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NEEN TV OERFERILIC SR Y, ¥ ¥ —0EMERE 45 Lk, FEE
FERL PRI ) B L O T W MR R FEEE LT 1T 1T 2 7B, [ERRAEE bR
U7z, EEFIAE - LEAFZEILE & L ToOFBEERFIHA T 0 72 M3, 41582 ER L, T2K-
Tsukuba, HA-PACS IZ & %% < OILFEMFFENITON, 08 OEAGREIZ OV T HE R
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WNHER LT, REIRRIRE ey =7 § T 9 27— VEFREEANBRI I X 5 Jeii BB Et
BFH2BE LS OFEFE ] O F T HA-PACS (ZFEHBE A U 7= 45 S 0 ST E NS (TCA 1%
) 1, BB CORMADPERYMIBRE BT 52 LN TE, T2K D% AT L L LTE
ALTcA=—a7 « A7 I COMA(PACS-IX) BIEFICHEMB L, Z D5z IR R H
Fore o7 — L IHFERRE L [RAoimdta HPC HUEfisk | 1o\ Tk~ v o DR E %
1To7z, DRERD HPCT v AT LD & Y BT 2i&NE] TiE, =7V A 75— are
22— 7 4 U7 AT EHENEEE 2 b O MEARGIERK T — %7 7 Fy ORELZIMY £ Lo,
IHEAEICHRE Lz, BoRBZiE, RA S 5] o7 —=%7 7 F v & L TUIRMITITEL 22D
STy, kU2 — EMNATEOE NBYE PR R ET R AR AT e, BRAS BB ERT o 3
FT TR (B 2 L FAFSE) OREFAMV DL, =727 —L - 2
YV a—T 4 7 OEBUTNT T BRI O LR TR 2 ke 5 2 & 2 M Tz,

2-2. F&

(1) #RALDOFE

AR, B Z =R TR Az Bls L2, v —2EoBE0HRkiCm
I, SRR T REFEDN K S T D, BEMERIC oW T, BEFTROLEX, BET S
F - & O OB ZEEIIOE R I KFER WK D RSV ETH D, -, HAIT
FHE A RBOHLEFHEE TH I NG, TEHEBIZOWTIE, HERE, AEREOH
HEDLIATI DERETT o END L, £-, FHEESOND BTN E L2503,
HRE LCORERS /NS W, ZNHDEARN O EHEIET L0 bMELE 2D, FBHK
HFIZOWTh, WH5E (B2 —) 355, BE (PR, HERD 2B 30 R0NETHY,
F XL DIDITHERFHEO NEEGI S HRFOLERNH D, b OEEMHEL, Ak
72RO FEBRF A2 & ISR ET A 000, TGP SNETHDLH, TNET, BfEE
YE—HEBOYEL L, B SANIEREELFF o TERY, TRAEE LRG58 0BEZM
DOHARITREBEDOBBE TH > 7-78, SHEE Y v 2 —BIEERIER SN, KL OMEOT
TiEEDLHZ L Lo,

(2) EEFIA - FERPFFEHR E LTOMMESIT

EEOIKFEFIA - EFEFFRIEOF T, Yo ¥ —IF, ME—OFMBOFEREOMA &
2o TS, EHRIZE D=7 B A7 — AT 7o iR AR A N2 B S A, Fed[E o HPCT
DOEFINEAT 29T, Yoo ¥ —i%, ZhE T RICFEEREREL, PEFHERZOMN
RELT, REMOHAERZEEZ T —RL TN ZELDOTEX 25 2 TN RITIER S
R, HURKPIESEM v 7 — LR FERRE L7s Tdoiidkm HPC BV iiak ) 1%, K2R
B L DR AERZOHEE L WO BB A L L CEETH D, BMHREROR LR
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TEDL D ITHEE L TOLS DI TR REIE 2 E X D MERH D, TOIOITIE, AR,
FBR - BUAEZ SRR &L OBENEEIIRL LEXBND,
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3 EHMRBHAOHRS

| RAFHEFREHM
1. AN—
Hif% SR, A EL FUEREEEEER) . e e GhEER)
AR A RN, EIL AR ARAS SEre. i [ CGRENFER)
ARl ARy
Bh# K @ (ERT =27 FF7 v 7)
R FH Ok, xR S W T
s REFReE 94, FHE 34
2. BiE

MR Tld, A B FQUDD RS I = L—3 g UHFE D4 B CIE R R 83 T
Nic, BT GOHGwR I N—T OMREDORKENRSIML TCnHEE T Y x s k& LT, HPCI
g 7w 7 Z K53 EES (TRR) (SIS 1T DWFFEBHFEAREL TH1-QCDIZ K 2 B s TN A [
FMHERORE] BN D, Tk, PACS-CS Collaboration (201149 KDPACS-CS #43 +
> MDA ES THREED ASELD A TRIEMBLE TON=2+1 QDY I = bL—3 3 »up-
down?” #+— 7 B &7 L OENAMHAAEM 2 B0 AFL7ZNE=1+1+1 QCD+QEDY X = L —I 3 v %
BN E N H D TH Y . HAL QCD Collaboration2SfEdE L CW AR T v v v L
N Fa CRHAEEROFHE LR ANLTWS, 2 EW T LT, ARIEE - AR EQEDD
WoE, T YRy 8T =7 BRI EEDS KT — VBER O, IRERER A B X 2B
PR 722 & IS RIS EN 21T o 72, S BT, HTQDENI0Z DT — &2 2G5 2% 0
T —% 71 v RILDG/JLDGOAEEE « Hfifi 2 HEde U 7=,

EWNOFERFRROBEHME LT, TR arCa—F e LIS AN R T —~
VAo a—T AT AT T OMELE FES A 72912, [High Performance Computing
Infrastructure (HPCI) Bl 7" v 77F A I3 SCHRFFEIC LV #EES N TV D, £ OHPCTERNE
70 7T LDEODERE I D10 & LT, RE R IEAE AT AR (KRR
B#ER) BHFEETE B O 5585 THE L FH ORI & M) PERIRE L, 2011FEN S
AFEHNIEE NG E O . 2012 KB IHRBE SN [H) a v Ea—2 &2 R0, 20
WHEIEERN NETRAL LTV D, 3E LUWEEINAIE, http://www. jicfus. jp/field5/jp/ S ML
TV E W, o, BSOS 7 1 7T A% Eiid 2B, HARERP AR ZED
% [FHEEBERAEEEILE ) Th O, ZOIHENE, http://www. jicfus. jp/JpllFE LYY,

3. MIREE
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(1] HPCIEMET & 7T A3 HF 5 IC31T HAFABHRIRE (. A, A5, BA 1L
. wE. FH xR )

Sy ERS TE & FH ORCIR & A ) OIS BAZIT, By 7N UIChAE D FH OB LICRAT 5,
FRF MO ILRERGH, 2 - ST RICEL2WE L FHOER & MiEs, EEROMEZ & E
BRI TIE TR —MICEMRT 22 L 12 b, ZOHEZ Bff L T4 OWFE B IREN 3% E
ENTEY, T0OH HLO—2H [HET-QDIZ L DHELRTONY AU B EEROWRE] T
Do AN HIET & DIE, M QDR O &~V TF X — b a g L 3 58 LUV REBE
Thd, Wb EIZ, 74 Y AE PO O EEZ T ANTZFHHESS, Ko x ¥ —
O Ra AEEHEEZBRT 5, )i, v~V F A7 — b & 13000 % AW T 2 EED 2
WK o TEFHOARHEAFEN 2720 | BT OFRFEIREE Th 2 1 O B
AEATH Z L AEWT S, AiFEIZHAL QCD CollaborationNHX W LA CTWBH T 7 —FTH Y |
BF IR LR FLE LA —FIC ko THEES LTV D (183R),

(1) BT QDI X 2YERTONY F U BAEBEERORE

RZ2AFERK D THL ) OILFABIAAR LIRS, MEREAIIC AT L T e — VBRI AERR & T Lz,
DDHMC (Domain—Decomposed Hybrid Monte Carlo) 5% VT, 96'D#&7-H 1 X, 0.1 fmfRAEE
DR Z Fro, 2417 L—/3— (m=mi#m.) QCDD 7 — VBN &R LTz, RS ey —
UENLIXE S 1B R ICRAE L, Ry N U — 7 &l U TR RS ~i525 L, HA-PACS (RF
B — F¥332, GPUER & — 2 [HEMEREL. 048PFlops, CPU #b"— 7 EMEARED. 118Pflops) %
RAWToFe EER EOEARYEEDOREZIT> T\ D, KUIZHETHLNTYELET
O VEREOFAKEZERE LK L2bO0THD, 22T, 74—7EE (nom
#m,) LT HRERD D03 SOYHEE LT, » FE7TERE () KFM7TE = ()
QNRY FUEE () ZERA LTV D,

ELETRTOT — VBN OfPT T LIz TIEW 72w, ki (WFHAERT
AREE L722W) IR L3R O#IH T~ L TV D DICH LT, RLEki GROAEAVER
THIEET 2 p°AR L) X, BEORAZ B CTERMEEOFERALBATENLD, 1
X, BUERA LT A e VEEOHETER R ER I L TUIA TR L2k
LCTEY, TRNETEVWHBIFRF SN TW=Z ETHHD, SRPD THERIZEKSI L, ~F
nUEEOHEEWATL T, 8AN T —HTOREER. 14 7N BEEICB T RT3
NR—FER, BTrOv 7~ N Ry ORBIRE 772 & Ofk 2 7o B a0 R 21T - T
B, BHENERESE TN D,
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1 +‘+*+* ________________ *m&;

0.02 - -
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-0.06 - + -
008 * _ P J

1 K P K ¢ N A X =ZE A X E Q
-0.10

X1 : 2417 L—"—RF-QCDEHE TIE LN Re VB E & ERE L ok, Aikxs R
137 +— 7 B EBRFRIEZID DT 00MERA 7 M E2FRT,

[2] BT QDICLB74+—7 % BHREL LERTEOBESEER G, LR

L LR X BRI EERE (ATCS) OFI RIS R & oL FRIBFZEIZ LV, 20104
IR THIO THEAQCD IZE DY T LR ORI L, £ DD B2aZ+- R O HGEIREE T
HLHEGFOBBRICHEI LI, ZROOFEIZ, 2 X MR 5720127 = o F s
BN\ +— 7 HEEZHWCRBRNR D Th oo, 20%, BEEREGIRZ I Ai7-2+1
TL—N—QD¥ I 2 b— g TV R AR LT X BLEMFUSEVIRLTOANY T A
JRF B2 X O R OFME = RV X —FHRICARE) LTz, 7272 L. 2 OFRIE =« PI#FE £0. 5
GeVIHY D7 + — 7 HEZMW-bDOTHY | WHA (x PRITFETO. 14 GeVIZAHY) LV b
MR VE, EDT2D, W EAMT T 7 +— 7 EEBIKFEER L7201, nHHFEE
0.3 GeVAHY DV + — V7 HETOFRZZET L, AMEER R LT L LTREEK L Gisa-1),
P2IX He B DOFRME= RN F—D 7 +— 7 BEKGNEEZ 70y LD TH D, = HIH
TEE0.5 GeVTORERL0.3 GeVTORERAZIT 5 & | FRADHIHZE X T-WHE RV +—
7 B BARAFEITRRD B, BUE, TH CTAERINTZ96E TV A XD 57— VENL & AV -
PyEE R C OB AR = R VX —FHREICE) A TV D,
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._-I_
AE( He)[MeV]

0 i L] L] L] L] I b L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] |
40 = i E -
20 -

120 -* experiment —
- < PACS-CSOfV_[1] J

B P HALQCD 3f Potential [4] .

- r w NPLQCD 3£V, [2] .
-160 1= B Yamazkietal 2+1fV_[3] B
B . This work 2+1£f V| J

_200 [ 1 L L L I L L L 1 I L L 1 L I L 1 L L I 1 L L L i

0 02 04 0.6 0.8 1

-

m [GeV:]

X2 : He A K DFFH T RV F—0 ¢ PR TE ERIFNE, ARE U REY = TR Rloks
REFRT,

[3] XHMFHREROME (A%, &I

SERLTARYERRZ X, H0 D ORMR AT, D OBEROMGEIZI W TR TEE M
BEREISN TS, KTEFRRETO A=1/20]0B & | CPIERAFE/RT A—% (¢ /e) DB
MNP OTRTH D, b OBBEICIE, KPHF23 =20 ¢ FEFICHRET 53586 O iR
ROFHEDLETH D, A, HILOIET, QD 1T XV AEREZ B0EFE L. BEOF
HEAToTZ, W EEN.=280 MeVD b & T, KARIED n Ff] 72N EEN &% b 7270 WIGH
DFFEZFER ST OCR3), ZOFREICLY . AI=1/2H|DJkEE 7.5 Z L3 CT& 1z, CPIE
RAFNRT A =4 (€ /e) 1T L TUIMERRENIHEFICKREL | FROLENLETH D, Bl
£, ZE T OEBETFOSRBEBRFATTH L, o, ZOHRELZEDHEL L OHEDY;
AITHER L, XV EHEEO B WEIE 2RO D = L 25 2 7=, BRMICIE, © R Bm,.=250MeV
IZF, #ro—0%1.5F L, EEEE T2 HiEE L D, BUIE, 2054 O RERE
DHEEITO BT, O — VR A AR L TS, £z, REFHEICH T 7R BREHE
ZITHo T 5D,

[4] FReVINF 2 —TDBIFE (B
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WL, AR HNTF v — P ORBEHBIE 21TV, hARr AT ¥ — TV ERLH
BT D REROFESEMEZEROICHALMCLE GRXB-3), MaYhLF v —IEFE 160
HHCBWCEZE R ST 2 BEAYHETH D, AL, TOERMCITBEEGFELTE
D, ERLFICBT HRO—E - F—BR AP Th o7, ARWFFEICE Y, Bz 7L —F
VHIHE A R OVEE L E W56 RS R BUE R ORE R & O—BUEMRT0-80%Z £ 5 F
Moo, o, HET RO EORBIZEY . —BEEINRICE X EIFAECTHLF
LTz,

[56] HBRIEE - ARRAEE QCD OAFF (WHOT-QCD Collaboration : 424%)

BB DIE, R KL MRS, TR KRR, B AERT ) EEFEE S &
DILFFFET, Wilsonl Y + — 712 X HARIRE - BEQDOHIEE 5| i it L=, &R
WilsonZ #+— 712 K HNf=2+1 QCDOWERATAHIZ I 1T 5 IRRE T D 72 80 DEUNL AL Rk % ke L
THEHET D & & I RREHFRRE RO TR LB 2~ — & B3 & QCD D 2 A B 22 ] TR L < Tk
ETDFEE LT, ZEAFEMNNEC L 23— BEHGEHEORBR AT 72,

(1) ZEABEAMHTEICL S Q0D ~N—F %k

AR - ARREE QCD OARREF XY BLEOIRE « BT ZHE T 57212,
DR T A —H NGO [583#8% (Line of Constant Physics : LCP) | ([Fl— O % %
Bz ks TR CRELD) & LCP L T/RT A =X O FRIMRIKGFIEEZ & S [_— 2 Bk
DIFERPVLETH D, QD X, F—IUREER (B) LEBOI +—IEHE () RLFER
Tyl (u) BEEANRT A= L LTHEON, ZRILD/NT A —F ZE[E T LCP oR_R—%
BB A RS LR T 5 2 L IXBE TIIRV, ENEMERT 572010 [ZEHEAFESMTE
(multi-point reweighting ¥£)| Z#FI L. BELY 1D Nf=2 QCD OLEITAEBRMIIFE 21T -
7= R B-4),

RDINT A=K E TR DH N7 5k E LT, BEAMITE (reweighting 1) 23 &L <
b p23, HIRRE - BEREE QCD OFFETERIND L 978, /3T XA — X B DRV VE
BUGHT 2 2 SAIEREERE S, K3 I, R T 7> b P Ok KfFEE AT, BAUX
30DV I al—vaRIlBTABHRERT, % B T, ThThovyIial—va
VIRDT = Z i o THEMPTEZME > THELZ P Ok KFEEOTEZHLDT, /T
A =B ERELENT EBRFREZFBHTE RN ERNDOND, RN b EEMESKL
ZOFEFE LCP ROX—F OIS Z LT LV, Ziuk, BEAHNECLERE X
NI LE, HYIab—a R TOMMHELE T LMEE TE 25 ERN TE 3, HifHE
MRELESFIZHIET DRI RNRTA—=FDORERENMIHIETERNWFEIZL D (THAD
YD),
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ZENAHBEXMNTIETIE, BERODOEMBEELMRT 272012, ROV Ia2b—var T
— X &AL THEANT T2 HEOFMITFHIIB-4 25H), M3 LEORMRT, 320
Ral—varyRDOEA N T LAEGLE CELEABEMITIEICIVEE LIEERERT,
BGER (BA) 2RAL—XZBE vIal—Ta L A0MOEKL S, JhST A —
KRR CEHENE S OB WERNME DT,

X 3 b FI, FEAMHIBCLERE AN T LD BBIONk KFHEZRT, BB L
Ok DFfxTy I alb—varyiOT =X EMBEbELZLICX D, LCP & X—ZBHOD
FHEICHEE R NT A= ZEROJANVEIR TREORWERPELND Z LB b0 5, 2
(ZHEDUNTEHR L7 NE=2 QCD @ LCP & R—F BEOFERDO—H %2, K4 1R-T, Wb+
Gy TRREEE CREM 2 2 & AR Tz,

Z DFED NF=2+1 QCD LA BRE L QCD ~DIiHH Z2 51l LT\ 5,

17 (BaJ(1.8325,0.14000) — 1.8250,0.14000) ——
(Ba)(1.8400,0.14000) 4'8250,0.1416D)
(B-(1.8475,0.14000) —---- x)-(1.8950,0 1424D) -
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i
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%

FiE, 3RENZENDOT —ZIZ L5 HMRBERAMHITFIEOR R, /N

T A= 2 RE LSBT L BB ELMNETIIBARREBRTE RV I L0305,
R, BROT—F L HABELMNTIECLVFEEG L GHR LR, PREIOER

HEAETEE R, /EHO BT,

kD A ST T LDIIRT A —FELENE, Bix i
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X4 : 28 A EAHVEIC K DNF=2 QCDOEMHR (LK) &, F—IfEa/ T A =X
THN—HE (FX) GastB-4),

[6] AFRIEEE - HIREREE QCD OFFZE (BNL-Bielefeld-CCNU Collaboration : FHF)

KEFIE, BT =27 ~ T v 7 Bh#E L L CKEBrookhaven National Laboratory (BNL) |2
EWIA/E LU, Frithjof Karsch##zZ .0 3 ABNL-Bielefeld—CCNU Collaboration (2N
L CHIRIEE « AIRZEQCD OLFEFFEEZIT-> TV 5,

(1) FQADICEDR ML VRRAROF ¥ —bDREH X &2 b DR OMHEE DI

P CIA® - LR CIADFIERE ORI TIX RO BHEN AN R M s 7 4+ — 7 180T %,
RIFEMOTE D ERLZTN L OB OMBEIX, ZOHBEOCE(LICEE TH Y . HIEBOME %
FEACTR D DICHEATH 5,

KB, BNL-Bielefeld-CCNU CollaborationiZd3u T, 2+17 L — N—®DHighly Improved
Staggered/EF & WV FQADT I 2L —a ik, A Ly PRF v—D0%, Fxi
RIFEMOEO EDF 2 5T v b &FET 2 ELFANELZITo72 GeA-2, A-3), £ LT, 15
Nk RE, FHAEEHOENEX AR DR EOERSHEICE S | hadron
resonance gas (HRG) T NV CREINIZLO LK LIz, K5 (TR d@0 . FEERIICE S
Mol Fa N5 Tl HRCETF L OFE RITThx Of R AR TE otz —F
T, HLEDI +— I FT MLV FPEIND, REALDO N ETEHEODHRGE T VI,
AATNT B AT —=N=IRELTFIZENT, MxDORRELHFH L, ZO0ZEnb, X
AFGNTBAF—N—REETET, ARy I RaroF vy —on R 3Ll TS
ZENRBE NI, MA T, EBRMIZES > TR Ra U OFE L RIE S 7,

(2) ARBE#KT QD ICLD2F ¥ —E=U L - A ME=U AHEBROPA

Fr¥—LRR LWl W 4 —F EZDORT +— 7 DFRERETHDH V7 +—a=
¥ A%, RHIC X° LHC TOMEXFRINEA A EHREERICB T 57 +—7 « IV A Ly - 7T X~
(QGP) R ZFEN DO DT B —T DONNEDTHDH, E>T, VA —a=U LOmREEF TO
RD BN ZHERANICIRAN D Z L%, QP OB Z R L, ERERLHAT 2 L TEETH
Do o, METIX, 74— « TA Yy « 7T X~ ORI HAMEIC BT D58 S AL
ITONTEY, B\ +— 7 OEEZEIZOWT HEGREENMLE L 72> TW D,
INODZ L EFE N LR D 720 ANFE TITABRIREIZI T 58 FQCDIZ L 2%l
V3ial—varERWTC, 7 x—a=v AOMBEBEEEFE L, TOREREEEZ T,
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Z DR, MBS L0 2 OFREGISHED LD BT A XL LT96°X24 7»5192°
X96 LIFWIIRERLDOE N, F7o, SHHRAA NEMA D20, BT +—27 OR%
BHLZ 2o FiPUzERA L., &6, FYy—20bAR MLAET r—HBZALS
T, FA—E=VLERME=T AOENEHFH AT GHZB-5),

EP. K6, X7 Z—F v VO ZERFIFRBE RIS L Y FHE S 7 R RE OB E S O IR
R E T, 22T, EriRECBOTEREREITIZ/ +—a =V L 0EELELIRD
DT LT, WiROMRTIIAR Y +— 27 OLREIINKT D, FY—E=U L0554/
&L R BRIV, ERREED LR L TRY ., HEOREZMRZITTND T LR 0ho
Tco —H. B MNE=U LOGEIT, IREKRFESEER/NE <, SR THOEEITHFEL T
LT ENRBENT, WRIT, 74 —a3=T LDAXRY MVEIE O & BEERICT~ 2
7o, 1. 4Tc (TelZRFEFUREE) (ZI81F 2l ORFEIIFH BB & | 0. TTel I8 1) % I A FH B B
¥ % H W CHE B 4L 7z reconstructed correlator & & b L 7=, @ H O fH B B % &
reconstructed correlator TH|->7c A FATAER, IR © DK Z WL TR E 22 b
Aoz, ToZEME REZRICHES TARZ MVEIEBOARE BRI K = 22 26035
N2 LIZHIETHEBEZXOND, Zhiud, A7 FVEEO Y o EREOEFF 2 transport
peak NBINT=Z LIk D & T ENTz, ZDZ Linh, AT MBI OZDOMOESOIR
FEAL LI/ N S WD ERGE LTl OFEBERE%)> Hreconstructed correlatorZ 5| < Z
& T, transport peak®DHFEGZEEHL., ZNILVEWY 3 —7 OILHHRBEEBMAE LT, *
DFEFRIT, AT E FEDO RN DTE 5T,

- ey o
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K5: A RLUTURARF ¥ —LEHOFEL X DOEA % 2 57 2 DLk, PDG-HRG, QM-HRG K O
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— JETF AL TCTEINDHNRE U FE TEODTHRCETFLVOFREEL N, LY +— 27 FFANT
=T 53GeVLL FO-E &EA FFo/N K a v &8 O T2HRGE T /L DfE R,

Vv
125,,,,
L o ]
12 + .
) I @]
R i :
T 115 - .
£ - m -
3 [ p=7192 charm —8—
= L p=7.793 charm :--&--- s i
£ 11 p=7192 bottom —m— 5
3 p=7_793, bottom :--#---!
= r -
1.05 —
1 L ‘....I....I....I...-I....I‘!..I....I‘.!..
07 0.8 09 1 1.1 12 1.3 14 15
T,

X6 : N7 Z—F ¥ XL OIERUE B OIREAFME, BT Z BRSURETe TR b, fHtht
130, TTc DERHEETHBIL LD TH D, Fr—E=UV LOMREFHE, A hE=7U L4
DFERZPBY O RV TET, £2, BB FRBEOMERZ A, MR O RS
RaeHTRT,

[7] 37 V—r1"—IiTBT2HREE - ARREE QCD (ilkiH)

RET &7+ — {0 FRT oy bn ZEEET 20D OMXZHEESE D Z &I1E, B+
ADY 2 2 b— g SIBITDHRKROBED—>TH 5, L, HAFH AR A 7eHAE (ATCS)
OF )RR . PAIFZEE . SRR R EE X OKE T V= o XESLHFFERT O JinhfF5E
B EoEFERIED L &, 0(a) B Z i LWilson-CloverZ % — 7 {EH & Twasaki 77— J1EH
ERACT, T, u. 74— 27 EEnD/RT A —HZERIBIT 537 L— 3—QCDD R AR O TE
ICHDAHA TV D, o BHIOAT vy 7L LT = 0 (BEER) (2B DA A 2R
E LTz GRsCA-4), vt W iikid, RE (kurtosis) R XIE L MHEN D HRY A X
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LEBT D, cusp-core BEMBENEELRERZR-T AR L, 61T, cusp—core
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[ 9] Jet-intracluster Medium Interaction in Hydra A: The Effect of Jet Precession

Using high-resolution 3-dimensional relativistic hydrodynamic simulations, we have
succeeded in producing a most accurate model for the 30 kpc radio structure of the Hydra
A source. The energetics of the jet have been narrowed down in previous work, and we use

these parameters to perform a high-resolution simulation of a precessing jet, and find the
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best precession angle and precession period for Hydra A. We find that a
precession period of ~1 Myr and a precession angle of ~20 degrees, the hydrodynamic
model reproduces, 1) the curvature of the jet, ii) the correct number of bright knots within
20 kpc at approximately correct locations, and iii) the turbulent transition of the jet to a
plume (See Figure 1). The Mach number of the advancing bow shock is 1.85 and is
indicative of gentle cluster atmosphere heating during the early stages of the AGN’s
activity. The shocked gas is then effectively mixed with the turbulent jet plasma in the jet
cocoon, preventing catastrophic cooling. We find a strong dependence of the radio
morphology on viewing angle (See Figure 2), which is enhanced by different degrees of
Doppler boosting and de-boosting of plasmons at different points along the precessing jet
stream. The radio morphologies obtained from different viewing angles exhibit a range of
jet curvatures and different orientations of jet lobes. In some instances, the radio
morphology even resembles that of an X-shaped radio galaxy (Figure 2, panel d). The
difficulty in comparing simulated to observed jets becomes clear: one must probe not only
a range of jet parameters, but one must also sample along a cone of viewing directions in

order to determine whether a model matches observations.

Figure 1 Caption

Comparison of the Hydra A radio image
(Panel a) with a good match synthetic data
image from our high-resolution simulation

(Panel b). The curvature, the location of the

. . 8
knots, the flaring region and the plume (kpe)
- B I -
1.0 4.0 15.8 62,9 250.01.0 4.0 15.8 62.9 250.0
structure are well reproduced. The : :

I (mly/arcsec?) 1, (arbitrary scale)

brightness contrast between diffuse plume
and the knots, however, is not correctly reproduced. One possible explanation for this is
that turbulent amplification of the magnetic field and associated re-acceleration of

electrons increases the surface in the plume beyond the flaring zone.
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(kpe)
L B
1.0 40 158 62.9 250.0

I (arbitrary scale)

Figure 2 Caption

The Hydra A jet surface brightness viewed from different directions of a cone with known
opening angle corresponding to the inclination angle of the jet with the line-of-sight. The
source morphology varies drastically depending on viewing direction, an effect

exacerbated by Doppler boosting and de-boosting.
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[ 3 ] KIRIBEFEBERZAWIERY A T I 7 208R (R, )

HRIEHE 2 48 2. 2 KIRIFEERTER) 24 5 Plam & L ¢, Wi OBER A IREIN TN D
W ED I HLO—DP, 2000 FITHREE J U WEAE O RS 4R FEATEVE (Adiabatic Self-
consistent Collective Coordinate Method: ASCC %) T 5, ZOHFHTIE., DEHEHEE
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[ 5] RFEO_ERN—FREORFIZITIIESR (SFIF)
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SHLZETHD,
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Yok U OS2 2 D & 9 I LIckRfiiikE N~ L —7 4 v 7R AU 2787 (TDHFB) O
FEHEREMEF R TOND £ 9107 T&E T, AT, FMEE 7 RE & EiE & LT
O Lagrange #& R A AE DO EELFIH L, Gogny /1% 72 TDHFB Zf#< . L\ )
BAEFHRO T EZ M L CTE e, SFEIX, *°O+*"ODHE RIS LI, H2RARIT,
TDHF+BCS D JEAT DR F I E 22 D R RIIAAET 5 A%, TDHFB A4 B TR f- 41 58
AR T 2T, B T TH 720, BRI LB 2Rk 722 [ O E 1 3R S D%
EEBRL, ZTOROORATHERICEHRERH & TN 2RI LERH o7, EBEOFHEFEIX, 7
—DV&%ELHE®%L%3$(3@®@%i*w¥—)ﬂﬁb 2 1fm fENTZm D
FEAIGE L, Zo—HOFHREICLY, O BEELY Eox= /L ¥ —DOfIiE CIIfE A E
20, BTrOBITEOHMHELGHR CTE -, @ HBEEL Y ToRuEIZH VT, HERI DM <
HPEFRICIE, BRI OOBITER Y . ZHUFX*ODHFMETH - B TEttTh 5
1. 50T o0 LBbND, SHIT, @ FELD S EOTFLF—%2FFD 2 KD
BEN S, ERAZRBEEREEZHET S Z LN TE 72, BEAKIL, BE ooy
MT 22 eRdmanic, 5k, b OEDOY =3 F— (KA RFANTH~ TV,

[ 9 ] Energy dependence of the nucleus-nucleus potential and the friction parameter in
fusion reactions (. TWAG@KHKK). Li(CIAE). Wu(CIAE), Zhang(CIAE). Zhou(CAS))

Applying a macroscopic reduction procedure to the improved quantum molecular
dynamics ImQMD) model, the energy dependences of the nucleus-nucleus potential, the
friction parameter, and the random force characterizing a one-dimensional Langevin-type
description of the heavy-ion fusion process are investigated. Systematic calculations with
the ImQMDmodel show that the fluctuation-dissipation relation found in symmetric head-
on fusion reactions at energies just above the Coulomb barrier fades out when the incident
energy increases. It turns out that this dynamical change with increasing incident energy
is caused by a specific behavior of the friction parameter which directly depends on the
microscopic dynamical process, i.e., on how the collective energy of the relative motion is
transferred into the intrinsic excitation energy. It is shown microscopically that the energy
dissipation in the fusion process is governed by two mechanisms: One is caused by the
nucleon exchanges between two fusing nuclei, and the other is due to a rearrangement of
nucleons in the intrinsic system. The former mechanism monotonically increases the
dissipative energy and shows a weak dependence on the incident energy, while the latter
depends on both the relative distance between two fusing nuclei and the incident energy.

It is shown that the latter mechanism is responsible for the energy dependence of the
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fusion potential and explains the fading out of the fluctuation-dissipation relation.
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PG X — = A, 2014/6/18.

[ VAT L HEREI RO o R 2 L— a VRE T LI XA, HEEAE  RIEBEER.
FIREAEMB W6 B b BIEERS, HEE N ERDES . FHREREIE Y X — 2= AL
2014/11/29.

EE - EE
L

HEW - BRER

TLAYY—2X

Lo TR IRER & R, SRR, RS K, {4 Strasbourg K72 &, AN TME T A =
VA ) I~ — S fREESR DRSO A A2 TR BSR/3A 47 27 Online
https://bio. nikkeibp. co. jp/article/news/20140419/175556/

T DOt
L
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IV-2. 3 FHEILDEH
1. A oN—
HEHIR FRiE  #iF] (v > R —85% - ERRER)
e Bl HEE
iz A By CGLEMRE - AwRER)
FEM#E Bk B (EmERER)
E S KEBE 8 4 (RIHFIMEAES 3 4. WIEMEES b %)  ¥HE 14

2. BiE
AL Tl BEZAEYMOFEE T LV — T O SRMBERMEIHIZ T, EI23 >0 TH)
BIRE LML A D TV 5,

[1] FraEBMERDORKR, - BREAED DO SO KERTITAIR TR T 5 2 E 088 L
WHHIIEAEY TH D20, 2N E TOMIE TIEEZEMSHIEO 2R G E2 5 TE LT
LD EFEWIINRY, I THRREDD 2N E TR I TW R W Hrar B MY & B
Bt - LT 2,

(2] BT VRIS b—Db« F) BT -ooeeeee BN O TE T N — T O R R
B SRR RE T A1, KIREE 7 — X BUETH D, T 2 TRHEELRIC
WRRWAEFE 2RO, 558 & BIn 7 —Z OB EZED TWD, 207 —F 25T, KHH
FOHIT — & AT 24T\ O IERE 72 ERZ AR R OHER 2 H R 9,

[ 3] 537 RN DIFEEFRAFSGE -oeeee e T RFIEITIZ IV T, FBT T 25T —# D
ke, MEH4 20rE - VLTS L2 SiIck . REHEEICRY MEL D Z ENmbh
TW5, ZNE TOHERTHE—ERBTT —ZICESO TR I TE 2R, BEGERE T
DAERR S5 REUWEELS T — & RT3 2 72O O FIERORGFHIEIUE EHEA TR, F
. BUR TSR E TR L FRIT AT e 2 7 A b I E R LTS LT
SAMR\, F T, KEWEELYIT — 2 ITICB W T L VIR O a2 B L. J7ikim
HIRIFSE & SRt 7 1 777 Lo E b 21T > T\ 5,

I

3. BIRMR
[ 1] KEHERFIT —F I ES < EEAEY KRB OHEH
H25 FERICIE, Fex OBFE7 V— 73 HEE - [FE L, EXUCRE#E L7 Tsukubamonas
g]obosa DK TR & X b2y KU T 5 7 Ao5ELefifbiit % Genome Biol Evol
IZ (Kamikawa et al. 2014 Genome Biol Evol 6:306-315) \H26 FJE 9] D21 Palpitomoans
bilix O KISy 1R IRNT DOFER % Sei Rep #5255 L7- (Yabuki et al. 2014 Sci Rep
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4:4641), H26 21X, Microheliella maris, Rigifila ramosa, Azumiobodo hoyamushi,
BT EMAEY PAPO20 KD N7 VA7 U ' N LT — 2 & BRI U T KBSy 1 R AT
DY 21T > 7=, Azumiobodo & PAP020 #RIZ DWW Tik, KHA S T RN £ TEIET 5
ZENRTE,

(1) Microheliella maris O RAEHINLE O HEH]

Microheliella 1%, BT — 2 125D & RFEHITH F.ORCKG B L Tkx CTh 5 LR S
LT % (Yabuki et al. 2012 Protist 163:356-388), L7»L., ZAVE TITboiizm 1%
WA TlE. Microheliella & A7 HORLR R B & DUTRRMEITE L STV, H26 44
F TIZ Illumina Hi-seq2000 (2 & Y . Microheliella & 4 HLRIRRS L SRT127 #£. KRt
HIE R AR LR M AN SRT149 R (@FF 2 =4F F¥%)) 26D T A7 U T h—
LT —Z G, R 2T OT 74 A T — 2 OIER &7 CT& T, 7%

BB H26 FEHITIET T4 A b T = F OWHEDHE T Lo Toiz, H2THHE
HT TA AL N T =2 OERAE B EREEAT 9, H2T FHEEHRIT, KBS R f#tT 2 B
T DRI Cod D, ORI, MMSZATEE NEDTFEB 8 AE - R R+ & o3t
[FFETH %,

(2) Rigifila ramosa D RFEMINLE DOHER

Rigifila |\ ZUCRREBNET A — NIREEMAEM TH 205 7 U HERREIET A —NIRER
WA Td % Micronuclearia & DiTixIED /< Sz (Yabuki et al. 2013 Protist 164:75-
88), LM L. Rigifila+ Micronuclearia 7 \— R73, MMOBEAEMREL ED X 57 %
HBHRIZH D DOMNTIT - XV L, F 41X Rigifila &7 «+ 7 = VY 7% Diphylleria sp.
SRT116 #7*5 Illumina Hi-seq2000 (2 L5 N7 A7 U h—ALT7—FEZBfGF L, #
%4 « Dalhousie K% (A.J.Roger & A. G. B. Simpson f#i+:) 7 AU B - I v ¥
—MZ K (M. W. Brown i) ORI V—7REG LT v FaE) 2 2 &

(Ancrymonas digmoides ¥ £ " Fabomonas tropica) &~ X% &) A% 1 f

(Mantamonas plastica) ® ~7 A7 )7 h—ALT—X L0, KB 7 RFEHET
M7 —4%ty MEER LTz, H26 FEICKRHIBRATMT 25 L7 & 2 A, Rigifila &
Diphylleria 737 v — R&EERA L, ZOEFRIZT— F A N7 v 7 (BP) fE 100% T3XXFF S
Wiz, F7c Rigifila+ Diphylleria 7 \— R DX D5 Mantamonas 735708 L7273
HIZ KDY R — MIKD o7 (BP =58%), H2T X, KV R R RMANT 217 5 2
& C. Rigifila— Diphylleria [&] ® % #¢ B8 £% . Rigifila + Diphylleria 7 v — R &
Mantamonas % & T OERZ AW & O BAGR & W (2 MRET U, Bhmam SCUERA~HCD
VARTA
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(3) Azumiobodo hoyamushi @ S&HEEINLE OHEH]
FARNTTAF AL, FEMEE ABRAFEEMREL TWD, UL, WEESERE
ThHd MR Y=~ HSOAEYRE, FICHFEEDO Sy +7—213Z L, FX T T
AF ZFNTFIERT D MMM O LHBERIIREE TH D, "YD I 7=% 7 =¥%H] L
FRNTTAFHZIZBT D Azumiobodo \Z LV 5l & Z ENDH, Z OFFREIEFAEFEN
FRINTTZAFHFRTED LD BRRMANEZ EODLO0TITE-E D L, £2Z T,
Azumiobodo %X U &, T A —\GHEMD Ichthyobodorelated organsim, fFH% M
® Trypanoplasma borreli > 8% mRNA 7 — % Z S L., 43 &{s BT —# 12
AL AR AT T~y FORER. Azumiobodo 134K FBIZET 5 Z & 23|
D.FRINTTAFEFEOFERMFTHDL NN Y —~H, 2—AKRFH, "TRFH,
XFARRFEH, NTFX N TAFHXHOM TORREZE@ECE T D2 STk LT,
ZOFERIZONWTIE TR ER R Th v . H27T FERICEMREZ BET, 2 O#f5tx
MSATEIE NKEREITIE T o 2 —HEIENTIERT « AR L & OIRFEFETH 5,

(4) T B PAP020 Bk 0D SR FERINTE O HEH
Hrar EREEY) PAPO20 FRIZ. BUEOK - ARIRERICI NI A HED~ T n—7
MO HBE SN (K1), BERICK DBMEEBIE L PHEICL /N T 2=y
~ U AR Y —2 RNA BLFNTHED < SRFMTTIE. PAP020 £k & BERIO B4 & DI
Bl & Rt IR S vZe o 72, £ 2 C. PAP020 #2>5 Illumina Hi-seq2000 (Z
KD N7 A2 VT h—AT =2 &G LT (H25 %), H26 FEIZIE, 20T
AT VT N—=LT = E R 48 BB T DO SND T TA A T — X ZER L.
TR 72 KB 7 RAFAT 21T o 720 T O TIHEIT OFE R, PAP020 #RIZT « 7' E
FREDIE N B4 L Z O R BRIT A E W BP E (79%) T3Sz, Lid
R D, PAP020 #RiZ 2 E THE SN TWRWT ¢ 7' u e 2HOM R EMTZ &
BERAOND, BRICHNAST 4 28 F ZRAEMRE (CLOs) &7 « 7' mEF 2K L OilTixiE
DVHIBA LT 52y (Kolisko & 2010 Environ Microbiol) . 4 [FIDOfE#T1% CLOs % & £ 72
VW, H27 FFEITIE, WEREARR LTz 148 BT 7 A A > MT CLOs OESIT — & %38
L. KWL 1R 200 B9, 2 OfHric kX v . PAP020 #. CLOs, 7 1 7’1
FFAFE ORMER (K 2) ZHETL, fRICOW TR SERIZER Y #225, H27 £
BEIZAT 9 PAP020 #R D RAHINLIE OREHE, HUE KR FFHRRH AR | o 2 —FBIE R
M~7wv 2727 5 REALPHYL (15a18 ; {43 - figdHthiw]) IC LV ¥R —Fsihd,
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:v--r TDETR F 1 FOFF A CLOs
PAPOZOHE PAPOZOH?
a PAPDZOHE CLOS 'l’ TOEFRE

1. BSR4 Y PAP020 & M2 EZoN3T47AFFRE, ALRT A TEFRKRE
(BERMH ; WEK - BEEE) W& (CLOs). PAP020 ¥R T D RikEIMR

(2] BN R 7 VT b—»0 - 5 LFT
(1) moaF o TREEEMENO > T 2 37 7 U 7T IR EFEEIE) 05 ) A

moNn T TR, I by R TRREEISNA, MEOYT )T Y Tk
AR Z R % (BEMMAR, spheroid body), FEMKRITEEEERRIIEZFFL, EHRILEM%E
fE FAIRICHSHE L T D L EBE X BT E e, FmMARITEERMI CIIEFT TE T,
EEmelan i s & bITIRMIIRIZZ k3D, LavL, FERRSEEREMIaIC & DR EE
A SN TVDLOPFEMIIARHATH -7, PIFFEEZ .0, FxldeeT 0 78
HWaO—Ff Epithemia turgida OFEPERT 7 AORMFSNZUE L, € OFEFIT H26
ERECT A BRET 17 2 — % Proc Nat Acad Sci USA \Z¥a# X 7= (Nakayama
et al. 2014 Proc Nat Acad Sei USA 111:11407-11412),

H26 FFE X, Elcu "aT 4 7 RERE ORI Rhopalodia gibberula DMLY ) W%
SERfRFE L. T/ T —vayESET Lic (3.02MEEK, 72, 15F (B Miao b
T A7 VT b—=LT =4 (5FF 32 G HHER) T Z1TV, 58,475 FMHD & R
B PG ZFRE Lz, ZORITHEIET ) 206K EMICEERS LB T 23R L
Tehs, BRI 2 AR TH D LIE TE DB IR OO R0 oTz, B (BEs)
70 DRSBTS N o T2, AN (A7) THDHHM
) iiama T 2 LT TE R, H27 FEI1T, BHEMENICESRE a— R2 X
EWFET D EDERETT 2720, BAKREZERL a7 I — L2175 TETH
b, Fi-. E turgida & Rhopalodia gibberula D¥sHIK7 ) LAETH ) LV A X, Eis
FHEER, FAR T OFEIZHSNRENR ST, Zhudin e T ¢ 7TREREORRK T
FEFA T ) MRS R D 2 & 2T 5, £ 2T, H 3 ornT ¢ 7 RE
EERGEIR (Epithemiasp.) OFEMEYT ) DERET HTETH D,
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(2) HARMEEMAEY OGRIET 7 MEHT
ES R il EST b STPRAE 3 FSEN TR N
R TR RAED KIS GRS R
LI B 2D Dx b o T
TR R AR 7 a7 4 )L a+bRIE
FIR L B L 7B Lepidodinium
chlorophorum & . QIENEMEATEK =& 66,223 bp
% & OBEWE Nitzschia sp. NIES-3581 kk \
(Kamikawa et al. 2015 Phycol Res
63:19-28) DEERT J Lafiffr LTS
7= GRARRFRFBE - NEBREE A FER -
HUERBRSEF5E - #) IR 18 £ & DIEFIBE 55 | epidodinium chiorophorum 3454 / 1

%.E) (Kamikawa et al. 2015 Genome Biol Evol)
]

Lepidodinium chlorophorum

H26 fEEEICIE, TN ENOGERET ) 5T — 2 5B RMH L, wsCEER - 825 L
7= (MR &7z L. chlorophorum A3EKT ) LADOHK 3 12 LT2), MiEERE L
chlorophorum GFRT /7 AL ZOESIERICEE S RFBEMHTIZ L D, HRITEBRIT T

DEFEERITIT 7V 7 BEFETHDL Z &2 L7z (X 4 ; Kamikawa et al. 2015
Genome Biol Evolin press), Nitzschia sp. NIES-3581 ¥ED AR T 7 NI T 5w
%, 2015 4 5 HIZ Mol Biol Evol 551232 STz,

—— F‘yr‘ 1rfcon:ul:nr.r.-.m
Nephrosel
..... P—— : Euglena gracilis Prasinophytes & derived plastids
1 v L 3

4,

52 8 D ERFMABEEFRINICE DS
RIEICEL 2 RIGBEITIER
(Kamikawa et al. 2015

Genome Biol Evol)

Volvox carfen

P Bigelowiala malans
im akinetum

Lepidadinium chiarophorm

Hr',urm 5 ﬂy.ﬂr'o-ﬂn*ﬁ
Dar y:.-r \SJ litaria

Core chlorophytes & darfved plastids

Coccomyxa subeil ,::lsa ifea
0.1 substistionssie
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(3) 7w 7 )b atb RTERKA % & OARFLHIMHETESE TRD 3 L VMRD #RD 7/ A
KTV R 7 0T b — NRAT

T E TREEEBE OB T TRk R RO
1%, Lepidodinium J& DM T—RIFZ TR X 7=
EEZONTE, LM LEAXITHEAKRET Y
T EIRBREEI e v X — - AT o
Wrge 7 v—=7" L $L[\C, L. chlorophorum & 13
BN -ftan 7 v a7 1) a+b BB FER
% b ORFLHGMEEE B TRD ¥k & MRD £ & % i 5 7;;: i%gg&g% MRD g ;

L (K5), —HOMEZED TS, H25 (SRRRL S A - M)

% T2 TRD #k & MRD ¥k a1, L. chlorophorum & 17 U< T ¢ / BeA LR &5
LN, fEE (BEERE) ORBITAVICEZEIIRORNI LEHLNILTEE, =
METOMBIT, AL ZREEERE 3 /A, MRANEAE LT 1 2 Enb 7 n
17 4V atb BIEREEMNLIERS L2 L2 me T 5, (o T, /e 7 1)L ath
BFRERE S OMN LM EEE 3 RO ARIRE TS ) L& BT 5 Z LIC X
V. AFEBEWRIE) LR LEEEDS ) AOBEDOABEIZHOWTIED Z ENA[REL 72
Do

H25 #1121, Illumina Hi-seq2000 (2 £ %5 TRD ¥k & MRD #kIZ>WC kT A7
T R—LfT L T L — 7 O AR T LT e, H26 4EEIC, RRL 2RO T
VAV N LT =R EREELILE A, MRS AT a— RE D RkERHRO
B R ERIETEEM E SRAET 5 Z LIk Uiz, iRy ) & EoBE s
O OEREY) D 5 KumlZiE, V> spliced leader BLAINfIINE D, SEERIZ TRD #£ &
MRD #o> Tiksafik] BlaFIEYO—HA, 2 b D 5 Kimll spliced leader AL
EHOZ LA FERICHER Lz, b OREIE, kg GHER) B TREES /7 A
WCARTERNCHERE LT 2 & &R L, 84 L7 fki#EDs TRD £k - MRD BROAIE T THERRA
fb) Lzttt 2 EmMT& iz, H26 X, TRV VT h—LTF—X4
OfFHT & & H I TRD #3 L O'MRD Bk O BFE RS /7 AMiRwe ©1T- 72 MRD 3 L OV TRD
¥R 1%, H25 402 Tllumina Hi-seq2000 (2 X 2% ) A5 — 2 ZHUG L Tz, =
NHDF—HF Zffffr Liz& 25, MRD RO GHEES 7 L1349 100 K H I O BRIk
ThHZENHH LT, TRDMENOLOT —F 2t LTo& 2 A, 55 Bl 25T 30 D
BRIRT 7 LR (G5 46.3 KHEHxh) ORIEICAE L=, AERYT ) Lot
WX SR D o 7o, H2T AR LT, Se RS L7 MRD #REFEIRST 7 JZBI LTI,
BHIT — 2 ks LBIaF 07 /) T — a V%5475, £7-047 LT, TRD kktasik s
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J AOSERREG R D S LI A kT 5,
(4) BEHEEEMAEMDOI hay R TS5 Mt
R bR TIEMENXE Lo 7T AN TV T RIME LA AT R T Th D,
I M RU T ORSLITFESER AR B L, B OMIIRH & 7 L
HEICRERPELHEX T2 LEZLNTWD, FLEZEMOE(LEET, I ha R
U777 MZa— RENLBInFORELE, 7/ ISR ENRESHRIEL TE T,
KA IIBEOERMAEMOI N2y RUT T ) AEfat L, EOLRkM: &2 L
£ 9 LREBLTND,
H26 4 1I 0 # 7 L 7 7 U ¥ Roombiasp. NY0200 ¥k, 7V FF 2 Z AMEEDHH
A R—"To % Paliptomonas bilix DI h 2> KU T 5 ) AOFEGEIZEY A TZ,
Roombiasp.® I h 2y KU T 5 ) AEEIIBD CTHHETH D EE 2L, BEETI
SOOI A RUTH 7 LKA (3.0, 6.1, 49, 118 K#ifxl ; 50 176 K %))
FEE LI, Zhb0s 7 ABRIZIE 2 80 rRNA #5114 0 tRNA #1517 & 34
D& 2Ry EBR - 12 HOBREARTN & > /X7 R 1 R OVEFE 23 kb P EDOHIERE
BLA 3R ST, BITEE TIZ 68 DA > b U BHER I, ZIH DA > harHic
1% 19 @@ Intron Encoded Protein (IEP) 23[EE Sz, P bilix®I har KU TS
J DATOWTIEZERMFICAEI L, TTK S ORUIRS ) L Th 2 2 EAVHB L7z, B
IRV Z L2, 20K F =2 RY 75 A3E OmEK 30 K HEEXT55 D Inverted
repeat {#iE % H > TWDH Z & 3> 7o, FIEROREE X, RFEICEENLTZ 2 SO LW TR (7
VR T — B AW Acavomonas peruviana 33 X ONA N T A ) 3A )VAEWY) Proteromonas
lacerate) THE SN TERY, Bed 3 D OEBAWMZHKDOI ha L RUT 5 L3, Fr
RIREICINBOEL L2 2 L 2R T 5, H2THFEIZIE, ERR2-o0I hary R 7y
BT DR BE L, ROUEREICRIGT O TETH 5,
(5) HFEMICERBEA N T A ) XA VAW Cantina marsupialis D s 2 A7)
7" b — LT
ART A NANVEREEZIE PCRIEIZE VKY 7 LHlR S iz 185 U AR Y —
2 RNA BLA7200 2 AFEDRHER ST D MAST RN ZEI O T D, Fex i
TV T4y vamanre T R (BFF) - FBRE SRR L ILFTMAST13 7L —7IC&G %
NHEER M B R EEEEWMAEY Cantina marsupialis O HEERE =KL, C
marsupialis DFEN/RERET — X % J Eukaryot Microbiol 551245 L7- (Yubuki et al.
2015 J Eukaryot Microbiol in press), H25 HFEIZZDIEHEMKDO N T A7 VT b —L4LT
— X 2 HUAF U MSZATBAE NRCENTZEBH S - W T RIE L osE 7 v—7 L LR T2
DA & ORI Fas Y 7 OB HEN L7z, H26 FEICITFRTE#E L,
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2015 4 5 H BIfE Protist 3512 Th 5,

[ 3 ] 53 FRBEIRAT D TR

T RAIENT CTIA< VB LD “homogeneous” HEILEHLE T L ClL, Bix FESIR CH
%n’ﬁﬁk ERESEBRLRNZ EZHHREE LTS, L LEEICIL, AWERH 5V %R —
70 LOE BRI T O R D Z LD D, BR ARSI OB IR K E <
W72 58546 . homogeneous BEHAET L ERITEE LT CIEFE LWET AAEENEL, £
DG RIS TR (T =T 4 777 b) ([ZEMND Z B> TS, ORI D
WMUICERT T —7 1 777 NPT, B FEAIH OHE IR OEWZ AL L
72T A=K —L LTI TE % “non-homogeneous (NH)” {&EH#4E 7 112 K 5 BHfEdT 7
07T LAEEGTHIETHEARETH D, — . ZOMITETIEIHET RE AT A -2 —
L FHRRFRINTRIEMIICHE R T 2 & WO AN E U 5720, RN 7' v 7 Z 20 51{E)s
VHTH D,

Fx T, NH EHfET L 2FZE LR 16000
HefEHT 7 = 77 5 NHML (2% L, MPL 1000
B L OpenMP (2 X B W4k % fiti L 7=

(H25 4)%), H26 FE121X, 7 A b7 —
% (15 B4 X 28,605 HIEHENL) 2 VERL L . 00
COMA (PACSTIX) Y AT AICHBNTHE oy 2@ 10 00 o0 @ @@ om0
RE RE AN 2 4T » 72, & O A R 6 3FIHT NHML DM AT ifs S
OpenMP/MPI & &1 B 47230 5{b3h =R
L, 128 WA E TR G RER M OEMA MR S (K 6), £/, HIEMEHO—
IN—TTody7TRTANIT VT 24 OB D 32 MR TESIT — % (Gt 28,605 Hikk
JEAL) 12t L, WA NHML 72 275 A2 U TR OBRK E 7 — F X~ T v TR
Hr %47\ ., homogeneous &7 /LIZ K-S < fEHT (Homogeneous fi#HT) 725 Ot R & ek 217
>72 (X 7A & B), Homogeneous fENT CliLy 707 437 7 U 7O RMERITENT —
FART y FETKFFESNTZbDOD, FIUT—# Z W NHML (2 89 f#iT L2 R Tl
RELS BRDLBIENEICS N, F7o, MENT X015 5 7 RBeHs O 800 B AT EED S #e
HREEITo72 & 2 A, NHML (2 L 5 f#487 Tk Homogeneous fi#HT 12 Ee~ X 0 w8 72 Rfctst
HEHATATND Z EAVRB S L7, RRRMiTiZ. H26 FEFLE K3t R R Pt o & —
FEEEFEFIH Y 7 727 5 NONHOMO (14al4 ; {43 - fidEthi=) (L0 A — bk Shiz,

H27 L, vy 70T 437 7 V) 7 HORMERO L0 IEMICHERZ O S L, 69 BinFHid
BIF— B % BT \ERL L, ISR NHML IZ X VT 2175, 7o, NH ET7 VA2 FEE LT,

HWEERR(s)
Z
8
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T X BREAI NS — A DRI T 0 7T DOVERRE BT D, T X BREANT LS < SRR
Brid, MBS N— 2 DRI LD LET AT 2 —F =PRI 5, Zofk
., COMA ¥ 27 LD CPU O &A% W5 H UL Tldta /e @md b2 A D 7e v, &2
T, COMA A =—a TR L, ZHBHERI O S 57220510 - Endfb 2 BEtd 5, H27
FEHEIAT S WHI NHML (2 X 20T 1%, SR FH Rt o & —F L FEF A 7 e
277 . NONHOMO (15a24 ; iR - AJ)IFEKR) ITE W ¥FR—Fxhd,

Regiella in icol: —_
e orete e BRSLER(ER) : ERIMIN DS
A 3 Yersinia pestis (ﬁtl_tl: Dﬁﬂﬁ)‘fﬂ)ﬁﬂ?’&ﬂl)
Proteus mirabillis
Arsenophonus nasoniae -
A Photorhabdus luminescens

80

91 i
43 Blochmannia p ylh
= Baumannia cicadellinicola
Sodalis sp.

Escherichia coli
Shigella boydii
Salmonella enteritica

89, Bucnera ap
a7 .
i rwinia billingiae
Pantoea ananatis
100 P E i um E =
nterobacteriales
— Edwardsiella tarda
74 Haemophilus influenzae
ﬁE Manheimia haemolytica Pasteurellales
Pasteurella multocida

Aeromonas hydrophila I
Aeromonas salmonicida Aeromonadales

=4 0.1 substitutions

7 24Oy 7ATANS T YT ORFEBERK. (A) Non-homogeneous (GG98+ M) ETI/LICED K REFMERAT
#ER (LFIER NHML %24F). (B) Homogeneous (GTR+T) EFLIZED < REFMRITRER.

4. BE
(1) L

A)

£)ZEK “How to Reconstruct Accurate Phylogenetic Trees from Nucleotide
Sequence Data with Extraordinary Compositional Bias: Assessment of the

Performance of Data-Recoding Methods and Non-Homogeneous Models”

Q) Etin

A)

B)

C)

IKBERRR  THESUE - RS 7 A V= — 2 2B T 5 b2 K
U7 B AV I3 T OBt b

(S Th ¥ 7 L7 7 U 2 Roombia sp. NY0200 kD b= KU 747 ) A
LR HRBIE A b MR

RBERT  [RsbRIER A Z b i BBl Z 51T 5 GAPDH Bix 1 D

(8) AT

A) HEES AR (Dysnectes brevis) S H— N7 T U 7 LD TS
R DHESL
(4) s

BWAESE : [k - 2 ™7 BERSIT — 2126 &3 < Wit b o HER] )
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REREY 7T o— (R - %)

5. ZE. NEEE. MHOMEHES

(1) =H
A TERHHE (L EEERE 2 45) Holtz—Conner Travel Award, Protist2014.
B) HRILERR HASEE 11 R E

K

(2) s E R (AFr, R4, K - OB FPUEE, &8, H84)

A)  FrETREEF ST (FZEREER ) (X har KU T - @REDUSOIAEA VT 3
T LR FE ORI (R 5 23117006) |, FRIESEE] (WR) , WIZEHIM : 2011-
2015 4EFE, ASfVHE : ELRERRER 17,300 FH, REERE 5, 190 T-H.

B) FEEEFZE (A)  DEIASEIA o b e B0 UK RECHD < EAZ A mRNA B
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DFELFRERNZ DT, PEACH2 THFET L= U X L% W= 834 & . MPI/InfiniBand 12317 %
FEHUE L O AR, 16 / — ROE4E PEACH2 %y U — 7 Chxmfl, X3 7- Dissemination
TNAY X NERWEEAE, BfE VA7 > VX MPL/InfiniBand @ 50%LL FIZHI 2 Hav, FFIC
strong scaling IZBWTHEHE L ZRDHBELVA T 2 v ORIEBEMENITHONLTND
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JAWHNIEREZ A E D Z EMRLIAEN D, 7272 L, BIfED Xeon Phi JEINEREE To 5 MPSS
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NEXBIT 2 Z < XWP TR 3252 ERBXHDH, XMP OIE(EET /LIE PGAS £7 /L
ThHO ., THAEVIZBOTEI—HAIBEENZRMITO Z LN TE L7720, hRIRFET
DI CE D, A=—a7 vV TlE, a7 BEEH LD T — & AT 72

FONEL, ZOEDPDL LAY Yy MRAMIFFCE S, (AL, /—FKRNE /) — REBRY—722%7

NERMT DI AT UV VBTV W, = RN E ) — FREZXBIL T e T 3

VI T HMENG DG EITIIRER R ELE N LB D,
A=—arraty¥o /) —FHNIZH XMP Z WD 702X, /7 — FHRO@EEE LT, &

DFPRENRE 2 HiD,

(1) MPT &4 5, BUED XMP 2 2R TBRAERRT D247V = 7 MEMPL & AW E TRV —F
VEFALTEBY, InEZ0FTEHEITIV, L, /= RZBWTHL 7 rEATHE
TTHHENRGHY, 7 rAMEEE WL TITH 720, 27— 07 ¢, @BEOHEIC
MERH 5,

(2) mmap IZ KD HHF AEY ORERZITV., ZhEBL CGREZITH, BEIX, IFE ATV CTH
PAT O IewlCmif# b lifscE 5, ZOETAEK 6-9 IR,

B)Tu s T LERMILV ALYy RETANNT AL — T 5, Thbb, HET—XITK
WA AEHAV, XMP O — RNOEBUIA Ly R T A X— MBI EZWZ 5, 20
JFiEIX, PGAS SEETH 5D UPC DA A E Y FHETITHONL T D,

(4) PVAS (Partitioned Virtual Address Space) €7 /LT L %324, PVAS |ZERAF AICS CTHAF
ENTWVDHA=—aTHTOHF LT AET /LT, —ODT KL RAZE/ RICEED
PVAS 7 A ZFH>Z LN T& D, PVAS Ytk A%, o7tk At LTHWDZ L
INTEX L0, WUT FLAZEMIZH D PVAS 7t R TIZBEVO AE Y ZEET 7 &
AFTDHIENTED, ZNEHWT, —H ARG ZEHEMO PVAS a2 207 —Z~0
TR ATREIT S,

PO P1 P2
Local Local Local
Process
Comm Bll‘hf “.‘
| 7
Shared 7 v /Y
A7 /N /|
Memory ;ﬁ fﬁ gﬁ___
% Y Y
0 n-1,n n-1,n 2n-1,2n 2n-1,2n  3n-1,3n
Global Array

B 6-9 @ IC& A AT ETOHEBES L RFTAKOELES (/ — FR)
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LLEDTEIZOWT, #GF - FHEL, FHi 21T o772, (2) L% AT, Himeno X F+
— 27 %1/ — FTMli L72RER 2 X 6-10 (27”3, HIME_MPI & HIME_OMP (X, / — KN MPI
& OpenMP DR TH 5 HIME_SHM 1L, A EH 72 1A AT VIC L D (2 OFEEOERTH D,
OpenMP DFEEETIX, AMAID/L— T 721 OWFULTITEFIED 5 F < B 7wy, NloL
—7HEHT Collap L7-#5 5725 HIME_OMP_COL TH Y. ZAUT K W HfEZ ST Z LN T
&%, AEIOELEZT, ZHUCITET 2R EGD Z LN TE T,

ARDFEEE(2) TIX, LFORTHREEZRL ZENTE T,

o HHEAFVEZHWNWALZLIZED AvE—VBELY L a—EEAZHITE 272012,
RN TE T,

@ KoV TXW FYrERXZEETLHZLICLST, r®ADT T4 X— 7 —& Bk
WP SN D T2DIT, false share R EDEENDRL R FIAXN—FTF—F )=
TOXyyalll 00T RV MRENR ETH 2 LR T,

BE, 3), WDIZHoVTH, EEFHlZHED TV D,

60

50
40
[72]
g % —4—HIME_OMP_COL
5 ——HIME_SHM
HIME_MPI
20 —
HIME_OMP
10
0 o=

1 2 4 8 16 32 60 120 180 240
Thread / Process

6-10 A AEY & H Tz XMP D3O 5L (HIME_SHM)

[6] WFHmHET—Y =EEICKBITIEHF =2—= 7 DOH%E (W)

BHEHIFH R TR O BTV A FI & 7 — U =254t (FFT) OMEA S 5 7291,
HE)F 2 — = ZICBT A2 T o7, RA ME R —LHERBED —HDLEZLND
GPU 277 7 X ZIZHB\WTUA FFT Zmdb 3 DB8IC, faieMERe/ N7 A — 213 GPU OT —F 7
JFx, /= REEREETHHy hT—2 ZLTHEYA AR EIURTFT 5720, Zb
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DINTG A =B X DOFREFH CTF 2 —=02795Z LIFRECRY 2555, £ 2T, GPUZ
T ABRIZEBT HH FFT OMEfEEZ 1 ESE 5720088 F 2 —=2 7 FEICOWTHRF LT,
GPU 7 T A ZIZEB W TSN —IRoC FFT 247 9 BRI, Ao alfEs 3 [miThihd Z &b,
FHREF O K DN AR EBEIC L > THDBND Z L2 b, £z, FFT 23R T 505
JESC, 1THIDEREZIT RO T v v 7 A RNBIRICBED DT A—2 L 72D,

GPU 7 7 A ZIZHB T HAFI—IRIT FFT 2B W T, AxtailfE ik, BEOMAGHhE, £ L
TTay 7 A RCDONWCHE T 2 —=0 7 %179 2 LT, HEZILICA ETESZ &0

Do T,

1200

. FFTE 6.0
1000
800 /‘( —FFTE 6.0
@ / with AT
= 600 V=%
S 400 —
200
0 #‘d"l"l [ T SN N TN T T N B
X 4D gV q> q® qP o ol ok

Length of transform (log_2 N)

X 6-11 AFH—¥RIC FET OMERE (HA-PACS X— A 7 5 2% 128 /— R, 512MP1 & R)

[7) F—=FA LTy THAL TV RDTEDDY AT LAY 7 b =7 (B, IS

KPR TIIGHT 7 ANV AT A, KEMET — 2 B IAT R O RHA 2 £+ 5 2 &
2k, RANRE R —NVT—H AT THA T ADEODV AT LY T NI =T
DOEFHTr b F A TFEE LR AT o 7o, LA HANZRE®R T 5,

T AT AT A

WFFEDIHNNT, CPU 2 TE OB R L, 77 B AERENA 7 —LT 7 N L, o7 71 A
INERERINEL DRV T 7 ANV AT AOMERREEITO & ThDH, AEEIL, 7
7 A VT —Z DTLEACIC OV TR 21T - 1=,

BT 7 AN AT EOT 7B AMEREE AT —LT U hEZE570I2, fHE/ —Foa—
HANVA L=V ERATHE, fHE /) — FROEFEICLIVZD ) —RFOor—h /LA L —Y
KN ENTT —XIZT VB ARGELE 72> CLE S, ZORBEMRRT D720 NETT 7
ANER-EAM ) — RO =R VA L —VICRFFT 2 HER L bR, ZOFETIEA b
U— DRI 2 (0L BB L oo T LE D, T FEEEN 2HEU EERoTLEI VD
MER DT, ZOMMEERIT D720, /— RHCTLEFEEZHAVDIZ EBNEZLND,
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LN LARRS ZNETIE/ — RECTONE/R5E2EXIALIHIT O 2 LIIURAFHEAEO A
— NNy RRREATOILTW RN o T, D7), EXRAARFILTTEMF LD A — 3~
RSV A ERC L. 2 D%, TR/ FICERT 250 FESHWS TV, ZORE
ERARNIFR T D7D, A ML —VICNER SR T — 2 Bkas 7 — RN LT 77
4 TARNL—VERELEE,

: client client
Naive M Proposed B
T mechanism —
1.5x data No extra data
transfer Xor transfer

iiiixor

P 0 1 P

ﬂ

|

- ‘rﬂ‘
|

ﬂ

0

X 6-12 2DIP D RAID-4 DT 7T 4 T A ML —UIC kBT —HiRik L R o — N5

TIT 4T ARNL—U T, ILEMFICEADLFELEELZ A L —UDMT o720, FiA
EATD 7 TAT v MUOT — 2 sk &, LR FRIREOA— 3~y Ridieu, 2D1P (2 7 —4
TAART ANV T 4T 4 A7) ORAIDA4 DA, M 6-12 12T KO ITEEDOFIELE Y Z
ATV IO OEREREN 1.5 5L FIUEMEFHE L LTO XOR FHEBNE L 785 T
LEI BEDT VT 4T AR RN —=VDOERIE, 7 74T 2 MO T7 — Ak EITE D
3. £ T7A47 2 MUTO XOR FHRIZNE R D, Z2ORDY, A L= 0137 —
AuRAPL—Y LIZEEEL, A RL—Y 1 TXR FEEITVD, A L —2 p lZiEET S, K
22 F1L% Infiniband FDRx4 ZHW2 PC 7 7 A X% THIMIEHI 21T o7& 2 A, 1ZExR Y b
U— e — 7 YERE L 72 D 5.46B/s OFIAMVERB A T 5 2 L N TE T, AR, TEEE
JTAB A Ea—T 4 ZICETHEBERE TR A Y —HE 3) 2{To7,

- KHURT — & JUBR AT R

AWFEE CIEXT—F A Ty T A D ADT TV r— a YV ENRINCETT 57
B, MPI-10, KHIHEDY —27 7 1 —5347, MapReduce LHE, Ny FFa—A VTV RAT A, T—
HN—ZEH T KT EOFATEREEOWIIERFE 21T 9, AWIIEIRE THIEHRE T 208~
FANT AT AL, BIERELTOT 7 ANT 7 AEEIZR =T 7 S8 5 X5 IT#EE
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FEEEAT S TVDN, T7ANT 7B AENEL —Th D, Z0, ShEMIFIHATS
7=DIlX, 7Z7ANT 7B ADOR[IEORIA L T — 2 B2 k/MbT A7 0w AR 2 —
Vo TREEL D, EBIT, T—ABEEHENHIIA—AT v TR THY, Tuk
ARG a— ) T —EBEORr Va—V v Rt 52 ICX D, HICHEN
IRFATINAIRE L 72 D

RBUL Y — 27 70 —FITICEAT 5058 TlE, ZnE T/ — FMo7 =2 B84 kM 2
AV a—) P REEREL, FHMBE T TE 7, AEEIT, FEEEDDFIEZRT TV
L, =/ —=FHNTOEKEDY a 7IFATIZEAL T, Ny 77 Fx vy aOFFREZH LS
B, V=27 7u—0Ya TITRREZEMT DAV a— ) VI FIEORELEITo 72, BE
DD DIRETIETH D LIFOHRF T35 & Rank Overlap+HRF (Z-DWC, RKILT — & fifthr o
U —2 7 1 —Montage & VT L U FEMIZFEAN L7z, LIFO+HRF, Rank Overlap+HRF O l=Fik
B E R TNy 77X v v Va2 OFHRMMARARETH Y . IKBEFFIES LN 1.9
fEOmBLZER Lz, S5, KBRXYAZMEGMILTEY, 96 27 O —ATiE 12%
DOEE(LZER LT, /— RS20 CRBT 57 — X ENH I DWWV, Ny 77Xy vy
2 DHHFIHOMFITEL 720, ElaTHBEZ HICHEVWKRY A7 RIEOEBII R X <
%, BH%OIY KRBT — 2t mdfb T 2 BERA S DV a— ) VI FETH DL L
Mooz,

Ny FFa—A U TUVATLDOWETIE, GIEHET =27 7 B ARFHEZED L7280 D
AV a— ) T REOMREED T, WEEEIX /0 AT 7Ry a7 B BE LA
Pa— Y U P FEERR LN, KEEILCPUA T TRy a TIZonTHiIH 729,
AV a— ) TREOIREIT T, ENENOY a TIZBIF DA77 ANNET 7 &
A RPTMEDIEEEZ KD, CPU DAf & TNRT A—=F BIZLY 2 — REID Y TEITO FE
DRFEIT T2, Ny FFa—A TV AT A Torque Z Ll L2700 A TV AT ADHE
FAITV, BLAST N F~v—7 TiMliZ# T 572, BLAST XU F~v—27 TIXL/0A T 778
TaTdE CPUA T UVTMI v I ALIERVF =T THDHN, BOEEEZDLZ LICK
DINRRIRA T a— 0 U T HATH ZEBREE R D &R LT,

[8] =/ X NY—avy /T —¥OEMBEN (B, JIE)

T AN)—AEy 77 —% (EBD) 77U r—a v OIATIRO oND B~ +)
T ANSONWHNT 7 A EFE LIZ I0PS, 71t AEITHB] L7-FtA, EIAT 7 AN
Vv RIEVEREAZ BAE L LT, AT V=2 PR M7 ORFH ORI {LE T T,

H26 4EJE 1%, H25 AR AT~ Toa— AT V27 A NT O%GHEIC T 0 b F A 7328
ATV, REFOUGEEIT o 72, flash B8 XL OVREFMEA TV ICBWTHREE 2R D BEAZ ~N—X
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(2. OpenNVM & W T X W RN 72T — X 7 7 B ANATREL 725 K 5 IC&Et 21T - 70, FEAN
IRRRET B R H25 AR A B L. BGtOREE T, £ A7V =7 FEERT D
TN A=RT a7 EFEHFL TN n A7 V=7 FOERETRTDHZEICED, A—
RT vy 7 OFHEEE 1/n ([CHIIET D Z ENAREE 72D, RIZ, OpenNVM 239~ 5 # %K
DIORT MET I v ZICEZATRREE-W, A7V =7 NOYIEHbE | EElA TV =
7 NEAERT 272N T O TR, m AT V=7 ha—ED 10 X7 hLT—H5 L THRAT
HINZHIHES 2 2 LT K 0 B 2 m 53 < @b 972 Z & FREE /2%, n = 128 &
LT, m&ZEREEDOFT V= MESMERZK 6-13 17T, —FFOMIn=m=10D
R Z LIRWIEEEO T v b 7 A TRIEOFR THL08, ZNET16 ALy FT 190,000
ops/sec ThH o7, ZIUIX L., n = 128, m = 32 OIF|Z 747,000 ops/sec £ THEREN M L
L. (JT 4 Forkeem B2 EH L,

AT OO MERERE

800
_ 700
@ 600
S 500
(=]
S 400
o
@ 300
Q.
© 200
b4

100

# thread

——1—m—2——4 8 —¥—16 —8—32 64 1 (w/o any optimization)

6-13 B—HNF TV r h A T OVERAMERE D 2EAM
WA SR OERFFICBWNTIX, BAT =X DT A RuR—t o Z A VBB T, #

SEtEE RO EEC A RE LT, EOFHRICKY, VA U Ry EZBEIL & 22D ESS
T = HIZOWTORRIET THL D ITLRFHE ORI FTREL 725 (1X6-14),
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Prcviousl window

Moving
direction

<— Same area  —>, |:>

o Iy

A\ v— J\
Current window
Added
cells

Removed cells

X 6-14 VA > Ko7 77— MLBIZEIT 5 20RO

Nt A NVBIIEHT D72, T =2 2 AR THRET 5, ik, K& 7 —%
Z 2 30 A D/ x—k o Z A VALBRIZ W TREFETFIEICEE R 13 5 O tEREm R2 B L 72,

[9] ZBT 7 ANV AT LARYTY v K« 750 REINICBET 2858 (&)

SCEBFFA DHED D HHEINA N T r—~ v RAar a—T 4 7 A 77 (HPCI) ® HPCI
P R L— FBRFYPLFET — 2L AT L JIDC DY AT ALY 7 b =7 & LTHH
MEND Gfarm 7 7 A VT AT LD ZIT -T2, REETH A L2 T — 2 iHE
(silent data corruption) (I DRPKAMF L1z, A Lo T —HR & 1%, FAR
EFICETLIZb00, RERICEXAENET — X E2HmAHT T — X ONERHEL T
HIET, T4AZar ba—J0EERENPFRTIERINDZERH DL, VAL
N =2 RO E LT, MEREXEAFICBITA2FT =y 7 LE5HEEZEAN LT, HiriA
HREOTF = v 7 P LFRICK Y 7T — 2 A, 22—z 7—%2KT, 2k, 7
— A OBRME, 22— PR T — 2 A AT B T ERFREE Ao Te, REE
X, S BICEDT — OB ST ED R ELZAT > 1o, AR O T — Z AR F = v 7 T,
TR EFRAERNE T — WO EZITO 2N TERND, T — X OB M
B RN SH 5, ZDd, 77 A NMVERUERREOT — 2 F0A, 7T — 2 EFEZRARIIE
WCT—Z RO EIT) 2N TELH X7 e ha DR E{To72, Gfarm 7 7 A
WY AT LTI, 77 ANERRRHC Y 7 A VERZAERT 5720, ZOMEOEAIZLY 7
7 A NAERIRE DT — ZHABR N IRE & 72 D, Z oML, EAEH S AT LB IT D EHREE
DO¥fg, REAEE, R¥X=2 A MOEH R ELITHoz, ZORERE LT, Gfarm/N\— 3 >
2.6.3%YV U —AL7Tz,
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[10] RxEmSET— & OB ICET A5 &5, IS

1. BRI A 7T A Y AT LD

TIXD LB SN AR FE S A Hyper Suprime—Cam (HSC) 2> 545 5415
BT — 2 2T 5 2 LT, MIRER RN > THIERIEWREZ AT 2B 285N T 5
ZEMTED, ZOT—XUBIOIERENLETH D, —BODOANT —X BT 57z
DIZ 24 FERIFRE OB ASLETH S, ZONBKMEZEL 5 Z EBHFREOIHNTH
Do

FERTSA T T A VAT DEBRT 57212, IPMUA & OFTEEEITV, BIED /A 7 F
AVVRATEADT R T LR WNNIANT =2 % ZHRMEHW ., 20k, 70T AOFET
RO ELIT ol A TITA VAT L ERHE LR, 3R/ — R0 60 A hL—
DT I AIBWT, BURIL Lustre 7 7 A VT AT LAEN L TEED T 7 A L~FEFEIC
JEALTWDZEBRHLNIRoT, TOXATIZBWTELLEFHRT 7220 1/0
NIV 7 R ESHETWD AN RIB SN, £ 2 C Gfarm 7 7 AV AT L%
sz llzkv, WAIT/0 Z2ERH LT, ZOR MRy 7 2ET 55N EE L,

2. RILT—HMBLY AT LORKE

RLT—HFMB L AT NMIET MR E LT, OO EEIT -7, FH—OWFZEILEH 2
BRI OIS OT — 2 HEICET A TH Y, F_OMERIIRIEIZ vl EOT— 5K
RIZET M TH D,

1. HEFRERRH OO OT — % AR BET 2058

FTIXDLIEFN DGO D EHG) DB RREE 2@ TE 57 — 2 2T 2
ZEMEMEDOHIITH D, T T XALENRANCETTE LBREAHET L2 &0
AWFZEDINTH D, RIKEBIIEST —F & LTRBLSND T, DT —FET /ML
L=y a AT —Z BT VTR ESNEY Th 5 Ll Lz, &2 CRAIT —F#N—2R
Thd 5 SciDB ZFIMT 2D Z LT Lic, RIKEHGIEE TEA L 722 2 KL AN FEITTE D
Z & % SciDB THER L7,

Fio, BEEOEMERIEEIEEZRE Lic, A7 U AU 2GR (M6-15) IS4
KB O S PERE L E A 24 U, SciDB RIS Z 1TV, T OPERER ) D 1=, BARBIZITRL
BT =B R_R=2ZBT DT 1 FUEKEAE (KR, &/, B, S—kr 2 A1) %
MR LT D FIEZRRE LT, SMEERIEDT=DICA v 7 VA ZLFEAX— L% LTz,
INERIDSELD, BWAEFTITY X b, mRERDTITE—T, "= Z AT

FARE AW, BEFELRENRBINT —F X—Z2Th 5 SciDB [T FELE L TEERAIZ
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A L7z, £ ORER, REFIEITRERK TIEORTFEITHAT 28 frmdl 72 o7, FRIZH Wz =
— FIX GitHub IZABR L, BRITE v 77— I2B1T 2 EES@E TS L,

Previous window

Removed

L

I

I
cells 1

e

Added

cells

Current window

X 6-156 A7 U A HILEEAF—A

2.2. RIkH & vl EOTF—XRFRIBET D

fRBTSA T T A BN SNDRERIT, RE a7 LTEREND, RKVZa s
OFE LTiX SDSS NEFEAL TH D, SDSS IZBWT, T—HFV L—r gy —FX—R(Z
Bk Sh, SAL THIAEMTbI b, AFEOEWIZZNLOMEGEEE#ELT 52 L TH
Do

REH & a7 Ttk oA AP TOI D, AFET IPMU & O OREF. HBICfE
b EWVIIEHFRBIZOWTE EIFS Z L2 L, EFHRREIE. HHEOITVEEZRD
5LV BIEEICHET 5, ZOMBEIEIMAGHEEICREIND, ZoELZEE T 57
DI, ARWFFETITW o BR GO & 22K 5| Al G DT, ~ ¥ EFLEIZ DT
cyclo—join ZEIE L, < VWNISLIIZ OV TIZA L v B L-ULIFSIfE & g L~ 4]
b (SIMD JE8) ZAT-o7z, ZEMBINC OV TUI R AEFEIE Lz, IBETEEZHET 57201
FEREAToTo, T—F A XX 100 HiEE L, ~>rHE8E20 L Lz, vV U oxy hU
— 27121 Infiniband ZFIH L, IPolB Z MW o, EFEIL B PRETHY, T4 —T 7
FIEITHAT, &K GEIREN 1% T 306 (FRREOMERM LA EH Lz, k. BEFEOES
72 RDBMS T& % PostgreSQL TRIBRDEIRZIT o7& T A 24 K THR T LR o7 2 & %
T %,

[11] BEAD~I e b ol —RGBEXOREMRECET 5% (L HE)
BHEED T bve b oS — R GRAOBEMIETH 5. Block Krylov #oy 2] fAg 1%
(ZBE9 D WF5E & AT > 72, Block Krylov BBy Z2MMAEIEIL, Fi~7 MV 5 & HE
AL EZRRDUTKG Y | FRAEORR - FWHESISE T2 endb D, £, FHEIERTRE
AT DRREDRE T, NG SN D LMD E N AL D IR & %, AWFIETIE,
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Block Krylov #4322 485D 1 5T % Block BiCGGR i%, M X Block BiCGSTAB (7) (%)
L CHRBUGEZ 1T o 12,

Block BiCGGR i£l%, RAFMER CBIN D MERATHN AN T D52 IV OFIEAMSLAE D KD
D EBENCARLERIRDBUCKE D, ARBFETILZ OIRPL%E Partial Near Breakdown (PNB)
procedure &FEEND FiEEZHWTHREIL, BIEHSEORNRT MV ERETDH 2 L TR
2 et &% > 7=, X 6-16 |Z Block BiCGGR i, K TN PNB procedure ff& Block BiCGGR %
DOFIX R 23, 7 A N EEIFEER A S F5H R c8n 5N, — ) TR (7419 A
113,514, FEFEEFH 352, 762, X7 " :32) THDH, 2T, D I% PNB procedure
ZHIET 58T XA —H T b, Block BiCGGR ¥EDFHx7% 2 X E 2 FH L 7= 23, PNB
procedure % U % Z & C Block BiCGGR {EDFHXIFRZITUNR L=,

10 L ' ; ]
= ‘ —@— BI-BiCGGR -
g 102 L A M- PNB BI-BiCGGR (6= 10" | ]
- B . - &— PNB BI-BiCGGR (6= 10" |
= *4 ] qw"': ‘-
= = Al W ]
g U0 bW 1
2 B Il\' \ o . i
o 10°} N )
g - A w ]
E 10_11 B \"JI L _
Q B ] . .
e B \AJ\ . 4

1074 i , . . . 3 i
0 100 200 300

Iteration number

6-16 Block BiCGGR . M TXPNB procedure fif % Block BiCGGR 2D AH i 7k 75 i ik

Block BiCGSTAB (D) EIZEB W T, KIEWER CHA HHEEITHIZHERR T D52 ML ORIM
NEPEDN RO D & BAERNC AL TE IR D o AWFZE TIERAE I IEREAA L 2 F1TT 5
Z L CEMEM AR EE A [ERE LT, E - RNEII KRR CRAT SR OB TRKMICH
AL RO EE R T D08, IR DREEE 2 RO T DITATHIAR 7 b AFERH R 28 L,
EREE{LZ X 572, X 6-17 |2 Block BiCGSTAB(7) ¥, K ONENEIZ EMEARA L, miEE(LZ1T
STz & EOEOMXRAREZ R, 7 A MEBEITEETAR ) 73R TR L E L -k 5 R
X (ATHIH A X123, 560, FEFEEFH : 460, 598, £ 7 K L$L:16) T %, Block BiCGSTAB (/)
HEONRTA—=2L1LT [=8 ZHW=, Block BiCGSTAB (1) & L7-5A 3R &N
FH LT, AR CIERELAFEITT 5 2 & THXERZENSDOR Lc, LALARD S,
BEOMXEZAT 10° A TIER L TR Y . mEEOIEERIRO A TH Ry, —J7, ERE
AN 2 CTEREEAL OB 2 8INT 5 2 L I2 X 0 BEOMRFERZET 10 A0 F Tl L TR
V. EREOILMREEZAERT D ZENTE,
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108 T T T T
E —&@— BI-BICGSTAB(/) =
= 4 -l ERBEREA ZBI-BICGSTAB() —
= 10 - A FREZR+ ESBELA ZBLBICGSTAB() (1
Ei g
=t LN M,\A\, ]
- i S [ 4
-] 4r A N ]
z 10%F T - ]
= C \ N
S sk “, ]
= [ b
H 10'12 C 1 1 1 1 1

0 1000 2000 3000

Number of matrix-vector multiplications

.

6-17 Block BiCGSTAB (/) £, IEHEAI LAT X Block BiCGSTAB () ., M ONEHEA L+ 5
FEEE{b AT % Block BiCGSTAB (/) ¥ D EL D AH %1 7% 75 8 JhE

4. BE
[ZEDERKR]
Lo s, &t (D%, GPUMEEBERMEICES SN T 7Y r—3 9 o OMERE
AW, R RTPE S AT AMER LA RHME LS, Rk 27 3 B (FRE - #haR
i)
2. HMEK, EL (%), CPUZ FRZMTF T r T I 7ET /L XcalableACC D =
VA T BRI, FIRERFRE Y AT W TSR RHE TR0, SRR 27 4E 3
A (R =)
3. HAfEWh, B+ (T.%). PGAS S7E XcalableMP |2 X BT 7V r—3 3 v D EEE
R, B KFRTFBE S AT LMER L AMFERME LR S0, FAk 2743 A (FFE «
=00
4. FIEE, Bt (T, GPU 2 AW lFE X OV HlEE e RRE T L2 XADE
Wb, BUERFRFFES AT DGR LFARRME LGRS, PRk 273 A (FE - &
KIM)
5. Fawvza, EL (L%, DB 77 ALY AT A Gfarm ITBIFHMIC T 7Y r—3
a Y OVERETIIE T VO, SR RFRFELS AT LERTAFERHE LER 0, SRR
2143 H (68 : BHER)

[£PiE]
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[CCS HPC r~—& I F— ] (AR, 2%dd@mFH). 2014/9/1~9/2
“HPC Autumn Seminar” (&5FI@FH) 2014/9/16~9/17

H. S8 E. MBMEES

[ZE]

. Best Paper Award in Fifth International Symposium on Highly-Efficient

Accelerators and Reconfigurable Technologies (HEART2014), Y. Kodama, T.
Hanawa, T. Boku and M. Sato, “PEACH2: An FPGA-based PCIle network device for
Tightly Coupled Accelerators” , 2014/6/9.

. HPC Challenge Class2 Best Performance Award at SC14, Masahiro Nakao, Hitoshi

Murai, Hidetoshi Iwashita, Takenori Shimosaka, Akihiro Tabuchi, Taisuke
Boku, Mitsuhisa Sato, “XcalableMP and XcalableACC for Productivity and
Performance” , 2014/11/18.

Best Poster Awards in HPC in Asia Poster Session, 1SC2014, T. Hanawa, Y.
Kodama, T. Boku, M. Sato, “Proprietary Interconnect with Low Latency for
HA-PACS/TCA” , 2014/6/26.

THEMEFHMT 7 +— T & (FIT2014) iR b_— =5, Juligrt, 110 Es, 1
T, FERFMENEEG 7 LAHIE S AT MBI DMIERE N RICBIT 2098, 2014
F9H3H

[SErE ]

. JST CREST. #MEEth (WFZRf%3EE) . H24~29 4FE . 22,670 F1 (H26 4FFE) | WFZCheisk

A b Ay VMRS T 5 Y AT A 7 b= T HROAI), TR
21 A 4 ARSI 0 = RSN - SR BRSO B DR JE A
JST CREST, itGAA (RERMFJEH) . H24~28 4EHE, 15,132 FM (126 4F/%) | HFSEHE
B TR b R — BRI 5 Y AT A 7 by = THIEOAIR . T
HFHE T A 75 V2 L HBULFEE > AT AOREBHEIC B 5 5

BRI G AR (SRR | AR (S| H22~26 4

JE. 3,510 TF (H26 4Ef%) . [ RIFAIHIBREZ I A EEFRE T LT X4
Bt e B w4 ABAEZE (). misAI T (IR3R) . H24~26 4FFE. 1,430 T-H (1126
), [y Y2 — VEEBREICAT-EE 7 — ) 2B o7 /130 X LT 5
9L

. JST CREST, EFMER WF7EfUERH) . H23 FEE~H2T L, 36,579 TH (H26 1) |
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FFEREIE [N A X% 27— V@ MERERH RSB T DV AT A Y 7 b U = THANOAIH ],
[RANRE R —NVTF—=H AT T A T ADEDDV AT LY T N7 2T ]

6. JST CREST, AEBER (GLEMFFEHE). H25~30 4EE, 5,044 TH (H26 4F%) . WF5ERE
e Tey 77— 2 A FNE O T2 ORI EAT ORI - 4% k). TEBD : KHEAR
DT v AN, MLEZT -7 A R — LBy 75— & O AR

7. KDDI WFFEpTSLmAE, JIEse (fR3R) . H26 4EE, 1,000 TH, 175 —Z Ak =
T BT D KRBT — & A U B3 2 058

8. JST CREST, JI&¥EZ (4r#), H26 4EFE 1,000 T-F, WF7efesk [FR2A0% A - 4L
BRI T =S Bo vy 77 — 2 FNERHEEO - O O T 7V r—va v
At ORI - mEb) . TRBERGEREBNOE Y 77— 2 57 L D HEHEIETHY

B
9. JST A-STEP, JIIB¥#2 (fRF). H26 &F 1,000 TH., BT — Z AL JLaE o 27
NG
6. WIREHE
(1) WFotim

A AT E R

1. M. Noda, K. Ishimura, K. Nobusada, K. Yabana, T. Boku: Massively-parallel
electron dynamics calculations in real-time and real-space: Toward applications
to nanostructures of more than ten-nanometers in size, Journal of Computational
Physics, Vol.265, pp.145-155, 2014.

2. Daichi Mukunoki, Toshiyuki Imamura and Daisuke Takahashi: Fast
Implementation of General Matrix-Vector Multiplication (GEMYV) on Kepler
GPUs, Proc. 23rd Euromicro International Conference on Parallel, Distributed
and Network-based Processing (PDP 2015), pp. 642--650 (2015).

3. PERMEMN, @RI RICESWHEN T — 2 OBEEEZOFE, RO

&5, Vol. 55, No. 11, pp. 2399-2409 (2014).

4. Yukihiro Hasegawa, Jun-Ichi Iwata, Miwako Tsuji, Daisuke Takahashi, Atsushi
Oshiyama, Kazuo Minami, Taisuke Boku, Hikaru Inoue, Yoshito Kitazawa, Ikuo
Miyoshi and Mitsuo Yokokawa: Performance evaluation of ultra-large-scale first-

principles electronic structure calculation code on the K computer, International
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11.
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Journal of High Performance Computing Applications, Vol. 28, No. 3, pp. 335--
355 (2014).

Yutaka Maruyama, Norio Yoshida, Hiroto Tadano, Daisuke Takahashi, Mitsuhisa
Sato and Fumio Hirata: Massively parallel implementation of 3D-RISM
calculation with volumetric 3D-FFT, Journal of Computational Chemistry, Vol.
35, No. 18, pp. 1347--1355 (2014).

Satoshi Matsuoka, Hitoshi Sato, Osamu Tatebe, Michihiro Koibuchi, Ikki
Fujiwara, Shuji Suzuki, Masanori Kakuta, Takashi Ishida, Yutaka Akiyama,
Toyotaro Suzumura, Koji Ueno, Hiroki Kanezashi, Takemasa Miyoshi, “Extreme
Big Data (EBD): Next Generation Big Data Infrastructure Technologies Towards
Yottabyte/Year”, Supercomputing Frontiers and Innovations, Vol. 1, No. 2, pp.89-
107, 2014 (DOT: http://dx.doi.org/10.14529/jsfi140206)

Yoshihiro Oyama, Shun Ishiguro, Jun Murakami, Shin Sasaki, Ryo Matsumiya,
Osamu Tatebe, “Reduction of Operating System Jitter Caused by Page Reclaim”,
In Proceedings of the 4th International Workshop on Runtime and Operating
Systems for Supercomputers (ROSS 2014), Munich, Germany, June 10, 2014.
(DOI: 10.1145/2612262.2612270)

Masahiro Tanaka, Osamu Tatebe, “Disk Cache-Aware Task Scheduling For Data-
Intensive and Many-Task Workflow”, Proceedings of IEEE International
Conference on Cluster Computing (Cluster), pp.167-175, 2014 (DOI:
10.1109/CLUSTER.2014.6968774)

Hiroki Ohtsuji, Osamu Tatebe, “POSTER: Preliminary evaluation of optimized
transfer method for cluster-wide RAID-4”, Proceedings of IEEE International
Conference on Cluster Computing (Cluster), pp.284-285, 2014 (DOI:
10.1109/CLUSTER.2014.6968775)

Jiang Li, Hideyuki Kawashima, Osamu Tatebe, “Incremental Window
Aggregates over Array Database”, Proceedings of IEEE International Conference
on Big Data (BigData), short paper, pp.183-188, 2014

Y. Maruyama, N. Yoshida, H. Tadano, D. Takahashi, M. Sato, and F. Hirata,
Massively parallel implementation of 3D-RISM calculation with volumetric 3D-
FFT.
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12. H. Tadano, Y. Ishikawa, A. Imakura, Improvement of the accuracy of the
approximate solution of the Block BiCR method, JSIAM Letters, Vol. 6, pp. 61—
64, 2014.

13. S. Saito, H. Tadano, and A. Imakura, Development of the Block BiCGSTAB(1)
method for solving linear systems with multiple right-hand sides, JSIAM
Letters, Vol. 6, pp. 656—68, 2014.

B) AFHE LiwC

(2) [EBR=Ee e

A HRETH

1. Taisuke Boku, “Tightly Coupled Parallel Accelerated Computing for Post-
Petascale Computing”, Invited Talk, French Japan Conference, Tokyo, Apr. 14th,
2014.

2. Taisuke Boku, “Towards Reconfigurable High Performance Computing based on
Co-Design Concept”, Keynote Talk, Fifth International Symposium on Highly-
Efficient Accelerators and Reconfigurable Technologies (HEART2014), 2014/6.

3. Taisuke Boku, “Next Generation Parallel Accelerated Computing with High
Productivity”, Keynote Talk, Int. Workshop on Enhancing Parallel Scientific
Applications with Accelerated HPC (ESAA 2014) in EuroMPI/Asia 2014, Kyoto,
Sept. 9th, 2014.

4. Taisuke Boku, “Accelerator and Communication CoDesign Challenges at
Extreme Scale”, Invited Talk, CODESIGN2014, Guangzhou, Nov. 7th, 2014.

5. Taisuke Boku, “Research and Development on Unified Environment of
Accelerated Computing and Interconnection for Post-Petascale Era”, Invited
Talk, 2014 ATTP Workshop on Japanese Research Toward Next-Generation
Extreme Computing (with SC14), New Orleans, Nov. 17th, 2014.

6. Osamu Tatebe, “System Software for Post-Petascale Data-Intensive Science”,
Invited Talk , 2014 ATIP Workshop on Japanese Research Toward Next-
Generation Extreme Computing (with SC14), New Orleans, Nov. 17th, 2014.

7. Taisuke Boku, “Tightly Coupled Accelerators for Accelerator-oriented Parallel
Processing”, Invited Talk , JST/CREST International Symposium on Post
Petascale System Software (ISP2S2 2014), Kobe, Dec. 4th, 2014.
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Osamu Tatebe, “System software for Post-Petascale Data-Intensive Science”,
Invited Talk , JST/CREST International Symposium on Post Petascale System
Software (ISP2S2 2014), Kobe, Dec. 3rd, 2014.

R

1. K. Tsugane, H. Nuga, T. Boku, H. Murai, M. Sato, W. Tang, B. Wang, “Hybrid-

view Programming of Nuclear Fusion Simulation Code in the PGAS Parallel

Programming Language XcalableMP”, Proc. of ICPADS2014, Hsinchu, 2014.

. Masahiro Nakao, Hitoshi Murai, Takenori Shimosaka, Akihiro Tabuchi,

Toshihiro Hanawa, Yuetsu Kodama, Taisuke Boku, Mitsuhisa Sato.
“XcalableACC: Extension of XcalableMP PGAS Language using OpenACC for
Accelerator Clusters”, Workshop on accelerator programming using directives
(WACCPD), New Orleans, LA, USA, Nov,, 2014.

N. Fujita, H. Fujii, T. Hanawa, Y. Kodama, T. Boku, Y. Kuramashi, M. Clark,
“QCD Library for GPU Cluster with Proprietary Interconnect for GPU Direct
Communication”, Proc. of HeteroPar 2014 (with EuroPar 2014), Porto, 2014.

N. Fujita, H. Nuga, T. Boku, Y. Idomura, “Nuclear Fusion Simulation Code
Optimization and Performance Evaluation on GPU Clusters”, Proc. of
PDSEC2014 (with IPDPS2014), Phoenix, 2014.

Daisuke Takahashi: Automatic Tuning for Parallel FFTs on GPU Clusters, 2015
SIAM Conference on Computational Science and Engineering (CSE15), Salt
Palace Convention Center, Salt Lake City, Utah, USA, March 18, 2015.

Hiroshi Maeda and Daisuke Takahashi: Performance Evaluation of Sparse
Matrix-Vector Multiplication Using GPU/MIC Cluster, 2015 STAM Conference on
Computational Science and Engineering (CSE15), Salt Palace Convention
Center, Salt Lake City, Utah, USA, March 14, 2015.

Daisuke Takahashi: Automatic Tuning for Parallel FFTs on GPU Clusters, 2015
Conference on Advanced Topics and Auto Tuning in High-Performance and
Scientific Computing (2015 ATAT in HPSC), National Taiwan University, Taipei,
Taiwan, February 28, 2015.

. Y. Kodama, T. Hanawa, T. Boku and M. Sato, “PEACH2: An FPGA-based PCle

network device for Tightly Coupled Accelerators”, Fifth International Symposium
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16.

17.

18.

FURKE SHEREHARE V57— T 260 £F FRESE

on Highly-Efficient Accelerators and Reconfigurable Technologies (HEART2014),
2014/6.

Yoshihiro Oyama, Shun Ishiguro, Jun Murakami, Shin Sasaki, Ryo Matsumiya,
Osamu Tatebe. “Reduction of Operating System Jitter Caused by Page Reclaim”,
the 4th International Workshop on Runtime and Operating Systems for
Supercomputers (ROSS 2014), Munich, Germany, June 10, 2014

Masahiro Tanaka, Osamu Tatebe, “Disk Cache-Aware Task Scheduling For Data-
Intensive and Many-Task Workflow”, IEEE International Conference on Cluster
Computing (Cluster), Madrid, Spain, September 24, 2014

Jiang Li, Hideyuki Kawashima, Osamu Tatebe, “Incremental Window
Aggregates over Array Database”, IEEE International Conference on Big Data
(BigData), Washington D.C., October 30, 2014

Osamu Tatebe, “System Software for Data-Intensive Science”, ICT International
Exchange Workshop 2014, Tsukuba, Nov 1, 2014

Osamu Tatebe, “System Software for Post-Petascale Data-Intensive Science”,
2014 ATIP Workshop: Japanese Research Toward Next-Generation Extreme
Computing, New Orleans, Nov 17, 2014

Osamu Tatebe, “System software for Post-Petascale Data-Intensive Science”,
JST/CREST International Symposium on Post Petascale System Software
(ISP2S2 2014), Kobe, Japan, December 3, 2014

Masahiro Tanaka, “Workflow system for data-intensive many-task computing”,
JST/CREST International Symposium on Post Petascale System Software
(ISP2S2 2014), Kobe, Japan, December 4, 2014

Osamu Tatebe, “System Software for Post-Petascale Data-Intensive Science”,
10th AEARU Workshop on Computer Science and Web Technology, Tsukuba, Feb
27,2015

H. Tadano, “Stabilization of the Block BICGGR method by the partial near
breakdown procedure”, International Conference on Simulation Technology
(JSST2014), Kitakyushu, Japan, Oct. 2014.

H. Jin, Y. Yamaguchi and Y. Kodama, “Efficient shared cache system for ARM-
based multi-core processors”, Fifth International Symposium on Highly-Efficient

Accelerators and Reconfigurable Technologies (HEART2014), poster, 2014/6
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19. T. Hanawa, Y. Kodama, T. Boku, M. Sato, “Tightly Coupled Accelerators
Architecture for Low-Latency Inter-node Communication between Accelerators”,
SC14 Poster Session, New Orleans, 2014.

20. T. Hanawa, Y. Kodama, T. Boku, M. Sato, “Proprietary Interconnect with Low
Latency for HA-PACS/TCA”, HPC in Asia Session (poster) in Int.
Supercomputing Conference (ISC) 2014, Leipzig, 2014.

(3) EWN¥= - FERHE

A FRRETH

1. B ER, “NEEMEAT VBT 7 7 AV AT LADO#EF” , MemoryPlus
Workshop, HAT, 201449 H 17 H

2. N2, “BWFE - T —2~A =270V — RN, BAERERESE ASN AT
Fa—hU Ty ar, 2016463 11 H.

3. TEHEEVE, ZHEFEA, 4AME “Block BiCGSTAB(1) EDFHEEHIE , HAIGH
B2 2014 RS, BURMIERFFERY, 201449 H 3 A-5 A.

4. FARHh, “RFEANQA X IIBIT LV AT LAEANEZOHE” |, FIT2014 4
W (/Y2 r—arvta—7 4 VITRRORFEA R 2o 2 —DKE)
201449 A 3 A.

5. FhERH, “RPEREFHEEGN L EHETHEMBEE~INETE I D~ 2T B
IR T T A, 20144512 H 25 H.

B) ZOfhDFsEK

Lo R, S, VEERADE, FRESHA, PERER=/K, “GPU IS FFT =2 — KD TCA 77—
X7 7 F v T KD FELE LR, HWMAB SRR E N N T —v X 3
V¥ a—T 4 WS, 2015-HPC-148, 2015.

2. BEJIMER, FhRth, PeRBEZR, RAE—h, “FERERH] FEZ2IE LB EARIC L &
TENNFT I 2 b— 3 O Xeon Phi 7 7 AZ AT Hlk” , THROAHESESHIE
WMENANT f—~v A Ea—T 1 7H%ES, 2015-HPC-148, 2015.

3. FJFUKK, fREE, VLEMDL, AMERRE, “GPU 7 T A XIZEIT D GPU ML 7 E{EHE
BT 227, FHROHFPRNFRENANT =~ R Ea—T 47
fff9e4s, 2015-HPC-148, 2015
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HREIR, FIEY, AT, TR, AR, EEEEA,  “PGAS SiE
XcalableMP % i\ 7= HPC Challenge N> F~—727 OFLE LI |, 1EHRLBFESHF
TMENANT p—~v v RAara—7 4V IH%EE,  2015-HPC-148, 2015.
FIFE, FEEE=I, Fhth, REMN, (oS, 1A%,  “Extreme SIMD 7
—XT I F XY DT s T I TET N CIZ K DMERERHE” RS
WMENANT p—~ AL a—T 4TRSS, 2015-HPC-148, 2015.
PO, SR, RERADL, BRHEAE, ANERRH,  “ERE OIS IR TCA
% FV 7= GPU [EIEBSHE(E 12 X D Collective M8 DR L FHaHE" , THHALEES
SRR ENA N T F—~ 2 AL Ea—T 4 LV THI%EE,  2014-HPC-147, 2014.
NS, HREE, RERDL, ANRE, A, PREIR, EEE=A, “HA-
PACS/TCA IZ331F 5 TCA B L N InniBand?/~A 7' U v Ri@fE” , fHERLBLS0F T8
BNANRT =< AALEa—T ¢ VRIS, 2014-HPC-147, 2014.
FRFEACER, BREMUA, SR, JEERDL, FNERth, FeER =K, RUE FH, Mike
Clark, “GPU ¥ QCD T A 77 U QUDA O TCA 77— 7 7 F v FIEDOVERETHME”
THRUILF D TERE NA N T =~ A A Ea—T 1 iSRS, 2014-HPC-
145, 2014.

A (B, BUE 5, FN R/, MR ¥, PR =K, William Tang.  “WiAIE
7E XcalableMP IC X BEEMEG Y R 2 L— g a— ROFRELFHE” , RO
SR RENANT =~ R a—T 4 VT4, 2014-HPC-145, 2014.
B GaK, R 21, fb Fth, g =K,  “XcalableMP & OpenACC DFEAIZ L D
GPU 7 Z AX WS T 0 7T I v 7'=T N, ERLEERFRRE A 87 +
—~ U RAAra—T 0 WS, 2014-HPC-145, 2014.

B O, AR PR, HROEOE, B CHANL, AN Zekh, KEF Sk,  “PEACH3 Ok
REEVERR O RGPS R EFREE T — X 7 7 F v S,
2014-ARC-203, 2014.

AT, SR, RERADL, BRHAE, ANERHH,  “ERE OISR NERAE TCA
Z H 7o GPU MIEEEBIE IS K 5 CG kD2 & TaFm” | 3 B P Jo
INANRT =~ A a—T 4 U 7HEE, 2014-HPC-144, 2014.

JuligR s, P, RN, CERREENEG T LIRS R T AT D MR
FEWm RICB 2898, IEEWEN RGN 7 o+ —F A (F1T2014), RC-004, pp. 23-28,
2014/9
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

FURKRE SHEMEME LT — TR 26 EE FREEE

Suliga 1, Ak, A ERs, REHN, N R gEmG ) b o FRFH %
FIBEF A7 L7, EREI TN 7 +—F & (FIT2014), €-021, pp. 225-226,
2014/9
FEIRAEA, (LR, VRN, “FPGAIC K 2 =R+ H A — b~ b U ikDE
28 MIEMEFRIR I F Y AR Y A, (B07-2), pp. 1-4, 2014/12
(RIS, o, SRR, AE , P)INEET, FhaRth, k=

“FPGA % F\ 7z ExtremeSIMD 7 —F7 7 F ¥ O Fwalfli” , & 1E#iEE5
2015 fFip & R=aifilim L5, (D-6-9), lpage, 2015/3

ml=, BRRECR, &S, WEMN, “~LF FPGA IZ X AIKY I 2 L—

va Y OYER” T HIE(E 7 2015 MR & KR SUE, (D-18-5),
lpage, 2015/3
EAERA 1 GPU 7 T 2 ZICRBITHWH FFT O B8 F 2 —=1 2, FETYHEES R

CHE, Vol. 19, F-7-3 (2014).

RTINS, @fERIT @ GPUMIC 7 7 A X2 HERITHIN 2 NAFEDOMERERHM, &
WA PR A, Vol. 2014-HPC-144, No.4 (2014).

Li Jiang, Hideyuki Kawashima, Osamu Tatebe, “Implementing Incremental
Aggregate Computation on SciDB” , {FHMPFEEI AT LAY 7 Ny =T &AL
—T AT e AT A (0S) WHFERES, KEA v, 201447 H 28 H
s, BER, SHTHT — 2 WMBRIZE T DR 0 72T — & FLss, 1H
PR AT WY T " 2T AN —F 4 7 « V2T A (0S) WiEsEs
KA v, 201447 7 29 H

Kibal &, BEEMER, Cluster-wide RAID D32%E & 3AMh, [HMMLEL 2 A /3T
—~rAAara—7 47 (HPC) WIFEHER, KEA vk, 201447 H 30 A
JEERAT, FREBE R, WebGfarm: /8~ 7 A /L AT A Gfarm D HITP A % 7 =
— A, TERAHEEANA R T p—~ A ar B a—T 4 7 (HPC) WFZERES,
KEA &, 20144E7 H 30 H

Kibohs, EEHER, Cluster-wide RAID [MIFOEFM = vu—F, [FHAIES
RNANT v Rarta—7 47 (HPC) MHIERERS, /ME, 2014412 A
9 H

Xg v, BEER, AFER, D87 7 AV AT A Gfarm (BT H MIC 7 7Y
= a rOMRETHIET VOBE, HFHRLEFSNA T =~ AT B a—
T4 7 (HPC) WFEHEs, /ME, 2014412 H 9 H
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26. FHARNZ. NNEIZ @ —7 v AR T ORI FLE LB, =22
—ZEXa )T 4RV YA 2014, Vol.2014,No. 2, pp. 976-983.

(4) F&E., fFoliiss

7. RHOFHEHE - EFREE - ERESE
[EFRR U —ILER4E]
1. Korea—Japan HPC Joint Winter School, Seoul, Korea, 2015/1/20~1/2

8. YURIYL, BIRE. RV —ILEOFERE
1. 2B XMPUV—2 3 av7 :PC VI RAZaLY—7 A XealableMP 253Ft 2 (3
A =A) & JST-CREST #F7EaffE (WFoefhEs @ Aheth) 12 & 2 i, 3,
20154510 H 25 H.

9. EHH.EH

L mfERIT « SRR ER TR 7
2. APERH - RECKAHEHRER SRS i = X B

off
H
N
\{
A
\\1
[_i.
AN
NS
[
I
T
by
il

10. #EER - BRER

1. Taisuke Boku: Organizing Chair, HPC in Asia Session, ISC2015

2. Taisuke Boku: Poster Chair, SC14

3. Taisuke Boku: Progmra Committee, System Software Area, SC14

4. Taisuke Boku: Committee, 2014 ACM Gordon Bell Prize Selection Committee

5. Taisuke Boku: Program Committee, HiIPC 2014

6. Taisuke Boku: Program Committee, CCGrid2015

7. Yetsu Kodama: Program Committee, IEEE Symposium on Low-Power and High-Speed
Chips (Cool Chips) VXII

8. Yetsu Kodama: Program Committee, International Conference on Parallel Processing 2015

9. Yetsu Kodama: Program Committee, The 2015 4" ICT International Student Project
Conference (ICT-ISPC 2015)

10. Yetsu Kodama: Reviewer, IEEE Micro Magazine

11. Osamu Tatebe: Program Committee, 14th IEEE/ACM International Symposium

on Cluster, Cloud and Grid Computing (CCGrid) 2014
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18.

19.

20.
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23.
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Osamu Tatebe: Program Committee, IEEE International Conference on Cluster
Computing (Cluster) 2014

Osamu Tatebe: Program Committee, 6th IEEE International Conference on
Cloud Computing Technology and Science (CloudCom) 2014

Osamu Tatebe: Program Committee, 20th IEEE International Conference on
Parallel and Distributed Systems (ICPADS) 2014

Osamu Tatebe: Technical Poster Committee, 2014 ACM/IEEE International
Conference on High Performance Computing, Networking, Storage and Analysis
(SC14)

Osamu Tatebe: Program Committee, 43rd International Conference on Parallel
Processing (ICPP) 2014

Osamu Tatebe: Program Committee, 23rd International Conference on
Computer Communications and Networks ICCCN) 2014

Osamu Tatebe: Program Committee, International Supercomputing Conference
(ISC) 2014

Osamu Tatebe: Program Committee, 4th International Workshop on Advances in
High-Performance Computational Earth Sciences: Applications & Frameworks
(IHPCES) 2014

Osamu Tatebe: Scientific Committee, 11th International Meeting on High-
Performance Computing for Computational Science (VECPAR) 2014

Osamu Tatebe: Program Committee, Architecture, Languages, Compilation and
Hardware support for Emerging ManYcore systems (ALCHEMY) Workshop
2015

Osamu Tatebe: Program Committee, 3rd Workshop on Big Data Management in
Clouds (BigDataCloud) 2014

Hideyuki Kawashima: Program Committee, 5th International Workshop on
Streaming Media Delivery and Management Systems, In Conjunction with 9th

3PGCIC-2013 Conference
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36.
37.
38.
39.
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41.
42.
43.
44,

45.
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Hideyuki Kawashima: Program Committee, The IEEE International Conference
on Multimedia Big Data (BigMM).

FIEEAE  TE AL S22 Annual Meeting on Advanced Computing System and
Infrastructure (ACSI) 2015, #i%kZER

WEMPL: HRUBYS TYVXNTTIT 4 AEHRER

LM G ER(ES A L Rb A 2 B

WEEMPL: B RaEE S CEEFFE S [Low-Power and High—Speed Chips]
it B

W2 E4HE: Annual Meeting on Advanced Computing System and Infrastructure
(ACSI) 2015, JE#ZEER

ERERA LA NA R T =~ Aar Ea—T 4 VIRSERE RS
EERAT - HHRLBL S GEmEE R AR LR

ERERIT : Annual Meeting on Advanced Computing System and Infrastructure
(ACSI) 2015 7'm 7' AR

FEEME R, - HPCT B — b Rl E - (FEHAEA

_HEME R - BYEEETE BATER

FEFPESL « HPCT MM SRR EF AR AR L E 2 —T —

B L« SEBRORBU S SRR SRR - SREATZERLA (JHPCN) PUEFEZRR
BFMER « HUR RPN ERR Rt o 7 —ILRF M ZE S

EME R, - FREIEERIFARS <X 0SS Hiffi gt v 7 —#lH &
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