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By the spread of smart devices and sensors, the amount
and variety of data which is generated at the enterprise
activity is increasing. Out-of-Order Database Engine
(OoODE) was developed to utilize these big data
efficiently. This research project was supported by the
Japanese Cabinet Office’s FIRST Program (Funding
Program for World-Leading Innovative R&D on Science
and Technology). OoODE is a high-performance database
engine based on novel execution mechanism. Hitachi
developed a commercial OoODE product based on the
result of the OoODE research activity. This paper
presents the performance evaluation result of OoODE
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product by using TPC-H benchmark at 100TB class.
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TPC-H N> F~—71%, FE=EFHED Transaction
Processing Performance Council 2EH 5T — X X—AD
ERIEYENR L F~— T OO EDTH Y, Decision Support
MiFoORyF~v—27 L LT, 1999 2V J—RI T,
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(1) Query Validation 7 A
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(2) ACID 7% h
5t Qualification DB 2% L C ACID 7 A k% %
9 %. Atomicity 7 A MIFEH 25 ACID k7
Jra iRV, ay hea—oNy 7 OHOKE)
VEZ e+ % . Consistency 7 A MT ACID 5 v #
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Isolation 7 A k% Read-Write #i4, Write-Write 5
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(3) Load 7% b
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(4) Performance 7 A h
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S 29179 5. Throughput 7 A ML, HE Iz
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(5) After-Run Verification 7 A h
Test DB D3 &M 2 g3 5 728, Performance 7 A
MM&ETH#IZ, After-Run Verification 7 A b & 9
5. EbICEDH%, Auditor 1I2L 5V E— MNEAEHE
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723%3, Query Validation & O ACID 7 A M & TPC O2AFE
Auditor MEEZWOTF, EEERZ E O T A% JE. Load
K Y Performance 7 A M, fid e 712 X 54 & Auditor
MMEE L7z Verification 7 = U |2 T30 L 7=.
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F&AZLicivgoraty a7 w245, &5,
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&% O Build #LEES° Probe WBL % 7 7 kA7 A — X AICHEAT
T 5. ARWBRIC G, BROZ 27 NEEA Ly R Z T
T5HZET, Ay FA— S~y RO E, ~—FD
= 7 EPRO A 72E &2 JEEL LT

NZ s va VHEGRL, BRERRCe v 7 A DA
L 72\ Multi-version Concurrency Control (MVCC) 7'&
a)VEFEEL[6]. MVCC IZi, W o»nFEEFTA1nH 5
23, #EH OoODE TIX##Hr b7 7 o 3 % 2-phase Lock
T, B N7 Y g % Multi-version Timestamp
Ordering (MVTO) T35 95 Read-only Multi-version 7" 12
VB Uiz, BEBY, [BEAN—Ta v A DAY
VTTE L, HioN—Va Vv EBRT DI ETHEBRALE.

R UB T a gL L E LT
READ_COMMITTED } () REPEATABLE_READ % 524
L7=. REPEATABLE_READ TlX, ~Z7 %7 v a Btk
FrZa Xy NERDOT —F 2RI DHAT v 7 ay by
B EBH L C\b 728, Phantom Read 35845 L7200,
TPC-H ® ACID 7 2 +TlE, BUEICHEV, EitosrEEr~
JVE A LTz

(a) Conventional Techonology

Search processing (u s)

- Synchronous I/0 processing (ms)

(b) 000ODE Technology @ Task assignment
C:Y > e —> Search processing
LS ot 1~ Wait for /0 completion
............ Il —> Disk I/0
AB >
5 Performance
D Gain by
E -ﬁ') 1> Native Command
=T Queuing

1 OoODE E{TRE
Fig.1 Execution Principal of OcODE

4. 100TB 95 RX% AL = TPC-H ¥l

AFTIT TPC-H FHBREE K& OGRS R DWW Tl 5.
4.1 FHMEIRIR

TPC-H Ry F~—7 BT HIKNDT — 2 _X—AFUWET
&5 100TB 7 7 2 OFHliEREE & X 2 (2~ 92. H—\F, 10
WEi2 7 CPU % 8 V7 v b, EilE% 2TB #ifi4 % Hitachi
Blade Symphony BS2000 % 4 5 Tk L7=. & — 21X
4 5O 1O JERERZHE L, AFt 32 £ Dual-port 8Gbps
Ty ANF XY RNT X T X e s# L. —J7, DB &M
HA R L—F, 100 5O 900GB 10Krpm SAS 5 4 A7 %

2 Intel Xeon (%, K[EI L OZFOMOEIZE T % Intel Corporation
DOPFGFECTY . Linux (%, Linus Torvalds Kk® H A L OZF D [E
2R D BERPE £ 713 T3, Red Hat 1%, KERB L OZ DM
D[ET Red Hat, Inc. OEEPGES L < IXPFE T,
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#43# L 7= Hitachi Unified Storage 150 % 16 # Tk L 7=.
FARL—Vay hr—F 316 K— F 0 8Gbps 7 7 A AF
¥ARAR—PEHLTEY, ¥— MDD 7 7 A4 RF v 20T
BT EOR— KL 11 THE LT,

OoODE 137 7 v v a2 A b L— VB TH @ R 2 R #
T 207, AENEAN—RT 4 A7 BE Tl L7=. 0OoODE
I, AR —UMRBERLSGIEHT I ENFRTHL
o, 2014/2/21 B2 Es1 5 TPC-H X F~—7 @ 10TB
77 ALL B8 Gk S 472 Accepted Result K O Historical
Result (f > A€ Y DB Z[R<) &l L TF —# _— 2B
H1=0 V4 LT TH D 1600 BDT 4 A Y THERL LTz,

System Under Test
a System Management Server

Ethernet 1 Gbps, 1x HA8000RS210
BS2000 #4 (Slave Node) 7’\
BS2000#3 (Slave Node) / ’ i
BS2000#2 (Slave Node)
BSZOOO#I{MasleINode)/ !

4 x Hitachi BladeSymphony BS2000
High-performance Server Blade

Each with:

-8 x Intel® Xeon® Processor E7-8870
- 2TB (4 x 512GB) Memory
- 1 x 8Gbps PCI Express Mezzanine FC Dual-port HBA
- Red Hat® Enterprise Linux® 6.2
- Hitachi Advanced Data Binder 01-02

- 1 x BRI60OE (OS, boot drive and binaries)
- 15 x 600GB 10Krpm SAS disks

-4 x PCI /O sslot expansion unit
H -8 x 8Gbps PCI Express FC Dual-port HBA

224 FC cables W

[
%2 FC cables
4x 8Gbps 24 port FC Switch

32FC cables

16 x Hitachi Unified Storage 150 (HUS 150)
Each with:
- 100x 900GB 10Krpm SAS disks
- 1 x Dual 8-port controller w/ 32GB cache

E 2 TPC-H AUFT—4IHIBE
Fig.2 Evaluation Environment of TPC-H Benchmark

4.2 Qualification DB @ g
Qualification DB I%, PEET A b 1/100,000 O TH
0, FHBEREE L R Uon— R = TEREE CHEITT 2 LN H
5. 20712, 100TB OfERLFEIRE, 1GB 7 —# % 08 2
295 LVM BERE A VN T 1600 B DT 4 & 7 (255 k&
L7=. #® T, Validation 7 A b & LT, BHESNZ 22
OB 7 =) #FATL, MREPIELWI & 2R L.
WIZ ACID 7 A h#9)fi L7=. Atomicity, Consistency,
Isolation D47 A KT, BLED TV Ak » THEEO k
TrWrvarkEERETSE, T4 =208 EE
Auditor 23f&§8 L7z. Durability 7 A ks TlL, Auditor D31
Z2VOTF, UTFOTA &M TEG L.
SR =t
P—3 1 B EIRE
At — S
AR L—URRE
HDD1 & & HY
ay hr—7 FREE
2 b — 7l R ER T

Wy, ACID b7 W g v aSE CETHICEE
ERAESHE. F LT, VAT LAHES%, DB 2 [H S H,
Ay MERD TG a U REE SN TWAZ L %
R LT,

4.3 Test DB M EE{h

DBGEN TR & 72 100TB @ CSV IER DT — 4 % Test
DB lce— FN#%, ##ET 2 & LT, Power & & k&
Throughput 7 A k% 2 [Al#: 0 & L CTHEMi L7=. Power 7 A
ME 1 HBOH—s3T, Throughput 7 A ME 4 HEDOH—/ T
FAITL7=. =D, After-Run Verification #E4TL, i
IZ Auditor B AT Al 7 A 2 LCY E— MNERE TN L
[N 1 N : O N 2 B H O @ ERETH D
82,678.0QphH@100TB 23 PERE#ifEE & L TR E I v,
2013/10/19 (25 gk S 7=. TPC-H @ 100TB 7 7 A ~D Xk
%, HRYITH5.

44 ER
ARFHE L7z 22 [HOBFBRZ =V 055, AR R LR
v a ki THD Q8 L QT DIt EIC OV TR F v —
7 BRI —N 1 BTl L7 R A2 G5 5.
FHIZH W= Q8 £ FDFEITT T &K 3 L X 41277,
Q8 1% PART EDEIRE DN/ NI Wb, Ny v aRRl AT
WZIE D, N7y MyEIRLBLITRAE L.

select
o_year,
sum(case
when nation = 'SAUDI ARABIA'
then volume
else 0
end) / sum(volume) as mkt_share
from
( select
extract(year from o_orderdate) as o_year,
I_extendedprice * (1 - I_discount) as volume,
n2.n_name as nation
from

part, supplier, lineitem, orders, customer,
nation nl1, nation n2, region
where
p_partkey = |_partkey
and s_suppkey = |_suppkey
and I_orderkey = o_orderkey
and o_custkey = c_custkey
and c_nationkey = nl.n_nationkey
and nl.n_regionkey = r_regionkey
and r_name = "MIDDLE EAST'
and s_nationkey = n2.n_nationkey
and o_orderdate between date '1995-01-01"'
and date '1996-12-31"
and p_type ='SMALL PLATED COPPER'
) as all_nations
group by o_year
order by o_year;

E3 Qsyxl
Fig.3 Query Q8
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| supplier |

orders

| region | |nation(n1)|

| part | |Iineilem|

4 Q8ETIIv
Fig.4 Execution Plan of Q8

513 Q8 FATHED I/0 Z/L—F v b Zow¥. F#E Read
1/O, fefRiE Write /O 2R3, Q8 DNy 2T AT VI
IWE D76, N7y MBI 7= 9 Write /0 1338E L7220,
7 =— A 1% CUSTOMER # & PART £ OB H R % T
Finy a2 LT Buld ¥4, 7=2—X 2 13,
LINEITEM # % Probe L, ZOfRAE2 v ak£d LT
Build +%. 7= —X 3% ORDERS ## Probe L, ZDfk
RAE Ny 2K LT Buld ¥25. Zhbsict,
SUPPLIER # @ Probe #LEE72 K73 %H 578, 305 138
TEITRKE D> TS, K5 TRTEICT=—X1 L7
=R 2V 10GB SEIEY— N1 BEOMEEEHENE
STWS., 72—X 31X 225D/ y > 2KD Probe WLH & %
DOFEFR D Build AL %[RRI AL LTV 572 CPU AR
7 99%& CPU %X v 71l -> T 5.

=
o
S

I/ORIL—TF v (GB/s)

phi ph2 ph3

5 Q8 E{TED /O R)L—T vk
Fig.5 1/0 throughput of Q8

100% T

*T 1 - I
90% T
80% 1 4.9 — Dsys_other
70% 7.1 —— msysio
60% msys_mem
50% oadb other
0% +—— ! — | wadb_cntx
0% | uadb.db
20% | oadb_hash
10% | wadb_scan

phl ph2 ph3

H 6 Q8 E{ThM CPU LERR
Fig.6 CPU processing detail of Q8

£ 7 2—RZBiF D CPUMHOWNREK 6 (-7, AN
FRTCIE, CPU @ idol B§fE K O iowait BERIIZMRSL L T 5.
sys |3 OS DOMLE, adb (X7 — % N—RIULH ZRT . 5
O0ODE TlE, &7 = —ADHEEHTDOAL v RIZEH T
7 NAT A= HFRICEITL WS, LALAA S, DB ALE
BT 5 ALy RifilfEl(adb_entx) D 5D 5EEIZT 7 =—X 1
TT71%, 7=2—X2T49%, 7=—A3 T41%THY,
R L HIENTETNWD Z L2V 5.

W, 2 OOOFHEIZHWE QT L2 DFEITT T %K 7
L X 812577, Q7 1% CUSTOMER # X O* LINEITEM # %
AEVICE ST, 7y MpEIRRETD.

select
supp_nation, cust_nation, I_year,
sum(volume) as revenue
from
( select
nl.n_name as supp_nation,
n2.n_name as cust_nation,
extract(year from I_shipdate) as I_year,
I_extendedprice * (1 - I_discount) as volume
from
supplier, lineitem, orders, customer,
nation nl1, nation n2
where
s_suppkey = I_suppkey
and o_orderkey = I_orderkey
and c_custkey = o_custkey
and s_nationkey = nl.n_nationkey
and c_nationkey = n2.n_nationkey
and ((n1.n_name = '"UNITED KINGDOM'
and n2.n_name = 'SAUDI ARABIA")
or (n1.n_name = 'SAUDI ARABIA'
and n2.n_name = "UNITED KINGDOM'))
and I_shipdate between date '1995-01-01'
and date '1996-12-31'
) as shipping
group by supp_nation, cust_nation, I_year
order by supp_nation, cust_nation, |_year;

E7 Q7oxy
Fig.7 Query Q7
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customer

8 Q7 775>
Fig.8 Execution Plan of Q7

N
o
'
'
'
'
'
B3
=
=
(]
I

|

I/ORIL—F v (GB/s)

ph1 ph2 ph3
®9 Q7E{TE® /0 XIL—Fyk
Fig.9 T/O throughput of Q7

91 Q7 FETHD IO AN—T" v FaaRd. 7=—X 1
TlX CUSTOMER # ® Build QU % ET74%. 7=—2A 1
DTS CUSTOMER FD 3 7 » MAYENCEE S 1GBlsec
FEE D Write /O " FEEL TS, 72 —X 1 T
SUPPLIER # % Probe L, TOMBEREZ v aFE L
C Build 2008 72 86 RIFFICSEAT SN TV D03, BREEC
¥ TLTW%. 7=—2X 2% LINEITEM % % Probe L, #
DfERZ Ny a2fKE L TBuld 5. 7=2—X20@&kh»n
5 Write /O BRRAELTEY, N7y MpEIEZFTLTW5
ZENHB. 7 =2—X 31X Orders £ Probe & 37 v My
BIPR A2 FEITT D, 72— R 4137 2— X2 R3 TS
NNy MEONy v a bR B2 ETTH. 72— X 2 Ok
WAy aEISNTWAH T8, WMBORETIE, 1B
DNy ¥ 2 BB ORRFERO AN o RpEl T LTV 5.
IR T LB 72— X1, 7=2—X2, KV, 7x—X
31X Read /O & Write I/O ®AFHCTH— 31650 /O PERET
% 10GB ZIZEFE N> TWDE. 72— X 41T 2BED
Vafbf EERERIFFCIAT LTS, CPU FIIFEN

93% 442 CPU % v 7 L 725 T D

%7 2 —XZBT 5 CPULBEONFR A X 10 1277 AN
RTIE, CPU @ idol BFR & TN iowait BEREIEERIL L TN 5
Q8 FHATIE & [FERIC, T DA Ly FHEO A — 3~ RIT,
BWRUTTHS.

100%
90%
80% oOsys_other
70% + msys_io
60% |sys_mem
50% - oadb_other
40% | sadb_cntx
30% - oadb_db
204 oadb_hash
10% madb_scan
phi ph2 ph3 phd
E 10 Q7 E{TH® CPU LERIR
Fig.10 CPU processing detail of Q7
5. EHYIC
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