TR 2T IR E
IPSJ SIG Technical Report

1.

4 7 AL (BARE, MDE WD IT 2 FHWIFEBR % 2 2h3-{b 3 5
B M43 EFAL L CE2[1]. MI |

XCHIC

7%U7»X-4>717%49xwﬁw®
KEREBRTTT—EIR—RA VA TLORE

6T AR i B A o) AL 2 el LR 2 N

BE  MERROBCRRET (T VTARX e AT 5~<T 47 A EW) IT &AWV 2=+ 2800
BIERILLTETWD, FEBOBRAM L VEEY I 2L —2 a UMThI TS Z ERT X 9IRS IR
IT) T I3 —DEWAMBLZNSHETHLHY, ZORVMAICE BIIERBEOMERIHGSND. & 250, BfE,
MRS B ORFFEE 121, RDBMS 21X U ETARITDT — ¥ TEOMRITIFEE A EE R L TORWVRIICH D.
koT, ZNETEAZMBA TEIZHMAE L OBREAEIN 2 Rt LRI LT, ToOWRMESTRT 5 2 L1k
TERNWEEZBZOND. £ CTAHIE, FHCHEMWERIZER L, EEOMEFEES B OMIESI5IZ5VC, RDBMS
REDTF—=HEHL AT AREIEMTELNEZRE L. ARETIE, TOOLHOTHDIRFKELKRTT —4 X—
ADT —Z KR, BLOTICHT 227 =) 2F L, £ ZICNET % EfREE & 2 O gic >\,
BEAERFSE L ORSEAY SE X THRETS. £72, 2O—HlcHONT, EBOMERIFEIEDT — 4% 2S84 % DB &H
HL, TOT4—TEUT ¢ &l L=fERIC OV TORT.

F—)—F: VL= af AT —FR—RV AT AL, T IVTNK A TFIT AT A, EvITT—H

Large-scale-multi-dimensional-database management systems
intended for “Materials Informatics”

AKINORI ASAHARA HIDEKAZU MORITA! HIDEKI HAYASHI'!
EIICHIRO UMINO? KANTA ONO'?

Abstract: Materials Informatics (MI) is an information technology intended for accelerating material science researches,
worked on eagerly in recent years. Many material science researchers are skillful to information technology, as shown by the fact
that numerical simulations were developed in the early days of information technologies. So it is being expected that MI will
drastically contribute to researches of material science. However, results of data engineering such as database systems are seldom
used for material science in contradiction to the situation. Technical and social factors causing the situation, accordingly, should
be clarified and addressed on to make a break through. We summarized such factors in this report, especially focusing on the
technical factors, and we also suggested several use cases of data management systems such as RDBMS. A large-scale
multi-dimensional-array database system, shown as a representative use case, is detailed in this report. The data structure and
typical queries of it are summarized to clarify the requirements for the system Latent issues relevant to database systems for M1
are related to the existing researches as the conclusion. An actual dataset, moreover, was imported into a database system. The
performance of the system was evaluated to confirm the feasibility and the results are also shown in this report.
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Figure 1 Category of materials
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Table 1 Example of material parameters.
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Table 2 LLG data structure used in the experiment.
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Table 3 Query examples.

(a) @D M1 _Z OHE

SELECT
X,Y,z,ml z
FROM v_data
WHERE
exp id=1 AND t=0 ANDx=1;

(b) A7 v 7T &I ml DHALD 25 B IES I 72> T
% % Al

SELECT

t, count(*)
FROM v_data WHERE exp_id=1ANDml z >0
GROUPBY t;

(¢) Kif-Z &I ml DAL D 25 M E N R DB ORNRT
STNDEMERT v 7 T LIZFHE

SELECT

grain_id, t,

count(distinct ROUND(m1_z /abs(m1_z)))
FROM v_data WHERE exp_id =1
GROUP BY grain _id, t
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Figure 2 Query processing time

A [ElDOFEAR TIL—#%A72 RDBMS T % PostgreSQL 9.2.15
BEOR N —U~Dii5 7 7 & 2 OW¥HE % £F-> Hitachi
Advanced Data Binder 03-01-/B [7] (UAF& HADB[a] )% FV M7=,
FHAIBRBE & LCiX, CPU Y Xeon E7-8860v3 2.20GHz(16 =
TYe 42, AEY 256GB ZH# L THY, OS L Red Hat
Enterprise Linux 6.7 Z V>, £y 10,000 [Bl#5, %55 1.2TB
DOHDD ZH K32 BWHT VA TEAA L —VE2T 7
ANT e VR L (BT — & $55MERRIE 12 Gbps), &
TIET = R—AEER LT, KT _X—2A%HERTD
WZHieoT, FNEFNDOVAT LAICHEINTWS CSV T
—H AR FOBEEEZHWVWTLLG VI 2 b— 3 D
FT—H A R—hkL, TOBA LT v I AR LT
7B, THOAL R MIEL, FHOT —ZImY 0N
HETLRNWEHIF X AITEFEZY Y vy 7L LT CSV 7 7
ANEERLTHOLA VAR — b LT £, MEdHEiLE
Bl v o V2 GE2HIBRLARAD R2EEVIEL, ZDOFE%E
i LAY N
33 RE#ER

X 21247 =) OUERICHE Lz 2R 3. 7 =Y 1,2,
3 IFENENOERECTOMRBETHLI, WITNHIZIEY
SR ALBEPERE o o 2. PostgreSQL TIEFMREICH L+
440~450 7, HADB TI% 20~40 A THREZ/K T L7-.
OB, BN LT —FENN T L EEE
AN THEAMRLBBRCH L. 2L, SEAVE
F—2L, —oODYIal—arTF—FT, hroOEAT
4 27 v P Lo TRV, ERICIEZHRDO I 2 L —
arT =T, TNENHEDPDETAT v T OT—4
EEDLOEEFHETRER LRV, ZOGE, TN
72 RDBMS T % PostgreSQL % Z O ¥ F W54 Tl
FER MBI NAELS R-oTLEI Z R THIESRS. L

a) Hitachi Advanced Data Binder 7" 7 » b 7 4 — A%, W O & e 78
MRIET 0 7T A5 TBEKRT — 4 _— AR 72 I il T — 2 X —
AT VORI LMY T VU R E T KIS — B A D FERE -
R (HPDAFTERE - ERE RORENR S ESLIE AT R) DR %
FALCWET.



TE LB 2 T
IPSJ SIG Technical Report

72h 5T, HADB O KL 9 2257 7 & 23 B R %A 2 7=
RDBMS #MA\W2 Z &3 MEE 225, 72720, ARG L
77 VPGSO 7 =V, il 2 1Zb) (N DWW TIHREF 3 h &
WKW EDD S BHICAEBRZET 52 LR FHIE N,
Stk ZWTEINT — 21T DEFHEE O & E{b RO
BNDHEICMDEBLLND.

3.4 BRATERRE & BAEBFR

AEBRCRINTLEBY, BEHET -2 2KET 5%
YOLERH~D G EFHIBIR O T L EITARETH D
N, SHIET—FNEMLEEESs = U NEHL LT-5
AOEHIEBBEO—2 B 26D, FflivIalL—v
a vV OFFERRLFERT — # D% XL WIcES DO TRLR
SINDT-DRBEOREE A TOD EZZ B, EHIER
DF —H _R—= A AT A[5][6]DWFE I L v, £
VORFr—Z VT4 &M EL TN ZERRDLND.
F72, SEIOERTIIV I a2l —YarTF—FE2x%e L
e, FEBRT — 2 OEITFHIRESE LS DO TIREDOR
eEMEZ MR LIRRO MBI RD B2 HND. kB,
IT A NVOIRIEMEICHIGT 27280, ZhbDEHERGIC
TEHEEODDL—YP A L —T 2 — AL EETHY, EH
SQL[81& VAR — 95 Z &<, Bl vV —/L% % W Calfift,
T DMRE9 RIS A Z LTk b, KL OFEH
DT —BEH AT LEWADEICTHZENEE L.

FRUSNOT —H L LT, XMT—403Z%Fohb.
LT — ZIZOWTIE, L3 Ay R AT A[10][11][12]D
Bl S TRE AT SN DAY, MPEHEME4Y BF 0O STHRIC (R
5 A EN D IR HM L T DB & ARSI
DZEVNMELIRD.

4. BHYIC

AWETHE, MBREATICBTL~T VT AR A
TAIT A7 AEND T ZHWTHFER R O 2D H
DB NHEE S HZERIC, EOX L TT—ZEY A
TLEEAL TN RENEWVIEENS, TICEBME
DOWFERRSE &5t & L TRFEIT o 72, A ENIRFICEATY
TREAMHEERICER L, KEBRZRIET —FX—2AD
WEE L, T CTEHINDIARNE T — X OBECHK, B
XTI ) 2B L. £, 20
—Hil L LT, EBROMBIRFIEDT —2 % EMT % DB
EREEL, TO7 40—V T4 2L, FOREER,
MHREM ORI RE NS DO, —#kHY7 RDBMS TH LR
W CHEREm COMEITMR T L2803 H Y, £/ SQL
RO EFEE N T — ¥ OHFHSLOMTICIETITHIR T
HDHZ ENRENT.

L1k, KVSODHELOT — X EEY AT K0, f VAE
U7 —2_— 2% KRBT — X O HTIC L72 Eo /R
FEED TN ZET, RVBRMBRI AT MMERENTE
L8915, ZORBOMBITHMERFSE DR 5T,

(©2016 Information Processing Society of Japan

Vo0l.2016-DBS-163 No.11
Vol.2016-IFAT-123 No.11
2016/9/14

BB F O EIZB O UIILAMICAVC b2 Rt S &
<, T—HFTHFOMANBRRFERRORBIZERT DD
DEEZLND.

BEE ZORERO I, ENFREEBEAS T RLFX
—  PEIERANH O BT (NEDO) D 5L S 26 A SR BRI SE
7ar 5 n TR B BB T AR — 2 — B R R
HABRR) OREELNTZLOTHS.

S5 XM

[1] Krishna Rajan, “Materials Informatics”, Materials Today, Vol. 8,
Issue 10, pp.38-45, Oct. (2005)

[2] DeCandia, Giuseppe, et al. "Dynamo: amazon's highly available
key-value store." ACM SIGOPS Operating Systems Review 41.6
(2007): 205-220.

[3] Open Geospatial Consortium, “OGC Network Common Data Form
(NetCDF) Core Encoding Standard version 1.0 (10-09013)”,
http://www.opengeospatial.org/standards/netcdf

[4] AREEFE, "B E VN BELER D O OfF R (1) /MR
GLOKERE X - YT O/NABE SR DAL 0" BA
AR EE 41.4 pp. 213-226 (1999)

[5] Michael Stonebraker, Jennie Duggan, Leilani Battle and
Olga Papaemmanouil, “SciDB DBMS Research at M.1.T”, IEEE
Data Eng. Bull., vol. 36- 4, pp. 21—30 (2013)

[6] rasdaman community open-source project, “rasdaman”,
http://www.rasdaman.org/ (2016)

[7] R BT, %K fuE, | £, mo @, S| A,
=)l 4, “TPC-H X F~—2 D 100TB 7 T A% A 72
FRT U NAT A =R F—H_R—=22 P OFH & A
7 T A~OWRYEEE” |, DEIM Forum 2014 D8-5 (2014)

[8] ISO,”ISO/IEC CD 9075-15 Information technology -- Database
languages -- SQL -- Part 15: Multi dimensional arrays” (2016)

[9] BA#HE—"EVRR A T UV xR E NTHBERI.
FRALEE 47.7 (2006): 723-728.

[10] FeREART, ARuEoE, & HOKHE. (2012). Fad AT L = 2
v K27 & “Knowledge Recommender” DR & B /LA
TREHEEA~OMA. HHAIFR S, 53(1), 149-162.

[11] Chong Wang and David M. Blei. 2011. Collaborative topic
modeling for recommending scientific articles. In Proceedings of
the 17th ACM SIGKDD international conference on Knowledge
discovery and data mining (KDD '11). ACM, New York, NY, USA,
448-456.

[12] Takashi Yoneya, Hiroshi Mamitsuka , “PURE: A PUBMED
ARTICLE RECOMMENDATION SYSTEM BASED ON
CONTENT-BASED FILTERING”, Genome Informatics, Vol. 18
(2007) P 267-276



