FIT2018 (% 17 EEHRBSEM 7+ —F L)

D-015

l0T 7= 5 4347 o A 7 L DB FHE DT
Energy Efficiency Evaluation of 10T Data Analysis System

)l iR’ EEERET KARMET

28

15 2%

0N

Bk &M LS =& Es

Norifumi Nishikawa Mika Takata Kazuhiko Mogi Yuto Hayamizu Kazuo Goda Masaru Kitsuregawa

1. FL®IC

0T <2 Al HfF ORI OIERICHE S T —H B ¥ DT x)L
F—HEORMICLY, T2 2RSS T —
EADMREEZMERE L DD IT B0 = 3 L ¥ — 4% & B
THZEMKkHBENTWS. LBNL O LaAR— M2k
KREOT—&t ¥ TIXEBENHENPRA S >oH 5 —
¥, RKEOT—X & X OEEETINT 2014 FH25 2020
W) THREER 4% THEE L, 2020 4E 1% /1% 73 billion
KWh (ZET 575 & FREINTWS[L]. £/, XK[E DOE
DLR— FTIE, IT AR 100 kW LLEDT —Z o 20

TRF—E R A SELNIC 25%EIRT 5 & LTWa[2].

IT h—E R, FHEIZLY ZOERESCTZ RV —HEN
AT 5. BIZIECHR[3] Tk, A FL—YNOT—HZE
BEERTLHZLIZEY, HBFOURBKTIEIHL DDA
ML= OMEE I E K 60%LL EHRTE S Z &8, X
fk[4] TIE RDBMS ®7 7 & Z8 22 L 0 T B8 DEEE
TINERRDERENENREIN TS, FHIEFETIE
RDBMS 2 L 57 —# EELOMIZ, Hadoop 72 &% AV izTF
—HEHLHEALTNDEDN, ZNODOEIFNRITH LTI
2, IT H—EROMREZINVF —HEOR T EEHL
TR R MR LD L LT D,

TR THRET DEENT T Y r—a otk
REZ T 5 Y — L& LT, R T~ — 7 BEERE
SNTWDH[E-12]. TNHIFH—H 2N FE D a v R—
X2 P OMREZR T E D THY, 10T AT LAEED
end-to-end OMEREZFHHT DO TIERW. £z, T—X
B DOZRAF =R OF DI DFRIE L LT PUE
[13] =° REF [14], ITEEsv [15] 72 EME#EL I N TN D,
NoHOEEL, T—2 X ORMEe 1T HiioT 31X
—NREFRT H720DHDTH Y, IT —E 2ADPEREIC
DWVWTIEEBE STV,

ARG T, IT P —ERADPERE & =R VX —ZRO M7
R LEFEORIREAESGNT 22 2 HINIZ, EEY
O IPF—=BT S = a DR F~v— 7 FiE[16] L L
TIRESNTWET A r— 3V EBEZ, loT 5—4
ST 2V RERTD. TLT, TNHEHANWT, b
FEETO 10T T—Z o7 =) OB RLZHK TS, E
FINZE D HRITIT Y — B AR O =R X — 23 % 30
ZFEIECd % Application Platform Energy Efficiency (APEE)
[17] ZAWTHET S, ZOME, 10T T—F 0% =
U CiX RDBMS IZ L 57 —#EEOBENIZHHEN 1U H—
BREITK 6 f, =X —TF T4 X —1TH 26 F@m2
LEERTE, ZHIZLVEADEROE N 10T 7 —F 55
VAT AOBRHDBEG B L EIRT.

-
—

T RS B SLRERT

I Hitachi America, Ltd.

§ MR KA FE AR ZE AT
N ESLIEHFFJEPT

2. 10T P AT LIZE T B T—2 i
Q1 EEEYITT—ET7TUr— 3 0RUFIT—)

SRR RSN TWDFEEE v VT — 2 TS Y r—v
g R Fw—7 1%, BILOBRIEY BT 5 THEIES
By ) r—ya v itBI AT EET VELIZL DT
HY, RUFRTLORIFEHEOI/ ) 25T

RI1EEEYITT—ET7T)r— 300y 1)

7 x U Fli] 7 = AR

KPI §H5 - PRMEEEE T O ERIRZ KPHESES

ARV MR | - Ty A L—Z AT A X

Saoxii BRI - N T FT A ADARE T
mT O - FRIZ Y

AR F~—701%, tWHDLIITEHERSECI AT
Cxl FENES)E N T v IR =X, B D
WITEEIRE BT D N T v o, B d D WITIEEIR
EBRATH LS, O3 FEEOEBOBXEZBETS. M5
v 7 na—F TEREEFEIAS, TEX T OEFTE
THW, ol bBHERr—FIITE, BRELMAIA
oA 7 NEBRVIBELTWS., 0 —F KOF T3 4ERE
BORBEZHATE U, T v 7 ICEEREDOR
FEfE, HEIEREEO REEE, BEMEEZ RS GPS B R
FRENRY b TEBY, —CRMMETT —4% 2%
BT5. £, n—F X o FORIZITERD 7 4 — R
¥ ¥ (Beacon) NENMNTEY, ELITKEFT IO

ID #%E4 2. n—%, XU IRBHOLEREN —EHE
ZBATLD, b7y 7 ZRBEOBEEEIIRABEOBEIE

BENBIMEZ B 2 D LRSFE— RICAD.
22 T—ARnHH T

B IIRIROFEE Yy VT —2T ) r—va Dy x
U Z&JTIZ, 10T T—X 0otk HAnonsEExoh
HUTOSHEED 7 =) 2EFR LI,

R2T—29HWITY

JxV# | 7

Q1 HH LTI OBRBAT V2 MEREDOHE
BEBRR

Q2 ORI OEWRA N7 v 7 OB E RS

Q3 bHF TV e — RHOREDOEE
VYEO A OHER & MR

Q4 BRNT v IIIONWTC, TV VX T
FDHLH—AOREEE O EEHRK

Q5 WELIAXV NosE, BE - EEE -
AR NMEIcHER

107

Copyright © 2018 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



FIT2018 (%

17 \EEREEEREM 74+ —F L)

QLT EDE L HIZHONT, T DMOKFREHER % 5k
HBHIZTIU (ML RBRER)THY, Q2 ixHHRLICEBIT S
2V OEERDL I V(A )y T ay v U)T
HbH. N0 r7 VL, FIZIRALOA N R AE
L7eBEIs, HUigA X M TR HEN ED L S I
{BL72hy, HDDIEA R MRAERRD, XV FRFAEL
TAEE DO o PSOMOIEE DO o HER E S 7o T
DNERDDHLOTHY, AIROERXE VT —2T7 7Y
r—aryhorsx) oM, B0 EEERELE
= B DA R MEAREORPEEDORRIZRITESND LD
Thb. Q31F, HIHHIMANDI L, FEOEPIZOV
T, HABEFEDA R "D YDEERDD 7 =Y T
b5, Qhl, HbHrHOEELHIZHONWT, A XV FhD
oV DEERDS. Q3IT LY FBREZ Y, Q4 1F%
Ty Fay YU THAN, ENEN QL Q2 & HE
DHIFEEDOA R MBEFOHRRHRTHY, B UHE
OFBFEFILA N> OB - K TRAITHD. Zhbo
7T VE QL Q2 THRELEARY FEHEOA RV
MBTHEBICRITEIND. Q5 1T X MREARKE —F
HREICEFFT2272) THY, fidoEEey /5 —4
T — g O KPIEEICH YT 5

3. Application
(APEE)
APEE 1%, SCHR[17] i D & 91 ’, ISO/IEC JTC 1/SC 39
WCTREFTD, H5HIT H—ERZBIT D IT o= x )L
F—h K2 T HFETHY, LTORXTRIND.
Z ZC, Application outcome per hour (LA 7 7 U &r—3

Platform Energy Effectiveness

Application outcome per hour

APEE = -
Energy consumption per hour

YT U RNAAEMES) E1X, (EEFHBEOFREZ T 5
OB REREMHT H12DICFEITT L —#HO 7 = U N
HALRF RIS 72 028 T 58 TH S, TPC-H 2Fl& 5%
&, TPC-H OHEEERIETH D QphH 7 7 U r— a7
TR LELTHWDZ &N TE%. Energy consumption
per hour (U\Tiﬁ\/vﬂ‘r“*‘(ﬁ% EIER) XD —ED I Y
ESET I L7200 1T BN EE L7 AR S 720 o
TRAX—mThD.

4.10T T—A29HO TV ZEAWE: IT #3Z0E
LR

4.1 5HAIA*

4.1.1 sHEIxt &

T =B FITBNTT —Z T — B A %47 5
G, TOFREIZHND IT L LTIE, A2 hy 7 PC
Nofta 7o CPU #HEHTHREOY— Nz 7T
TARXA ML=V ERAOVAHERE THRA 2 LOREZ LR
5. Fie, TEOMIERAEN T MY 7 MEL
TILZHET RDBMS DN —RINICHWL N TE 720, T4
Tl Hadoop % #4% & 3% NoSQL 2 DBMS 723% < AW
HNDEITHRLATETND., £IT, KWL TIE loT 7
— &0 =) ZLL TN OB THEEL, TNENOHERD
TFVIr—a T U NI AE T FVX - E AR, =
T/ 5 APEE ZHE LEE O RLF =R ERD 5.

H13h

25

(/NBAR)LU Z » 7 —/3+ RDBMS
(NRFLIU T v 7 Y—s37 5 2 & + Spark SQL/Hadoop
(KRHFA)= v #—T T A X — R+ X hL—T+
RDBMS
(KIAFPC H—s327 F 2 & + Spark SQL/Hadoop
412 FH@ICANS S T
IS, 2 DR 2R L 0T T—4 07U %
s
4137 FTVr—2 a7 MhLDESE
APEE & HWolb#R A FIRE & 3272012, 10T 7 — #4543
WMoz Vo7 7V r—2ar 7 NILEERTD. TR
uﬂﬁﬁ,7797~v5y7¢%ﬁA@$mﬁ%%kn
W AT —EARRMHT 2 —ERAREERINTND
IoT 7 —% 387 =V TiX, 7=V OFETEEN—E R
BEEZONDTW, AIROZ =Y QL 226 Q5 ZEFIIZ
FATL, 60 1R D OLEREE A —RFY 0 o7
TV r—2arT U NIAEEREERTD.
414 N—FOTF7RUY I bO T 7HERK
411 Fi TR~z 4 FHOMRL D/ N— R Y = TR Z
FREINDLE 6ITRT. V7 MU= THERIIRO®@Y T
»%. RDBMS & LC, A ® RDBMS T& % Hitachi
Advanced Data Binder™! (HADB) [18] %, Spark SQL/Hadoop
& L C Apache Hadoop [19] _EiZ Apache Spark [20] SQL % A
WTTF—%%n—RNLEZhbEHWD
415 T7—%
AFHHECTHW T — 213, SILOBEREBYIZBIT 5 LHE
HMOBEX AL I 2 b—Z Ik Lz, A
THER LT —ZIZEENDZu—F - X TOITENE

>

% 31U 5 v 4 —/\+RDBMS

B B

U #—n CPU: 24 7w = 7" /socket x 1

Intel® Xeon® CPU E5649 @ 2.53GHz
Memory: 48 GB

HDD: 7.2 krpm 450 GB SATA x 1

Flash Disk: Virident FlashMAX 1.5 TB x 1
(DB i Flash Disk I {21 4¢)

OS: CentOS 6.2

1U % — ST 113t & (A

R41USvHHY—/\9 S5 XA +Spark SQL /

Hadoop

A W

7T AH J — %3

A4 —ax%7 b | 10Gbps Ethernet

U H—n CPU: 24 5w PH = 7 [socket x 1
Intel® Xeon® CPU E5649 @ 2.53GHz
Memory: 48 GB
HDD: 7.2 krpm 450 GB SATA x 1
SSD: Intel SSD 535 series 240GB x 1
(DB (X SSD i #54%)
0OS: CentOS 7.5

&G AU H— PN E ST ]

*1: MBI O SEIIT e R 7 v 7T & TBERT — 2 ~—
AR AT T e @il T — # N AT VU DRSS L Mg
YUV R T DS — CADSEE - Gl (Pl
WHgEE « EE) IRRER / ENLIF R R) Ok %
FIH

Copyright © 2018 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



FIT2018 (% 17 ERHEFEEM 74— L)

(a) APEE (b) 7 T Y EFTEIK[[E]/hr] (c) HEEHE[kWh/hr]
350 3293 100 o 0.67
300 77.5 0.6 0.57 0.60
250 80 05
200 60 0.
150 2 284 03 0.24 I
100 50.1 0.2
20 -
% . ; B - > o ]
[1U] HADB  [1Ux3]  [1Ux3]  [1Ux3] [1U] HADB [1Ux3]  [1Ux3]  [1Ux3] [1U] HADB  [1Ux3]  [1Ux3]  [1Ux3]
SparkSQL SparkSQL Spark SQL Spark SQL SparkSQL Spark SQL Spark SQL Spark SQL Spark SQL
(date) (ID) (date+ID) (date) (ID) (date+ID) (date) (ID) (date+ID)
(d) APEE (e) 7 =V EATEIE[[E]/hr] (f) JHEE I E[kWh/hr]
60 50.53 150 138.6 40 34.54 35.21 3555
50
40 100 30
30 499 20
20 50
10
10 1.45 X ) . 2.74
. 0.01 0.04 . . 0.4 13 . it
[Enterprise] [PC cluster] [PC cluster] [PC cluster] [Enterprise] [PC cluster] [PC cluster] [PC cluster] [Enterprise] [PC cluster] [PC cluster] [PC cluster]
HADB SparkSQL SparkSQL Spark SQL HADB  SparkSQL SparkSQL SparkSQL HADB SparkSQL SparkSQL Spark SQL
(date) (ID) (date+ID) (date) (ID) (date+ID) (date) (ID) (date+ID)
X1 EHAFER
IA—TS5 CH—\+ — .
RETVI—TIARY =R b L—D 42 1T BBED TH L F—HE
+RDBMS
e W 421 IMNEEIREBO I R LEX—3HE
U= CPU: 12 ##1 =1 7 [socket X 2 (24 ¥ B = 7) 1(a)~(c) IZ/NFEMERBE T APEE, KON loT /o417 =
Intel® Xeon® CPU E5-2690 v3 @ 2.60GHz Vo 1KY 0 AR, 1 RERY 72 D = ) L —
Memory 256 GB OFHEREZZNZRrd. APEE 1T 3 EORXITRT LD
0s: RHE_'— 6.6 2, BRSO T7 7V r— a7y N AR
FC i 8 Gbps Fibre channel x 4 BERIM 720 O R VX —{HETRLIZMETH 5. 1(a)7h>
F b=y | 15kmm 300 GB SAS (256 +8) 13 5AyH % £ 9IS, APEE IZZNZH 1U H—/3+RDBMS 7%
gIYBD’g iFI;) 321FF§G ;iHDE;P:%e;E 329.27, 1U ¥ — 37 F X & +Spark SQL / Hadoop @ H ffiZ
@&;ﬂ;gsgfyﬁék EBH5E], IDICEBE, HHHD ICEAHEBRZRTR
= Wﬂ;f%mm'o ' 50.10, 4.56, 9.15 T 7. 10)H 5515 X912,
et = 1U #—/3+RDBMS 7% 77.5 [[al/hr], 1U H— 27 5 2%
., +Spark SQL / Hadoop @ AfHZ X 243%l, 1D i k2 45El,
— +
Wﬁ 6PCY '&7 7 R 3 +Spark SQL/Hadoop AAHID I X242 2h 284, 30, 54 [[E/h]Th
e T ol i, BN EHME LI, U H =
. N i — 7 T A
A v #—=2x2 | Dell Force 10 Z9000 (10 Ghps) +*RDBMS (% 0.24 [Wihr] C &J,o 7 \1U 7 :\ 7 7\ z
- +Spark SQL / Hadoop @ AfHZ X 243%l, 1D i k245l
1U = CPU: 8 ##1 = 7 /socket x 2 (16 #)FE =2 77) i 12 ASENTENEN O 0.67. 0.60 [KWh/hr1C
Intel® Xeon® E5-2680 CPU @ 2.70GHz AEF+ID I L 5073 57, 0.67, 0.60 [kWh/hr] T
Memory: 64 GB bt N .
HDD(OS): 15 krpm 300 GB SAS 2 £ 4.2.2 KBRERHEO T X)L F—h=R
HDD(Data): 10 krpm 900 GB SAS 24 % 1 (~® (2 APEE, KO IoT 12 =) o 1R 72
0S: RHEL 5 D ALER[EIE, 1 RERE Y72 0 R L BB — O R 2 2
AR Ralitan 1 7 U Y= > } 5 v 7 PDU | hEnrRT. M 2@ 250058512, APEE 3Ehe
100, BT v 2 EiE 2,000 ATHD. i, mEof AT F =TT A AP—s+ R b L—U+RDBMS 1 50.53,

FRIE —JE& ORI Y 45 [28]. CSV T F A MMEXTH
550GB TH Y, A X bk« Br¥F—ZO/NEBERITH
1,800 1T, HEELFRITAN 3 BT, KEBMEERK 30 BT ThH
5. FOMDNRT A2 I[N R LTZE@Y Th 5.
4.1.6 Spark SQL D T—42 #EIAR
AFHH T, Spark SQL OF — % Oy EIGIC L B ES

OB E T A 7=0ic, LLFO 3 FtHO 5 E 0B
FIEhER A e L=,

AT & % 55%

ID (B&f# ID £ 7213 >4 ID) 12 X 5 45%!

Afl+ID T & % 55%|

£ 29

PC ¥— 37 5 % Z+Spark SQL / Hadoop ® BT &k 543
El, ID 12X 5nE], KOHAMHID 2k s 082 Eh
1.45, 0.01, 0.04 THolz. K 20)0BHN5H L5, —
VE—TFF A4 XY —+Z b L—+RDBMS % 138.6 [[A]
/hr], PC ¥—,37 F 2 X +Spark SQL / Hadoop ® H f}iZ
X 55%], ID 2L 555, B+ID I X 50EIxEnE
1 49.9, 04, 1.3 [E/hrlThHo7e. FEK 200550
5891, =y H—T T4 XY —,3+2 h L—+RDBMS
DOHEENEIX 2.74 [Wihrl, PC ¥—/37 F 2 ¥ +Spark
SQL / Hadoop ® BHAfHZ L 243%], ID 2k 55%, HfY
+ID 12 X 5455 F 2 30.54, 35.21, 35.55 [kWh/hr]
ThoT-.

Copyright © 2018 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



FIT2018 (% 17 EEHRBSEM 7+ —F L)

43 EE

FHHIEE R L Y, RDBMS % fAWT=34 OB RN,
Spark SQL / Hadoop & kit L TE <, 1U Y—,3 Tl Spark
SQL / Hadoop D& b BN @ h - 724 El & i L TR
61, TUH—TTAXP—NTITHK 26 fEEWVFERE -
7o. ZiUX, RDBMS TIEFHBNT &V MR HipHE A 8 AL
DIAENTEBYO T MBI AREWI L, KO —1N1HD
O TH Y 14EESIEH Spark SQL / Hadoop & Lh#k L
TIEW=DTH 5.

Spark SQL / Hadoop TIXE/1%h=IL B AT L 5 0% &
L <, WNTHR+ID, IDICLDHEL72o7-. P—
DOHEBHBHEITIZIERMETH D0, ZoOFBRITIETT ¥
MAADEELBH L THD. IDICEDDEIDOT T N LN
INEWDIE, KEEERICT 78242 Q4 048 (ID 12X
D08 BRREFT— (B0 L DAHR) & —dT,
BT —HEAX XY LTl ThD. £, LT U
ARENE BN HM+ID SEOT 7 N H ARBEMIC K
LHENEV/NEVDOIE, ANk 8B LTY 74
NEBINE L, INSIRE AT DERER SN0 EEZD
nb.

5. EEMR

RDBMS & NoSQL dlhi#g & LTi, T E TEICMHRE
FEEIZ B AR A STV DL Bl 2 ISRk [22] T,
MySQL & MongoDB % W T loT B v /5 —XIZxd 5
CURD AHLOMERER s LT\ 5. £7-, SCHk[23] T,
Yahoo! Cloud Serving Benchmark (YCSB) % i\ >C RDBMS
& MongoDB %, ICHk[24] TIXEASA AT U r—r g v
Z T MongoDB & PostgreSQL % Ebifis L T\ 5. SCHk
[25] TiZ, D NoSQL F— & _X— R |25\ T, PERE
27— U T 4 FHEBOBETHLEZIT> T D, L
L, BHNFROBETORRIZIZE AER LR,

6. BHYIC

ARFGETIE, 10T 7 —F 507 = ) #FEEO R 5 1T £
wh T —H B Y 7 N EHWTEEL, ZOMRER OVE
Brx X —%5ILZ. 2L T, bR 5 EERD
T RLF—F)= % Application Platform Energy Effectiveness
(APEE) Z W CEEE L7, ZOFEHE loT 5 — ¥ 5% s =
Y TiX RDBMS I L 57 —#ERDOENBHEMN 1U H—
REETH 6, =2 ¥ —T7 T4 X —/3TH 26 fFEVZ
LEMERTE, ZNZRVENDROE N 10T 77— 2 54
VAT LDORFIDEZITE D RIAB ST,

HEE

ARG O—H1E, ENAFRRFIEAS = RV X— - EE
Hi ke A PSS (NEDO) DRFEER =L ¥ — - BRI
AN S T 0 7T A BRI E T X R — 2
—AMEE S T O] KO ToT #itED 7=
ORWHEMBRR 7 2 =7 b 10T — B X &2 FHT
LEFHE =R FX Ry J 7 — X R OWSEHTE ©
RESHZHLOTT.

SE 3
[1] A. Shehabi ftf, United States Data Center Energy Usage Report,
LBNL-1005775, Ernest Orland Lawrence Berkeley National
Laboratory, https://eta.lbl.gov/publications/united-states-data-
centerenergy,2016.

1
25

[2] FEMP Data Center Program Overview, U.S. Department of Energy,
https://energy.gov/sites/prod/files/2016/07/f33/ dc improvement.pdf,
2016.

[3] N. Nishikawa, et.al., Application Sensitive Energy Management
Framework for Storage Systems, IEEE Transactions on Knowledge
and Data Engineering, Volume 27, Issue 9, pp.2335-2348, 2015.

[4] Fokft, A N L —HBEIFREICIE S S BIfRT — & N — A E
HYogEHHEmaAMET L, F 9 ET7T—2 Tl fffvr
AV MIBT % 7 +— 7 L(DEIM 2017), G1-3, 2017.

[5] Transaction Processing Performance Council (TPC),
benchmark specification, http://www.tpc.org/tpch/, 2008.

[6] R. O. Nambiar, et.al., The making of TPC-DS, in Proc. of the Int’l
Conference on Very Large Data Bases (VLDB), 2006, pp. 1049-1058.

[7] M. Poess, et. al., New TPC Benchmarks for Decision Support and
Web Commerce, SIGMOD Record, vol. 29, no. 4, pp. 6471, 2000.

[8] M. Poess, et.al, Why you should run TPC-DS: A workload analysis,
in Proc. of the VLDB Endowment (PVLDB), pp. 1138-1149, 2007.

[9]1 T. Rabl, etal., Big Data Generation, in Specifying Big Data
Benchmarks, ser. LNCS. Springer, vol. 8163, pp. 2027, 2014.

[10] Y. Zhu, et. al., BigOP: Generating Comprehensive Big Data
Workloads as a Benchmarking Framework, in Database Systems for
Advanced Applications, ser. LNCS. Springer, vol. 8422, pp. 483-492,
2014.

[11] Transaction Processing
www.tpc.org/tpexhs/, 2015.

[12] Yahoo Cloud Serving Benchmark, https://research.yahoo.com/
news/yahoo-cloud-serving-benchmark/, 2010.

[13] Information technology - Data centres - Key performance
indicators - Part 2: Power usage effectiveness (PUE), ISO/IEC 30134-
2:2016, 2016.

[14] Information technology - Data centres - Key performance
indicators - Part 3: Renewable energy factor (REF), ISO/IEC 31034-
3:2016, 2016.

[15] Information technology - Data centres - Key performance
indicators - Part 4: IT Equipment Energy Efficiency for servers
(ITEEsv), ISO/IEC 30134-4:2017, 2017.

[16] U. Dayal, et.al., An Approach to Benchmarking Industrial Big Data
Applications, Big Data Benchmarking: 5th International Workshop,
WBDB 2014, 2014.

[17] FtjEfl, 77V r— a2 a0 IT h—E 2D R LX
—IVRIGHEORE, 45 10 [17 — 4 TR L fFH~ 1P A > MCE
4% 7 4 —F L(DEIM 2018), C7-3, 2018.

[18] T — % 7 7 & % HA% Hitachi Advanced Data Binder 75
N 7 #+ — A, http://www.hitachi.co.jp/products/it/bigdata/platform/
databinder/

[19] Apache Hadoop, http://hadoop.apache.org/, 2017.

[20] Apache Spark, https://spark.apache.org/, 2017.

[21] P, PEEE > T —5 T 7V r—va VET VR AW
RDBMS & NoSQL DBMS OE#h# o ik, 45 10 [Bl7—# 1.
FLlEH~ R AL MY 5D 7 4+ —F A (DEIM 2018), C7-4,
2018.

[22] J.Y. Seo, et. al., Performance Comparison of CRUD Operations in
loT based Big Data Computing, International Journal on Advanced
Science Engineering Information Technology, Vol.7, No. 5, pp.1765—
1770, 2017.

[23] A. Floratou, et. al., Can the Elephants Handle the NoSQL
Onslaught?, Proceedings of the VLDB Endowment, Vol. 5, No. 12,
2012.

[24] M. Fotache, et. al., NoSQL and SQL Databases for Mobile
Applications. Case Study: MongoDB versus PostgreSQL, Informatica
Economica,17(2), pp.41-58, 2013.

[25] S. Venkatraman, et. al., SQL Versus NoSQL Movement with Big
Data Analytics, International Journal of Informa

TPC-H

Performance  Council, TPCx-HS,

Copyright © 2018 by

Information Processing Society of Japan All rights reserved.

The Institute of Electronics, Information and Communication Engineers and



