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Abstract: Storage tiering is a technique to move data onto appropriate storage devices among variety of
storage devices. It allocates the frequently accessed data onto high performance devices like Solid State
Drive (SSD) and improves the average I/O response time for the storage system. The effectiveness of tiering
depends on how to select such data and relocate them onto SSDs. In this paper, we propose Pre-query Stor-
age Tiering (PST) to improve the query performance of Relational Database Management System (RDBMS).
PST manages a logical volume consisting of HDDs and SSDs, predicts data area where RDBMS will access
in query execution, and relocates such data onto SSDs before query execution by using query execution
plan. The experiments of PST implemented on Linux kernel and MySQL show that PST can reduce I/O
requests to HDDs and provide an improvement of up to 77% in query processing time on TPC-H benchmark
as compared to the previous storage tiering methods.
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1 AL VRRERIET 058
Table 1 Storage tiering approaches.
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CEET 2 TH 5.
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Fig. 1 PST architecture.
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Fig. 2 Data structure in PST.
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© 2014 Information Processing Society of Japan

N

—TNBE - EHIC L %) 1/0 B /O JEAE I %
SO, COBEREERENGD S LT, KBNS &
312, LU /0 ERAFTHN BRI+ > 7 OTFHHE %
BOLIENTED.

4.4 ERBHETAY I LOEE

IKBEEEFE 7075 41k, RDBMS P35k~ k
1EE R 2 — LEHRREA 1T 2183 % 012, RDBMS
Dy T)MBENE)ERICEL T VEELFEL, K
) o2 — LSRR IS ES R AT .

EERE IO 77 A%, £ 1) ETEHEIERD
57 T VMBEFIZBRENLE T —TNRA 0Ty 7 A% K
WA, E5I2EF0 RDBMS OHEREREHEH % VT, DL
BOI/O ZROBEPRIZE T =TV, ¥ Ty 7 A
P 5. RIS, REREFHE QI L0377V
A7y MEREZZE LT, 1/O BERBEEI SV E T L
T=TNRA YT 7 AWK S NGB T v v 7 wFEE
T5. S5, RERERHE 7077 2138 2 — L85
FERED 1/0 Matmar AL, mfF v v 7B CTI/O &
ROFEOE S % FMlT 5.

REEEE 70754322 TOFIETURZI/O R
KHENEL R AHBF Y v 72 TFMTELDOT, FHIL
721/0 FERME S WIHICERELT v >~ 7 % SSD OFE =S
FCTSSD OWELF v » 7 ICHECE L, KD OmET v o
% HDD ICHRET A & 9 R 2 — L EHEBEREICIRR T 5.

5. TPC-H % B\ /- 14aE:F4

5.1 FHfiAE

REBETIX, PST OFMMEEZ AT 5720, MgV
Fv—rx5 L LT TPC-H[14] # V72l #2417 - 7.
TPC-H 3 HEERED /2D T — 5 G Loy F v —
77U TTLTHY, REBOT— TV E2BRT 5720
TA AT T 7 AVEREDNEE \CFEATRR I BT 5.
5.1.1 BIEMRIIUDEH

TPC-H (X 22 fiD 7 =) O FEATHERI 2 MET B X > F
Y= T7OTTLTHL, L LARERTITA L — VR
JBHIE O R EZWIEICT 2720, BT A2 T 7 A%
BEARSR MV A w2 bbb 7)) oM (Q3, Q4, Q5, QT,
Q8, Q9, Q10, Q20, Q21) %FRL, %7 1) % NEKE
fTLARHE 2 e R E Lz, by )ik, H
BIE MySQL ®4x7— % % HDD A& L 72854 & SSD 12
AL 723808 5 7 20) OFETRM A HE L, WillE
DEATIHFRIERRKEZ VL OZE B L DTH 5.

5.1.2 HEEMNRE T IRBHEAR

ARFHEER TIL B R & % 5 A b L — VR HIE 5
L CHERESF (FST) B X UF FlashCache % VT,
PST & @ a2 47 o 72.

FST & PST EWFNbF LAY 2 — 4 RIZT7—%

1640



BB F=EHEE Vol.55 No.7 1637-1644 (July 2014)

AEET 525, WEIHEEICHCS L Y MEke FRE
DIAIVTHRLEDL. WHRE BIZ, FHACTNTOR
HF v v 27 % HDD OWIF ¥ v 7 123 B2 72KREET—
FETPC-H 2FEATL, &F v 2 ICETENLEI ) D
AEFT/O BRI ZHRNL €, HREBEOL ¥ MEHE LT
EHHEE T 1/O BRAH SN A5EF ¥ » 7 O TN AW
5. FST O¥pE, RBAECERH 7227 7 413 RDBMS O
bt MERIFIHAES, R 1/0 ZREEKK & W»
ECRaEEF ¥ >~ 7 % SSD IZxteolF, ¥ % HDD (Zxt
oA, F7z, FSTI3 7 ) OB R L R\Wwizo,
TPC-H EATHMBMIC—E2Z T F— Y BEREZI1TH). —4
PST (& FST &I 1/O Zokl¥x b > MEHRE LTHW
%%, TPC-H O % 7 ) ILELHT 2 EXPLAIN ) % 2297 L,
Bon/zr ) FATRIMEREZ AL Tz ) ZTEi27—
5 HEE YT B RLL,. PST TIE MySQL IC X %2
) FEAT LS L TR ER S 70 7T LD T — 4 L
BEXETT L. 2070, WEHRIBIT5FIATRERICIE
T8 B ELE S St

FlashCache |&, HDD F®57—% % SSD ECTF v v 2
T A BE AR 5. FlashCache & HDD ~0 1/0 %3k
HEEFEA L, 1/0 ZREFEICBWCLRUJECTT =% %
SSD IZFFBLIE§ 5.

5.2 i

AEERTIX, Linux 71 — A V2% 2 % Device Mapper [15]
*HWT, FST BLOPST 25FIH T 2R 2 — L FHH%
REAERE L2, TR 2 — AEHEEE joctl ¥ AT 4
- VEHATEY, KEREFR 7177 405 1/0 #
FHERDO PG BB R TRETH 5.

x5 RDBMS & LTI MySQL % H\ 7z, MySQL ® A
M=V XYy TdH5 InnoDB [16] 3R ) 2 — 4 %
IMB HEEHEBOESE LTEHL, o7 -7 %
A7y 7 A% ZOMETEE 1MB BuCRET L. £2T
EF Yy 7 OREEEZFLIMBIZTAZ LT, InnoDB
CLEREAR) - LD TV RiEE T 74 v EHT.

PST THv:% RDBMS Ot » ME#HD S H, iewEt
e 7 o) EATRIEEHIE MySQL OEHERKEETH %
performance_schema A ¥ —~ & EXPLAIN 7 =) & i\
THALE. 7=7 VLA 77 MEHRIZ MySQL A¥Z#E T
HWRE 2 A LT\ 72, InnoDB D78y 7 5H
JIBEREIZ 70 AT v 7ogu&Ex iz, 7—7 VLA Tk
Bz EME T 5 &1L 7.

EACERE 712 7T 4103 Perl TIER L 72, O
FLERSE 70279 4013 MySQL & i3fl 7 a2 L L CH
EL, MySQL 237 =) AT Bz M h 3556 L, K7
07 7 A13 MySQL @ 7 1.1) F247 & 4T L Tl fc i Rt
BLOKRY) 2 — L EHERRNOFERERRZIT) .

© 2014 Information Processing Society of Japan

%+ 2 TPC-H EBRBRE
Table 2 TPC-H test environment.

EE S

CPU Xeon 5140 (2core, 2.33GHz) x 1
AE DDR3 12GB (5% 1GB DA% )
HDD HGST HDS723020BLA642 X 3 &

(2TB, 64MB cache, 7200rpm)

RAIDO Tff (R M54 g 64KB)
SSD Intel SSD 320 Series X 1 & (300GB)
Operating System Fedora 15 (x86_64)

Linux kernel 2.6.43.8-1.fc15.x86_64

10 scheduler deadline (HDD), noop (SSD)

MySQL 5.6.15 (LA 7 MERE /30 FH)
TPC-H version DBT3 version 1.9

TPC-H parameter Scale factor = 1

FlashCache version 0.3
12000 1000 - 120%
101%
~ 10000 - 94% oa%, 96% g g7 8% 100%
Y = 54% 87% "
= NN 795 81% k|
S 8000 a — - 80%
& COEATEE(PST) ?g
% 6000 - COEATERA(FST) - 60% mﬁ:(
.ﬁei IR 1THRE (Flashcache) §
7 4000 - - TSR LL 3 (PST/FST) | |- 40% _\&j
o I
H 2000 I:I-l-‘ || || L 20% 2
0 T —_— III ||I[|II[|II[| 0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SREAR) 21— LIZEITESSDBEREE

3 &r ) GRFETIH

Fig. 3 Total execution time of queries.
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& %179 FST % PST O J575, 1/0 BREFHIZ 7 — & FHACE
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FST & PST % [b#§ % &, SSD HEEI AL W&
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