore, positive significant correlation was
found between stem diameter and SWV (Fig. 1). Some researchers have reported that no significant
correlation was found between stem diameter and SWV in other hard wood species (Makino et al. 2012;
Hidayati et al. 2013). On the other hand, positive significant correlation was found between stem diameter
and SWV in Eucalyptus camaldulensis planted in Thailand (Ishiguri et al. 2013). Therefore, the result of
this study was consistent with that of previous study (Ishiguri et al. 2013). In addition, there is a significant,
positive relationship between the SWV of standing trees and the Young’s modulus of logs or lumbers
(Wang et al. 2001; Wu et al. 2011). Therefore, based on the result, it is suggested that increase in stem
diameter does not always result in low SWV (Young’s modulus).

Table 1. Statistical value of stem diameter of G. arborea in three groups with different radial growth rates

o Fast g£0w1ng Medlum_growmg Slow g_rowmg Significance among
Characteristic (n=3) (n=3) (n=3) three oToUDS
Mean SD Mean SD Mean SD group
Stem diameter (cm) 20.8 18.0 12.1 12.1 8.2 10.7 *k

Note: **, significance at 1% level; SD, standard deviation.
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Figure 1. Relationships between stem diameter and SWV in 9 selected trees of G. arborea.

4. Conclusion

Positive significant correlation between stem diameter and SWV was found in the present study. Based
on this result, it is suggest that increase in stem diameter does not always result in low SWV or Young’s
modulus in G. arborea.
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I BN TEWEHA A B o 72, FLH IgM REE, BEX (97.4217.0 1 g/ml) 1230 CHEH)
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4. %

ARIFGEDOFRER NS | BB LD EFERE BRI T ICAARZ: VDIRELS L O E 7 a7 )
VIBEAZENESE, vUVBIUBBENTZ Y U BE LN AEATE MIBIT A EFREEIC
HHTE AAEEMEN I,

il

ZE Xk
1) Hollis BW, Roos BA, Draper HH, Lambert PW. Vitamin D and its metabolites in human and bovine

milk. J Nutr. 1981;111(7):1240-8.
2) Reeve LE, Jorgensen NA, DeLuca HF. Vitamin D compounds in cows' milk. J Nutr

1982;112(4):667-72.
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OfFEE% 3,6, 9 BL N 12 emlZf%E L, B MEHREL IO/ ) &
T— VR EE A R RS RRRS  ~RE T B I OW TR L
), F7-4% LN2 fiih FEEEER L OV ) ke — LB EEIZ ST R ke K i# N E

— PR 2L % I LR s 2 sk o 72, 2

N, EEISAFO—ETOES
LR LR

3. EREER
LN2 i FEEREA 6 emlCEYE L& 7 U v o — VROl 21T - 7- 55 BlE 24 % £ T
JEENEIER L O 24 BRI ICBIT D I Fay R 7IEHEICHOWT 3 BL U 6%X TEVMEN S

-329 -



(&1 =+ + + B

Wk 2 BAREETHNE K VBLE Y o 7 X F ¥ — A T — 2y TR RS E

b1 BRIOX2), E/o, LN2 K FFEEE3 BL U6 enXIZHB T DK7Y B —LREOD
RO LR U TR ER . Rl 24 BRI OV T 3 emXCIE 7Y T — LEE 1.5 BLON3UXITE
B EFRRENEVVEAN G LN (K 3), /2. A P —NIREREICEY 3BLU6 mXIC
BT 2 mEE OBFEHEIT 7 ) e — /WREICED 5 3-11.9+0.4C/ B L -7.520.5C/
BTHDH I ENRIIL, WHEEOWRE TREORIZOWT I U & — LR B OE XS #R I
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1. MR R B DS R - B TS MR & 2 VAR
LN2 % if _EFEEE : 6 cm %%E.&6@ LN2 & FFEEE : 6 cm SEBR[A1%K : 4-6 [A]
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BWTERICHEZ T 2 HETORB LR EEN TS, LRIOHRIZE Y, Z< 0TI
Ped L v B VTSR A i 2 & T, EMIICHEEZREBTE 5 2 el ShTuns L
U, AEBRIEPEORD THRVMER/VE 2 #IHRE FCHEAT2 2 LIFRESh TRy, Mhn
EUEHONRNMIONOFIETHIERZFHET L2 ENEENTVD. Fx OFEETIE, i
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REEFRRL L TND. ZOERIR X F I Oz KER AABICSHAT 57290 PERR LD
ﬁﬁﬁﬁ%%ﬁﬁ#é%gﬁ%é.ﬁﬁ%fﬂ,:@ﬁﬁ%%ﬂ%%&ﬁ@é&@@ﬁl@m%
DREZHE L. TNETORYva v ra—=v 720, BEHEREREK X X B oM
BORFIKEILFIE, AX D5 FREKEITHFET DI EPRBIN TS, ABZETIE, RDA
(Representational difference analysis)iE(C KV, JRIKEAR 65 DR 7o~ — 0 — DERR R A Tz
RDA 1%, DNA OGN A TV EA =2 a itk 25007 ) 25T 779 (5]
EH) THHETHLY. ZoFEICKY, REDF 7 LR RFLP (HIREEHEMA RS
W) ZERETHENTE D, KERICIE, BASIZHEMEALERIEA X T (77 ATE A ARER
H o s FA) L ERAERIO HNI REE (7 A3db B ARER A 5 bR % &Rk S W72 Fy i
7, IOICERKICRE LR &7 BC ik Z Wz, ZOEIERD T 7 50 75%13mEE, 25%1%
AR THDEBEZ LD BCEERD S ) MBI ETID T ) AET o F DZRIEL TWD 0,
JRIKE AR s OBk T, BEEE TIEEEORE TH 0 HEER TR LA o~T et/ d &
THEND. #-o7T, FRREMEFEETE, RO INIHEFEEOFETHEEZHND.
RDAEIC LV, MHERIZ D HAFAET D RFLP 245 L7z,

2. EBR

RDA % GeneFisher PCR Subtraction System (TaKaRa)Z N T4T>72. DNA (% Gentra Puregene
Tissue Kit (Qiagen)Z HV N THhiHi L, X 1 {E{£? DNA % Driver, Hff 10 f&{&?D DNA 7" —/L % Tester
& L7z, il FRE%ESE Bglll 2 T DNA O k%, F v MIHEWT 27 2 —O N, Whole Genomic
PCR ZATV, 3 BWEDY T N T 7 v a v 2fTolc. oY 7T F 77 v a VEWZBEXKE L,
e SNy RENZENITK LT VI 21T - 72, 7 OVHHEE# 1T pUcl8 X 7 # — (TaKaRa)
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W7 NT U v a EITORIO Byl {E{ET A .
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7 b 157
DM, 788 7 B — ATk LT PCR 2471, 20 .. . .
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) e ® Z. @ y  —
. 1I—JL EERE a7 4 7B &SN T
WREYNL, 7 LAOFRICE = v —1FET DAL ZLERT.
N . i L 23 1L D ) BRI R R A
FIChs L ELLND. 7/ MASERECEr | OOy SRS E R
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BIDEIERINTH o T21280, MEDBITAAET DAL OBIY & g Hok 72 L WIFF T & 5.
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AEDOFERTIE, MEMHEEZERIKA X OFRRBRFHEEEZRET DICEL o7z, £ DJRA
D—DL LT, 7 LOPITHEBa C—(FET D88 %, BEINA T I XA =T aritdo
THREENRPoTTedEEXLND. 4%IE, Honlrse—rhb~y—T—%FRL, K3
B OO T 20BN H 5. iz, 5 & 1T R D HIREESR %2 VT RDA #1795 Z & T,

DX A XS ERETE D EHHFIND.
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SE M
1) IR SCH-E, 1989. PED L & Z OflE. KRS (SR, PIAEDIR), #EF, 141-165
2) Lisitsyn et al., 1993. Cloning the difference between two complex genomes. Science, 259, 946-951
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1. #E

HFBAMEE % 5 oAb R O ZE R AR, HIROWEREICHIRS LS. ZHZEHT R
ERETIL, KK DT/ AT — LV OEEOBIEIINEE L SN TE 7. L L, I TIEEPIRR
Z 8 2 D 22 FRRE 245 2 T2 8 DEANT T b 2 SO PSR O FLERA 7T, HIRBRFE S ShTwn
L. ZTOHT, FHEFESCT VA Y XA L - Clfg %2 FZB T 5 FEND 503, BAREFEIZ
FROME—PENRFES LR WIRETH Y, MAHGD72OIZIE, HISOWRFMEDLELRD.

I TCHAIE, T/ EEORYTIRA FOBERIRIEG DT — 4 X—2A 2B WT 52 LICL- T,
T IEEHEE T D ERIREN T ¢ ¥ X VARG EEMEEYE ( DISRIM : digital super-resolution
interference microscopy ) R L TWHIH Zo b &, F— & _R— 2 X THRBMEE & V72 28R
H L <ITHMEFAEIC L > TH LN EERBBICL VRSN, EEICHRSEGEEZHERRETH
5. Flo, BERRBBITS 2 EEEILOEERREA L, 7/ EOE I RmITRR EDRT
A—=ZB/GoNS. BAILZINET, EHRFIZE YD —2OERRRIZEL TWDHIEA ML —
VORREEOR B2 AR E L, BHFRALUTORE SO/ A F U F / #iEH 5 O DISRIM (2 &
BT A HNT —ZFAEIZOWTRGE LT, 22 T/NA T U F 2 & 1E, 2010 nm O HAAEE
EHTAHMMINC L > TET —# 52K L7 b O TH Y . FEfEEA RZE5315 (FDTD : finite
difference time domain ) & 7 — VU =281 % HWN 2RISR T 4 v 2 U o 7S < EiRGHE
IZED, FHBEMEEEBL, M TV EEOAAT U AMERE TICBIT 27T 42T
— X OFAREZFMNT 5. ZHET, 4-bit O F U F  EEOBE & SERERST VI =Y
L L EOFAERSEICOWTHEFE LM AT, EE7 VI = a b L, KBTS
bit BN R D & & DA F U T WO FARHED RIS NI oW TRE S

2. ERRERT « % IVBRGIEMEE

T L, B a2 EBT 2 FiEL LT, ERIRERT « 02 VBME IS (DISRIM )% 2
%9 5. Figl IZDISRIM O 7 0 —F ¥ — b &7 . ZOFIETIE, TOSEOBERMOT) / HEiED
BRIRIEG 2 TSRS L 2 E8R, b L <EBUEMITIZ L > TR, AHoT 7 #iE & o’
FIRMG OXIGBR DT — 2 X—2A %R+ 5. £ LT, BERZOY T AOF ) fEENHE

%T}‘Ed@{% ii’?%"fi CE ‘?:" s 5:*‘ HA_R— 2 @%ﬁ%*}fﬁl@ Database creation Nanostructure estimation
faF =~y F ko TBBT 5T
& VC‘\: iﬂLﬁ:\Té Vj‘ / *%ﬁ%?&i%% k ‘@—‘é . %E Nanostructure N

Interference
microscope

Complex-amplitude

RIRMEBRIT, HEOS SCEITRR &2 A
ELTHLZENTE, 3 RTHIRIEDHEE
AAREE T D, T—HN—RE, HROMIEIC
ML THRERVELIMEDLTHRT D Z L

image of target
T, ARG AR~ DI A BT B RS L 72 m —
D i _‘};ﬁ:*ﬁﬁk#ﬂﬁj, :7‘:“‘&/\‘“‘}@*%520:% Complex-amplitude

Nl REC ATV &) \ gz S . - o
v ,7;: qf{/ E;E 175(5)% ERWT SIS/ G o Fig. 1 Flow chart of digital super-resolution interference
HEED AL 72D, microscope by complex-amplitude matching.

Interference
microscope
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Fig. 2 IZAR TRV EH> ATV F 7 fEEERT. By N EFESEEOFEICL Y 2{ET —
ZuEEBL, By bE NEWERDZETNDbit OF 4 PHNVT—HEEKTSH. 22T, wh ik
ENENNAALFVF I EEREOELEEHS, wy, 3120y FOlEZFET.

AFE T, DISRIM (2L 5T /EREEIC L T, " F UV F I EEOT 4 VX NVT— 2 HAE
WZHDOWTHRGEET 5. Nmt@ﬂ4f)+/%k@ﬁu,if%%wﬂﬂﬁﬁyéf®ﬂ4fU%
) SO REEFEIRREG 2B L, T2 _X—2 2R+ 5. oK, #HEoh.LroRkmE
iy Lf:%i’ﬁt“~1v2ﬁ'€@%i‘l’:c‘:ﬁ“é. T A TENT =2 DFEOBIX, G0N A TV T K
EOBFEBRGE AR L X, F—2_X—20 N DEHEFER L RF—r~yF o 712k oT
BOELT ATV F I EEEBBIL, T UVINT X EHETD.

WIEE TPV CEBRIRRIC A6 7 A S, PRTZ | h land
ECDHEDT 4 PHIVT — X OFAREE R Wy /
V3Ialb—va Il TEMli L7z, THEEMEEIT

Fig. 2 Binary nanostructure representing
FDTD {52 K % F 7 &85 O SO EfdT &, 25/ digital data.
AR 7 4B ) T KRB I 2L —va v
mi@%ﬁﬁé.%ﬁ&%x=mmm,ﬁ%vyf@
BIOZINA=085 &L, /SoAFUF /HEEOHE
NI=ThE L THHE»D @%Eﬂe\%?fllaa{%@ﬁi
X4 27 v kAT 7 MEZHW, BELRD 4D
TS 0, DB ™ DEABT T AEFNEL D &
WE LTz, £, T—H_X—2OBEFREH L D H
—/7/%/& (XIEH AR EARBE 2 e, Rff i
bSIDRAYERED IR Eanjj k. ( SNR : signal-to-noise

BER

ratio ) \_xj‘ﬁ‘éﬁt%ﬁ # ( BER : bit error rate ) %
A9 2 .
Fig. 312w = 120 nm, h = 100 nm & L7= & % ® BER )
FEVEZ RT. ABRITE BN, 1-bit 225 6-bit D3 0 2 onrEe) 60

TV F HEED BER FETH Y, By Mg wy = w/N
=120/Nnm TH 5. bit Fr N O E & $12, [F SNR
FFD BER 28 EH-LTW5D. 24, N O3 L
Tw, L, #EOZEMBERENEL 720, £, ZRT L7 —F X—XADOHEFIREBZ DX
B — b FE R TN 572 TH D, BER< 10D E XHEVITEFFICLV =T —T
—|Z72 B ERET D L, SNR=55dB T 6-bit DA F UV F HEENST 4 VX NT — X &3
HARRETHS.

Fig. 3 BER versus SNR of fringe image
when w =120 nm, h =100 nm

5. #&5

AR T, BRIEEB Y —2~ T U 7S BRG T  BEHEETH 2 ERIRER T
S DB VBRI BATSEEE ( DISRIM ) Z21BE L, MEFRE TSR D EEFRALL FDO A F U F
/%ﬁ@?4V&w?~&ﬁ$%ﬁmow1m£bt%ﬁwﬁa%LMW—umM,mémﬂm
nm @O & X SNR = 55dB T 6-bit ( £ NMEW,=20nm) DO/3A F V) fFEDOT — X FHAIZEB N T
BER < 10 Z i A HETHH Z L AR LT

SE MR

1) S. Ishikawa and Y. Hayasaki, Opt. Express 21, 18424-18433 (2013).

2) S. Ishikawa and Y. Hayasaki, 2013 Conference on Lasers and Electro-Optics Pacific Rim, paper
TuO3 4 (2013).

3) S. Ishikawa and Y. Hayasaki, JSAP-OSA Joint Symposia 2013, 17p-D5-2 (2013).

4) S. Ishikawa and Y. Hayasaki, Proceeding of 2013 JTBS, pp.85-86, TuD-15 (2013).
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1. #E

=~ (Picea jezoensis Carr.) 1%, AL#FEICIIT 5 EE R ELEFEO—>THY, %ﬁi?ﬂ‘%
T FE & LT*%%@%H%%%S%T%T%% —J7, MRBREFEICKIT DREEENL, MR,
Wi EON R EHM SN DIBEICL > TRIESINTE Y, KM 2 S HEEM & Lfﬁﬁﬁ"“é [54"
’EE&@%ﬁM@W:owT@ IEFEAEBEBSNTOARY, ZOZ &b, Wﬁ’m®ﬁf
72, AMMHEICER L “MEBRE” OLBEMERTER I TS, MEBTHEZED HIZHTZD
BREEFIZOWTORMMEE LA L, SHEEHICB T O ARMMHED 7 v— M, ivacl:()“%?ﬁf'aﬁ
BEREFONCT D EIEIARARTHD, Fiz, SHEEBMICHEOTE, BMGEE S2 B/ 1
74 7 VU (MFA) 1%, #EHM & L TR 2 ECTERERIEERE L 225, #hif v 73 (MOE)
LRRR® L ZENMBNTND, dEKIZEKITH3—r v X F Tt (Piceaabies), dbKiZkiT 5
RUA RAT—A (P.glauca), —AKZ U T D77 X312 (Pinus radiata) 35 KX OFD
EZ¥1F 5 A X (Cryptomeria japonica) (22U T, MFA OE/aiIZE RIS 5 %E 08 Thh T &
TWD ™, L LS, =<2 TIiE, MFA OBEHZERICET 5 ERITR 5T
Do TIT, AHIETIE, =V <VIZBIT5H, MFA DFZRMAEREZHHT L L2 AL LT,

2. EEBR

FERICIE, dede 3 BREM (byEEERET) sk S, MRl 43 FERRICHIERf S e
< ORGSR 8 R 27 IR (1 ZRBIZVK 3 EIER) M, Zab 10 FRI1E, HENOR
M4 TEHL (A~D) KV ERFE S, BHRBRSIIITHARER & 7 —IbmEERESN  ifEis
A ICTHEH SN b DO TH D, BEKT, FHHIZ, HEEFIIR 1.5X1.2m THRE STV,
AMHEEOREIZIE, #EE14~1.8m O BHELNT, ESK40ecm OALKE W, AL
RKEVEZI3emBEOHBEARIL, T0%, fi2zE0E3ecm DA M) vy 7200 L7, A
NY P AROEOEEIE, AF v L0 Y T T AT, BEMEAT Y 7 b Image] % FU
TR L2 FlE L, B oz 2 FoFREIc DWW TOEEE R L, Zha @k
DOFHIE & Uiz, B EGEE S2 @I 7 v 7 ¢ 7 UL (MFA) 1, FigiE2EL7-A KD
y ZORMAN FEIZONT, SFEmILIZIUREZHNTHE L, £, FHKE 0 /NaRER
J (15X15X240 mm) %2 CTEX 5720 ER L=, BoNRBRAICoWT, #rdhiF Rz %
fE L, #iFve 7% (MOE) KOWhFME (MOR) #HH L7z, 2ok, &/0RBRA X, Ao
IR OFIREN DD KO ITER LT, B0 &BEIL, # OB E E cosE, 8o 15
A LA O R0 B O 16~30 i D100 & X5y L, fRHTIC IV e,
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R, WTNOEMIZBNTHLFERMCABRENRD BN, 2O LD, o FEEAEE
R Y, =V = YiIcB 0T, MFAIRFRMENKREWEE THL LEX NS,

MFA & MOE X TXMOR & ORFRZHRELIZ L 25, AELRAOHBEBREARD LR, 20
&b, MFAL, ZHOOEEEZHET D70 DHBIRICR DL LEZEZXBND,
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1. Introduction

Some species for raw material of pulp and paper have already switched their function into a timber with
high economic value. As the results, shortage in raw material supply for pulp became a serious issue for the
pulp and paper industry in Indonesia. It is, therefore, necessary to find alternative fast-growing species
suitable for raw material of pulp and paper. Terap (Artocarpus elasticus Reinw. Ex Blume), medang
(Neolitsea latifolia (Blume) S. Moore), and balik angin (Alphitonia excelsa (Fenzel) Reissek ex Benth) are
native fast-growing tree species in South Kalimantan, Indonesia. These species are naturally grown and
abundant at the secondary forests in South Kalimantan. However, the information on the wood properties of
the three species is still very limited. Much more information on wood properties is required to utilize these
tree species. The objective of this study is to clarify the possibility for effective utilization and tree breeding
for wood quality in the native fast-growing tree species growing at the secondary forests in South Kalimantan.

2. Experiments

In this study, five individuals of terap, medang, and balik angin were randomly selected from a secondary
forest. Mean height and stem diameter of terap, medang, and balik angin trees were 20.7 m and 19.4 c¢cm, 20.8
m and 19 cm, and 18.8 m and 18.8 cm, respectively. Discs of 10 cm in thickness were collected from 1.0 m
above the ground, and the discs of 5 cm in thickness were collected from several different height positions
(3.0, 5.0, 7.0, 9.0, and 11.0 m above the ground). Small blocks were prepared from the disks at each height
position for measuring basic density (BD). BD was calculated as the ratio of oven-dry weight to green volume
determined by the water displacement method (Barnett and Jeronimidis 2003).

3. Results and discussion

The mean BD of whole trees in terap, medang, and balik angin was 0.34, 0.55, and 0.39 g/cm’,
respectively (Table 1), showing that medang has the highest value. Densities of terap and medang at 15 % MC
and of balik angin at 12 % MC were reported to be 0.37 to 0.55, 0.59 to 0.74, and 0.69 to 0.83 g/cm3,
respectively (Lemmens et al. 1995, Sosef et al. 1998). The ranged values of wood density of Acacia mangium,
common pulpwood in Indonesia, were 0.34 to 0.66 g/cm’ (Nogroho et al. 2012). The results obtained in the
present study were similar to the previous findings of the same species and also those of A. mangium. Thus,
terap, medang, and balik angin are considered to be suitable raw materials for pulp production.

Table 1. Mean value of basic density in terap, medang, and balik angin.
Basic density (g/cm’)

Sampling height (m) Terap (n =5) Medang (n = 5) Balik angin (n = 5)
1.0 0.37 0.57 0.39
3.0 0.30 0.55 0.37
5.0 0.32 0.55 0.38
7.0 0.33 0.55 0.39
9.0 0.35 0.52 0.41
11.0 0.35 0.58 -
Mean 0.34* 0.55%* 0.39"™

Note: n, number of trees; *, significant at the 5% level among five trees; **, significant at the 1% level among five trees; ns, no significance
among five trees
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Figure 1. Radial variation of basic density at 1.0 m above the ground. Diamond, square, triangle, cross, and
circle indicate 1, 2, 3, 4, and 5 individual trees, respectively (Istikowati et al. 2014).
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Figure 2. Longitudinal variations of basic density. Diamond, square, triangle, cross, and circle indicate 1, 2, 3,
4, and 5 individual trees, respectively (Istikowati et al. 2014).

Figure 1 shows the radial variations of BD at 1 m above the ground in each species. BD gradually
increased from pith to bark in terap and balik angin, whereas a constant trend from pith to bark in medang was
observed. Figure 2 shows the longitudinal variations of BD for each species. BD of terap and balik angin
decreased from 1 to 3 m above the ground and then gradually increased to the top of the tree. On the other
hand, BD of medang showed an almost constant trend from the bottom to the top of the tree. Significant
differences at 5 and 1 % level among trees were found in BD for terap and medang, respectively (Table 1).
Based on the obtained results, it is concluded that the BD of terap and medang can be improved by tree
breeding programs.

4. Conclusion
Based on BD properties, terap, medang, and balik angin are suitable raw materials for pulp. In addition,
BD of terap and medang can be improved by tree breeding programs.
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Ulna DOAC DOB

Fig.1 Three-dimensional forearm ligaments model

Radius  peep radioulnar ligaments

Superficial radioulnar ligaments

Fig.2 Three-dimensional DRUL mode

Table.1 Material properties

B kg/m? | Yo 7 HE mpa ] N
EOREINOWIA ¥, BROXIESE - — -~
Iz LT%&E L/fl(z). ES f:, ?% 1 a:%i L7z BT i) 1000 97 0.49
TV O E R T, S R PR
o 1000 111 0.49
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Fig.3 Change in the Principal stress
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1) F. Werner, et al,. The Journal of hand surgery, Vol.36A, pp.1981-1987, 2011

2) Kazuo Noda, et al., “Interosseous Membrane of the Fore-arm: An Anatomical Study of Ligament
Attachment Loca-tion”, The Journal of hand surgery, Vol.34A, pp.415-422, 2009

3) K.-S.Shin, et al., Journal of Mechanics, Vol.26, No.1, pp.105-112,2010
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1 60 4.5 637 6.006 0.52 1020
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BB AL DR 5 LVBEY L e WIS, SEBRCIE 0.3~1pm BEH L TWAH Z LIt/ 5.
R 52000 N LD L, TAI =T LAHFAOTF X U OPLHEIL 500°CLLE THREARED ST
WNT 2 Z LBbhro T, FEERTIE, #EaToOREIRELIT 400°CL 720, IHUI g
Exbhbd. LML, AT REOIREZBESTRELZE Z A, EOEMETE 400CU L&
D, EVHE 30mm/min D& X —FEW 614C L o7, BEAFEH LY REEENRESWN &,
5052A1 AR TOERH OEHEA THRENZOMICE TEL TRV ED, TV =T A
ETF B DT RO KD HEASIEPEE, (CEMEPTERSNES N TETWNDHEERD.

4. 55

AFFETIE, [BlEREL 105,000rpm, f LIAZ & 0.03mm, 25V 3 30~180mm/min, A 2°
TT7 NI = LE4 L CP-TilC FSW Yot A&FH L TS EIT-o 7=, f LiAAE 0.03mm,
P&V EE 30~180mm/min TRAFIZEEAN T /2. F/, BEARmIEEIL400CLLEH D, KD
B 30mm/min D & X 614°C & 720, Al OB Ti ORE 2B 20, (LA O SOG
Lo THEANTE L EEZEZADND.
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FPGA % W -l EIR L eI B3 2 A5

REPT KHL (M1)
Daichi UETAKE (M)
FHE RFRFBE L ARG S A 7 LRI vetake@virgo.is.utsunomiya-u.ac.jp
(FREHE) BHE FEE (BaR)
Takashi YOKOTA (Professor)
A E KRR L RHE S A 7 AR EIX yokota@is.utsunomiya-u.ac.jp

1. 5

W EAZBIZHB VT, ERFHOFRRITRIEY R+ L2 ANBHRBERTH L [1]. 20720,
AL —Z Vg VX AMMEEIRED VAT AOEARBIFEENTWS. Lo, A
B L2 AT 0NEE L-EBICITERES H D, D7, MMICEE L7 2 7 23545 L7
BRAIZK U CHEGALEL 2 - W TR ORI E 2T/ 5 .

SATARZE 21 1B DR EACAERD Y 7 b » = 7 R CTOMBERERIL, AKFEFE 1, 024, FEH
128, MRMFEEL 13 FHFE OGRS L CHif 1 H472v 83 S UMK TH LS. Larl, +
SITKEEE TR ORI Z AT 72 5 72O, FEATHIEOREIRE D 16 (51 NE L SND. £DT2D,
HEERER (2] @ 10frame/sec TY 7 MU = TICK DB AEITO ZENTERVWHERH L. £D
RIEIZX L CFPGA IZ K o — RO = 72 WD Z LI L0 sl 24772 9. FPGA 133
WX PR Y Yy I T NAATHY, "= Ry =27 TRETLHZLETY 7 T L0 b EHE
AV ZAT72 9 Z ENAEETH D, D, Y7 b =T TEELTWD 7 07T AONH %
17720y, V7 MU = T TR 302> T DB D— A FPGA TIT7295 Z &Ik v,
DEE AT D .

2. PHim
LEMAHEDO T 1 7T Kx, HATNOEDANHEBIIKI LT, v A T4 NZ, TTAT )V
BECT 4 NV Z HEGICIERFRICEA T2 2 & T, BiEZ2IY BV BB OERETTR S .
BoORENRTEELE LT, 2] ORERT 07 T L TIE Aﬁ&@?»:JXAmwfﬂﬁ%ﬁ@
I . WA RIEIL Lucas-Kanade £ & T D LA~y T U2V IR LEFHETHZMLE R RN DFE
BBV OVETERL TV,

3. bk

FPGA L ZWFTT DI12H 720, RIOLETEAVMEE T 7 7T AORFR N DB A2 529 5
72O &7 o 7=. i L= —/LIX, Microsoft Visual Studio Professional 2010 7' 117 7 A
Vo7 —Th % pgomgr ZEH L7
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4. FREBE

a7y ANRERER VISR, BRI
7u 77 ANTHEH L TWDEEOARTTh
%. total |ERARIZIIT DB OEIE TH
%. F£7, run total IFRFMEEEL 72> TEY,
F BB DI 2 IR L7 CTH 5.

TnEh,
36. 9%, DORFRIN)oTWAD, LD 7 1 —

c imgalign::rgd_itr() 2%

Kl1: 77740 THER

4 total|
total
c_imgalign::rgd_itr() 38. 1%(38. 1%
c_imgalign::calc_H rgd() 20. 1%{58. 2%
c_imgalign::get_warped_pix_val () 18. 3%|76. 5%
cv::MatConstIterator: :operator++() | 5. 1%81. 6%
c_imgalign::calc_warp() 5. 0%|86. 6%

Fy— 2K 1R rgd itr Q0134 BA—7TU—7RKOMHEEZRD DA E{T/R-> TN 5.
V=7 EE, T — FEGOSVATEE) - R AT o e 2 AT S TH S
F 7204k cale H regd O 1, RE(LLEROH T~ T U OERZIT/2 ) B CTHD. —FREF O N
Mo TWA rgd itr() B — R =TG5 2 & T, ERIFMOERNRETH 5.

5. &

IIMTOFEFR LV, red itr () % FPGA % VT
N—= Ry =TbT 52 LT, BELEEED
FATRRI 2L TH 2 LRI CE B, 207
B, FEER> TWHERTH S red_itr()
IZOWT D FPGA & AW End b FiE oGt &2
HEDOLTETHD.

EiLia

RO E 2 -\ &, £72, AHE
NHEER TERSLSTHREL W R W, B
W st s, REESHEREdZ, KIEBEIZEES
BT LET

F7o, RFRIZENT, ZEMLE T v 7T
AL iiEE AR L TR &  E LR

¢

calc_H_rgd()

S)

Yes

METERY: IMATEEE AR EH N L ET.

2% 3R

rgd_itr()
( 77 5 DEUEE R VHAT )
1
( 07 % OEUFE R v XHAT )
r D—TRDEGRERF v YR W
1
(( D—FnoBEERS XA
T~ OEEBOH K
. :
C
C : )
C )
|
No @

M1 o7 e—F % — b

(1] FEAT RH, I A, RRHEPESE, RKESE (FE=E R, AR GREMEFER), “SW/HW
HARALBIC X AR B B AR D o AT ARG L E L ALEE O EE LI B 3 D WIS -, 7 TE
WLBREE 55 76 [l EE RS, 2014 43 H(FERTE)

[2] FAATETF:
pp.205-214, 2012.
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Android OS b COERBEGRI 7 T X ZHEEL AT LD
ST ICBE 9 2 AP ERa 3

st g (M1)
Yusuke Arai (M1)
A E KRR LA EBHE s A 7 AR ELIZ arai@virgo.is.utsunomiya-u.ac.jp
FEHHE) K ot (HEHR)
Kanemitsu Ootsu (Associate professor)

T E KRB T RHE H > A 7 ARV # I kim@is.utsunomiya-u.ac.jp

1. #¥E

AH, Av— M7 2087 Ly MRS D Android OS Z## L 7= #H i R N AuRIc % & L
TWb., ZNHLORIE, vAFarraty Al LcmAb G LTy, fuflmtt
BEfbZ T T A, F£72, Wi-Fi X° Bluetooth &\ 72 HEHUAEHEEE D EVER I CHEEH SN TE
0, SR COEFMEBENREL 2o TWA. 51T, TE, KEER EOBARIZ,
WHFICHEFA LTV D PC RV —NE NV AT AMEFARAREL 2o T LE-T2E, b
DORBFRERL L CHATXAV AT AOEEREE>TXTWNA.

AFETIE, Android OS #5#UAK O EMERE(L, WiRF O MEBHHALRENAEETH D Z LIFE
H L, 8% Android OS f&#i K & i F U 7= BERRBEGETL 7 5 A X GHEE S AT L OREEE T IEIC
DNWTIRARS . F7-, HEHE LT AT LAOMWRERE 2 6T 5.

2. EREHE Android VS RE2VRATF LA

ARWFFE TS T 5 MR Android 7 7 A X ¥ AT AOBZ DN TR 5. £7°, MiiE
FETFEIZOWTIR% . Android OS% 8 L 7= HEH 0K (DL F Androidifii ) 121, Wi-Fi,
Bluetooth, 3G/4GD3FEMHD MMLEIE FENH 5. HEOIEKREFNT Y 7 A X 3R 2T
L6, SnARMOWMEMREN 7 7 A% L L TOIATHRICRE R BE 5.2 5720, @72
FEPREEHWAZENREE LWV, KVAT ATITEEEENEEHT, hobo &b RIS A
T&EHWi-Fix v 27 AOERIEEFEL LTHNS.

KU ZAT 2, BED Android iR L TOWI GBI ZET 5. £ DT, WHIHL
BCHe b A 415 Message Passing Interface (MPI) O EHED—>TH 5, Open MPI[1]TIF
B AZITH . 72, WA T m& 20 ENTIE OpenSSH & IV 5.

LL_E@DOpen MPI, OpenSSH, ¥ & UAndroid” 7 A % L TEIWET ZMPIES| 7' & 7T A%
Android Native Development Kit (NDK) Z# W\ CE/L K95, i, Android ECEIEST 57 7V
Jr—3 a vidDalvik VM & PR 2 AR~ > ECTEIMET 523, NDKAZ AW TR AT 21X
CPUNERFEITT DA DT r 7 7 AL bic, mE2@ENTERIZRD.

3. R

W L1207 T AL VAT AOMRIEEZA ONCT 5720, XvF~v—2r 77 A5 fHH
LT AT LOMREFH 21T o 72, FHlZII N 24— 7T v 77 5 (74 —28016) &,
NAS Parallel Benchmarks (NPB)[2]ND IS 7'v 77 A& H\\W o, £z, A7 AIZIE Google 1
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® Nexus 7 (2013) % 3 &, ASUS #£D TF201 # 3 B0t 6 B&MH L1-. ThZhohkoit:

£k, BIOWHIREEZR 1 IR # 1: FHfBREE
‘a_ Googleft: Nexus 7 (2013) ASUSH: TF201
CPU Qualcomm Snapdragon $4 Pro (42 7) | NVIDIA Tegra3 £ A L7 nt v (427)
EE 1.5GHz LAGHz (7 7 v R =2 7 B 1.3GHz)
=
4. BREER AEY 2GByte 1GByte
1, QI EH TN I A Android R —3 5 442(14), 43024) 403
. N Wi-Fi 802.11 a/b/gin (5GHz / 2.4GHz) 802.11 big (2.4GHz)
— IR
, IS ZENENEIT LTI — " NECt PAWG600HP

D, 1 BFEITHR S O L B3R
ZRTIAR 1 BICDOE 4 7 A 2E Y TTWD. £72, 1ISII7 v 77 20tk E, 26 4

TrutR) & 4B (16 Tt X)TOFEE 72> T o
;_:) . 350 3.40 3.39 3.40
EPW I ERDE, 4 BRI TRAROMME | £
Fe 5 MU LSRR C & 18, 5 AT | E200
6 ESRICEAE RN, 2D E D, VAT MO B oo -
4 BRENES ThHD 2 ERSND. 0% |
WIZK 2 2725 &, I1S1E 1 BTN D & E MK 2k 3 4E 5B 64
TLTCWDZEDRHERTE D, 207 v/ T 37 m A
AWM TREBEDWENEET LT ST LTHD. 1 B LR (N 27 A —2)
FOW, BEICL DA — 3 =~y RAMRE EO R # 0.10 -
E, MEEIKTLEEEZLOND. — AN A —V 0.09
I a AROBIEND RV CTH D, 2D LD % 000
5, RV AT ML — FRICREROBEZITH 70 Qms -
TILADONBEL Y G, BEEODWT T T T LD 0.08 -
HICBWTEWEREEZ R T W12 5. 0.07 ” . - :
) 8
5. %8 B 2: @ E#E (1S)

Android SR O SRR L, U6 A 0O BERAR FLEB{E B
BEICAH A L, REFRZREIZ PC 2 EOELBEBONFEE & U TH M T 2 #4555 Android
7 TAB VAT LEEL, VAT AOMRERMELFHE L. 5%, V=2 Eolse L
HEHPICVAT LR TE 5 L) RIEREDEIEZATH .

HiEE
AMIEOHEE 5 A TWZE, £, BENOHEELRMER, THREWEEWE, KEEe
JeERR, MHEZER, KRIEBBICER EHB L £

SE MR

[1] Edgar Gabriel et al. “Open {MPI}: Goals, Concept, and Design of a Next Generation {MPI}
Implementation™. s.1. : Proceedings, 11th European PVM/MPI Users' Group Meeting, 2004.

[2] NAS Parallel Benchmarks, https://www.nas.nasa.gov/publications/npb.html (2014 4= 2 H 23 H %)
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EEE=ITEETNE LEEEYOS ) LREENT OB
PEHLIFET (M1)
Shoko TSUBOYAMA (M1)
FHE RFRFPC R LR Y A FER 75 mal38125@cc.utsunomiya-u.ac.jp
(FEE#E) RES (3%
Yutaka KODAMA (Assistant professor)

FHERE RFAA TV A = AHEWIEE % —  kodama@cc.utsunomiya-u.ac.jp

1. &&

WM T D5 ) DREEMIE, 5 FEWRICBT 28T H AREOESZ B L L
TAEMBERICE > THFICHETH D, EMEMOEMINET 2 E5HE =71 3EZREw & L
TOREDZ I NG, TEFEET UM E L THEE SN TV AHMETH Y | Bz TEAN (B
BiRi) BB FIREICET oMk 4 T ) DUEHNOBRRENEL TV D, BobE=a 7k
T N=TFT 4 I NH Ui oEflilesBzLEmE Ligh, 77 ans 7)o LsE0 LB
EDHENL SN2, ZOFEMITEHRTREANEL AB =7 F A2k Z2 D T <
IR E LIz i oz 3 B 2 b7 (Ishizaki et al. 2008), % Z T4 1%, kD E Hafa
WE Ll LGRSO R L (TH— T v 7R 2BRL, BELEERY AT A
DL % B8 L CTHE 21T o 72,

2. ER

TH— b7y FEE. RTOREEREREL B OREEE E TR T2 2 &N TE MR
FHETHL (K1), RFRTIE T H— b7 > FEOREEBHN I EL 52 5 &E2HmE L,
EBR Y AT AORGEILEIT -T2, T2E 21, E=I X ORI, 77a s 70 onltP=
T OIAFEERIAM], LAFEER ANy T — P OT R b U oI RNy 77— O
TIaRg T )y LREREOFRMEERG LTz, £, BTN IMBERKTH D20, HERER

DEEHRNFELZ B L., S5 Tmy MEFicky, E=355 7 A~0BHERT
DAL ZTDaE—HKEHR LT,

3. R LEBE

TH— b7y TEOFERFORE, €= ORiEEHNIE 3 AMAKE CTHD Z &bn
ST, WREEEHIR TR T HWERIEICHRS L 4 HREM I TR, EEEH ELoE=3/71%
AMEEMEIC LD ZOREEKERINTE L EELLND, 77un"sTF ) yhbE=d
T OIAFEERYIMIT 3 B, EFEENy 77 —HhO7 v b U T URET 150 pM A3 E T
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HHZEnbnole, Tlo, WERENYy 77 —hOT7 7u s T Uy AREE, ODso = 0.5 7
5 ODeoo = 3.0 D CIFEIIMARIZEN 2N b 7= 87y MECBT LT 7
/827 7 U 7 A% ODeoo = 0.5 TREICHIFI L TV 5 &R S LD, Mgl COREIML)RIT
10%FEHE T, — D 60 mm v — L ETH{E D b B HE O EEI A2 FHT 2 Z LA AR TH
Do TH—FT7 v FEIZE > THEH SNC R EEIE DML R 2T~/ & 2 A TRHEEHRS) R
ICHEREZEDR Fe N2 & bbb olz, Ele Ty MENICE T, TH— b7 v BT 2
=LA E—D T-DNA 2 EB=95 75 ) A~FATE 5 Z &Moo 7 (Tsuboyama and
Kodama 2014.)

4. #EF

T — 8Ty FETEEEEM L TRTORMELIT O Iod, RN & B E O B 2%
ZETDIERIETHEIC > T ear 2 Ix—3a X0, MR L7CARIRIC L 5 EIRE o REg
ERHSZENTED, AMFRTHLLIET T— N7 v AKX, 4%, BE=a 5 2AWich 4%
IR A SRS AR — N EE ARSI R 5720 T < Mo O E IR b IS ATRE T
bHHEEZTND,

e EDEN
1) Ishizaki et al. (2008) Plant Cell Physiol. 49: 1084-1091.

2) Tsuboyama and Kodama. (2014) Plant Cell Physiol. 55: 229-236.

step1 | ¥ = = T DR VARV R PNGE
L (M51C 55 1) (LB £%Hh)
|22°C. 3 B |28°C. 3 AR
s N

Step2 Yook LT IuAss T Y o AOLFEE (MEIC Hib)

\*itﬁ'?i%%/*‘\y77~ (7 bV 150uM, 77 BT 7 U 7 LRE OD,W,:O.5~3.O)J
1

l22°C. 3 A

. a
Step3 B Y = 27 O &5k

(M51C §5Hb)

X 1. 70— 87 v 7EORRN
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BWHRERCREYEE [fHir] ZLIZEH LZ AREEDHR

sAEAN (M2)
Haruto SUZUKI (M2)
FHERE KPR FPE LRG> A 7 2B FHI mt126513@cc.utsunomiya-u.ac.jp
VepRse . (M)
Mie SATO (Associate Professor)
FHERE R R P LA e RHE H > A 7 ARHERIZ mie@cc.utsunomiya-u.ac.jp

1. #E

A a—H ECARN LI RAEMIRZ EEMICERG DY 5T TH D AR(Augmented
Reality |2 2580 EH AL O TV D, EOH Ca—F L REMKDOA 2T 7 v a &3k
BT 572 O OMFENRBEANTAT O T\ D, EZERITEY, BRREIEMIKE DA 2T 7 2=
YEATO DL, 22— O EE A EEICREZER~ERADLE D ENEEL D, 1
FFFE DT, 22— PFIT~— I ORFR R P E 2 A S 5 2 L T — YV O EFHE B
U, (AR E DA 2T 7 v a B RBE LT, 2120, 2L OFREZ2—FICH LT,
R R A EE S DI LICL 2 EIVOENKAL 5 HARRIENREL D, 207D, FFICL
HAET T arPnEEIND,

AWFFE T, AR ST DA 2T 7 v arD—o8 LTEABIEICEE L, RAAMK
X DA EME A R TR F222 /M COMAEEIZEST 2 2 & T, 2—FIChE 2 2 EMKE
B L, BT CHREDEREZETZ N TEEELZMRTIZLE2HNET D,

2. BH

ARAEE L, 3 RITEHIIZR(SoftKinetic DepthSense 325) % BV £} 7=~y R~7 > b5 4 A7 L
4 (SONY HMZ-T3, LLF HMD), M#~—7%, PC LAk ST 5,
AIEEIILLF O FRNECTURIRETT> TN D,

3WotEHAIER 2 FH T 2 RO 21TV, 1850 3 WotEIEAZ G 2

3 WICEHIER D> D15 DT RS O JERE & B IR IFAET D~ — W ERER DO TR T
FRIC O RERE & B IR O B R % R HE A B E O ELEL 21T

3 WRICEHIZR D DA LN D 22— O IR OERERE 2 B, T L REMKORTEBEIRZR
LRI > CTERBT D
U LD Z1TH 2 & T, FFTORIEWEIK T H1EHAE8EZ EBT 5,

—

v

3. EE&
HMD % L THL EICE R SN AIEIRIC R LT, lAEEEZITHY), 2D X, HEw—
X 130723 10em DIEFTE, REWIKIZER 6cm DEE T 5,
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4. BEREEBER
PR OFITHRZ K 1R, 22— WL, FREM PR DER & H HREE LUVIRET,
fade &AM IR T SE LT & S AEMIR 2 AlElTe Z LN TE 5, £z, A TZHR OAEMIE DAL

BT 2 RDOIEFRDOMEZ FEITIRES LD,
DI Lo, F LA O RE AL
T D, Fiz, RAEMIEDR b IAEDIEK

Bl 1@k, 22— MR LIEAT & &, AEWEOFRMNC & 58 A KD &
WIELLATHOITWND Z LR T
D L&, (MR DALE TR e DB E) (a) (AR ZAEATZREE  (b) BUBIR 5D BT
DB E > TR G20 E I <
ot X, (EMEIIN FICEDL D (© EREEBBSE T, () AR K LIRiE

(ZHEE S, AR O BN & 5 N ZE LIRIEARMIRICRR S D K O ICHiBi ST, =
5. K 1(b), ()&, =—FMAEY

IZEDLETBE L TWD Z &3 R T BN

TW5, K 1(d)&Vv, =—FDIRkH

WA 52 LR TE S, LD N =
RS, AMEIL, FRFICLDHEMA 1 Sl O FRATHER

YR DB EEEZ BB L TWD &V D,

5. #&
KGR TIE, AR 1B A A 257 arD—ob LT, AWK DIEAEEICE
HL, 2—HIZv— IR PREZEE ST D Z L AMEE L, FFCIRIEMKZ T
TENTELEEERE LI, AVAT ATIE, 3 kooaHlllgs C— O ERFHREZ B L,
RO LB 72 S K 0, HRMICEEROEAEECEET 22 LT, 2—Fichx
% JEFNR AR L 72,

SHOBEE LT, L0 0EZEEISHAAL, (KEBMIKREDA 2T 7 v a v OlF
HIRTFHZ & ENZETHND,

SE

1) Klaus Dorfmuller-Ulhaas, Dieter Schmalstieg: “Finger tracking for interaction in augmented
environments” , In ISAR, pp. 55-64 (2001)

2) Volkert Buchmann, Stephen Violich, Mark Billinghurst, Andy Cockburn: “FingARtips-Gesture
Based Direct Manipulation in Augmented Reality” , Proc. International Conf. on Computer
Graphics and Interactive Techniques, pp. 212-221 (2004)
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e KB BB AT I E 9 2 WU LA FREESRTE D AR 7T

B4 Akd (M2)
Tomonori TSUBURAYA (M2)
FHEE KRR P LAE R ERE 1V A 7 A mt]126220@cc.utsunomiya-u.ac.jp
(FEEHE) B A= (%), (EEMBEE) MA 558 Gh#)
Shuji SATO (Professor), Yoshifumi OKAMOTO (Assistant Professor)

FHERE RFRFBE T F R ERE TV A7 A LFEHEK sato@cc.utsunomiya-u.ac.jp

1. #E8

FIEAHE S OB XA OMERE THITFE & U C, WERARERIEIC L 2B VIR 0D
NTW5., HIREZMTIL, KB HERORMICR BRMZET 5720, BIBMREO&HE
IZEEALARETHS. BdbEERT 5 —oDT7 Fu—F & LT, BEMEEEEZTIET S
ZEREBEZOLND. LaL, BREAEITICE O CERRBIHECTH DT & 7 U e 75
ZefEE, BWRMEOTRVETE - RIBRAZ G700, WA RETH 5.

T, WHIHEDMTR D K O IRBATHNDIEFE M BT 0B~V TFHh T —F—F V) 7
(AMC) ™ 2 L, AiLEEA& MRTR (MESGS-MRTR) % P o4tz ket L=, AT
X, MEFEOFIMNE T 7y VLRI & i 2T > =D THET 5.

2. BH

AMC #X 1 IZRT ZRIED A v ¥ a2 HWCEHIAT 5. REATHIOIT L FIE S 2 M H L TR
MEHES 1 MOIEFICEE ST TN . b D allEH L, T & ERBMRICH DUES Ui
TR 72506280 B TH (b). ZOEXEEZETORMEBIZOWVTITYY, i =1, 2, ..., ncolor
(ncolor : 8450 DINEIZHES T, K4 OAIZET D2 RMELIZE ST %2175 (o). AMC % DR
BATHNIOIEFE S ZK 2 1RT. ZOX I RIEFESMICTHZ LT, FLCaEZDTTRIMELD
H£ENTHIE - BIBRAZWSIETE S,

{123 1%} 1 1617 24 1 89 1617 24
\'_@ s g P, T3, e

] 3 " L) .’ :

9 [ 1] .. ’...
.. ig ,..:. ... * :.

T i2’ed fon [, |,
OO0 0 %1 24l %4 e3 .

(a) original (b) coloring (c) renumbering (a) original (b) AMC
1 AMC IZBT 2 RMEBDOESITE Y F oY 7 2 AMC B OREATHI D IEF S04

3. =B

BB FERR I, X 3 1289 MRIE TV (A 35, NER R ESHE, BHEEL: 87,120, DoF : 1,014,600,
AT ¢ 82,050,304) ZEMlixt G L Lz, M2 PC OflAkIX, Intel Core i7 3930K (6 core,
4.2 GHz & memory:32 GB) Th 5. 7/b~ h U 7 A TEFR S NT-AREATH1% CRS A THAM L,
OpenMP (Z Xk 5 A L v RUFSILEFT > 7=,
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4. BREBR

AMC % MRI €7 /MZEA L7z & & OREATHIORFEFZ 4 B 2K 4 1277, 22T, RCM
IZ Reverse Cuthill-MacKee DEEFRTH Y, HEFEREZMATHIZRO LA —F I TETHD.
AMC ZEHT 5L, AV VTN ED &Y RIBDOIRNT X LR IERRE L 72 5.

M 4 OBLRHATINC K T 2 EMEER 1ITRT. 22T, NplZIEFIES, Au 131751~ K
JVRE, L' IXATERA, LTu 3R%EBARAEZERT 5. AMC [T7 2y 7 (LRI & (TEWRTO
HFEBERELMEMNT 2720, WHIEREZZEZ THIRFERSA L. FHARRM Z T 2 &,
RCM ZE A L=7 1 v ZALRTLEED 578 AMC K0 bl ch s, 2k, At - BB L17
FIRT MAFEEITIBEDOF ¥ v v 2 I ANERO -2 TH 5D, £ 1 PTRLERETH-ZDIT,
6 WHIRFO RCM ZE A L7=7 1 v 7 IC RiLEECTH Y, A —F Y o 78 LB IC-MRTR % X
D A45EEETH-T-. —J7, AMC 2 A L7- MESGS-MRTR £t 4.5 50 sk & 720, [H
SRR AR ORMR T & 2.

5. #5

Afa T, REAVTFH T = =5V 7 KDL& 7 U v 75522 MiE DO WLz 1
A L7z BEFEIWINEREZRE S LELGETT vy 7Ll & RS 25 SRR S S e
DT, SOICWHEREZ LFDZ L2k, BEFEOBMAENRM ETLEEXOND.

il

60, (unit: mm)

=127 #1 FHERER

elapsed time [s]

N, | precond. | ordering |linear it. o = Ty wotal

1394 | 1073 | 531 | 633 | 2441
(1.00) | (1.00) | (1.00) | (1.00) | (1.00)

748 57.7 28.2 32.7 130.7

IC RCM | (0.53) | 0.33) | (0.53) | ©31) | (0.53)

AMC | 1152 | 2995 | 1213 | 1282 | 5763
(88 color) | (0.82) | (2.79) | (2.28) | (2.02) | (2.36)

_ 1,149 | 884 | 438 | 519 | 1972
(0.82) | (0.82) | (0.82) | (0.81) | (0.80)

664 | 512 | 250 | 288 | 112.9
8GS | RCM | (047) | (0.47) | (0:47) | (0.45) | (0.46)

X3 MRI-ET /L 960 | 249.6 | 101.0 | 107.0 | 469.6

AMC
(88 color) | (0.68) | (2.32) | (1.90) | (1.69) | (1.92)

N ' \ - (1(507875) (8) (3173) (326';) (353'3)
NN » MESGS I™7Mc [ 916 | 0 | 977 | 1014 | 2088
N (88 color) | (0.63) | (0) | (1.83) | (1.60) | (0.85)
S\ _ 1387 | 412 | 204 | 2L1 | 924
NN Block (0:99) | (0.38) | (0.38) | (0.33) | (0.37)
VN \ 1€ T oem | 802 7239 [ 119 [ 123 | 540
AN 0.57) | (032) | 032) | 019) | (0.22)
N _ 1747 | 519 | 257 | 261 | 1137
\ Block (125) | (0.48) | (0:48) | (0.41) | (0.46)
4| SGS RCM 920 27.4 13.7 13.8 | 60.4
(a) original (b) RCM (c) AMC (88 color) (0.65) | (0.25) | (035) | (0.21) | (0.34)
R B o © | AMC [ LI51 [ 642 [ 377 | 390 | 1543
4 F—2Y v T % OIREATH (88 color) | (6.82) | (0.59) | (0.70) | (0.61) | (0.63)
sGs | AMC [ 960 | 534 | 313 | 323 | 1229
(88 color) | (0.68) | (0.49) | (0.58) | (0.51) | (0.50)
AMC | 916 0 | 302 | 310 | 659
SE Xk MESGS | (g8 color)| (0.65) | (0) | (0.56) | (0.48) | (0:26)
. 1,449 | 421 | 20.8 | 209 | 94.1
1) T. Iwashita, et al., IEEE Trans. Magn., vol. 38, no. 2, B]occk _ (1.03) | (039) | (0.39) | (0.33) | (0.38)
I 807 | 233 | 1L7 | 120 | 53.1
pp- 429-432 (2002). RCM | (0.57) | (021) | (032) | (018) | (031)
— LU [ | k| 5 4
2) T. Tsuburaya, et al., IEEE Trans. Magn., vol. 49, no. B o Egzgg E%'(,ZZ; E(l)éz'g E(l)gﬁz Eﬁézli
5, pp. 1641-1644 (2013). © | AMC [ LISL | 546 | 305 | 321 | 1297
(88 color) | (6.82) | (0.50) | (0.57) | (0:50) | (0.53)
IR N [SEgN M R . . .
3) BB, f, EFHIE, SA-14-10, RM-14-10, pp. 5G| (s8boton | 0.6%) | (0.4%) | 0.48) | 0.40) | 0.4,
AMC | 916 0 | 245 | 247 | 538
43-48 (2014) MESGS | (88 color) | (0.65) | (0) | (0.46) | (0.39) | (0:22)
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FUIBHHEREIE (MFGM) ICX DA ZARY v 7 v Fu— AWifilc B4 2058
NHERSE (M2)
Narumi ODAGAKI (M2)
FHE KPR FBE R TER A A PERL - S caramel_rock_0708@yahoo.co.jp
(FREHB) R (E)
Norihiro AZUMA (Professor)
FHRE KPR P FFERH B A PERE S azuma@cc.utsunomiya-u.ac.jp

1. #E
WA, RAEFOBCK IO, B A2 L U, BRI, SiE, &IRMAEZ & Ok H
@?5%5?UV&VVFH~A®%Eﬁ§<Mb%ﬂé AARY v 7y Ru— A
. MFEZE, MzEH e EOMEROEE R EIHEDOIRK TH 2BRELL A ZEZL, AARAD
§E.7’ryEEJrj:75>/\/kIE/u“C“j(§ IALEA EDTWD, AR TIEZEDA X R v 7 v K —LAx%t
HE LT, " —BERFORIFEY CH D HABIERE R (MFGM) 122 DO FEESEZ DL O TH 5,

3. E&

4 B Wistar RIEZ ~ & TIROEERHE (CE-2) T7 HHBHEEE, @alLAT7a—1LA&
(HC B, m=a L A7 a—/L+MFGM & (MFGM ) % 14 A A BREBIRSE72, FEBREOHK
E 1% VAT E—/b - 025% = — Vi) M) U AR Z AR L L (HC #E). 5.5%% MFGM
DOUEIMGTINEE RSy & BAER D 0 b2 L5\ (MFGM ), EBg o5 HMFo o0 B A L& 7
HE. 14 HBIZERIMA ., Fofé BTN H 217> 72, iRz im 00 EL72%, migHhok=a e
A7ma—)b, HDL 2V A7 —/b R ZUtY ROREEIT-T-, S 5T, i L7z FlEz H
WTCHAE TR D Oil Red O Yea | X 2 RN &EREOBIZE & | Foleh A2 X 2 IR E i 46 K OViThg o
wa L A7 e —L &R OREEIT> T,

4. WBREBE

SR o by /ey
m 3 - 1 — =7 —
R CORER ot e aay o T AT BT (mgd) HDLaL AT E L

50 - p=0.045

a L A7 r—/bix, HC BEIZHE 250 A I p=0.064 20 | *
MFGM B CHI S LA MmcH D . 200 - I P — ICOWOI
HDL =L A5 u—ixggicegm 150 1 =

100 4 Control 20
L7z (K1), 50 10 |

JENEET @ Oil Red O Yt Dk 5 0 0

HC BECIER < et SN2 BIATR HC MFGM HC MFGM

ZRENBEETH =Dk LT, 1P oo L AT o —/ /L L HDL-21 L AT 1 — L B O JIlE & 5
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MFGM B CIIRIGTE OB REMSI N8R S T,
S 51T MFGM FEO N DK & 1% HC BEIC L

XOUhEL AR LA LN (K2), £
i~ & U722 NEE &1L MFGM #£72° HC #f &
R LABEICIHE SN (K3), 5T, Al
FoRaLATFe— L kO, NI Z7UEYU R
MFGM FEIZBWTH RIS s hz (K4),

2 : RFIE T ONE E”‘*éki(ﬁ%ﬁ%@@fhéﬁ

mg/g liver
( 2%0g : LT (mg/g liver) (mg/g liver)
BaLxFu— J RUZUEY K
_ 120 200 -
| p=0.000
150 100
¥ %0 - p=0.001 1307
100 i T :00014
60 1 = 100 A P
40 by
50 - 1 "
I O IR P - Contro 20 >0
o 4 , , 0 - o+—1 1
HC MFGM HC MFGM HC MFGM
B 3 - RO G2 h H A 5 K4 : gt okarAro—L Lt s 7)Y RO R

[B42] MFGM O# NHEEUC X 0 RO IR E S MG RN R &, 2z K g Ccokk =
LATFa—)LERE KN)ZUtvY REEORICS R EE2ONS, 77, ZHICEL VT
g T VLDL &0 Ifl S, R LTmbhoRa L 27 o —LEBER T IcoRRn-T- &%
Hivb,

5 . npg

AREBRIZIBN T, MFGM %% OB 5 Z LI L0 FFIRCORENRBOLE LML, A XAV
v 72 Ra— O -D7203 % AIREMED RE S 1172, MFGM IZRLEE S L, ALEGE E L TR
HHENTNRWA, SBOMFRIZEY . TORRFETH 537 — I 07 TRERODIED TS
FUX, MEGM IZE TR, dmh vy T LG BEORFERMLFM & L TOH - AN/ Z &3
FFCE D,

SE Rk
1) EHEATM, SA70% AT A p205-209

2) Folch, J., Lees, M. and Stanley, G. H. S. (1957) J. Biol. Chem. 226, 97-509.
3) S.M. Bocca, S. Anderson, B. Amaker, R.J. Swanson, A. Franchi, F. Lattanzio, S. Oehninger, Milk

fat globule epidermal growth factor 8 (MFG-E8): A novel protein in the mammalian endometrium
with putative roles in implantation and placentation. Placenta 33 (2012) 795-802
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TRK 2 SAREFE E K VBL Hf Y o VR F v — 2 T —3 TR R

3 U RBRIMMEA RERED I UREINL - BAT DR

T (M2)
Takuya NAKAGAWA (M2)
FHEE R R P Se B A £ PER 25 takuya nl7@yahoo.co.jp
(FEgHE) BEAY (ER)
Hitoshi SEKIMOTO (Professor)
FHR B RFRF B JERH E A FERH R hitoshis@cc.utsunomiya-u.ac.jp

1. #8

3 RITHFRARF VT - ORERE C, Bxr N Z B DEETMIC L > TUFILHETH D,
ANADV3NIURRZDOY AT ZH->THY, HR=ZREBEROOLDEINTWND, T U
FTITVEERKEDNIEE A ETH Y AR EE Tl HESEY O 3 T HRBRENME, T07-
I URREZ SOOI AEMOIEHN N2 ORBEEIIESLDEZ 2 bND, —FH, BIEODELZ A
BRI BN T I U EOMLENEITIRD LTV, EIERED I 7 FI T 5 3 ME 0 R
SABMELZF ISR, I vFERRHES L TA R TREXENFBOICEAT D 14 XFRHIE)
NAHEND, WWIZET2 3 VRORIL - BITO A I =X LAOFFMIIRMHATHY . ZaiEH
LAIAT 22 L TAX OREBEEICENLOE I VR EZEHTE D EEXBND, SHIT, K
SHE O FVEY I CII L R EM O AFESCRYICEMR CE 2 AlietE b H D, & 2 TARIFZEIZA
FOATREOWIL - BITEEEG T2 RRTH 2B E Lz,

3. X
NMU ZLFRIC K-> CTHE LN A R ERZH A T 7 FWRISMECHES L. 973 RN D 3 vHFilRI%

PRI PE 2 7R3 R R FGRHZ 7 RibEk LT,

ZOBRELICTRIED D H I TRDORIL - BATEIEE R FIZE RN & 5 fTREMED E W 1 RIS
ONT, ZRLTWOLBETFERET D Z L 2ANE LTI URBRIMIEDZER 2 T4 2720
LR DA SR 24T > 72,

s 50 - O Hawmikaa v ZRENE
@ HEWI VRIREL 3 UROFEROMBEHT
@3 v FREETIEMEORIE

40 400

350 -

w
a

300 -

w
o

250 -

200 -

AYMRME ng/kg DW
N N
o (&

4. HFREBR

FE IR D43 7 BRI, 10 (KRBT
BUNTHIEEES - N WT L0 A EITK<
7eolm, —HT, IMKREELMBTIIWT & DEX

150 -

-
a

100 -

50 -

0

i &R

5 A e o s § PN
2.5uM IJ) nEEE 250uM ‘ ﬁ{fﬁlo fco ’EFE’I-S«Q Efjéﬂ ?%/&E!i 103 {&/}%E
1110 AAFRIZ 31 DMK T4 3 v SRl WHLZB N TERETIIENMER TH o7z, &
T 53— |%. SE % %7 (1=5) TEERT O v FRIPRERIZE L T, BEET O

CRIEIC L D %L Sk CHE SN B S = L ekt JOTDOFERET LT, SHIZZORERE
D 2 7 FEERITTIEVEIE WT &AL 213580 6
Niphole, ZHNHORRITZOEBERBITEBAINE IO b T AR —F —BIZFIZERNH D
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TRk 2 5 ARETENE K VBL $f Y I F v — 2 T — vy TR RS E

ﬁfﬁ%‘ﬁ IR uﬁ L7, 80 1 2.5uM 800 1 250uM
70 1 700 "
IR

i R 600
5. #&8 o 2 50 1 500 |
ARSI ORI FBFIbE 105 1 N
?‘/Rﬁf*‘y“—‘ "wﬂ.fp})é"&ﬂ)ﬁ-{ﬂﬁéﬂ m 20 - 300
77,:0 I-@ﬁﬁﬁ—j‘ i@Tﬁﬁia ‘77@/&%}#7)) WT & 20 - . 200
FEMIRNZ D Th T AR—HF — T H 10 - " 100 |
DIpNZ LWy mote, ERETEEICDH 0 0

105~ I- Z 0t 105" I Z 0

WT EEIR 6N 72, L, EER [ 2 10, BRI 350 2 A P HERI 3 7 SRR T

D TR FTALEE T WT & RS 22 o7z, 7 /3 HL SEERT (0=d)

S A LTSI b B b b P t@ﬁm;@*mmmﬁfﬁﬁﬁﬁkézg%%ﬁ

tRREICL D T IKECHEER DD Z L e ET

FIZ IOy DHER SND Z L OARE, BXI D

RN T TOBIEDN TON TS Z EDVRE T, HERTO IRENMEL o0 b TOIZ
B3 RO 5 L CE % B s T E2bDThDLEEZXOND, BLEITE 1051

ARICBF BT IFIU RS RIRETH D ERETITEwE SIS D, £

BIRAMEIO, 5 AR — 5 —RETFITER 7 DI OBEEWRH D I 0 FA 4 OFEEH WT &

' Wb Uiz, LoT. = 0% BATESEME 0y
T UAR—=F—IZERNSD Z ENRBI NI,
COEREEKEHNCRY Ya v ra—=7

ICEDERBIRTORBREITHI ZLIZL - T, 4%

AURMBONT UAR—F—PNHEESND Z &N

RNZHIfFESND,

y

RFRERESE CGRURT) Ol —Hed CRRRT) S IR (BSRe & E AR

SE MR

1)Assessment of iodine deficiency disorders and monitoring their elimination WHO (2007 )
2)fco LR R

3) BAYy 3 URGAEEOIED~D 3 v FRERR & RBS

4l EMIREIZEIC T % 3 v FZERIME & YR 3 o SRR O LRt CR¥ER)
SMEEFAK  fad L ORI 1T 5 IERERE 3 7 R DL R REZAL

THUE RFERAZER B3 (2007)

O)FIEIF I JRFFR s L OMRIEZ361T % 3 ¥ SRR IR STl M O i AT

FHE RFRFAZER B3 (2011)

DB, LI FE], RIAER, S E, KA

THES UR LA RMIVROBENE  BATIEIEEAMEE 778 HS55 p563-568(2006)
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a4 XFRXF} AtCLCa k7 U AR —F —DfENT L w3 VREHA XDIEH
SEMRER (M2)
Misaki KURIBAYASHI (M2)
FHR B R R B SRR E M AR PERH B mal28113@cc.utsunomiya-u.ac.jp
(FEEHE) ®fEEET (HEER)
Michiko TAKAHASHI (Professor)
FEE RF KPP PR AW £ FER T RIX amichiko@cc.utsunomiya-u.ac.jp

1. #8

FURITE PROEREBMICE > THHDOTLHETH Y | FARBRALVE S ORERR S Th 5, FRERA
JVE IR - X R0 E - IRE ORI DR EE, KA ORRICBER L, BE A M
FRCEEREEZ2H 5T, —F, PICE > TEOMEAEEITRD LT, T LAEEIZ
UHRITAEBRELZIESEZFTZ LRG> T0D, LonL, WO I RN - AT - EEA =X
LOFEMIIRMBATH S, TR, VA XTFTRAFTOEFEAFT LU N T UAR—H—T77IY—=D1>DT
&5 AtCLCa MWEAAEIZ RET DR b 7 v AR —H —Th 5 Z L B S /-, AtCLCa IXffEIZ &
DRBNFHE SF, NOy B IENICEET 5, £70, MERE RS THRE L LTIk aaER 2 & 28
BRAEMFIERICEI VLN N, Ll AT TO AtCLCa & T OFERITESHTH~NS
TRV, EZ TR TIE Y v A XFXFIZE1F 5 AtCLCa DEWIRT CTo 3 v ke L 9
FINEOHA LA E L, RO 3 URRZIEXE~ERT 263 VRGAKROEHE B LT,

3. =B

ecotype WS (WT) ., AtCLCa knock out 2 #{& (clca-2), 35S 7' 1 E—% —|Z X % AtCLCa B FHEBLIR
(AtCLCa-0X). AtCLCa % % 8l & 7= 28 BAR(P35S:AtCLCa/clca-2) & V7=, = v B EliiE: o FH 4
ATV, AR S U RIREZ ICP-MS IZ XV MIE L7z, T'I2X 2 AtCLCa DR FRE~DEEL
FHR 25728 RT-PCR |2 LV BB FHRIBUGENT 21T o7, 72, HHEED I U FRE~OLEBLRET L7
DEFMAGTERE LD D2\ VNET E=T & LIS T TO ACLCa DR BLIS L ONEW A4 3 7 R
£ 7 bl U7z, AtCLCa 12 K D FE -~ 3 U EALRR 358 7' — ¥ —(T L% AtCLCa R B kA
FrOEa VRBEICHEZHHBEERET S0 A XF AT O 43 vHEBEZNE L,

4. BREER

ZEMITWT KRR T URREMES . WREFEBRIIWT L0 23 URRENEN-T2Z
LD ACLCa IFHEMANIZE N TS T &gk LIRIENIZ T BDERBEIND Z ERNRB STz, £,
AtCLCa [TERFEIC IS TH FE T I ICK O RIANFES L. 7 =7 HM T BN T
BT LK RBEDNFEINDZ EBbhro7e (K1), WT, ZEAE, BERIULICIS W TERGE
AT UE=T L LIEE Y BB L LIz CRMIR S 3 U RRE N R -T2 2 Eh D RIS
F o TTI OlgE e S D ATREMEAVRIR STz, TBRIZ LD AtCLCa i RIFEBUADTE-1-4 3 ¥ ik
ERWT X0 27RE-7 (K2),
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TRK 2 SAREFE E K VBL Hf Y o VR F v — 2 T —3 TR R

20

NO, NH,*
15 EWT
LR HETER LU HTE %
oonteel |7 oontrel I jeomtrel 1 condrel | AtCLCa-0X
ArCLLa 10
e netin §
i
; AtCLCa 5
ooa:¥ metin
acLesOX g o me——
control r
1 AtCLCa D#EfsFF5L 2 fEredvRRE
5. &

AtCLCa b7 v AR—F —[IHEFICB T TRk L, MIENIC TEZ2ER- L WD 2 LR
SNz, S, BB THDL AL DI UERZIELFEICERT 27203 vREA XOERES 2
THEY FEARROBERFE Y 0t — 2 XA RNBRFE Y 0t — 2 —OMHEE X T\ D,
AtCLCa WFIFHAOF 23 U RIBEN WT LV bEE-7mZ b 358 Yue—4—2L5b
AtCLCa DA F~DE AN HRFTT 5 MBI R SHV ACLCA L LB A 1~D 3 UHREABHIfFINS,

i

ARUFGE A HED 2128 72 > T Sébastien Thomine (CNRS),  Sophie Filleur (CNRS) £RIZ(3FE 1D
RHRELEHERRE R L CWEEEREBEH L TRV ET, b EHITSnE L, £,
FREHE Th D mEEE F AR PR BRI TS T 2 KR A2 D 5 2 &
WHRE Lc, IZbERA RGO T TR ZED L Z LR TEREEH L TEBV £, Y
WEHITENEL,

SE 3
1) A.De Angeli, D. Monachello, G. Ephritikhine, J. M. Frachisse, S. Thomine, F. Gambale3 & H.
Barbier-Brygoo
The nitrate/proton antiporter AtCLCa mediates nitrate accumulation in plant vacuoles.
Nature Vol. 442|24 August 2006
2) Danny Geelen, Claire Lurin, David Bouchez, Jean-Marie Frachisse, Francoise Lelievre, Beatrice Courtial,
Helene Barbier-Brygoo and Christophe Maurel
Disruption of putative anion channel gene AtCLC-a in Arabidopsis suggests a role in the
regulation of nitrate content.
The Plant Journal (2000) 21(3), 259-267
3) Stefanie Wege, Mathieu Jossier, Sophie Filleur, Sébastien Thomine, Héléne Barbier-Brygoo, Franco
Gambale and Alexis De Angeli
The proline 160 in the selectivity filter of the Arabidopsis NO3-/H+ exchanger AtCLCa is
essential for nitrate accumulation in planta.
The Plant Journal (2010) 63, 861-869
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TRK 2 SAREFE E K VBL Hf Y o VR F v — 2 T —3 TR R

T T, VR E LTS T o S No. 8 D

FEE AR T DR RN F T B ONERRRISEYT

)R (M1)
Takuro ICHIKAWA (M1)
FEE RF KPP P 7E R RAF 752 mal38503@cc.utsunomiya-u.ac.jp
(FFEHE) MAFE= (FdR)
Shinso YOKOTA (Professor)
FHE R RN AMNE SR yokotas@cc.utsunomiya-u.ac.jp

1. #
FEIE, HIE ., D A L A7 EOIRIFIRIT T 2 g O —> L LT, 25 A (SAR)
ERFEN D IS E 2T 5, SAR I, FEMIEO RIS 5 Z LIk b YL
NECH U FOBRENEEIN L, B R & 7 BAEK R EOEPIERHES NS, Z DORY
HAL CHAE SN D IRPIEIL, ¥ 7T UREIC L » TR &R T 5, ZhETic, v 7
FTMBER T LTTETA Uik, FUF AR, Py AT B EOMEBMEHESh s b
P, Lo L7edd s, SAR IR ZRFZEHIIL, BARMICE < . AR T DHFFEHE 23D 72
WOBRBURTH D, KWIETIZ, 7T IMEERFO—D2THLTETA U RICEAL, T8
T A VERAVER A L7237 J1 >3 (Betula platyphylla Sukaczev var. japonica (Miq.) H. Hara) #hfii4)
1K No.8 DEIEN AT 5, BRI Z XV EDORIEXRITHIZLICky, 7T U BI2 kY
FHUINDL T NDSAR A= AL EMRAT L 2B E LT,

1]||||

2. XEE

ML LT, 3 7 AMIEER L2y 7 0 2 N IR No.8 & 7o, Z OSEmIROTEE
DO 3 HEOEMIZ, NBICT BT A VBB Z T o7 (T), F/o, &L LT, Mueg
(m)%;wﬁmﬁ(@)@@WWW%%%bko:n%®@ﬁ%m%ﬂﬁza&’ JUEER
DF 3 HiMB L OEITHT., TENZ 7ML, “RocERKEI AT, 561
72 TIRTTESIKEN 7 L B R L BHL LT X T AR v b OB 21T o T, Bifg R
Brte, T QIR SRR 2 R B AR v b, CBB TY LIZBID 7 v i 58]0 B
. TARBELEITY, XTF RV ERfl LT, Bone_XTF R i @K
Koo~ NTT774—=F T DEESIECI VNI L, T—F_XR—2RBICEL>TH
BOREZIT>7,

3. BREEE

TIRJTERVKEN TV O EEIEANT OFE R, B 3 il X ORI W TRE S AR v Mk
X, ZNZFNH 1000 fH TH 72, EHIZ, BIFHBBLIOED TIZBWT, WL O0ORRD
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B URIEARy v ENT, 3 HIMB X OEEICBWTRB SN, FRROY VR IE
ARy NOEEBLRBIOSFEOMHEIX, TNENERRDEEZR LT, ZOZE0n6, ¥ Ih
SNIPFEIIR No.8 IZB W, TET A VEEY 7T IVRERKIZ L » TRET AR Y V78
X, 3 EIER XL ORIV TR D ATREME A RIS STz,

B 3EIMB L OEICB W TR L RN Y R B ARy NORIEEITS 12, T DOFER,
WS ODDRERIZ LRI ARy MIOWT, NI ERFEES N, LMALARR6, [H
ESNTZH I EDORERND TIE, SAR A=A L EDOBREHONCT 5 Z L xRk n

5. 8

HRFENT OFER, TE T A VBB L2 T B o N IER No.8 D5 3 Hililds L UZEIC
BWT, TNENRRIZ R BEARy MRS, ZOZ b, T 0 Gl
ANo8IZEBWT, TETA VY 7T IVRERKICK D | TN ENDOMRE TREN S VNI E
DRBTHERHALNE ST, F2, B3 HRBLOEICBWTRIL Lz, FREHZ N
JEARy NOFEERBIODFENERLEZ R LI &0, 53 HilllB LOEICB VT,
BB 5 R PSRBT D ATREME DS R S ute, ARBFZETIX, T X CORRN Y R G %
FIETHZEDBARARETHSTZ, ZHUE, BELIEZ XV EORAENRE TH-T2Z &1I1T
BERLTWD, TOH, 5%I1F, HEKO RTTESIKE T VG FRRINZ 7B~
TF R TNVERBT L LT, FAENRARETH - T2 fr R Y L /X H AR Yy MZONT
b AU B ERETHDMEND D, TR TORRNY XV ERRESNS Z L1tk » T,
TEIABRICKLVBEESND, T H 3D SAR A= X LERIHT 5 Z L3 HkED & Hifd
b,

Bl

AWIEDFATIZH T > T, X /XT BN « RECHEBI I Z#TAW =, B - BmpEERI
A NTIEREE . (EMBFERT. MEMAFEtEN, RO A0, IMaE+ BB IO Mg
R fEiC L E#HoBEEE£E LT,

ZE 3
1) Martinez C, Baccou JC, Bresson E, Baissac Y, Daniel JF, Jalloul A, Montillet JL, Geiger JP,
Assigbetsé K, Nicole M (2000) Salicylic acid mediated by the oxidative burst is a key molecule in
local and systemic responses of cotton challenged by an avirulent race of Xanthomonas campestris
pv malvacearum. Plant Phyiology 122 : 757-766
2) Parker JE (2009) The quest for long-distance signals in plant systemic immunity. Science Signaling
2 :DOI : 10.1126/scisignal.270pe31
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BREOBEERENBREICI T 5 H THOMMEES LU 7 =404

FREEFRE (M2)
Haruna AISO (M2)
FHEE RF KPP P 7E R R AAFL 75 mal28501@cc.utsunomiya-u.ac.jp
(FEEHE) A% K (HEHER)
Futoshi ISHIGURI (Associate Professor)
T E KA ARAEFEL ishiguri@cc.utsunomiya-u.ac.jp
1. #
RAFEDZ, RN 2 WVIETB D Lot d , ARDIELVWMLEBIZRZ 9 L T272012, HT
&R D B 2 R 2 RIS T 2. — RIS, IRIERFCIE, R L 728 & 2 Wik B
WZRODEERE L, ZOMMONEHERNBIZCE T T (G) BEERTLA2ZERMbNTVWD, &
THIE, EFMEHE L TELHBEN R 2206, AMFIH EORKE SN TND,
JREERNZ BNV T, & THOMRETIVE T UL FRIREABEIC LD RESRRDL T LB
NTWo, ZRETIS, ZLOMEEICLY, "~HIALT U7 THRET 249 350 ISV THISE
TR TE I, RIS, BUFREILEBIC OV TS & TH OMEBEE ICEET 222080 < D)y
WE SN TET5 (Clair et al. 2006; Ruelle et al. 2006; Mukogawa et al. 2008; Nugroho et al. 2012,
2013), LU 6, W7 UTICABT DIRE/ S THICEL T, #iEdEs oy 7=
A B R L7 2EBIXIZ E A L7 e n . MEIERMO/ SV RM & L THW AR,
AMMEE~G 2 2 BIIRMHADEETH 5,
A TIL, HTHOFIEDR, 2o OBEORMAAIC KT T HELMAT L 2L
L, 4 FRIUTIZEBWTCERICESEMMRICHWN OIS 2 BIFEIC OV T, & TH ORISR &
OV 7 =roafiziii L,

il

2. ER®

EBRITIE, AV RRVT, VY UERI—MIH D, AT VERRT (i 6° 337, B
106° 43’) HENDIRE THEF L7z, 2 TEOIREER MMM TE (Acacia mangium 35 & Of Falcataria
moluccana) D ARZME L7z, 2012 4 11 A Bflc, &6 4 8R0S B 3 REHEFHMND
50 IR, BEL, & THMERAEMR Lz, £io. 1 RExfRE LTHE LM (0 ) IZEE L
7oo 2013 423 H ERIC A2 TORE 2 ik, BRI OESK 1 cm OB 2R L2, 56
NIZMEOEBO FE X O TN Y T 2500 b/ 28 L, #Erm i (S 15um) %
ERL 7o, Z20%, WIEICX VD AKAT L AT = 2{EliT 5L L HIC, GEOMRBOZHIZ, &
fbHigh 3 — RS, V7 =r BaEE LT, 7aa Ly y —HBRKIGE LT A VIS ET
ofc, Fio, EERE M A T, ARl R BERE RS 231 2 BEFLAL 0 oM B A I E
L7,
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4. RBREEE

M U R & A S 3 — FYe @ LR, A
mangium 3 & O F. moluccana (28T, HEMEED |-
M D ARAKAE T NI R E B E BT Do nRO B
(1D, ZoZénb, ZNHLOMETIE, GEx
BT 2 Z EBRMR I, SHIZ, WTORTEIC
BNTH, R ERNCBWTEEFLIL O O AR L <
INEL Te D Z ERRBD T, —KIZ, GEDOEREN
D BAVTEARERIZL, HEEMETRE DS/ NS VMEE /R T 2 &
MEHITND, 2O & A mangium 35 L OV F moluccana i 44 & LRI 2 BRI,
GENIR SN TWIRWAKREZRIRT D LERH D,

5. #&

AIFFEOFER IS A mangium 35 KX OVF moluccana 1%, & THERKICHEV., G AR T 5 FE
ThHHZ EBHLNI /o Tz, o T, IND 2FEZMERM & LRI 27201213, HEEHE
EABET H1-DIC, GEBOBKOAELFRET HLENDH D,

il

HitEE
ARG AT 9 B1= 0 FERIZ T 1 TEW T2 AR F— VR RS B85 Tmam Wahyudi 1
*#/k2 Dicky Kristia Dinata Sinaga o, “F#0E K775 7R i B RITEHE L £ 97,

S &3k
1) Clair et al. (2006) IAWA J. 27: 329-338
2) Ruelle et al. (2006) IAWA J. 27: 341-376
3) Mukogawa et al. (2008) “The Formation of Wood in Tropical Forest Trees” . pp 76-88
4) Nugroho et al. (2012) Annal. Bot. 110: 887-895
5) Nugroho et al. (2013) Annal. Bot. 112: 1321-1329
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A7 =V NIRERFERIZEIT 2 AMEER X OB R

Tikthiw] (M1)
Yuji KUDOU(M1)
FHEBE RFRFPe P e R BRAFL 7 mal38507@cc.utsunomiya-u.ac.jp
(FFEHE) Mt (HEEER)
Kazuya [IZUKA (Associate Professor)
FHEE RFRF P P e B R 5 kiizuka@cce.utsunomiya-u.ac.jp

1. i E
INETIS, MABRFHREL LT, BREMETAEEDTDIZ, WEHOBNIEIEM O, Bk
éhtﬁ%ﬁ?ﬂ— (R D ERME OGRS TE e (MARBERRES 2004), RAEOFR

FHETRON TV HEMBREFREEL, #Bk, WiE, RELHRVIERTZ LT, ME0E%Em LS
HLHHDOTHDH, £z, WEBEICMA T, FIH EEERIEE L 25 AKMMEEICER LERE (M
HEM) OBHEBEENPERHINATBY, FEZEMOMERENED LN TETVND

717~ (Larix kaempheri) (%, ~YED T~V EBOEEHIER CTHY, BEFRCIEEICK
WL, FEARERBECH D, DD, AXEOMOFEEENRBTE & R, 77~ YK
BE23 500 DL B ST E 7o (MMRBRERS 2004), ZAHETICH 7w VICHNT, A
MORUCIICHEB LIZMERRICET 2503 TN TE TS (=F 1988), 7 ~Vix, &
CHEERIM & L TR END 72, BT~V OMBEBREICENTIE, BESLY LV VEOBRENE
BCTHDHEBEZ DN, B 12— 50T, HHERSCAKR DI Y v 7RO 7 n— %
WZOWNWTHEINTE TS (FTHB 2005), —F, MEBE~DILADIEEZ K O @ i
R AR T 2 Z ER<KMETE D 20D, BEZMENICED TV ETEETHD, b
NEEHEERER IO T ¢ S, YARKE TIZIEFFMIE CHE T 2HEETHY, 2 bl
TN TR L OB AT ORFEEE & @ WHEBEBGRZ ~ T Z E RN b TV D (Ish1gur1
etal. 2008), = B2, B 7~V N LML, SRAEREDOHE 12 W FEAR CERISND Z L b,
FEEBF O ZRIC K> TR LN F E B FEROFmII R AT R TH L, AFETIE, BT~V EIR
R SN2 7~ Y NLRBRFRIZONWT, MERE, R EFHRELS L e T 4
UEE A LT,

2. EER

HEEARIL, KR 8 V m— U MDOFRET A T VAKREIZ Lo TER &N T~V N TARF
F30FEKE L, 2O NLRRFERIT, 2 0 OEAK FER RN XL ORERA ; LN
ABXOB) I[THFHEINTEY, EH0LKE37THETH 7=, 201346 HIZ 1 FRHT-D 9 A
FKIZHOWT, BEBLOWEERZNE L, EaF 0 U liE, EuF o o2 H0TRlE L,
BIENE, M&EEIZRNT 4 EATY, EOFEEAEREE Lic, £72, N T 4 —F A T DI
WAZRERERR 2 VT, BIMEED 1 2937 (B —MOERE : 1 m) ([22WT, RIS HERE
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MzllE Lz, 50N 7lz & 2 — o R T L TS I InREE 2 R D 72,

3. BREEE
EK,ﬁ%ﬁm%ﬁ%%%ﬁ@ﬁ;wem?4yf@txbﬁ?A%%Towfn®%%rk
WTH, MEERBLIOE R T ¢ E, ZIEFREBROSAM AR Lic, —MIZ, MsERe & DRk
BB, BEENOEENRKE N k#%ﬁﬁlfwéﬁ>2ﬂ%nfﬁbﬁ;2% EcE, KE
R7E m@%ﬂﬁﬁoko*ﬁ,%g%?/7¢@&@ﬁ 1, BREEROEELZITIZN
EVRHBNTWD, AFEIZENTS, ErT 4 VEIXIRIEREDO Y — &R L, BEEDOHIE
E—H LTz,

4. #

ARIFZETIE, BB SN 7~ Y KO N LREFRIZHOWT, KEFE
EIEMEERICHE CE AMERIEARAE L, TOME, MEERABLOMEREICOWT, &
MBI SN2 LTHRIESEOMREEZ RT ZERHLNE o7,

il

HiEE
AR EMED HIZHT- 0, Bt oML, BUHEFHA D ZH ITHO RN ST BT RAR T &
YH— B FARRE LR D ONCE BRI OB TECEHH L EFET,

SE XM
1) MARERmS (2004) MAFHEO 7 n Y =7 h—RfEGRYMLOBEDO Y LER LTS T
~OIEH—. MORBEREHZ, L. pp. 129
2) =k (1988) T~ OMEFMICET W5 — ERIARHEOBISNSE R —. HENH 6 :
47-152
3) WHD (2005) BT~ VHEFBHIB T M ERED 7 v— AT, RENHR 21 : 85-105
4) Ishiguri et al. (2008) Prediction of themechanical properties of lumber by stress-wave velocity and

Pilodyn penetration of 36-year-old Japanese larch trees. Holz Roh Werkst. 66: 275-280
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HEETEBERLEZHNWEZR-F 7 N 7uaT7J o

BT VIVA Ak & F OFEM 5 DR

RRIFRE (M2)
Asami FUJIWARA (M2)
FHE KPR B PR E Y A FE R PR mal28130@cc.utsunomiya-u.ac.jp
(FEEHA)  ImEER GEAR)
Kiyoshi YAMADA (Lecturer)
FHE KPR FBEE PR E W B PE R R yamada@cc.utsunomiya-u.ac.jp

1. #&E
¥ N I/ “_% Z25
MOFE2MTHY, &I OHGERSF
HTLAF—ITHELATWS., Lnl, 5%
e L1 mm
MO E WL 2R < 2 S ITREFN L Tl *
o8B E L V. 22T, ERA X ! ‘ ChETOWRE
- \ N [=EAN o EXiAEE
EZERWET LV A B EIE 41T - B iyiig e
WL, BT LA =R Eh TS TR SO } SR
] Py @ BEFHEBRZ
T LIV —D L, AR R K OVt FEER ® BEmiE
TLA¥—gEit ® EETFHEME

OfEm Lo IgE L7 ¥ —IZHfEE Lz
IgE HiiRICT LV U nskEA L, 2246k 5 M1 ITR7 LAX—EET LA AL
ZlickvEEENRD (M1). Lo T, W7 LT ORT LS AIZiX, IgE Fiik &
fEaTERY, b LU IGE PR Z 2B (L TE RWIE EILT LAY IR b & D WITHEEZE
(BSELZEeDBVELRDL., FARZ—FOFERWR L VIV ETHDLB-77 NTaT )~

(B-LG) 1F &K IZT VAT U ERENENDILTNDD, KT LT U ALD FIEIT RN S 1
fm@w”.égm,ﬁ?vwﬁVﬁﬁ&@%@f%ﬁﬁ@%wﬁﬁﬁ%@ﬁjﬁﬁw%nfw
L. T, AR TIEEE FEERAUFIZ X 5B-LGC DIET LV 7 L ALOKFTE invitro 1238175
T LA MR T L O A B E L=,

2. XEE

B-LG /K¥E#HE (10 mg/ml) (27 (B FLEH =1:100) Z#NL, 400 MPa ¥ 7213 600 MPa
DT T CUBE L 7=, 50 CAOLBL L 72B-LG 130 C8 # 7 & (Xbridge) % fV 7= HPLC Tfi#
L7z, B-LG DT L L7 MR BRIZR D K 91247 - 7. BALB/c ~ 7 A (6 #fin, A &) ZHW,

2 AT L2 1R50 Mg DB-LG & Alum 7 2 =8> b &I IEFENIC 2 [RI7EE L 7=, & 41D Alum
TIEN D 1y AtRIZ, B-LG ZIEENEGT L2 LIV T 7 47X —DOFEETT-
7o Fle, FRRICRE LI~ T 22 HNT, &HIO Alum %% 56 2 » AR%RICKET 74 7%
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V—DFE T T, HET T 4 xR =%, Alum EEIT oo~ U ADE R NIZE-LG &
HEHT22LTHEL, BEFIRNPDIANV AT N —%#53T 252 L TR LK. 30 pRICKE%
BIBRL, NN-UAFNAARNAVLT I REfH L CENRH L7ZBFRE2MH L, & L7%Z. invitro T
DT LT AERHIER T, ~ v A G RR MC/9 Mifd A 48 7 = L L — MZHERE L, B-LG
BRE IgE GAMTE & & bICE®EE, 7L Z L LTR-LG 20 L7, 1 B, 5% Lig
ZANY U, BRI & - T RIERICiH S D p-~F V2 =4 —F (B-hex) DIEMEZ T L7-.

3. HREER
Wik HPLC fEMT OFEE, SET X7 LB D

]
%< DEMEIZBNT, FEIEE-LG mﬂ%f I3 %
BienoT-. 600 MPa 5 43 O MLELIZ 35\ T, s e
A7 HPLC THUINB-LG ORMMED b 5 ":‘”‘:]
o B CIEP-LG R~ 7 % 1961 & OFEAE REn7
MDPFEIIL T LTz (K2). £7-, 400 MPa 20 A —
B E 0 RGIBTB-LG DR HIASED & |

R T-RETH, B-LG BRI IgGL ~nisas M2 FLORRK L6l T SRR KO T
DIEFARD LN, FELELET T 747 % |
VIR E DGR e LR L2 AR, RAAEEDB-LG | &R, 800 MPs

TIEHBRNT AN 27— MAESMNF 3D 5 E
REOIHL, BEFXT Y MBLEPLE T 8 s %o,
: * * - )
FEEICRHENED L, 7 L7 DK T 25538 S AT S e,
. L A -V .t ,
HHITE. 72, B-LG B IgE Hifk TIIE L 7= Y .
MC/9 A% T, B-LG 45 A 72 p-hex Dt et TE S Y VRO R
SEWmE
BT O e TEL. ®3 MET T 4T % AR T
4. =

BIE T TRV BT HZ L2 Lo T, FRRPUERE DAL KRET 7 4 7 X% v —In%&
DFELEFE LD SETZ b, B-LG DIRT LA AL MERTE 7.

HiEE
A2 ZATTHICHIZY, mEAFEEOM IS ZH DTEC AR REE I o 7 — /b
BATE D T7 2 \ZREH N L E T

S E Xk
1) Loépez-Exposito I, Chicon R, Belloque J, Lépez-Fandifio R, Berin MC. In vivo methods for testing

allergenicity show that high hydrostatic pressure hydrolysates of B-lactoglobulin are immunologically inert.
J Dairy Sci. 2012. 95(2):541-8.
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BEBECEE ) ) BEZAWETBEER LT AL 2O

K& Hk (M2)
Masaya Otsuka (M2)
FHE K FRFPE LR ERE 7 A7 A T FEHIK mtl126207@cc.utsunomiya-u.ac.jp
(FF8E#E) ANL RE Bdx
Akinobu Irie (Professor)

FHE KPR LA sE Rl ERE TV AT A LB iriea@cc.utsunomiya-u.ac.jp

1. #

T, BTFOAECZHMA LAY br =7 ZOMWIEPEAIZIB Z bl Tn5b. i,
A HBELEE L LERIMRE T A ZAOMERENBELEZED TEY, BEER, B0
FERO LI BT, AW EO T, IEFITBILIT DT D058 BB TR ST
L. —J7, BEMEE BRI T 2 & THR TH L0, BIEE/BIEEROHE O5FE I T
%, BEME L BERENIAT - BAE T LIk, BT IRELRA Lotk x IRBLL N B
NDZERHBNTWD., RIFJEIE, B A~ AREIRBLERER T /O HHH A B e
TAA XA EHIEL, A AREIRBIROER EWIEERN SR 547 ) » FEEZER L,
ZOHEMPYAE Y b FVEEEEORA L N a7 Y VR & AV EARE O AT
IZ K DHE A ANREEFNROERZITV, FREED A T3, 2R H~O ARtk & HEk 3
HTEHBERE L.

il

2. RFEH
HO 77 v 7 AEICX0ER L7
Bi % Bt & a8z &K Au electrode

Bi,Sr,CaC,0,(BSCCO) Hi #& & L I
Au/Co R % B ZE7K 5 NT A /Ny MEEOE)
AV IR OREL, EFRY Y
7774, Zx NI ITTT 4, &k
W Ar A A2V 7k vite % o Ve
EBRLL 7=, {E8L L 72 Co/Au/BSCCO Au (10nm)

MiEA X L oRd. AR e Rl
A YR s=2X 15, 20, 25 (um’)Z{E X 1 Co/Aw/BSCCO ##i
B F7o, AVEBRTIEAEY a7 Y U BEAKN & 5~140 L B L SH 72,

3. EE&

ERL L =B 2R BHZETHAIL, BR—EBEN-VEEZRE L. £72, YL /A Raafn
ZHAWT, BICK L TETIS, AVOEDICKR L CEREICHES B ZENL, BEAES OKERER
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SRk 2 5 AEEFEE R VBL MY /R F v — 2 H T — » PRI RS E

le DBEGHRAFEZ2HE L7z,

4. REREEBE

T DOFEWS BT L ER—EE(-V)FrEL X 2
W7, HEYav 7 Y UEERAEDOE AT Y A
EEI~SNTF T T T EE R T H LN TE
5. BEERERIL, ZIERI->TEY, §460uA Th

. [3 RHEARKO R BN KT S RO - T=TTK
BESHRIFIE Tl 5 . BT ILBESS LI 112 (A7 Sereut
LTEILL, eXT U RAEHFHNTND Z &R0 B;[};n'r
%. ZHUE Co DEALHIFRA KB LT=bDTH Y, X:20mV/div
BEA SIS D 2 'y DR HRE &\ % K L7 Y200 A
bOTHD. £, /3 X0, EAKOHEMEE, B2 1V R

00 v —r—t— 100 T - - - T v &

LT = - I"-.'H:{Fq — 00 = ._J’I:_q‘..":_ -
% | - _#5;J NP 3

200 : N=5 R ) N=4E ok N'-'.I 40

190 ]

I:-!II l1-:nI e ® I:I-:::.'l = ; . " B (mT)

43 BEEED R DI 2 B i OB A

ERAT U TADEEVNIREL 78D 2 Enbhnd . RIFRICE W TER L2REHEE (X Yo%
&, s, ColEg& BSCCO fENOEAY a7 Y 4O F~EIMENTHY, K3 IR
Lo RITIE, AV EARE a7 Y UIROM GBI TND. £D2D, #EH
DOEINZ LD AT U ZADEGOORDIL, #EEEROEME L bIZyat 7y VHEEG~NRAT
DRERAHM L, AEAEARRICLSR, Va7 Y UIROEENKREL Rol-1-0 LRIRT
5.

5. &5
Co/AwBSCCO #iiE & FRIL, FMENOER Y a7 Y Ve SE A s, MAEBROMS
IKTNEIC G 2 DB ERT. BAEOBEINE L HIiZ, EAT U VRAOESOBN/INE L 72 HHN
BRONZ. 2R, Va7 Y UHREAEVEADROMETHICL D HHA Y KR T
BIRENZ, TAL A EEERMLTH D, AFRICE Y, BER/REBREE T / EiEo
R LTI AR ASO ARV R LT SR IR G D 5 2 6 DT 5.
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RO HIBTE 2 H 3 2 B P S T B o AT

INETETR (ML)
FHEE R RS 2 A e R A W B PE R B mal38115@cc.utsunomiya-u.ac.jp
(FEEHE) S (%)
FHE KPR PR L e R A A PER ¥ F) ligo@cc.utsunomiya-u.ac.jp

LEEE
VTR R &2 72 B 3\ C BB & 3 D
n%’r%é%@ﬁﬁn#@/\f@%f:o LnLent, &
Tk e E B & A T D N Sy F R LT D
W iﬂiﬁﬂﬂfoﬁ,ﬁ?ﬁ)%ﬁ)oko it Fi=bix, 2h
FTH DIV TR Do T NI BAR D IFAE AL
%2 Z = A (Oncorhynchus masou) (235 TCIalE

L. ZZPMEETHDZ ENDNroT, MEEIT ENMBRRS
3 B ROHRR LT, AROELZ]ET 50 1LY 7 S~ 2ADFHEHEZHBT 5
(S B IRRRHR A TR0, FH I OR L 2 555+ 1 & & D 5y F &

(RIS AR Ve >, 2 B9 — REER) b3EH
LTHY ., ZOEALH RO EGE 4 G 3 2 F BN TH 5 2 & 23 L7 (X 1),

IR LI D ZE B 2 R B 4 T I B W TR, HEEE 2 EEO N ZRE TR URY . £
DIEFIFHERN bR E 2B L, RBEAETAT b=voBWEHIET 5, AT b=tk
R ORESIIA T b=V 2B &N LT TSH O EHIE L, AWMIRORBELZRE T D, —5.
FOE O FREEGE & I D N TR IS B WV i, B BNICE T 2 6 B & TSH 23U
HIZE2BENARATH 5,

FINE, AT b= aiESE (K2) OO0ES>THLTIATAFALT I N-TEFIL T
A7 =7 —E% (AANAT) @ cDNA 7 v —=1 7 3Bt 2 % 71 (Oryzias latipes) TITV>, 2
BAR, MM, ICRBZB LT, 2D OWREDOEZHRIC AANAT ORBNRLNDE Z &)
5, MEFETHLAT h=VBNARSN, TSH QW 247> TWDH O T AWnhE &z 1=,

ZIZ TR TR, W7 I9~vRZBITHAT h=v GlERERTHE (MY h7 7> R
77—+ (TPH)., F— T LARFF—F (DDC), AANAT, B e A K—/L O-A
FN KT AT 27— (HIOMT)) @ cDNA 7 0—=2 7 %47\, MEFENONKZEIRI 5 TSH

e B i I DS LS |
sy TPH he i ooc : AANAT - HioMT Lol
Tryptophan S-hydroxytryptophan sarotonin N-acetylserotonin Melatonin

2A5 h= VvV AESREBK
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SYWIHENCE 2R 2R3 5 2 L AR T,

2.525R

1. ¥7 7~ X TPH, DDC., AANAT. HIOMT @ cDNA 5 FEEL AT E

BEXN o TPH . DDC, AANAT, HIOMT @ cDNA L O EST HiJEES2 6 7T A ~—ZERk L
oo 7 T~ AP EMIERND cDNA %7 7 L— K & LTPCR Z{TV, FiLIZ X 0k
BoAZ R E L, iR X/ BRBLA &2 W Co Rl 2 ERk L7z,

2. V7 T AMEREIZETDHAT b= OHIE

EHEGETEBIWEISH T CRELEY I AMEREN L SWMSINDHAT N=VEETY
A LT AL - THIE L,

IFER LB
NnETIZY I T ANnE HIOMTbh
@ cDNA ¥ EFE A A3 E S iz (K3),

Seophll el mmUeSen Aiim s

Sk ESHITMD AT = Ak E " 0

Henopus trogicalis
'fﬁ%ﬁ@iﬁ%ﬁaﬁuo)ﬁii%’/ﬁ‘ 5 o é % = Cammesiss arslug
I~ U7 %4 5 PCR & insitu A7 N, i
VEA R g AL DY T AD o
RR, M, MEsEICRT) 5 EET e

Macscs midstts

BHOFMELE REHEMETBIOEA — OO SaieCE
FHETICBT DAY X LE#~5, ——
AT h=v Y7 T~ AMEENTEH X 3.HIOMT D4y F % i #

RENTWB R BIE, AEOZEEGH
ZHIEIT DN TR I, A T P = U TR O R &2 X - T TSH OB A4 3HE 4 5 L
A & RO ZEBIEHE ) T TH D EB 6N D,

4. fE

FORE D Z BB 2 I D N SRS . A T b = U S ITCIERFRE O E 12X - T TSH %
BRAEREG L T O ThIVX, SBEOATEHIEE N OISR NAT I=A K« T X I=
A2 NOBRRENHFETED, i, BNk o TREOBEHOFL - BENE M
%

it

RBFIEAAT 91T I Tz 0 | HARHE A 15 o T U2 S ST < R LT, E 7, v—2
L ADRM BT 512t 0 AR 72 5 7S A A4 =0 AHETRE v 4 — A LR
e U BT < A 2 L2
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75 LM D Quorum Sensing filfflZ Bfg Lz 7 uaTs A MY v

FHEKDER L TR
AREEA (M2)
Yuki Saito (M2)
FHE K FRFPE LA 7e R B SR AL 7 5% mt126307@cc.utsunomiya-u.ac.jp
(FREHE) HEEE %)
Satoshi Ito (Assistant Professor)

FHOE RFRF P TR E BR B LR s-ito@cce.utsunomiya-u.ac.jp

1. #E

Quorum Sensing (QS) & iE. N7 7 U 7 BEFOMEEIE R E#REO O LES>TH D, QS IZHWN
T AT IVTEA— M T a—F— (Al) ERHMINDIWEZI LT, JFPHOEEREE 25K
HMLTWD, BREED ERE (quorum) | Zii/z L7 Z & @m L&, N7 7 U T3~
IR T DG - BB AT LS, MEOEELZHGT 5, — T, BIRAV IFETHLH L7
27X A RU Y (CD) (X, NZTVTOEETD Al 28#ETHZ LT, 77 LBEEED QS %
[HET L Z EDRH LN TND,

AFFEICB N TRERIZEKSNIZ B-CD D 6 AL 1 & CiHones
WA T LRV T X BN CD #EIRIE, CD OF o N
AHL AHEE 2 MR S5 = & T, L 0 NI QS & 6-Cn-p-CD
PLAE S5 2 & A ST - 7= (Figure 1), & Z T,
B -CD FHHIKDKIIT o HABEOLHE AT, QS Figure 1. 6 fif 1 {EHAEEH 7 /L ¥ /LT I LAES
FEEA] & LT L0 FIENEZ & O 787272 CD 5K B -CD FHitifk
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Scientific Report
of Dr. Yu. M. Shukrinov,
BLTP, JINR, Dubna, Russia.

Project of the Venture Business Laboratory of Collaboration Center for
Research and Development, Utsunomiya University.

Visiting time: July 1 - August 27, 2013.

The purpose of the project was the investigation of the phase dynamics and
current-voltage characteristics of intrinsic Josephson junctions in high temperature
superconductors.

In during this period we obtained the following main results:

1. The detailed numerical simulations of the IV-characteristics of Josephson
junction under external electromagnetic radiation show devil’s staircases
within different bias current intervals. We have found that the observed steps
form very precisely continued fractions. Increasing of the amplitude of
radiation shifts the devil’s staircases to higher Shapiro steps. The algorithm
of appearing and detection of the subharmonics with increasing radiation
amplitude is proposed. We demonstrate that subharmonic steps registered in
the famous experiments by A. H. Dayem and J. J. Wiegand [Phys. Rev 155,
419 (1967)] and J. Clarke [Phys. Rev. B 4, 2963 (1971)] also form continued
fractions.

2. An interesting manifestation of the *“devil's staircase" was found at different
values of dissipation parameter demonstrating steps periodically separated
by chaotic regions. We call it as the periodic intermittent chaos. It occurs in
the devil's staircase structure of IV-characteristics of Josephson junctions at
some parameters of the system and external radiation. The steps position in
the structure is determined by continued fraction formula, so the
transformation of the regular behavior in the step current intervals to the
chaotic one is strongly synchronized. The destroy of DS structure is
analyzed now.

3. Variation of the amplitude of the external radiation leads to the different
types of the "*devil's staircases" in coupled Josephson junctions (JJ).
Increasing the value of the coupling parameter destroys the staircase in a
special order, continuously increasing the chaotic region from one side of
staircase. We demonstrate their fractal nature supported by simulation of the
Poincare sections. We demonstrate chaotic features of the system in the state
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corresponding to the inner branch of the IV-characteristic. We stress a
special behavior of the Shapiro steps in such states. Experimental realization
of found phenomena are discussed.

4. We have investigated the phase dynamics of long Josephson junctions with
inductive and capacitive coupling between junctions. The current voltage
characteristics, special and temporal dependence of the electric charge in the
superconducting layers and magnetic field in junctions are calculated. We
demonstrate parametric resonance and longitudinal plasma wave in the
system. We found the shift of the parametric resonance region with increase
of the length of the junctions in the stack.

As a result of this research we prepared the projects of the following papers:

1. Yu. M. Shukrinov, S. Yu. Medvedeva, A. E. Botha, M. R. Kolahchi, A.
Irie, “Devil's Staircases” and Continued Fractions in Josephson
Junctions”.

- Submitted for Phys.Rev.Lett. on Aug. 22, 2013.

2. Yu. M. Shukrinov, I. Rahmonov, A.Irie, “Parametric resonance in the
coupled system of long Josephson junctions.”
- In preparation.

3. Yu. M. Shukrinov, Yu. Medvedeva, A.E. Botha, S. M. R. Kolahchi, A.
Irie, Devil's Steps and Regular Intermittent Chaos in Josephson junctions.
- In preparation.

4.Yu. M. Shukrinov, S. Yu. Medvedeva, A. E. Botha, M. R. Kolahchi, A.
Irie, Peculiarities of the devil's staircases in the stack of Josephson
junctions.

- In preparation.

4 The pdf files of these papers are attached.

I’d like to thank Prof. Y. Takayama, Prof. N. Suzuki, Prof. A.Irie and staff of
Utsunomiya university for kind hospitality and opportunity to work here.

Dr. Yu.M.Shukrinov
August 23,2013 ,
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Devil’s Staircases and Continued Fractions in the Josephson Junctions

Yu. M. Shukrinov!, 8. Yu. Medvedeval?, A. E. Botha®, M. R. Kolahchi?, and A. Irie®
v\ BLTP, JINR, Dubna, Moscow Region, 141980, Russia
2 Moscow Institute of Physics and Technology (State University), Dolgoprudny, Moscow Region, 141700, Russia
3 Department of Physics, University of South Africa, P.O. Box 392, Pretoria 0003, South Africa
4 Institute for Advanced Studies in Basic Sciences, P.O. Box 45195-1159, Zanjan, Iran
5 Department of Electrical and Electronic Systems Engineering,
Utsunomiya University, 7-1-2 Yoto, Utsunomiya 321-8585, Japan
(Dated: August 22, 2013)

The detailed numerical simulations of the IV-characteristics of Josephson junction under external
electromagnetic radiation show devil’s staircases within different bias current intervals. We have
found that the observed steps form very precisely continued fractions. Increasing of the amplitude
of radiation shifts the devil’s staircases to higher Shapiro steps. The algorithm of appearing and
detection of the subharmonics with increasing radiation amplitude is proposed. We demonstrate
that subharmonic steps registered in the famous experiments by A. H. Dayem and J. J. Wiegand
[Phys. Rev 155, 419 (1967)] and J. Clarke [Phys. Rev. B 4, 2963 (1971)] also form continued

fractions.

Josephson junctions are regarded as excellent model
systems for studying a variety of nonlinear phenomena
in different fields of science [1, 2} such as frequency lock-
ing, chaos, charge density waves, transport in supercon-
ducting nanowires, interference phenomena and others
[3-6]. These phenomena, and especially properties of the
Shapiro steps (SS) [7] in Josephson junctions are very
important for technical applications [8].

In a Josephson system driven by an external microwave
radiation, the so-called devil’s staircase (DS) structure
has been predicted as a consequence of the interplay of
the Josephson plasma frequency, and the applied fre-
quency (see Refs.[9, 10] and references therein). To stress
the universality in the scenario presented, we note that
the devil’s staircase appears in other systems includ-
ing the infinite spin chains with long-range interactions
[11], frustrated quasi-two-dimensional spin-dimer system
in magnetic fields [12], systems of strongly interacting
Rydberg atoms [13], and fractional quantum Hall effect
[14]. A series of fractional synchronization regimes (dev-
ils staircase) in a spin-torque nano-oscillator driven by
a microwave field was experimentally demonstrated [15].
The devil’s staircase is considered as an outstanding ex-
ample of a ‘phase diagram’ in physics, because it shows
a high degree of self-organization [16].

A detailed experimental investigation of the subhar-
monic SS in SNS junctions were made by J.Clarke [17].
He found that the application to a junction of rf elec-
tromagnetic radiation of frequency {2 induced constant-
voltage current steps at voltages (n/m)h2/(2e), where
n and m are positive integers. The results were ex-
plained based on the idea that phase difference in Joseph-
son junction is increasing in time in a uniform manner
and current-phase relation is nonsinusoidal. The junction
generates harmonics when it biased at some voltage and
these harmonics may synchronize with the applied radia-
tion to produce the steps. Another famous experiment on
the behavior of thin-film superconducting bridges in a mi-
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crowave field by A. H. Dayem and J. J. Wiegand [18] also
demonstrates the production of constant-voltage steps in
the IV-characteristics. Some experimental results are ex-
plained by nonsinusoidal current-phase relation [19, 20].
Ben-Jacob with coauthors [10] found the subharmonic
steps within the resistively and capacitively shunted junc-
tion model (RCSJ) with purely sinusoidal current-phase
relation [21, 22].

In this paper we clearly show by high precision nu-
merical simulations that IV-characteristic of a Josephson
junction under microwave radiation exhibit DS structure
of subharmonic Shapiro steps. To prove that we have a
devil's staircase, we show its self-similar structure. The
proof comes by analyzing the results in terms of the con-
tinued fractions [23, 24]. We show that the steps observed
in many previous experiments [3, 17, 18, 25-29] and nu-
merical simulations [4, 9, 10, 30] form the continued frac-
tions. We analyze the data of famous experiments of
Clarke (see Ref.[17] and Fig. 9(a)) and Dayem-Wiegand
(see Ref.[18] and Fig. 16) in terms of continued fractions
and show that the steps observed in these papers also
form very precisely continued fractions.

Assuming the RCSJ model, we employ the following
system of equations for the phase difference ¢ across the
junction, taking into account the external radiation with
frequency w and amplitude A:

V +sin(p) + B¢ = I + Asinwt, (1)
p=V. (2)

Here the de bias current I and ac amplitude A are nor-
malized to the critical current I, the voltage V' to the
Vo = hwp/(2€) (wp is the plasma frequency), time ¢ to
the w, . B is the dissipation parameter (8 = fc |/2’ Be
is McCumber’s parameter). In this study, we set g = 0.2.
Overdot indicates derivative with respect to the dimen-
sionless time. In our simulations we used mostly 0.05 as
a step in time, 10* as a time domain for averaging with



10® units before averaging, 10~° as a step in bias cur-
rent. The details of simulation procedure are described
in Ref. [31].

064, 066

FIG. 1: (Color online) Simulated current-voltage character-
istics of a Josephson junction under external electromagnetic
radiation with w = 0.5 and different radiation amplitudes A.
Figs. (b) and (d) show enlarged views of the encircled devil’s
staircases in Figs. (a), above, and (b), below, the 6th principle
SS harmonic.

Figure 1(a) shows IV-characteristic of the Josephson
junction at w = 0.5 and A = 0.8. We see that there is no
hysteresis in comparison with the case at A = 0.1 shown
in the inset and chaos is developed in some current inter-
vals. There is a manifestation of the second harmouic,
i.e. integer, Shapiro step at V' = 2w = 1, and the fifth
and sixth, at ¥V = 2.5 and V = 3, respectively. Let us
consider carefully the part of IVC marked by circle which
is enlarged in Fig. 1(b). A series of steps in the form of
(N — 1/n)w, where N = 6 and n a positive integer, is
observed between 5w and 6w. We note that these steps
are approaching the 6-th harmonic from below. As A
is increased the chaos region is expanded and DS struc-
ture disappears. But instead it develops above the 6-
th SS harmonic. Figure 1(c) shows IV-characteristic of
the same Josephson junction at A = 0.9 with the DS
structure which is enlarged in Fig. 1(d). The steps are
approaching the 6w harmonic from above and follow for-
mula (N + 1/n)w, again with N = 6 and n a positive
integer.

The analysis of the various observed staircase struc-
tures leads us to the conclusion that in general the steps
follow the formula for continued fractions, given by

Nt = {u (3)

nE

V:

pt

where N,n,m,p,... are positive integers. We will call
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the terms that only differ in N, first-level terms. They
describe Shapiro steps harmonics. The other terms de-
scribe the subharmonics, or the fractional steps. Those
differing in N and n, we call second-level terms; those
differing in N, n and m, third-level terms, etc.

Usually the mathematicians use the positive sign to
express continued fractions [23, 24|, We have included
the '—' for convenience only; this allows us to easily an-
alyze the subharmonics in the chosen interval of voltage
(or frequency). Another reason to use the continued frac-
tions with negative sign is following. The formula with
positive signs puts the physically equal sequences of sub-

. harmonics in different levels of formula. Consider the se-

quences 3/2,4/3,5/4... and 1/2,2/3,3/4... which describe
the subharmonics placed on the same distance from the
first Shapiro step; i.e. at w. In all plus continued fractions
they are related to the different levels described respec-
tively by formulas N+1/n and (N — 1) 4+ 1/(n + 1/m)
with N = 1 in first case and N = 1, = 1 in the second
case. Including the '—' allows us to use N +1/n, with '+’
for the first and '—’ for the second sequence, and keeping
N =1 for both sequences.

Continued fraction algorithm for SS subharmonics
(underlined is value of n)

[N-1)+[1 /(1+1/m))
n=1 n=2
[ (-1 | |(N-T)= 172

.(N 1)#(1in )| | (N-1)+(1 1(2-1/m))|

N-(1 !{_+1frn)) |

|n1 n=2

®

N(‘hfn) '

oy

N-1/2
:2{3_ i X f(2- im)]
sS Second level,
subharmonics
Third level,
subharmonics

FIG. 2: (Color online) Schematic demonstration of the ap-
pearance of continued fractions in IV-characteristic of Joseph-
son junction under external electromagnetic radiation. N is
the SS number, n and m are positive integers.

The algorithm of continued fractions is schematically
presented in Fig. 2. We show by numbers in the circles
the SS harmonics (red online). Second level of continued
fractions gives two groups of subharmonic steps (blue on-
line): (N — 1)+ (1/n) and N — (1/n). First group is
approaching IV — 1-th SS, and second one is approaching
N-th SS. So, if the sequence in the interval (a,b) is build-
ing to approach the step “a”, need to take “+", and if the
sequence is approaching the step.“b”, then “—”. To find
subharmonics corresponding to the third level we first
determine the interval we are interested in; this entails,
choosing n and n + 1, which are then kept constant, as
m is varied. Each of them leads to the appearance of the
other two groups, approaching the first and second term.
In Fig. 2 we show the sequences of third level between



the subharmonics with » = 1 and n = 2 also. Other
sequences are formed by the same algorithm.

Now, we set out to show the different levels of con-
tinued fractions of the devil’s staircase. The DS in the
IV-characteristic of the Josephson junction at w = 2
and A = 0.5 is presented in Fig. 3. In one-loop IV-
characteristic, shown in the inset to Fig. 3(a), we see
that the return current is low enough to allow the V =2
step to develop. The steps reflect the second level of the
continued fractions (N — 1/n)w with N = 1. There is
no half-integer step at 1/2 in this IVC because of large
value of the return current at chosen parameters.

w=2,
(3’2 61 A=05,
4l B =0. 1-
>
1842
> 0 5/6
16+ 45 ;e
1 :Seein (b)
¥ N-1/n,
1.4 _2,3} N=1
028 03 032, 034

N-1/{n+1/(m-1/p})
> N=1, n=4, m=

1.58F

1.56

FIG. 3: (Color online) The manifestation of the continued
fractions in I'V-characteristic of Josephson junction at w = 2
and A = 0.5. (a) The steps in the interval between the zeroth
and first SS; (b) The steps between 3w and fw marked by
rectangle in (a); () The steps §w and £w marked by rectangle
in (b).
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The staircase bounded by the subharmonics, 3/4 and
4/5 and marked by a rectangle in Fig. 3(a), is enlarged
in Fig. 3(b). In particular, we see the sequence 4/5,
7/9, 10/13, 13/17..., reflecting the third level contin-
ued fraction (N — 1/(n+ 1/m))w with N = 1, n = 4
and the sequence 3/4, 7/9, 11/14, 15/19..., reflected
(N —1/(n — 1/m))w with N = 1, n = 5. Moreover, the
part between the steps Zw and £w also marked by rectan-
gle in this figure, is enlarged in Fig. 3(c). We found here
the steps 7/9, 11/14, 15/19, 19/24, reflected the fourth
level of continued fractions (N — 1/(n + 1/(m + 1/p)))w
with N =1, n = 4, and m = 1, and the sequence 4/5,
11/14, 18/23, reflected (N —1/(n+1/(m —1/p)))w with
N =1, n =4, and m = 2. Voltages found in our high
precision numerical simulations, coincide with the corre-
sponding values calculated by formula (3).

Let us finally discuss the experimental results on the
subharmonic steps in IV-characteristic of a Josephson
junction in presence of rf radiation. Our main statement
is that the set of the constant voltage steps found in the
previous experiments [17, 18, 25, 26] are structured such
that is reproduced by the continued fractions.

We first consider the experiments of Clarke, and in
particular look at Fig. 9(a) in Ref.[17]. In Fig. 4(a) we
reproduce these experimental results and compare them
with continued fractions in the corresponding intervals of
voltage. Voltage is normalized to the value of the first
Shapiro step. In the interval between the zeroth and
first SS the subharmonic 1/2 is registered, reflecting the
sequence N + 1/n with N = 0,n = 2. In the second S5
interval (1,2) a series 1, 3/2, 5/3 is fixed which follow
V = (N — 1/n) with N = 2. In third (2,3) and forth
(3,4) SS intervals the steps at voltages 3/1, 5/2, 7/3 and
4/1,7/2,..., 13/4 follow the fractions V = (N +1/n) with
N =2 and N = 3, respectively. In the last series, it was
only the 10/3 step that was not found.

The subharmonics which were experimentally mea-
sured by A. Dayem and J. Wiegand in Ref.[18] precisely
follow the continued fraction formulas also. Figure 16 of
Ref.[18] shows the IV-characteristics at different power
levels, for applied microwave radiation at 4.26 GHz. In
Fig. 4(b) we also reproduce these experimental results
and compare them with continued fractions. The sub-
harmonic steps in SS intervals (0,1) and (1,2) were found.
The analysis shows that the steps 0, 1/2, 2/3, 3/4 follow
(N —1/n) with N = 1 and the series 1/n is just (N +1/n)
with IV = 0. For clarity we enlarge this part of figure in
the inset. In the SS interval (1,2) the experiment shows
the steps 2/1, 3/2, 4/3, 5/4 according to N + 1/n with
N =1, and 1, 3/2, 5/3 according to N —1/n with N = 2.
It seems that there is a misprint in the original paper: the
step around V' = 4uV denoted as 1/5. Actually, it is the
step 2/5 and it follows the third level of continued frac-
tions N +1/(n+ 1/m) with N = 0,n = 2,m = 2. We
see also in the analyzed figure the signature of the step
3/5 between 1/2 and 2/3, followed N —1/(n—1/m) with



N =1,n = 3,m = 2, which was not marked by authors.

Clarke's (a)
6|- results
5r-_ SS* * f;ontlnue; ﬁ'adhn;
Y T S . L
§ % I T
> ol ss- Ll
- === 8" N-1/n,
g _"1;12
; B
Il '-::'|_N=1::;=Iz 1 ]
[}
D -Wiegand's
25c T rests (®)
Continued fractions
P il et i N+1in,
A gt ol . B N=1
1.5F fr=mmmmmmmme- .-
& | Erccozsosssec N-m,
- T =)
" 1_.88 j-
> L e
0.5F f-of---4"""
“} guu’;r""-.
— +1in >
o FN=" | Nepiossim,, o,

FIG. 4: (Color online) Comparison of the experimental results
of (a) Clarke[17] and (b) Dayem and Wiegand[18] with con-
tinued fractions. Filled circles show the experimental results,
squares - different continued fractions.

We note that in Ref. [25] the authors observed two
series of subharmonic steps up to.sixth order (n = 6)
experimentally. We consider these to be special cases of
Eq.( 3): the first series corresponds to V = (0 + 1/n)w
and the second to V = (1 + 1/n)w.

Reports on measurements of dc electron trans-
port and microwave dynamics of thin film hybrid
Nb/Au/CaSrCuQ/YBaCuO planar Josephson junctions
were presented in Ref. [26]. The authors observed tunnel-
like behavior, and oscillations in sync with the applied ra-
diation at integer and half-integer steps. For a junction
fabricated on c-oriented YBCO film the devil’s staircase
structure was observed under microwave irradiation at
4.26 GHz.

In summary, the detailed numerical simulations of
the TV-characteristic of a Josephson junction under mi-
crowave radiation allowed us to demonstrate a self-similar
structure of Shapiro steps subharmonics known as a
devil’s staircase. We conclude that in many experimen-
tal and simulated physical systems, in various fields, the
response function of the driven system has the devil's
staircase structure, characterized by a continued fraction.

Yu. M. S. thanks I. Rahmonov, M. Yu. Kupriyanov,
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