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1

Introduction

1.1 Summary of Conclusions and Recommendations

faamciRE NEED

The Review Committee was impressed by the achievements of the Center for
Computational Sciences (CCS), its interdisciplinary culture, its leadership, and its
vision for the future. The Committee believes that the collective expertise in the
Center and the research environment it has built are unique worldwide. In
continuing the work of the original Center for Computational Physics, the CCS has
established over a period of nearly two decades, a highly successful collaboration
among computer scientists, physicists, chemists, atmospheric scientists, applied
mathematicians, and others that has built or helped design a series of world-class
computers and then used them to produce results at the forefront of computational
science, such as the research recognized with the Gordon Bell Prizes in 2011 and
2012. This level of collaboration in the Center serves as an example to other areas in
computational science. Moreover, this promotion of this interdisciplinary approach
to computational science research should remain the core objective of CCS, and CCS
should continue to expand these collaborations with other areas in science and
engineering, including knowledge discovery and data-intensive computing. The CCS
should maintain a portfolio of exciting research projects at the forefront of
computational and computer science, a talented faculty engaged in this research, and
an environment in which shared goals can be synthesized, nurtured, and executed.
CCS will need to identify mechanisms and incentives for its members to participate
in interdisciplinary projects. The Review Committee commends the CCS to the
University and recommends that the University acknowledges its strategic value,
supports the execution of its mission, and encourages the wider academic community
to engage with its activities.

FHMmZEE ST, FEREIEE L 2 — (CCS) DR, PR INF v —, J—F—
o7, L WNIRER~DO Y a VLS EZ T T, B2 —BE T 5% < ORI
& TN ETHEOTEHEREEL, BiEO R RN =—2 b0 Th 5, CCS 1,
HIS Ch 2 it RWE A v X —DORFFE 2k L, 20 REITHIZ- T, FHEERS
F, WP, LE, KKEVER, IGHEEE L OO 0B Ot 5eE &, FERIZED
LB REI 2L L, —EOMR 7 S 2D a B a—2 2% ZEFLT, FhEH
WC, 2011 FER N 2012 FED T — R U ~VE O BICRE S D K 5 RESLmHO R HR
FORREAARH L TE72, CCS D Z D X5 Zeip@ikslix, stERFEOMD B ~D4F
BN 72D, BERBFEAFIEICRTT D Z OFERA 2 BLY fLAx 0T, CCS oL AAE & L CELES
TRETHY, MORRRLE v 7T — X 2GR T 2OME & OW@RH~ & IEKk%
felF 5 _&Th D, CCS I, FHERT L HEERI TR 554 OB
TuaYxs b, ZHICEDDER S, T LT, BEOKSE, Bh, B, EiTE
WD BIE DB A TR & Th 5, CCS I, iR u Y =7 MBIt 51t
IR E LU I DAL NR—=DA T 4 T 2L T BERH S 5, iHMEEE
DX, B RFICH LT CCS DIFEI T 5 & & biT, K¥A CCS ORI 7o fifE
R, JvvarOXfTEYAR—RL, LDIAWFNTOE L EEITE D KD ITEML
THZLEREEIETHEZ,
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2. CCS responded to recommendations from the 2008 review report, many of which are
recognized later in this report. The Center continued to grow interdisciplinary
programs, and, most recently, acquired eight new faculty positions from the
University. These positions include four international tenure track faculty positions
-- a new, innovative concept to promote external collaboration. In addition, the Center
successfully maintained computing facilities on both the production and research
tracks: T2K and HA-PACS, respectively. Accordingly, the Center plays an important
role in the programs subsequent to T2K and HA-PACS, including JCAHPC and
Japan’s Exascale program.

CCS i, ALAR— FTRIZEFRDEY, 2008 FEOF Al L R— MIHDHIESITEZT
X7, CCS I, FBEM72 T v 7T Nk UtlS, <, RENPLH L 84 DH
B A S LT, TNOOBE ORI, WA E OEFEOHEEL B & 3 288
THHFHRERT =27 T v 7 HEN 4585, TSz T, CCSIE, T2K <
HA-PACS 72 &, GHHEBEBHIE LR OO IR E R L CX 7, Z0
L LT, CCSI%, JCAHPC MOHADT 7Y A7 —L7na /T LigED T2K <
HA-PACS O#fi 7 v 7' Z JMZBW T, EEARAZEHEZRE-ZL TS,

3. The CCS official mission statement serves as a critical point of reference for internal
and external consumption. Multiple, partly overlapping, statements of the mission
were presented. The review panel recommends that the CCS develop and adopt an
official mission statement - likely along the lines of the version presented by Director
Umemura which reflects more accurately current and planned activities.

(ﬁS@Aﬁﬁ va Ok, WAANOFEZRO H ETIREMICEETH H, BEIC

PHNCEE LTI vy a CORBRN RO, ikt o % — B3R LI2NAEIT
;Dﬁﬁmﬁﬁkéﬁﬁdﬁ%rf%wfbb,&ﬁéﬁx ZORTHES T, A
I vTa VEER - BIRT L2 RS LTV,

4. JICFuS has played a successful lead role in the preparation for the K-supercomputer
and is the organization that promotes efficient and productive use of K in the
fundamental sciences. As lead organization for promoting the fundamental science
drivers of supercomputers, it is natural to recommend that JICFuS plays a central
role in developing a consensus within their community for key architectural design
elements of next generation supercomputers. Such a consensus should have impact
on the achievement of future systems that will, in turn, enable fundamental scientific
discoveries.

JICFuS [T A —/3— 2 ¥ o — ¥ OWEFERE I BV CRE MR E 2+ mic = L, B

TEILHERL 2 BRI %wfﬁ%ﬁ%mﬁw,ﬁ%%mﬁm@&@ofwéoﬂmmsm,

A—=/N—a B a—F E AW R R ST O TH Y, KIERA—/—a v
2 — X DEERFHFRFICBWNT, YRt LTaa=T 4 LOAEFRICT L

m&& | R7eT 2 e SN TS, ZOREERKIE, EERFEORR~ 225 7%\
T DR AT LOEBUZ L o TREREENEZ LD,

5. To achieve success in the CCS mission over the long term requires the hiring and
ongoing development of an outstanding faculty. The current faculty, while excellent
in quality, consists of just 37 scientists distributed over all faculty ranks and over all
divisions. Given the broad scope of projects, and the CCS leadership roles in these
projects that are critical to the nation’s efforts in computational science and
technology, it is important to increase the faculty. The review panel recommends that

-6-
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CCS pursues and creates additional faculty positions and maintain a balance in the
research divisions consistent with needs for training students and scientific
discovery potential.

FEHRICESTCCS O v va ralHh w5200, BEN-HEOREHLZ Dk
RKNVETH D, BIEOHBOE ifﬁ%bw@r§<®%%%ﬁw ICE=N-TEY,
ZFO¥E 37 4lCEXv, CCS o7 uyxy MILHFHIZOTE->TEHEY, CCS DT
Yoy NOEENGFHEREEFERENTOEZN /70 Y2 ML RIERVE
DI > TNWDHZ L E2EZD L, BHEMBOWERKIZTEETH S, THMEEZEESIL, CCS M
HE DR E D, FADRR &R ORI E B 2 -0 0N T v 2 %X
ST ZEZREF LTV,

6. The CCS has hired several technical staff members to support their T2K and HA-
PACS systems since the past review period. However, the Committee believes that
CCS has too few technical staff to support the porting, development, and
optimization of applications on increasingly complex computer architectures, which
are arriving now (e.g., GPU, Xeon Phi) and anticipated in the next decade. This
situation will be aggravated as the Center becomes responsible for a broad range of
projects: users of the University’s PACS-IX supercomputer, for external projects on
the separate JCAHPC system in 2015, and marquee application efforts on the
eventual Exascale system. CCS will need to introduce a more service-oriented user
support mechanism for this wider range of users and computer architectures. Yet,
the Center will need to balance this advanced application support activity against
more research-oriented activities in computer science and applications domains, or
1t will risk its excellent research reputation. In some cases, these interactions will
create new opportunities. For example, these interactions could create additional
opportunities for the University to drive research into software and programming
systems that are portable, efficient, and productive for many applications across a
broad range of these architectures (e.g., GPU, Xeon Phi, vector, Exascale).

AIEIOAEREHm I D%, CCS I ALDOHEHIM A% v 7% EH L, T2K & HA-PACS
VAT AEYR—=FLTERE, LLans, BRCER L CWDHEKT —%7 7 F %
(B 21X, GPU, Xeon Phi) <2k D 10 4FICBRTHT —F7 7 F X, HHEELZEEL
TkY, 2O LTTr 7Y r—a O ANHITER, %, Kbz R — b3 5 Hi A
2y 7OELTUIDRTEL L, FHMEEZERITE 2 5, ZORWIE, PACSIX A—X
~:y5;~&®nrﬁw>2M5$:§A%E®J@wmc/XTA@%%fm?I
7K, OWTEZ I A — L AT MIBITDREET 7V r—ra v lter X—
WDIRFIe 7 Y =7 MIBTEFF YOI IR DIILIEN-T, HAEE D THA D,
CCS %, X VIRV EEPHIZ btél—-#‘&.ﬁr BT —X7 7 F ¥ LT, —ERX$EMm
D2—HHR— FOHEFAZID ANDVERSHLTHAH, €D LT, Jimmie T~
VA —arOYR— bz, HEERFEOT 7V r—3 a VBRI DHFZEEE R OTE
e, FFEINTUAIHETWRERDH D, Thntk, BIFEORmWERHE%R LT &
WZH 720 iy, ZHHOMATRENX, GAICX oL, Fielsz/EAtT &
b7 5, BlxiE, ZOMAIREIX, REREHEKET —%7 27 F v (GPU, Xeon Phi,
Vector, Exascale 72 &) 12X LT, < OT7 7V r— 3 o OBMME, 23, ARk
EEODLEIRY T =TT u T I T VAT DO RERD DS L0 1E
HNHTHD,

7. The CCSis already pursuing an international visitor and student exchange program,
organizing schools and conferences and inviting 3-4 senior researchers per year from
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abroad for longer, 2 month visits. This activity is of very high importance and has
been appreciated very much by the review committee. The review panel recommends
that CCS make this international exchange program even stronger and extend it by
inviting more researchers from abroad to spend time at the institute. At the same
time, there should be a mutual exchange program for students by inviting students,
for example, in form of a summer student program, to the CCS and sending students
of the CCS to institutions abroad.

CCSITBEIZ, MDD BV F =R R e RMEATO 70 77 AxiED, 27— /o5 5
ZRMEL, —OMIEEZ 2 AL Bl EYRIET 5 7 0 7T A Z4ER 3—4 1
T LTS, ZOFENE, MO TEETHY, iMEEERICTBWTHIERICHE < G-l
Sz, iMZEE R, CCS NI DEEMARIMT 1 7T L S LTS LiED,
ANS LD EL OMEEEZHRTEL TR U X —IIRHETE LI L2 LT
W, RIREIZ, BIIE~—R 7 —)Lie E T oA % CCS ICHFEL, HARDFA%
WA OFRFTNCIRET D L WO AR T n 77 565 b L X Th A I,

8. Given the substantial increase in computing power, the CCS is starting to focus on
the next generation of complex multi-dimensional numerical problems that require
even more sophisticated analyses and visualization tools. One example is the unique
trillion body cosmological simulation that reveals the 3-dimensional fine structure of
the dark universe with unprecedented resolution. The committee sees an enormous
synergy effect in this development where different groups would strongly profit from
developing in a joint effort visualization tools and software and even might consider
running a joint, professional visualization lab.

FEMEE N OB DA I X 5T, CCS 134 XV &35 el S - fgtr-=o nl#ik
V=V EME LT D XD RO S RO ERRICES LTI S E LT
%o —OOFNE, BIBIO7R W ERETEE O 3 It 2 i X ) Lz 1 JRRi - OFH
WY I a2l —YarThbd, ALY YT v =2THRETCHHILES 2L T,
IR BT N—TNZZEDB B, Z ORI CRERMHBEIR N D 722 L &2 LT
WAHZENTE, 5%, EMHOAHLT — 22 LFETRE T2 52E2TH B,

9. Emerging from its scientific and technical mission and vision, the CCS is a
pioneering institute in the joint, coordinated design and development of hardware
and software. This excellence in “codesign” is becoming a widely recognized process
within the community. It appears that achievements in this regard have emerged
primarily from the computational physics, which is a historical core of CCS. It is to
be expected that the topical areas initiated with the 2004 expansion of the center
would not have had as much time to develop achievements in codesign approaches to
application development. However, future outcomes and successes of the CCS may
depend upon the successful expansion of application codesign in divisions such as life
sciences, global environmental sciences, and computational informatics. Therefore,
the committee recommends that codesign process should be extended to more
application areas in order to better prepare these divisions for future successes.
These newer divisions are rather small organizations and expectations need to be
commensurate with the level of effort. Therefore, opportunities for new codesign need
to be initiated with careful strategic planning, including the provision of scientific
computing support professionals as described in recommendation #6 above.

B, HINH S v va oY a ZiEDILTWAHEY, CCSiFn—FRu=T7 &Y 7
k7 =7 OIERIE « fEE BRI SEERT TIT o 2WFZERT C°h D, HFEIBE (25
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10.

V) DEES LI, 4933227 4 CTERLSBREND L)k TWn5E, Znk)
RaTWA LY, EE LT, CCSBWHNCEN LR ME O CEH L0 LB
DL, 2004 FOUHOEEIZINbD > T2 HTIcONTIE, 77— a VERICE
WTaAFPA ANTERRFHED Z L34 T LS TRy, L LR,
CCS OFFRDIEIE L FRIhE, 27 A > Z2AMBFECOHERERBE RN, FHEMEHRITIER
THZ Lo TWVDENE Ly, fHMiEERIE, 27 A 522077 r—
va VBIIER L, EO0EO/MKOEINEZ T ZEEES LY, ZhbD
FBIINIR VISR T NN—TTHY, BHIABSTRERNTDHE T RETHD.
Wo T, Fi-aT VA L 2D D ICHT-»>TiE, Eit 6 T2 X 5 RFEE R YR
— NOEMFEZEET S, BIEHEEZ L <BRF L UTHYLERS D,

The CCS currently has seven Research Divisions each of which has a successful track
record and a promising future. These divisions exhibit selective excellence within
their disciplines and their senior members are leaders of successful muti-disciplinary
projects of CCS.

CCS ([ZIZBAE T DDOHIFEEFIN H Y, TNENNNIR7Z2E 2 D Bk S Ev, =
FU S ORFZEERFE ORI REIR C O B I IR > T Y, BRERE )N X 2 N—3 CCS D
HEL-FEBH T a2 o —F—LoTW5,

a) Particle Physics is prominent for its lattice QCD program. The group is highly
visible and top-ranking world-wide. It has contributed original and pioneering
ideas to the field, and its contributions to the ILDG/JLDG was further
developed and remains an important infrastructure for a global data exchange.

SRR F B FEERPY 134 T QCD AFZEi W CHBE L TV b, CCS #Hihé L7z
g7 N —7 IR MICE LS T SN TRB Y, by 77 T ZAOMIER R % A H
LTCWb, FY TN DEERNT A T TIZESWIEMEEZITH & & b,
ILDG/JLDG #% « mELICR L, Za— "\ ipTd—2 g E2 el +H5EE
oA 7 T BRI EBL TV 5,

b) Astrophysics & Nuclear Physics: Astrophysics is prominent in various topics
that address some of the most important, unsolved theoretical puzzles of
astrophysics and cosmology. These topics include the large-scale structure of
the Universe, the nature of dark matter, the origin of elements in the Universe,
and the formation of galaxies and supermassive black holes. Pioneering
developments in computational astrophysics include the first development of a
relativistic, 3-dimensional radiation transfer code, the combination of quantum
mechanics with radiation transfer, and a GPU-based gravitational cosmological
N-body code.

FH - RFEWEIERMN - TEYEFESE TIE, e RiET —~ TESL-> T
BY, FHWEER L OFHWwICR T & b EED ORI O BLEGH 72 E 2 4
S TW5, BIZIE, FHORMEME, ¥—27~FZ—0IER, FHICBT 5Hk
DRI, BT EERT T v 7 "=V DRRENRET NS, FTo, FHHEFTHDE
FOor R, RO 3 RTTHXERAVER ST EE = — FOBAZE, BT L RS
EORE, € LT GPU ZFH Lo F iy N (&= — ORI O Sl e ik 5E
PATHON TN D,
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c)

d)

Astrophysics & Nuclear Physics: Nuclear Physics is prominent for its program
in nuclear many-body theory, and in particular, its development and
applications of time-dependent formalisms, nuclear reactions, and nuclear
double beta-decay. The group has pioneered developments in the theory and
applications of energy density functional theory to nuclear phenomena
including a major extension to time-dependent problems with large amplitudes.
The group’s recent development of imaginary time theory for reactions provides
a promising new path to investigation reactions in a fully microscopic approach.

P - RTEYBEMERMN - RSB, RS RREOM R E, RIS
MK ROBRE &SR, RIS, R 2 BEX— 2 REOE TEL Th
Do ZOMRITN—T1E, =X & OB ~DISHIZBNT
SEBERN AP BRFE ATV, RIS KIRIEE B O RE KA~ O B E A ik 4 8
L7z, 72, T Z D7 N—7"THFE LIRS O R R ERRR 1T, FktEnm <,
SEEBRITIE~OH =72 Al fEtE 2 R LT D,

Quantum Condensed Matter Physics is prominent for its development and
applications of time-dependent many-body theory that focus on non-
perturbative response to strong laser fields. It is also prominent for first
principles calculations of nano-systems for future electronic devices. Their
leading-edge simulation programs are fully optimized for massively parallel
supercomputers, and have been developed in fruitful collaboration with
computer scientists in CCS Tsukuba.

BT, 58—V 5ok 2 BB 22 R A R A O T R
KSR ORE LISHICEEHE L TW5, RSBITEERROBTLT A AT
WiF7=F ) VAT AOFE—FHHEICHEBE L TS, TOEHEDT I al—
ar7ur I AT, B —OREEETELEOFEDZOHIIOL & THE IR,
WA A — 8 —a B a2 —Z 126 LT cixiEib EnTun s,

e) Life Sciences is prominent in the development and application of new

computational phylogenetic methods for reconstructing the early evolutionary
events in eukaryotic cell evolution using next-generation DNA sequencing data.
They are also prominent in the development of quantum mechanical/molecular
mechanical approaches and molecular dynamics simulation methods to
investigate the catalytic mechanisms and physical properties of biomolecules.

AEMEERF ML, RS DNA > —4»7 v —F—2 2 HWi-, Bk
(LD BB D PR3 D 8 LUVSRFER AT FIEORY, BXLO, 0k
FAWFZIZ BN TERE LR AR TV, £72, QMMM ERS FBI 1%
o b— 3 UEE O T EESR OSBRI O 8R BV REEAIRE A T ORF 7RI B8\ C
b, BEH LR AR D,

f) Global Environment Science is prominent for its development of global and

regional scale general atmospheric circulation models including the role of
regional topological features and urban climate, specifically heat island
processes. Notable insights and contributions are present in this divisions
research of abnormal weather patterns associated with oscillations of the arctic
atmospheric circulation and the groundbreaking work in development of the
multilayer urban canopy model for the heat-island phenomenon.

-10 -
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g)

h)

HIBRBREAFFCERFE C1d, HIERBUE O KGR T 7 L0k T 7 L OBF %175 2
ETC, KRS, BHRBEICE T D e — N T A T2 RBIEROMIIRE ENZ IR Y A
TW5, YO L LT, RAKBEERICKIT D ALMmE 0% ELAbMmiRE)
PO BRERGORINIEAE, = T A T RFEZ B E LI fisty 2 B—
ZIEET VORRIZ XL D —ROPRBITHLI TN D,

High Performance Computer Systems is prominent for both its research impact
as well as its deployment of HPC facilities for the broader University and
national interests. With respect to research, HPCS contributes multiple
projects including its design and implementation of computer architectures
(e.g., tightly coupled accelerators), a distributed file system, and high-
performance parallel numerical algorithms. These projects not only result in
research prototypes but widely used artifacts in the community (e.g., Gfarm,
FFTE). With regards to facilities, HPCS plays a very important (and often
silent) role in making computing facilities available to other researchers at CCS,
the University, and the country (cf. #2, #4, and #6 above). These deployments
help other members of CCS and the University by providing both access to
contemporary architectures, and vision and expertise for these new
architectures before they are commonly available.

BIEREEFE AT AL E S O L, KFELROEEOHFIEIZB W TEE
L7205 HPC EPOFRME LW 5 lFH OZEFENZ BV THEH LR 2 2617 T b,
[FE PR T — %7 7 v ORkEE & 23k (B A HEINEMES), o7 7
ANV AT I, EEREFEIE T L) ALDET 1Y 7 MW CTHFZERE
ERTFTND, ooy ay=y MNIERLZ T N ATHRICEEST, oF
Hala=T 4 DEEL L TUAKFHEN TS (Bl21E Gfarm < FFTE %),
FHEMEITICE L ClE, RSP EREEE ¥ —, B KRY, £ L TeH
D% < OWFFEE IRt S N D ILFRFIHFH A S 27 A OMEICIEFICERE 2 (£
LT%< OBRBITEAERR) HEZHLETWD GeiknIEH 2,4,6 Z2H), b
OFHEMEIRORMIL, HERFHEY v ¥ — K OFENIZB T, — e T —
XTIV F XL DRFEM T AT LOFHEFREE 57517 T <, WFREREICH
DHHER T — X7 7 T TR 28 LW E BB R D OF A L HEE L T
W5,

Computational Informatics is prominent for its research on Big Data and
development of tools for computational media. The database group has
extensive publications in leading conferences, and has collaborated with other
computational scientists to develop the ILDG data archive and advanced
algorithms for database and data mining on GPUs, such as those in HA-PACS.
The computational media group focuses on important, emerging areas like
video browsing, massive sensing, and image recognition. This group has world-
class expertise in multimedia, visualization and human-computer interaction,
which has recently gained more importance in the intersection of big data
research and HPC.

HEBBEMEREMAIL, vy /T — 2T HIMERHEAT 4 T D00y —
IVBHRICBWTHB LR EZH T WS, F—F R L —713, TEEES
EICBWTEL ORMSIEREIT-o TR, £i-, MOFERFEIIEE LEE L C,
ILDG 5 — 4% 7 —h A 7 D%, HA-PACS ZHIZ HlAAN L TW5 GPU %
HAWET =S R—=R « TS A =TT NT) ZLDOREEIT> T\ D, A
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11.

12.

13.

AT 4T IN—TL, ©TATToT7, 7//7?///7 A A — Rk
LEOBEBEDOFHAMEO B OEIRICESZY T TND, KZV—T1X, ~LF AT
47, Ak, ta—~wrarta—X A HT T2 a B THFKEOH
RHEAET D, ZNHONEE, By 7T —2i5E HPC & OBLEIZBWT, i
FEEEMENEML TN D,

The committee broadly endorses the positive emphasis placed on public relations,
marketing, and outreach, and considers the content and plans presented during this
review to be of high quality. The committee also encourages the ongoing effectiveness
evaluation as mentioned as a “Future Plan”. Indeed, this aspect of CCS is an
emerging opportunity for collaboration between researchers in science and
engineering together with social scientists and communication professionals and is
emerging as a “hot topic” in North America and Europe. The committee does
encourage more attention on user community stakeholders, as the user-facility role
played by CCS did not standout within the products and plans presented during this
review. Scientific users of the CCS form an important constituency and base upon
which the CCS can build broader awareness and appreciation of its achievements
and impact.

FHMERE S, B X —DEW, ~—F T 47, TU R —FICEZEZENTNODMA
%i%bfiﬁ#é&ﬂﬁ_,fﬁﬁééﬁibtﬁﬁmﬁk#ﬁi TOFmNEDTH
HEEZD, £z, IRRO FEREE” L LTI Ak 2 A 2 ORI R IETT o
TIEX7-\, EE, CCS O LHMIEENL, BT PONEE, HEaB%E, Bl N —k
Ehrol-@nELHE L0 25, LT AV AT —a v TRy h FE v I R
ELTHEBENDTHA D, £z, CCS NRT LT = EEFHAOEENL, SERHE T
PR ENTHREYSLHBOT TIEHEY B TR TN, a—HFaIa=F 4D
FIERBBEEZ L EEHRLCTELONINWEEZ S, CCSD2—WL, B —izko
THEHELRIHETHALL, HHICLs Ty X —DMHMAEN LR, FOEEFELHES
NELliMisns ThH s,

In order to broaden the scope and deepen the national and international impact of
CCS, the committee recommends that Multidisciplinary Cooperative Research
Program (MCRP) user collaboration be strengthened within the newer topical areas
within CCS, such as Global Environmental Sciences, Life Sciences, and Materials
Sciences. And, we recommend that, across MCRP that the research outcomes across
all technical areas be more clearly communicated through public relations,
communications, and outreach activities.

FHBZEE S, CCS BNEDLIZIER L, ENII~DEE) % @D 572D, HEREREER
FREMBNE, MEREO L D R LT, FERIEEFIH O = — YR O 3L FIRFZEH
BRCHELED HND X IR D Z L 2SS L2V, £ LT, FEERF AR
ST, BCOEMTE COMIEENIESR, IIa=r—var, 77U M) —FEEH%
HBLT, Loy bHETHZENREEND,

The review committee endorses the future vision and actions presented at this review.
With regard to future plans and visions the committee strongly supports the
proposed large scale projects including: COMA, JCAHPC (collaborative center with
Tokyo for next large scale HPC system), the feasibility study with respect to exascale
computing, the Joint Institutes for Computational Fundamental Science (JICFuS),
and the broadly collaborative Computational Astrobiology Plan.
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FHmZEE ST, AN TR SN X — DYk e Y g v LA T ET 5, kR
B & HEIZoWT, COMA, JCAHPC (RIIKHIR HPC v 27 LEADT-H D F K
L ORFERER), T/ VAR — s AL Ea—F 4 BT AE T VYT 4
3, FELEER A EENLS (JICFUS), AWV B X 2 et B g e fatm, 72y
DR 1Y =7 M ZR< X5,

2 CCS Major Projects

2.1 Promotion of Multidisciplinary Computational
Science

Since 2002, the CCS has been making computer resources available to

collaborative research efforts in order to facilitate nationwide progress in
computational sciences. Since 2007, these activities have been reinforced by
enhanced links with computer sciences through the promotion of the
Multidisciplinary Cooperative Research Program (MCRP). Since 2010, the CCS has
been recognized as a national core-center under the Advanced Interdisciplinary
Computational Science Collaboration Initiative (AISCI), through which it has been
active in the MCRP, while also providing cooperative assistance and support in the
areas of research meetings, visitor information, cooperative research travel and
short-term employment.
There is a strong correspondence between the topical structure of the CCS Research
Divisions and the topics included within the solicitation for the Multidisciplinary
Cooperative Research Program, the CCS user program. And, by program design,
proposing work within the topics spanned by the CCS divisions appears to be an
important determinant for inclusion in the user program. (One assumes that users
working in other topical areas are computing elsewhere in Japan.) In order to
broaden the scope and deepen the national and international impact of CCS, the
committee recommends that Multidisciplinary Cooperative Research Program
(MCRP) user collaboration be strengthened within the newer topical areas in CCS,
such as Global Environmental Sciences, Life Sciences, and Materials Sciences. And
we recommend that, across MCRP that the research outcomes across all technical
areas be more clearly communicated through public relations, communications, and
outreach activities. As presented at the review, the technical successes within the
MCRP program were largely mute.

FEREEEROHE

2002 F-LLK, CCSIIREOFAERFEORBIZET 5720, HFENFE TR ATEEZR 5
BHEAED R T2, 2007 AELIKE, Z OBV ML, FEEREFHA S 2 75 A
(MCRP) OHeitZ 8 U, HEMAEIFLE O L B F oMb T& 7=, 2010 4F
21, REFEFRAEZO—> Dem Pt R It FEE) & L TRES N, F
BILFEIFIH 7 1 7 A HE LD B b L [RIRRIC, AFZEBRfE, fEHdeat, H
rgehcty, EHWREASAE U T, xR oBios L THhe ZiEEiT-> CT& iz,
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CCS ITENPNTWDHEERM DR 38 & ZERILRFIH 7 1 77 LR EITR
ERL—ELTWD, FEEFRFMA T v 77 AL T, CCS DOHIZEEM TITHiLT
W5 CTOMBEHGET 5 2 L1, AFEREOTIRIC B W TR ERREER T2 > TV
LD, CCS NS BLIZIERL, HLSA~ORET) &b 57201213, HERERETF
MBS, WERFEO XD 0 LW BT, SEERILERH O 2 — YR o 3L [FFE )
FRNCHELED BN D K DICeD T L zRE Lt T LT, FEEFERIHEEICH
2T, ETOHEMTE TOMIERRNILR, 2 Ja=r—a, 7V N —FiFghz
WBUT, Lo T L ZENEEND, SMREHETIX, FEILFRFIN 7 0272 4
DEMEIIL, HEV RSN TR T,

2.2 T2K-Tsukuba Project

T2K 1is a national effort involving University of Tsukuba, University of Tokyo,

and Kyoto University to provide supercomputing resources to national users. T2K-
Tsukuba, the portion of the system sited at Tsukuba, had 648 nodes, where each node
was had four AMD quad-core Opteron processors with 32GB of memory, resulting in
a peak performance of 147 GFLOPS/node. The nodes were connective via Infiniband
4xDDR. The system used a standard open-source software stack based on Linux,
MPI, and common languages like C, C++, and FORTRAN90. The system obtained
the #20 ranking at 76.5 TFLOPS on the TOP500 list for June 2008.
CCS will decommission the T2K-Tsukuba system in March 2014 after being put into
operation in 2008, and serving a large number of users during this time. The original
decommissioning date was extended by 1 year to March 2014 due to user requests
and the system utilization. Average utilization for more than 5 years was 70% with
a wide variety of users from local and national programs. CCS communicated that
user requests for allocations are 30% over subscribed. That is, they receive 130% of
the requests that they can satisfy with allocations.

T2K-Tsukuba 7AYo bk

T2K [ ZENIZIB W THIE KT - TR KT - JERFD 3 KFEIZBWTEANO 22—
(A= R—a v Ea— X ERE2BUETI2HEORALTH D, AP RFICRE I N
T2K-Tsukuba (2 Tix, KatH / — NiX AMD #t0 4 =2 7 #5# Opteron 7’12t v ¥
Z 43 32GB D AT 2L, /— Y70 ovr— 7 @AM 147GFLOPS T,
& 648 BREALTWD, &/ — Fi% 4 F v %/L® InfiniBandDDR *» kU —7
THEEINTWS, AT AL Linux, MPI & Wo I BHER 24— 0 ) — 2 7 |
VT E, Iu s T I EREE L TTERERNZ: C++, Fortran90 2L T\ 5, Flv
27 ME 2008 4FE 6 H O TOP500 U A2 Mz T 76.5TFLOPS OH:RE THEREE 20 fif
W77 2,

FHEREIEE o Z —1T 2008 4EH 5 T2K-Tsukuba OEM # BHts, 2014 4£ 3 A
INEKTL, TOM, 280Oa2—VE2XE L, YUNEZ 0 1 EFIEREKTT5
FETHSTN, 2—FOEHELENEWNY AT LAFIHEL H o> CHIMPMTEE -, 5
FELLEICIE D SEHR AR 70% T, FRLOREELFEFRIFZ 2 72 A0 F T, @AV
—PICFIH & iz, fERENZEE o 2 —Tlde ) V) — A THREZ: CPU i % 30%
M5 Y Y —2REY Y CEFEINIITo T2, BIET130%D U Y — XY 3 HF HHEE
BRI LD, ZHUCK > TRERE L TEWRIARERMR ST,
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2.3 HA-PACS Project

Concurrently, with T2K-Tsukuba, CCS initiated the HA-PACS (Highly
Accelerated Parallel Advanced system for Computational Sciences) project; it began
as a 3 year project from April 2011 until Mar 2014. The HA-PACS project continues
the CCS tradition of high-end supercomputers based on MPP architectures that is
designed and deployed in collaboration with computational and computer scientists;
the first system, PACS-9 at 7 KFLOPS, was deployed in 1978! The system has two
parts: a base cluster, and a smaller experimental research cluster.

The HA-PACS system was deployed on Feb 2012 for a variety of applications. From
Oct 2012, 100% of resources have been dedicated for multidisciplinary research in
CCS. The system will remain in operation until Mar 2016. The budget was $4.5M.
The base cluster is a GPU-accelerated commodity cluster consisting of nodes with 4
NVIDIA Fermi GPUs directly connected to 2 Intel Sandy Bridge CPUs. Each node
has 16GB of main memory, and two rails of IB QDR network. The system has 268
nodes for a total peak performance of 802 TFLOPS.

The experimental cluster, HA-PACS/TCA is a research prototype that uses a CCS-
designed communication systems and chip for tightly coupling the GPUs. The system
is named PEARL and the chip is named PEACHZ2. In HA-PACS, 60 nodes in the
cluster have been engineered with the PEACH2 prototype for experimentation.
Tightly Coupled Accelerator (TCA) chip in order to facilitate high bandwidth
communication directly between any two GPUs bypassing the CPU when possible.
CCS developed prototype devices using GPUs (PEACH and PEACH2 chips. PEACH2
was implemented with FPGAs. HA-PACS/TCA hardware effort appears very
impressive, with the PEACH2 networking and GPU direct. TCA provides direct
communication between GPUs without intervention by the CPU, resulting in lower
latency and higher throughput.

HA-PACS ¥z ¥ +

HERZHE Y ¥ — Tlk, T2K-Tsukuba & 47 L T, HA-PACS (Highly
Accelerated Parallel Advanced system for Computational Sciences) 712 ¥ =7 F %
FAsE L7z, T4 20114 4 A6 2014 3 HETO 3FEROTn =7 M & LTH
F o7z, 1978 412 TKFLOPS OPEREZ 72 PACS-9 DM S CTLCR O FHRBHEIFIE
T H =D NE TOERICH, HA-PACS 71 ¥ = 7 MIFHEAE LR 2O
W53 B ORFFEE OILFRFE & L TEBIN TS, RV AT AL 2 2Oy, N—R 7
T AL ENUORHFEFER Y 2T DEN O IR D,

HA-PACS 1% 2012 4E 2 A D, JRWEHOT 7V r— a3 U aEH & L CEE SR,
EM ARG L7, 20124E 10 A0 61E, Y AT 2ADETOBRFITFER e v 2 —
IHEET 2 BRI FFIN 7 e 7 MRt S h T g, R A7 AT 2016 4F 3 HE T
EHESNDTET, VAT AKREOHEATHEIT 450 5 FVTHD, N—RA7 T ALZET
X, £FHE 7 — Rid 4 50 NVIDIA t: Fermi 7—%7 7 F+ ® GPU & 2 5® Intel
ft: Sandy Bridge 7 —*%7 7 F v ® CPU ZEf L THEEINLTWD, &%/ — X
128GB O FFEAF DL (I : 16GBIXFR V), 2 F ¥ /L ® InfiniBand QDR % >
U — 7 TR SN TWD, VAT AEIRIL 268 / — KT, 802TFLOPS ® v°— 7 &
HE 2 7D,
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KB 7 7 A% Thh b HA-PACS/TCA #ix, sHERIZMEYE ¥ —CHARE I
7o, #H%/ — LD GPUMEZBIHEET DXy NU—JHIFOER e 2 A4 7L L
THIHENTWS, 2y hU—27 3 25 AIZ PEARL LN, a2 ERTLHF 7
IZ PEACH2 4150 Tuvb, HA-PACS TlX 64 5DF%E 7 — K (60 BIXED)
IZ PEACH2 R— FME#H &, A SN TW5D, ZH O OIS FEATE RIS
(TCA: Tightly Coupled Accelerators) &9 a2 &7 FDOFT, VAT AL EOEELD
GPU %, #lHe/R2fRY CPU #7425 2 L4 LICEEERESE, muWWAy RigoE
B2 EHT D, HERZENE LY X —TILGPU 2FH+TH 70 A TV RATLEL
T PEACH & PEACH2 7 v 7% Bi¥ L7z, PEACH2 | FPGA %= W CZEEI N TV
%, HA-PACS/TCA EHDOBHFITIEF ICHIE S L <, PEACH2 (2 X% GPU HE#HE(E %
AHELE LTWA, TCA 27 Mz XLV CPU 24 &7\ GPU MEEGBEENFHR S
o, REBLE - SNy IR mEN e & 7o Tz,

2.4 COMA (PACS IX) Project

COMA, or PACS-IX, is the successor to HA-PACS, which will be deployed in April
2014. This new system’s nodes will consist of 2 Intel Xeon Ivy Bridge processors
combined with 2 Intel Xeon Phi processors, 64GB of main memory, and an Infiniband
FDR network interface. The system will have 393 nodes that will provide a total
peak performance of 1.001 PFLOPS. COMA when deployed will run several
workloads including HPCI, Large-scale general use, and Multi-disciplinary
Collaborative Research Program (MCRP). CCS will provide training for
programming and porting applications to the new Xeon Phi accelerator.

COMA (PACS IX) B>z ¥ k

PACS-IX ORII4 25> COMA 1%, HA-PACS IZ#:i< AT AT, 2014 4 4 A2k
WA BRGT 2P ETHD, ZOH LW AT LDEE ) — RiX, 2 B® Intel 5
IvyBridge 7 mt v &, 2 50 Intel t: Xeon Phi 7 ut v 2#i# L, FillBEREX
64GB T, InfiniBand FDR %X v bV —7 Zfix T\ 5, &Y AT AL 393 BOFHEFE /
— RZED, ' — 7 ME6EIX 1.001PFLOPS (2% 4 %, HEMBLA# 1L, COMA 1% HPCI
a7 T A KREFE—BRA - FEEFRERHICEE SN TETH D, dHHEBEMEE
Z—TITH M TdH % Xeon Phi HEMEIEE BT 27w 7 I I 0777 ) r—v
g UBHEICET S FL—= U T ERBET AT ETH D,

2.5 JCAHPC Project (Joint Center for Advanced High
Performance Computing)

This multi-disciplinary project, a joint project of the CCS in cooperation with the
University of Tokyo Information Technology Center (ITC), aims to design, acquire,
operate and manage a large-scale next-generation high performance computing
platform for advanced computational science and technology in Japan. This project
1s the ambitious sequel to the T2K project that deployed and managed three separate
but architecturally similar systems (Tokyo, Tsukuba, Kyoto). In the JCAHPC project
a single state-of-the-art many-core platform will be located at the Information
Technology Center at the Kashiwa Campus of the University of Tokyo. The
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anticipated 20 peta-flop capacity of the new facility represents an increase of
capacity of about 30 over the total T2K capacity, and is double the capacity of the K-
supercomputer.

The schedule calls for the design, procurement and installation to be sufficiently fast
that operation begins in 2015. The capacity will be divided between the two partners,
CCS and ITC, who then allocate these resources within their respective centers as
well as to other users. Partnerships with other universities and consortia are
envisioned.

Both CCS and ITC manage JCAHPC and provide its budget and human resources.
JCAHPC operates with an Administrative Council which elects the Director and
Deputy Director. Misuhisa Sato of CCS is the JCAHPC Director and Yutaka
Ishikawa of ITC is JCAHPC Deputy Director. It is understood that periodic
evaluation of the JCAHPC project is conducted by CCS and ITC working in
partnership.

JCAHPC 7OYx ) k (&fcimtR HPC EH2HEER)

ZOEEEET T Y 2 7 M, R KFEE RS % —ATC) & CCS Ok~ m v
=7 FTHY, HARDFEGORHEEN O 72 DI KA 2 R I O E et 77 » h 7
+—LEFE, FWE, EFAEAEMICLELOTHS, ZoFey=r ME, K,
R, HEKRFD 3 KFHEFET, W@OT —F7 7 F v kD, TNENORFEIZEBN
T, Blx DY AT LEEE, EALE T2K 707 FOBLHRBK T2 =7 K
Thb, JCAHPC v =7 FTlL, MDA =—aT7|IZLDd T Ty M7+ —LR
1 OHBERFEOHF ¥ LR A HDIERIE T X — TR E SN D, H LWEHERED
PEREIZ 20 *FZ 7 v TANHIF SN TR Y, ZoMEMEOHEJRICE Y, LIETo T2K
DR BEMERED 30 FLL |, Far v a—Z OfEoEENREE 725,
aREE, THEE, REOAF Y o — VX, EH 2015 FEHICBRTE S X DI > TV 5D,
FEEIEIT CCS & ITC i/ — b —Mizoll &, T s 0OFEEFIT, hoo—
P bAALFTNEFNDOE L Z—HNIZEIY Y THNS,

CCS & ITC 13 [F L CPHE & AEIREZ Z D=4t L, JCAHPC %3#E 3 %,
JCAHPC 1%, EHEZEEXICLVER SN T, EEEESICB O TEHRE & BlIlERE %
BT %, BI/E CCS OfEREN JCAHPC Oz £ T, ITC OFJINEIMEE TH 5,
WD Z LN, JCAHPC v ¥ =7 FOFHfiix CCS & ITC &3 L TEHAIC
1IThihd Z il >TWna,

2.6 Feasibility Study for Exascale Computing

CCS is responsible of one of four feasibility study (FS) projects toward the
development of Japan's next generation Exascale supercomputer. The project led by
Prof. Mitsuhisa Sato aims to propose an accelerator-based straw-man
supercomputer architecture, named PACS-G, with the first-level approximation of
its performance and power consumption based on the study of a few application
kernels expected to fit to PACS-G architecture. A chip of PACS-G will be configured
with 4096 SIMD-controlled processor cores of 4GFLOPS connected by two-
dimensional 64x64 mesh on-chip interconnect to form a "extreme SIMD" processor
of 16TFLOPS and about 300W (or less), or a ultra-modern version of Connection
Machine. Each core will have a 128KB slice of 512MB "on-chip memory" as its
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working space, while an additional 16 or 32GB 3D-stacked memory will be attached
to the PACS-G chip by 2.5D TSV technology for applications too large to be
accommodated by the on-chip memory. PACS-G chips are then connected by inter-
chip network of 100 to 150GB/s per link to form a tightly connected processor group
of 1024-2048 chips, whose peak performance will be 16-32 PFLOPS. Application
programming for PACS-G should not be straightforward but an extended C language
for lower-level programming and/or XcalableMP with OpenACC offloading for
higher-level will ease programming toughness.

The performance and power estimates are preliminary, and thus the F'S team is now
refining them with various design parameters expectedly available by 2018-2020,
PACS-G gives us a feasible target of Exascale system with reasonable power
consumption of 20MW or less. It is highly appreciated that CCS leads this project in
collaboration with RIKEN-AICS and other institutes and is greatly contributing to
the national project of Japan. The source of such leadership and contribution is found
in the past and ongoing HPC research activities in CCS such as the FIRST system
with SIMD-type accelerator GRAPE, the HA-PACS system and GPGPU
programming on in, and XcalableMP and its extension for GPGPU offloading.

IOHRT—)L AVEa—T 4 VT DEBRICRITT-#&E

CCS L, HADOKMI RO 72— )La s ¥ a—ZORRFRICET-45D 7 ( —
eV T 47yl FOND 1Y L TCWD, EEEFRE ) — X — & L THEE S
NTWaszZo7ray=7 M, PACS-G L4 FHT Lo EENdisE 2 AR L Liz7-7-
EEOT—XT VT ERETHLDOT, PACS-G 7 —F 7 7 F ¥ |Z#ET D EWRFS
NAN ODDT TV r—g o H—FVTOWNWTHETL, ZOMHEE HEEHOE—
FPlOHEEZ 5% 5, PACS-G OF v 7% 4GFLOPS @ SIMD #lfl &5, 4096 O~
oty a7 THERINTEY, 7oy a7 IIZRTcDA vy a2ty NU—7 TH
AENTEY, 16TFLOPS, 300W(LL F)D"extreme SIMD"Z#RE L CTH Y, Zhid,
iR eaxrrsvar~wr b0z b, ENEo a7 128KB, 2K T 512MB
DOIEEFEE L THEX DA F v T AEIRH Y, ZTHITIMA T 2.5D TSV £Hifi T
PACS-G F v 78 S/ 16 H LLIL32GB D 3 ki@ A€ b5, T,
T F o FITNESRNT P r— g DDl Hnbis, PACS-G F v 713U v
7 1= 20GB/s OF v TFH v U —27 THEAG S, 1024~2048 F v 7 OBIHES
SN N—TERER L, FOREMEEIX 16-32PFLOPS & 72 %, PACS-G 7 7 U /7
— g VIR TRV, KL s I o NEE C §58, Tes o3
YT OREXEZS T HEm LT e T 2712t OpenACC 12X 5 47— K
HRe A VL9 L7~ XcalableMP 232k S %,

PERE & BT OHEC X E 2 TH Y, FS OF — A1k 2018~2020 4FEIZF AT HE
ERBDEM/BEND, SEIERBEFHANATA—FEHONTHEEL TCWDIRLTH D,
PACS-G %, 20MW DL F O 72l E /I T A7 — L AT AINEBTXHH
—7 > hE2D 5%, CCS A RIKEN AICS oD hLcznrny =7 b &
FEL, HROEFZa V=7 MIEMT 5 Z EIFIEFICEE LW Lz Db, 20
LoV —F— o T LEBROITIZ > TV D DX, SIMD Ao & n#EiRE GRAPE
Zffi o7~ FIRST o 27 4%, HA-PACS ' 25 L L % ZThD GPGPU v /53 7,
XcalableMP & GPGPU # 7 u— RO 7= OyLiEx Y, LR, L CERIEEITho 7
-l FThHBH,
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2.7 ILDG/JLDG Project

The international lattice data grid (ILDG) and its local version, the Japanese
lattice data grid (JLDG) has been and still is a very important and successful
infrastructure for the global exchange of computer time expensive gluon field
configurations generated on supercomputers. Based on the markup language
QCDml and in collaboration of the particle physics and science information groups,
JLQCD has been further developed by providing now a faceted navigation system to
help users to narrow ensemble search by using facets which are the physics
parameters for the generated gluon configurations. In this way, the search for a
particular ensemble will become faster and easier for the user. Given the fact that
over 2500 accesses to the public Japanese configurations were recorded, with
certainly many more accesses within Japan, the faceted navigation system is
certainly a very important new achievement. In the future, it is planned to provide
the configurations with a DOI number to better trace the usage of configurations and
record publications where these configurations were used. This plan is strongly
supported by the review committee.

Storage is provided by the Gfarm and FUSE distributed file system with many sites
across Japan. The file system has been built and is maintained through collaboration
with computer scientists. The storage system consists presently of about 4PB.

The review committee supports the JLDG activity strongly and recommends keeping
this infrastructure functioning by eventually providing more storage capacity given
the ongoing and planned large volume simulations of the particle physics group.

ILDG/JLDG A< x4 +

International Lattice Data Grid (ILDG) & Z®EWNK® Japanese lattice data
grid JLDG) (%, A—/3—a v Vo — ¥ CEBERFHERRZFE > TERESND 7 —F
GO & EE R TR T 57200, b TEECTH R TH VT T
W5, JLQCD 1%, S HICRESHE, v— 277 v 75k QCDml ([2HoXx, Fhi et
ERVEE RO T N—TDOWHIIT, 77y b —va AT AEREL, =
—, 7“/1/—%/%&%9352?6%@%@/\7% 2 (77 M) EHWTT
YITNDRE IARIRIEEATO T EHARRIC LTz, ZORRICL T, 2—FRFFEDT 4
VINELDELS, ORI *ﬁyﬁ“(% HERIZ72 D, HARDOANREN~DT 7 &7 A0
2500 [EILL EREgk 4, ENTOT 72T 2LV ENTEZY, L0 FENRT L
NS, 77y FFEF—ra VAT AL, OO TERERF-2EETHL Z LI
HONTH D, BNEEOFIHOBHEZZIZ L, FFEOBNLBE DI =TT % 7tk
LT, fEk, BALEEIC DOI B2 5T 250N H 5, AFHOEERIL, O
Zi< X5,

AN L—UNZE, BARZMET 2 280580205 Gfarm & O FUSE 4”7 7 1 /L
VAT ANHTHNTWD, ZD7 7 A )Ly AT AT, sHFEEER S O TS S,
RSN TWD, A ML —U 325 A, BUE, K4PB B2 5,

ZIKFHFT@%E:: 1% JLDG DiEE) % 58 < i#? L, FRi WIS N—TNETHD, 5D

THEFORZWVEFEO U I 2 b —a VAL, E6RH5A N — VR EZ BB
THIET, ZOWIREEOKIELZHRFT 28, #HRTIILOTH D,
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2.8 Joint Institute for Computational Fundamental
Science (JICFuS)

JICFuS is a joint collaboration between CCS, KEK and NAOJ. Its mission is of
enormous importance for the future of computational science in Japan as it has the
ambitious goal to coordinate computational fundamental science, advise researchers
all over Japan in using supercomputers and help them in the development of
algorithms. JICFuS also intends to promote interdisciplinary research and
collaboration. Combining forces and knowledge to link computational tools and
research in nuclear, particle and astrophysics and construct a common platform for
interaction and exchange of expertise will allow researchers in Japan to compete
with other international centers that are built on a similar strategy, like e.g. the
Cluster of Excellence in Origin and Structure of the Universe in Garching, Germany.
The committee strongly supports this activity and encourages JICFuS to get in
contact and maybe start collaborations with other international centers of this kind.

SHEEREFEENR (JICFUS)

JICFuS 1% CCS, KEK, NAOJ @ 3 ¥R DAt E TR S 2 L FRIAFE/AE CTH
%o FOEENX, HEREERTREOEEZXY, ENOHREEICH L TA—/—a
o — X2 OFEPIFIFICET B EZ2T-o720, 7TV XAREOTFTZITO 2 &
ThHY, ZO LD B LIEETHAROHBERFZORRIZH LTEH Y L WEEMEA
Fro, E£72, JICFuS &\ 95 LENFITHLRL R NLIIE, FEEILRFZEREDOEX S H 5,
Hﬁ@f*i% E%*ﬁ FHOBFOMAENHELZ LTV WEEDbETEL DOSEOR

HREEMITICR T 2@ EE R Y, EF'%E’J%DE‘E“A‘ AR DOAZE - OGS EAED
H9Z &3, TF’JK i KA Y DIk 78T % Cluster of Excellence in Origin and
Structure of the Universe ® X 9 7[Rk OEIEIEE & - TR S -EBENE o Z —
HLHEINLIREHLDOTHA D, KéaxiJmmsw @io&%@ﬁ@%ﬁ<
XFEL, BER UL T 5o EREEYE v % — & O FEFZE REMEZRY, BT IHE5
L EHEET D,

2.9 Organization for Collaborative Research on
Computational Astrobiology (CAB)

The ‘Organization for Collaborative Research on Computational Astrobiology’ is
an impressively interdisciplinary initiative, with 54 researchers, spanning 22
Institutes across Japan that was initiated by CCS. The CCS and its collaborators are
ideally qualified to lead the development of the field of Computational Astrobiology,
especially given their expertise in three component disciplines of computational
Astrophysics, computational planetary science and quantum mechanics. A highlight
of this collaboration is the investigation of the symmetry breaking of the chirality of
amino acids in the solar system that leads to all life forms being composed of L-forms.
It was shown that this unique pattern could result from a cosmic event, caused by
the irradiation of circular polarized light onto the interstellar medium that
eventually formed the solar system. They are also conducting impressive research
into the mechanisms and roles of hydrodynamic and magneto-hydrodynamic
turbulence. The review committee finds this new Astrobiology initiative potentially
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exciting and serves to continue to cement CCS reputations as a leader in cross-
disciplinary, highly collaborative computational science in Japan. Collaboration with
Astrobiology groups outside of Japan is greatly encouraged if international
prominence in this field is to be secured.
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3 Research Activities

3.1 Division of Particle Physics

The particle physics group has worked very successfully using the previous
generations of supercomputers, i.e. the PACS-CS and T2K machines. They have
calculated as one of the first lattice QCD groups the complete hadron spectrum from
first principles and have pioneered a new approach to compute baryon potentials and
to determine phase shifts for multi-baryon systems. Through algorithmic
developments, i.e. the mixed precision, blocked BiCGstab, the group could also
significantly improve their simulations.

The group has now moved to the new HA-PACS machine, where they also use the
accelerators in an efficient way. The new element for the next generation of
simulations for QCD is to work now directly at or very close to the physical value of
the pion mass, avoiding thus the sometimes difficult extrapolation in the pion mass.
To this end, the group is generating configurations employing a very large volume of
96”4 lattice points in order to suppress finite volume effects. Working at a lattice
spacing of about 0.1fm, the physical box length is thus about 10fm. In addition, the
effects of electromagnetism and iso-spin breaking are included by reweighting
techniques. These simulations, which are carried out on the K-computer, are unique
world-wide and the generated configurations can be used for many physically
interesting quantities. The configurations will also be stored on the International
Lattice Data Grid (ILDG) and will thus be made publicly available. The group is
planning to address direct calculations for baryon bound states, phase shifts and
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moments of parton distribution functions. The work of the group is complemented
by a dedicated effort to obtain improvement coefficients and renormalization
constants by using the Schroedinger functional. Within this approach also a
computation of the strong coupling constant for three flavors of quarks are targeted.
The group will also continue their world-leading effort to compute a number of
baryon potentials and phase shifts by computing the baryonic wave function non-
perturbatively on the lattice. Here the group has already obtained many results for
a number of baryonic systems. Although this activity is clearly very promising for
studying nuclear physics in the future, it would be desirable to perform a more
systematic study of this new approach invented by the group in order to understand
better how to make best use of the method and look for possible drawbacks.

There is also a long and successful tradition in studying lattice QCD at non-zero
temperature and chemical potential. Here the group has injected a number of new
1deas. In particular, the approach of the fixed scale finite temperature simulations
in combination with a mixed method of hybrid Taylor expansion and reweighting
technique is highly adequate to make best use of the very large volume simulations
at zero temperature. Targets for the area is the phase structure of QCD and the
determination of the equation of state.

The activities of the group are highly visible internationally. The results by the group
are top ranking in the field and in some areas, e.g. the baryon potential calculations
and aspects of finite temperature and chemical potential simulations; the group
plays a world leading role. In the next years, the group seems to be lacking sufficient
human resources. In particular, the code tuning on the new architecture with their
complicated design will be very demanding. It would therefore be very good, if the
group could be supported with additional personal and help for the code
development.
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3.2 Division of Astrophysics & Nuclear Physics:
Astrophysics Group

The astrophysics group, led by Prof. Umemura, Prof. Mori and Dr. Yoshikawa
includes 5 Postdocs and 21 graduate and undergraduate students. With a total of
order 30 people it has reached a critical mass to perform in-depth research on
fundamental problems in astrophysics.

The group has a broad research program, from the origin of the first stars to galaxy
formation and evolution, cosmic nucleosynthesis and dark matter research. It is very
strong especially in the field of computational and numerical astrophysics.
Pioneering work in this field includes a new 6-dimensional radiation transfer
scheme, radiation hydrodynamics in curved space geometries around supermassive
black holes, a TREECODE developed for GPU Clusters to study the nature of dark
matter and the origin of dark matter structures, the first 6-dimensional VLASOV
Code (investigation of hot and cold dark matter and neutrino physics).

These codes provide an enormous potential to investigate numerous problems of
modern astrophysics and cosmology and have been applied already to various
interesting questions. A highlight certainly is the trillion body simulation of large-
scale structure formation in a cold-dark-matter universe.

Other key science projects include radiation hydrodynamics effect on astrophysical
phenomena like the evolution of the first populations of stars in the Universe or the
Investigation supermassive black hole feedback on galaxy evolution through galactic
jets (Umemura group).
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Archeological surveys now explore the substructure of the Galaxy and our neighbor,
the Andromeda galaxy, with unprecedented details. Numerical simulations of the
Mori group provide insight into the origin of those structures and how they are
related to the formation and evolution of these galaxies within the framework of the
cosmic hierarchical structure formation scenario. The Yoshikawa group has
embarked on investigating neutrino physics with the exciting perspective to measure
neutrino masses from the damping scale in large-scale cosmological simulations.
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3.2.1 Strategic points

The group has made a strong investment in developing new numerical techniques
e.g. in radiation hydrodynamics, that have numerous applications from the physics
of the interstellar matter to galaxy evolution. It plays a very active role in strategic
program of Innovative Research Field 5 “Origin of matter and the universe” of the
Ministry of Education, Culture, Sports, Science and Technology of Japan. There
exists already an impressive list of international collaborations. However their
research deserves more international visibility. The unique data set of the
cosmological simulations could be very useful for an international community.
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Future plans aim to tackle some of the most important questions in astrophysics,
like the nature of dark matter, the origin of supermassive black holes and the
evolution of galaxies, the fundamental building blocks of the Universe. This will
require a next-generation hybrid computing system using special purpose
processors.

On order to analyze the enormous amount of data that is already now becoming
available with much more expected in the future will require strong investment in
developing tools for data visualization. As this is also a major task for other groups
we encourage the Center to join forces between the various groups as this will
certainly require additional manpower.

ERRRAIEARA b

FHWELZ V—T71%, 2k TREE QW) b STHE(L F T vT e 2R i it i
TR E O LB R A T — AP 2 mAICHEE L T& 72, TG RE
HPCI¥&IE 7' v 77 L5580 5 T &P ORI & A ) (SRR e el 2 Rz LT
%o BEILIRAREBRILRIBFZES TN TV D23, 26 OIFFERRIE, & o & BRI
HEHENTLNDRETH D, FHamy I 2 b—3 3 Y OFENRT —Z 3R o
WFIEHE T & > THEHITRISELO RN & 5,

FERIIIE, #—7 <2 —DIEE, BERT 7 v 7 R—/ O, 85 OFEARNIHERL
HALTH 28R O 7 EFHWES TR b BER IS MRt Th 5, TDT
DIITHEN 7ot vy P EDRERONA TV v RarBa—2RnRELRLITHA
Do

7z, BHEFIH ARETA R bR Lt DR T — Z 2T 5721237 — & 7]
b7 v 7T AOPRFEZRNHE LIED Z20ERH 5 ThH A 9, ZHIFIMOMIE 7 L —
FIE > THHRERMAFETH Y, B ¥ —IZITRIF L 27NV —T R ThHEGHOE T
DA TIHZ W, ZD720I2IE, HBNIERD ANMOBRABLEL DL THAS D,

3.3 Division of Astrophysics & Nuclear Physics:
Nuclear Physics Group

The focus of the group’s research is the non-relativistic quantum many-body
problem with strong nuclear interactions and the coulomb interaction. Here, the
main techniques are density functional theory including time-dependent processes
and imaginary time theory for reactions. The group also addresses fundamental
symmetries of nature through investigation of the hypothesized neutrinoless double
beta decay. Understanding the rates for this process, once observed, will be a key to
the discovery of physics beyond the Standard Model.

These are frontier research topics that are well-known physics drivers for
supercomputer resources. Computational complexity arises due to the complexities
of the quantum many-body equations, the strong interactions and the multiple scales
involved in the solutions sought. The fact that nuclei are open systems implies that
proper accounting for continuum effects is often essential. Viewed in the time
domain, there are multiple time scales that complicate solutions of large amplitude
time-dependent processes such as fusion and fission.

In recent years, frontier research in nuclear theory and condensed matter theory has
significantly converged in the area of time-dependent density functional theory. This
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division at CCS has played a major role in that convergence. It is natural, therefore,
that Kazuhiro Yabana has taken leadership positions in both divisions until the
present time. It is also natural to surrender leadership on one of these two divisions,
which he will do in the coming months, in order to place primary emphasis on one of
the two divisions while maintaining a significant role in the other division. In April,
Kazuhiro Yabana will turn over his duties as Leader of the nuclear physics group to
Takashi Nakatsukasa.

Future plans include developing and applying an improved time-dependent Hartree-
Fock-Bogoliubov (TDHFB) approach to address both the important pairing and
deformation degrees of freedom that compete with each other to govern dynamics of
medium-weight and heavy nuclei. The overarching question here is whether one can
obtain a quantitative prediction for the astrophysical r-process path which is key to
understanding isotopic abundances in nature.

In the long term, they aim to achieve a realistic time-dependent density functional
theory capable of accurately describing the complexities of nuclear fission. This will
be a major contribution to our fundamental understanding of nuclei as well as having
many practical applications in future nuclear reactor designs for increased safety
and efficiency.

Future plans also include performing state-of-the-art calculations of nuclear matrix
elements for neutrinoless double beta decay. The interplay between collective spatial
degrees of freedom and the long-range pairing field will be calculated with
unprecedented precision providing new predictions for these decay rates as a
function of the adopted Standard Model extension.
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3.4 Division of Quantum Condensed Matter Physics
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3.4.1 Computational optical science

The research of the computational optical science group focuses on the
modification and the coherent control of matter on the nanoscale by non-linear
optical processes. A remarkable broad spectrum of topics ranging from isolated
atoms and semiconductor superlattices to bulk dielectrics is covered. Many of the
contributions are undoubtedly world-class. Making use of GPU accelerating
capabilities in solving the time-dependent Schrédinger equation, unprecedented
simulations of atoms driven by strong laser fields at mid-infrared wavelength have
been achieved. With their work on self-consistent coupling of time-dependent density
functional theory (TDDFT) for the non-linear response of extended systems with a
Maxwell solver for propagating the laser field in the medium, they have become one
of the world-leading groups in the field of multi-scale optical simulations. Concepts
of coherent control and manipulation are applied to the electronic dynamics in
superlattices formed by semiconductor heterostructures. Solving the Wannier
equations for excitonic Floquet states, light-field control of dynamically induced
Fano resonances could be demonstrated. Photoinduced midgap states and phase
transitions could be identified for the Hubbard model. Overall, the optical science
group is internationally highly visible as reflected by an impressive publication
record and the active involvement in a large number of international collaborations.
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3.4.2 Computational Nano-Science

A highly parallelized code for large-scale electronic structure calculation based
on the density functional theory (RSDFT) has been developed under close
collaboration of researchers in computational physics and computer science, with
which first-principles electronic structure calculation of 100,000 atoms was made
possible by the K computer with high efficiency. They investigated shape-dependence
of the electronic structure of a silicon nanowire, a possible key technology for the
next generation semiconductor devices, and got ACM Gordon Bell Prize of Peak-
Performance at SC11. Many other applications of electronic structure calculation
have also been reported aiming at realization of nano-scale devices: carbon
nanotubes (CNT), SiO2 on graphene, bilayer graphene-ionic liquid sandwich,
multiple exciton generation in CNT, magnetism at the surface of rhombohedral
graphite thin film, etc. Their first-principles study on defect state in silicon nitride
contributed to the realization of mass production of modern nano devices called
MONOS (Metal-Oxide-Nitride-Oxide-Semiconductor) memory.
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3.4.3 Strongly correlated systems

The work on strongly correlated systems in the division addresses fundamental
issues concerning the understanding of high-temperature superconductivity in
cuprates. Ab-initio cluster calculations are performed to explore the role of spin-
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vortices and spin-vortex induced loop currents for electronic and magnetic
properties. This work deals mostly with model development and small scale
simulations. It appears that this project could benefit from bringing the considerable
computational science expertise available at the CCS more fully to bear on this class
of challenging problems in the field of strongly correlated systems.
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3.4.4 General remarks

The division quantum condensed matter physics has been highly successful in

exploring forefront condensed-matter and material science topics with state-of the
art computational science tools. Development of highly parallelized codes for
electronic structure calculations allowed ab-initio simulations with unprecedented
supercell sizes and opened the door to realistic simulations of nano-scale electronic
devices and light-field induced excited- states dynamics. One unique feature is the
close interdisciplinary interactions and resulting synergies. For example,
development and application of the TDDFT methodology is an overarching theme in
both the condensed matter group and the nuclear physics group. The capabilities of
the large-scale real space ground-state DFT calculations developed for materials
science lend themselves to applications in astrobiology and the life sciences.
Simulations of biologically relevant large molecules, for example ab-initio
simulations of the homochirality of amino acids have become possible.
One measure of success of the computational condensed matter division are the
attractive outside offers to senior scientists from prestigious institutions. As a result,
the condensed matter group is at the verge of becoming undercritical in size. The
committee therefore supports the plan that Prof. Yabana who currently shares his
time equally between the division of astrophysics and nuclear physics and the
division of condensed matter physics to focus in future primarily on directing the
condensed matter effort. Moreover, the committee recommends to further strengthen
this successful and highly visible effort by adding a tenure track slot for a high-
potential young researcher. As members of the condensed matter group belong to
different academic units, their location is currently spread over the campus of the
University of Tsukuba. Strengthening CCS as a prime research unit and fostering
synergy effects could be facilitated by relocating members of the condensed matter
division in closer proximity to each other and to the CCS itself.

-29-



Report of the Review Committee May 6, 2014

ERMTER

=PI, e OMIE BRSO B R O & B O R R AR RIEE AV
THERT D Z LIZEWEREI 2O TV 5, B ASEHFE ISR 5 & IS E S iz
Hoa— FOBRICLY, LBORWEBE A ZAOERRY I 2 L— 9 U EAMREI
L, 7 AT —NVEFT A ZADEENRY I 2 b—3 3 R, HBEENGHR LRk
XA T 7 A~OMFZBW, BB AER & Rt 5, il
I%X, TDDFT 5iEimDFE LIGHE, s v—7 LR 7 — 1@+
LT —<Thb, WEFE TR Sz KR EZERILREE DFT 5HA ORI, F
HAEMCAEMBF RSB DI TS, BIZIET 2 VBOREXT VT 1+ —DOIERER
I alb—ar R lo, EWMFICEDAE RS FOL I 2 b—3 3 UINA[REE 725
TW5,

R E TR ORI Z R 5 — 2D L LT, L0 H DML N S > =T i
HRHEIKTT D IFEEOR LANDRH D, fEFRE LT, BFPEITN—TIIABERED
RFUNZEY SoH D, LN -> TEERE, RIAEBRNTE - R -7 &
- VERFIEE P O 5125 U < KR 2 F < LR B, FERITE FMER P o5 RIC =
IZEFT B LW F#EXFFT 5, SOICERERIT, ZORILELFBIMENTWDHIE
Ba X DICHLT A0, BN E RSB TS ODOT =27 N T v 7%
Mz 2B EHENDD, BT IV—T DX L R— TR 5% ET 5720, 8
TR RFZOX ¥ 2 /RAZHB LTS, MO A R —2FE W, £ LT
U —GEET A EICRY, B X —A EERMEMAME LTk L, HREORE
RETHZENTE D,

3.5 Division of Life Science

The Division of Life Sciences comprises two groups: the Molecular Evolution
group (led by Prof. T. Hashimoto) and the Biological Function and Information group
(led until recently by Prof. K. Shiraishi, with Prof. Shigeta as the new group leader).
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3.5.1 Molecular Evolution group

The Molecular Evolution group’s research activities have had two major foci:

i) Comparative genomics and evolutionary cell biology of microbial eukaryotes.
Hashimoto (group leader) and Inagaki (CCS Faculty) have made important inroads
into characterizing key lineages to improve the phylogenomic inferences of early
eukaryote phylogeny. They characterized and placed key lineages in the tree of
eukaryotes including: Palpitomonas (a deep branching ‘Hacrobian’ lineage),
Tsukubamonas (a deep-branching discobid) and a large number of ‘Carpediemonas
like organisms’ (CLOs), that are the closest free-living relatives of the human
parasite Giardia intestinalis. The addition of these key lineages have been important
to clarify deep relationships amongst the major eukaryotic supra-kingdom-level
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groupings. This work has been supported by several research grants awarded to
Inagaki from the Japan Society for the Promotion of Science (JSPS).

This next-gen. sequencing approach has also been used to clarify not only the
‘branches’ of the tree of life, but also to map important evolutionary events on this
phylogeny. Inagaki and Hashimoto’s investigations have included the origins of
mysterious anaerobic organelles of mitochondrial-origin in CLOs, a novel green
plastid found in dinoflagellate lineages and clarifying the early events of
‘organellogenesis’ through characterization of nitrogen-fixing cyanobacteria in
rhopalodiacean diatoms and the chromatophores of the testate amoeba Paulinella.
Several of these projects are supported by grants from JSPS or the Ministry of
Education, Culture, Sports, Science and Technology (MEXT) and results obtained so
far have been reported in high quality publications in field-specific journals.

ii) Computational phylogenetic method development. Phylogenetic analysis of
molecular sequences rely on the probabilistic modeling of the evolutionary process
over trees relating the sequences to obtain the likelihood of the data at the tips of
the tree. Both maximum likelihood and Bayesian approaches require the evaluation
of this likelihood function over trees and finding optimal trees is computationally
complex (NP-hard) and so heuristic searches are necessary. Computational
complexity increases with the number of species analyzed, the number of genes and
the need for bootstrap resampling analyses to estimate reliability.

An important, often neglected, phenomenon is change in the composition of the
nucleotides or amino acids in the sequences in different lineages. Through extensive
simulations studies, Profs. Inagaki and Hashimoto have shown the detrimental
1mpact of this phenomenon on the accuracy of phylogenetic inference. To combat the
problem, more complex non-homogeneous Markov models of sequence evolution
must be used, but these are restricted by their computational burden (O(N* x M)).
This problem is being tackled by a talented graduate student (Ishikawa, enrolled in
the dual degree program between Life/Environmental Sciences and Computational
sciences) co-supervised by Profs. Inagaki, Hashimoto and Sato (Div. of HPCS).
Ishikawa has developed an efficient hybrid OpenMP/MPI parallelization of the non-
homogenous ML tree inference software. This is the only parallel implementation of
these models currently available world-wide.

In summary, the molecular evolution group are internationally recognized leaders in
the field of deep eukaryotic phylogenetics and evolution. Despite their small size (one
CCS Faculty member (Inagaki), one postdoc (Nakayama) and a graduate student
(Ishikawa)), they are extremely productive, having published 39 journal papers and
2 conference proceeding papers since 2008. They have an impressively large network
of international (three in Canada, one in the US, one in Norway, one in the Czech
republic) and national collaborators. In light of their productivity and international
reputation, the review committee feels that expansion of the group to include a
second CCS Faculty member is important. Ideally, a faculty member who specialized
in the development of computational phylogenetic methods and improving the
biomolecular ‘realism’ of their model would strengthen the link between the
molecular evolution group and the biological function and information group as well
as the High Performance Computational Sciences group.
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3.5.2 Biological Function and Information group

The Biological function and Information group has several major research thrusts:
1) QM/MM approaches to studying biomolecular mechanisms. The three dimensional
structures of biological molecules like protein are organized such that they often
have ‘active sites’ where they facilitate chemical reactions or important structural
changes. Understanding how these reaction mechanisms occur in detail on the
atomic level requires quantum mechanical calculations for the ‘local’ 3D
environment of the active site. The remainder of biomolecule forms a kind of scaffold
for the reaction and it is only necessary to model it using molecular mechanical
calculations. The complexity of this QM/MM approach requires significant
computational resources and parallelization strategies. CCS faculty members Profs.
Shoji and Shigeta (a former collaborator and now group leader) are world-leaders in
applying the QM/MM approach to understanding reaction mechanisms in proteins.
Using the QM/MM approach, Shoji, Kayanuma and Shigeta have investigated in
detail the reaction mechanisms catalyzed by a number of proteins including nitric
oxide reductase, DNA topoisomerase, the oxygen-evolving complex of photosystem
II, theonine synthase, nylon-oligomer hydrolase and nitrile hydratase. Experimental
investigations of the reaction mechanisms of enzymes like these are often extremely
difficult if not impossible to conduct and so computational approaches are extremely
important. They have been very successful, in many cases being able to select
amongst alternative hypothetical reaction mechanisms (e.g. nitrile hydratase),
provide predictions of energy profiles of reaction mechanisms that agree well with
experimental data (e.g. threonine synthase) and gather new information on essential
catalytic residues in the proteins.

ii)) GPU-based acceleration of MD and QM calculations. Simulations of MD of
biomolecules are critically important to clarify how they carry out their functions in
detail. However, the complexity of the atomic/electronic interactions in large
biomolecules is such that even with traditional super-computing resources,
computations are time-limited. To address this, the group has investigated and
applied GPU-based acceleration of MD calculations as well as exploried hybrid use
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of GPU and CPUs on HA-PACS. Using these methods, they were able to complete
extensive MD simulations of the vitamin D receptor (VDR) bound with its ligand and
gather new insights into the dynamics of ligand binding. This approach is promising
for VDR-targeted drug design.

With respect to the QM calculations, in collaboration with Profs. Boku and Hanawa
(Div. HPCS), Umeda has been developing GPU accelerated calculations of the
Hartree-Fock (HF) calculation as well as MPI parallelization, allowing the use of
multiple GPUs. They have achieved impressive speedups of the calculations which
will greatly expand the possible use of QM techniques. For example, they have been
able to perform ab initio QM calculations for proteins of up to 60 amino acids with
this framework; an impressive feat.

iii) Astrobiology. Prof. Shiraishi and other members of the group have been tackling
the question why almost all biological systems use only L-type enantiomer of amino
acids. This excess of L-type enantiomers has also been observed in meteorites
suggesting it may have been a starting condition for life on Earth. Their hypothesis
is that homochirality could be a result of circularly polarized UV light emission (that
selectively destroyed D-enantiomers) in early solar system. Using the TDDFT
method, they confirmed the feasibility of this hypothesis and determined more
precisely wavelength requirements. This research program has a clear cross-CCS
collaborative flavour involving the Life Sciences, Computer Science, Condensed
matter and Astrophysics groups.

In summary, the Biological Function and Information group have been extremely
productive and have made significant advances in research problems at the
boundary between quantum chemistry and structural biology/enzymology. Their
collaborations with many others at the University of Tsukuba (e.g., Prof. Kayanuma)
as well as with the High Performance Computing System group in CCS (Prof. Boku
and Prof. Hanawa) have helped them make important advances. Indeed, there are
few groups worldwide with this combined knowledge/expertise in quantum
chemistry and high performance computing. Their planned collaborations with the
molecular evolution group on combining their structural/dynamical approaches with
evolutionary and phylogenetic approaches are very promising. Their productivity is
extremely impressive (61 papers, 2 conf. proceedings) for a small group (two CCS
faculty members, an associate, and two graduate students at Univ. Tsukuba).
Addition of another faculty member slot (discussed above in context Molecular
Evolution group) at the interface of computational structural biology/phylogenetics
would greatly strengthen future collaborations between the two groups within the
Life Sciences division.
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3.6 Division of Global Environmental Science

The Review Committee was impressed by the excellent achievements in broader
topics in atmospheric science, ranging from global atmospheric dynamics such as the
Arctic Oscillation, Arctic Cyclone, and power spectrum analysis using high-
resolution NICAM simulations, to regional and local scale simulations considering
city functions and even large eddy simulations (LES) to resolve a-meter-scale
building structures. The future perspectives include the continuation of ongoing
research, as well as potential contribution to multi-disciplinary astrobiophysics.
Considering the division’s excellent scientific achievements in the broad areas so far,
the Review Committee had an impression that this division has a great potential to
make effective use of more resources both in terms of computational time and FTE
and to make more impact on the scientific community. Collaborations with computer
scientists for better using the HA-PACS architecture are active and fruitful, but
could be improved by having an easier access to technical staff for simpler questions
in code developments.

The CCS at U. Tsukuba is a highly productive computational science research
organization with very strong outcomes. And the Division of Global Environmental
Sciences is exemplary in this regard. Two full-time professors, Professor Tanaka and
Associate Professor Kusaka, are very productive scientifically in regard to high-
quality publications and graduate student production. Currently they are carrying 7
doctorate students and 10 masters students. Two additional university-affiliated
professors round out the division: Professor Ueda and Assistant Professor Wakazuki.
This division is making very strong contributions to CCS, working on relevant topics
(including computationally intensive science), collaborating with relevant groups
(including CCS Division of Computational Informatics, Division of High-
Performance Computing Systems, and Division of Astrophysics and Nuclear
Physics), performing fore-front work within their area of expertise, educating
impressive numbers of students. By any measure, they are doing an excellent job.
Based on this productivity, the committee would like to see a more aggressive growth
agenda for this division. With the potential availability for additional support from
the university, what are the strategic areas and topics into which this division should
move? We encourage more strategic thinking along these lines.

Along these same lines of reasoning, the committee would like to see more effective
use of the CCS Multidisciplinary Cooperative Research Program (MCRP) to include
a larger number of Atmospheric and Climate Scientists within the research and user
programs and, therefore, exercise greater influence scientifically and
programmatically. It is easy to argue that, given the productivity of this group in
terms, that the committee is surprised to learn that only 5% of MCRP compute
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resources where allocated/used within Global Environmental Sciences. Clearly there
1s opportunity and reason to grow in this area, and resources should be allocated and
plans made in this direction.
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3.7 Division of High Performance Computer Systems

This division, led by Prof. Taisuke Boku, provides the core competence of
interdisciplinary computational science from computer science field. The research
activities in this division on HPC system architecture, software and
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algorithms/libraries not only exhibit excellence of the division by themselves but also
act as the driving force of CCS’s major accomplishments in the development,
procurement, and installation of supercomputers, inter-university collaboration of
HPC infrastructure such as T2K, HPCI and JCAHPC, and prominent research
works winning awards and prizes, and providing infrastructure —both hardware and
software — for the computational scientists both locally in CCS and beyond. For
example, several projects presented during the review exemplify these qualities.
The Tightly Coupled Accelerators (TCA) architecture is to connect GPUs of multiple
hybrid computing nodes directly via PCI Express (PCIe) bus rather than via the
high-latency path involving host CPUs, HCA and inter-node links. For an
implementation of TCA architecture, a FPGA-based PCle switching hub named
PEACH2 was designed and installed on each of 64 HA-PACS/TCA nodes of four
NVIDIA K20X GPUs and two Xeon E5-v2 processors. The implementation
successfully improved the performance of inter-node GPU-to-GPU communication
drastically reducing the latency by one-third and enlarging the bandwidth more than
twice compared to MVAPICHZ over InfiniBand FDR and GPUDirect.

XcalableMP (XMP) is a directive-base parallel programming language for HPC
having both features of HPF-like global view and PGAS-type local view. It is
designed and implemented by the division in collaboration with other academic,
governmental and industrial organizations in PC Cluster Consortium. The
excellence of the language design, together with the efficient implementation on K
computer, is proved by winning the HPC Challenge Class-2 Award in SC13. The
language also acts as the substrate on top of which accelerator-oriented extensions
are overlaid for GPGPU programming with HA-PACS and extreme-SIMD
programming with PACS-G.

The widely distributed file system Gfarm is another prominent system software
product developed by the division. Thanks to its efficiency, robustness and easy-to-
use feature, Gfarm is so widely used that more than 14,000 downloads have taken
place since 2007 and many nation-wide projects including HPCI adopted Gfarm as
their infrastructures. Recent and ongoing researches on Gfarm improvement and
extension, such as Hadoop plug-in, workflow management/scheduling and robust
and/or distributed meta-data servers, also prove that Gfarm is a promising solution
of widely distributed data-intensive computing.

Another award-winning research carried out by the division aims to provide a highly
efficient and massively parallelized FFT library named FFTE. Its cache-aware
implementation with CCS’s original recursive six-step algorithm and 2D-
decomposition to reduce the all-to-all communication cost makes FFTE the world-
fastest FFT since 2012 in which its implementation on 82,944 nodes of K computer
won the HPC Challenge Class-1 Award. The other researches on the accuracy of
numerical computing, such as multiple-precision arithmetic and accuracy
improvement of block-Krylof-subspace solvers, will make important contributions to
exa-scale simulations involving a tremendously large-scale numerical computations.
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3.8 Division of Computational Informatics

As one of two Computer Science divisions in CCS, Division of Computational
Informatics is an integral part of CCS’s vision of multidisciplinary computational
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science. The committee is very impressed by the high quality research conducted in
this Division, for its originality and high relevance to computational science.

(1) Database Group: this group is one of the best and most internationally visible
database research groups in Japan. Their research on XML markup language was
closely motivated by and partially designed for ILDG Data Archive, leading to top
publications as well as practical powerful search tools used by computational
scientists to manage large scale data archives. They have also developed advanced
GPU based sorting algorithms, demonstrating significant potential to use HPC for
database and data mining research. Other research conducted in this group over this
evaluation period are part of the main stream database and data mining research
activities internationally, including data streams, data uncertainty and location-
based and social media data analytics.

(2) Computational Media Group: this group enjoys the reputation as one of leading
computer vision and pattern recognition research groups in the world. Its research
work and working prototypes on 3D video browsing, video object tracking, facial
enhancement, see-through drive support, massive sensing and video-based walker
navigation for vision-impaired people are truly impressive. This group has world-
class expertise in multimedia, visualization and human-computer interfaces, which
are critical skills required to do big data research for computational scientists.
With its world-leading research expertise in databases, scientific data management,
computer vision and multimedia, this Division complements the advanced
computing facilities and computational science research in CCS, positioning CCS
well for the coming era of Big Data Analytics. Both the Database Group and the
Computational Media Group should continue to take computational approaches
towards data intensive and computing intensive computer science problems, such as
new database systems and algorithms based on GPU, multicore/MIC systems and
computer clusters, peta-scale data analytics, billion-node graphs, data mining and
knowledge discovery with streaming data and data uncertainty, advanced 3D
visualization, real-time 3D video processing and video search. Further, they are
uniquely positioned in the world to conduct user-driven computer science research
and development to support computational science, especially for large-scale
scientific data management with a focus on data exchange, integration and
archiving, data quality management and data provenance support, and data
visualization.
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4 Success of the Center in Achieving
its Mission

The center has clearly demonstrated that scientific discoveries were obtained
through computational science in a broad area of research reaching from particle,
astroparticle and condensed matter physics to life sciences and atmospheric sciences
to data-intensive and image processing. These discoveries became possible through
the usage of leading edge computing systems that were operated by the center which
also provided important user support. The center has developed in the past powerful
supercomputer architectures and is continuing this effort in a co-design style moving
toward the future. Thus, the committee sees the mission of the center to be
accomplished in a convincing way and expects the center to continue its successful
line of research in computational and computer science in the future following its
plan presented during the review. It is the opinion of the committee that the CCS is
well focused on their effective communication of their mission success within the
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international scientific community as well as the general public stakeholders in
Japan. For all of these actions, they are to be commended and encouraged.
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4.1 Additional Observations
ZF D) A8

4.1.1 International tenure track positions

The committee strongly endorses the innovative concept of “international tenure-
track” positions allocated by the University of Tsukuba to the CCS. A cornerstone
concept of this program is that young faculty members are required to spend a
considerable fraction of time during their tenure-track appointment abroad, and the
outcome of the eventual tenure review will be strongly influenced by their research
accomplishments abroad. This model has the potential to become an excellent tool to
launch internationally visible careers of young scientists. Benefits will likely include
closer ties to the international scientific community and informal networks, which
the candidates will bring back with them when they return to Japan. Such a long-
term strategic investment promises a high return in terms of future heightened
international visibility of both the individual faculty member and the CCS.
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4.1.2 Educational activities

The recently established dual degree program combining training in
computational science with a more traditional curriculum in one of the natural
sciences appears to be an excellent path towards a truly interdisciplinary education.
This program has a high potential for enhancing employment opportunities in both
academia and industry. Increasing the currently relatively small enrollment in this
dual-degree program by with more aggressive marketing, both nationally and
internationally, both in industry and in academia, should be a practical goal.
Increasing the enrollment and, more generally, the number of graduates in the
academic programs connected to the CCS will most likely require enhancing their
appeal to future graduate students. As one key element towards this goal, the
committee suggests to consider the transition to an entirely English-based
curriculum. It can help to attract an increasing number of top-level international
students which would otherwise move to the US or Europe. Equally important, it
would strongly improve the communication skills of domestic students in the
primary language of scientific exchange and, thus, their future international
opportunities an increasing globalized world.
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