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Proposal for a hierarchical storage system that can move a spike
to high-speed storage in real time

KazuicHi OE,t KAZUTAKA OGIHARA," YASUO NOGUCHI
and TOSHIHIRO OZAWAf®

For storage workloads including a significant spike, we propose a hierarchical storage system
that can detect a spike area dynamically and move the area into high-speed storage like SSD
in real-time. Our evaluation using MSR Cambridge workload revealed that our storage system
can response quickly to spikes and improve IOPS performance by up to 77% compared with
conventional HDD-only systems. Additionally, it was confirmed that workload monitoring for

spike detection had negligible performance influence on user I0.
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HY HDD HAKEHEIC 100%TH L2 enansd,. X6
WFHEE ¢ HDD HAKC BT % 1 2 RFED iops @
HEFFCH 5. HEE)FC1E, 3000iops HD ERAS 3 [0]
FAEL, —~EICHARRIELREL, ToORERNT
Mo TNDZ NN D, —F, HDD BiRIIRE
DEFH TV HD 7z 31 4% S 1000 iops Atk M
REZMEIFL, AR e L TIREHNE 0EN 5Tz,
proj4 1% V] iops [a] FICIFENHEA 72 h 5 7248, peak
iops 1] FICI3ENSEA%H - 7=, SSD -\ 23GB H#fiL 7=
DIZT 72 AR F - 7 HE g, BffEpd
% segment SFHENL T, HbeRFREAfa» 5 2 72
HEFEZOND.

FeHbE, usrl DA spike FIFAFRNT — 7 1 —
R, IEARCLYTITHEER LT 5, web2 0
2 spike HIHMWL VT — 27 11— R Cl¥, segment %
MR RIS TR 12, oM iR A 5 & TS
WL 70D, proj2 Tld, spike #HISAY SSD I Ff)d
22 ¢ T HDD il — "=~y RAVNE <22, SSD
Mo NLMEED LIcH T A5 E0H 5. projd
DFRC spike FURD ERFHMD ThE T — 2 —R
TY, peak iops [ FICHIRM S HI5E50H 5.

XRIC segment DK E SICHT 2ikiREIT-TH
. K6 IFFHHICHW &Y — 27 8 —K D spike 518
DRKEESTH D, usrl, proj2 lF-FiEAY 0.3-0.4GB
T 5 DT 1GB segment 127 2 & B MR L
578, proj4 ¥ 1IGBAYHEL THY, web2 % segment
size % 12GB f2EICT DML Tvb. —F, seg-
ment size % K& < T 5 & HDD 26 SSD D Hir ikl
BIHIL TL £, 22—V 10 I8 % 5% Hu]RE
MDD, RREOMEIFRIFETIX 1GB izt 5 0i 10
FYFESE DM - CTunv/z, SCSI timeout A% 20-30 F/ CH
52w RD L, REOMEEFITTIE segment size
ik Kk 20B FEEICHEOD ARETHLZ a0 5.
Fewd e, RAEAZBEMTLEIRT £, HDD »
5 SSD NDHREIRFRIIC L 0 | segment size % %iE
L7z kT, 7= —KRIZIEL T segment D KX &
ZE Sk B IS EEET 2 oY SSD 4% LV HR)
ICHHTCE 5.
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5.3 spike 4EiH & short spike FHIFDERETEE
FER
KO HINE, (60 SRR RBKL T A Hms
FA4T 5 spike HHIRK & BRI IR & FHH) T2
short spike FIRICFKAET L2 BHOH GELHEL /2K
AT ) 2 & T, BEHABMRNR T —-rn—K %

£ 4 1 F#EE O T iops(HDD Hifk& o k)
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HHiEIC T2 2 & TH 5.

(LU DICARTEAFREIC B 5 short spike HIKoD £
TR C B L Cifimd 5. short spike W18 % 7R
DOFEHS LdHbE DL, Pl spike WFE
L 7z segment Z MHIL, %@ segment % SSD 4]
W& - 1z & ¥121, spike HNERL T4 4k, &
5. REY AT LATERO 2 data & FVCHES
IT>THBY, segment FFENFT A7 < &Y segment Y4
720 10 HREE T 5, ZoFEFRLD, RERRFRIC
BIF % short spike HHIKD B wfkie L, A7e <R
FRU-oTH 3NHEETHY, segment BUIEL THM
T 5.

FEMTITEK 2 D projd % v /=, projd ZHEL 7=
& 2 A 4GB O spike #IH & 187GB @ short spike
WP SRERSND Z &N 572, F 2T spike Mt
& short spike RO AHH|GEEHLTTEL L HITT
572912, projd % spike #IK & short spike HHIKIC
NEEL, ThZNnEEEL T btreplay O FE{T% o] HE
ICL 7z. spike JIKD btreplay 58513 4 CHEEL ,
short spike MUIBDOEHEZ 126 5ICEALS L 2
& CHERE 1T 572, btreplay O EITHFEIL 20 Sr& L
7=. FRIDOFE T short spike HHIRD BT % 4 15151
FT3479 % & HDD fll%util 23131F 100% & 7%
& HitEL .

RTVWFEERTH H. SSD HIHEICIE, SSD ~F
HfA35E L Tl segment V& £ 720, 10 iops (]
f#l) 13 short spike x1 RHIEAMEME Sz G
DETH 2. FHERELD, E—IMEnEohso
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7= | "hiops | TFliops | SSDW | WEE | (% short spike §Ul% 3 (HHTIITL /= BETH S,
o—K | (f&%A4E) | (HDD #ik) | & (GB) (%)
usrl | 1983 836 6 77 %7 spike §k2 short spike RO M EEFERTER
web?2 1439 1174 27 22
proj2 635 436 23 45 1 SSD i Hifn iops | /0 iops
proj4 | 865 854 23 1 iops | & (GB) [€SUAE) (W)
spike x4 1498 2
%5 SSD rw 0F&Y svetm(HDD Hifk: i) short spike x1 | 261
s x4 + ss x1 1676 2 178 261
=7 SSD rw HDD @ svctm HDD & svctm s x4 + ss x2 1967 | 6 469 523
a—R | o8& (%) | (8%47E) (ms) | (HDD k) (ms) sx4 +ss x3 | 2262 | 8 765 784
usrl 89 0.39 1.20 s x4 4 ss x4 1699 10 201 1046
web2 55 0.60 0.86 s x4 + ss x5 1284 -213 1307
proj2 11 1.93 2.32 s: spike, ss: short spike
proj4 1 0.90 1.07
3% 8 blktrace,iostat A —/N—y R AR
& 6 spike FilO KT (Hfi: 1GB) AT - RIREE | AT - B
- - TV UHY Y UL
usrl web2 proj2 | proj4 -

=N 01 01 01 01 iops 1481 1466

ot Lo : : - CPU %idle | 925 925

FEE | 0.4 11.9 | 0.3 1.0

A " ” w/s* 8.1 0.5

B 1.0 34.3 1.0 -8 *1 VA5 LT 4 AZITiTT % write sector per sec.
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short spike Ml % 4 5%V, FTHEITT 5 &, short
spike $HIRIC 95 SSD HfiiA — /N —~y KAV EL
%9, SSDIC & & MEREM FEIRASHENTL £ 9.

ZOERBER LD, 1EFEFFIT short spike A
o Bt HDD flloMEgEZ Kbgic Lol s v — 2
0— K THRINTH 2 2 ennnd

5.4 blktrace,iostat F—/\—~ vy K F{E

4.1 ETHAL 72 L 212, EFES Tl blktrace &
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OFENE 3175 THL. Tk, usrl & 10 /D
DHEFITL, M- M ET Y ¥ v O FHT iops ©
cpu HAZFMNE O L OICEACT 0% FEL /2.

R SITEMERTH S, 1HEEL iops WESNT
WS IAREET CPU %idle 2MIZF[ELC i & 72 5 2 & A%hiE
RCeEl, ¥ 257 L5 1 227 D write BRHET1
My 50, 2 —VHEREEL 5 A 5138 Tldna
EMHERET S 7z, SEIFTENT AL 25T, blk-
trace,iostat O 2 —H 10 NOFBEFIF L AL 700
IR © & 5.
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FEE O FURAN O B P IR RAET 20— 2
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BohdZl, [NOEEITITEEIN 2 £ TR
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