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A Study on Power Reduction Method of Disk Storage
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Abstract It has been widely recognized that the business breakdown due to unpredictable disasters such as terrors and hur-
ricanes provides a nation and a society with terrible damage. Tangible actions intended for business continuity are being
obligated by country-level legal systems as well as by enterprise-level internal disciplines. Recent highly informatized busi-
ness cannot be operated without disaster recovery systems which incorporates a geographically distant secondary site as a
backup system. However, for such a disaster recovery system involving site-level redundancy, a new crucial issue arises re-
garding the reduction of doubled operational cost. In this paper, a new power reduction method is proposed focusing on a
disaster recovery system based on log forwarding remote copy. The proposal exploits the site-level transactional recoverability
elegantly brought by the log forwarding. For validation, basic evaluations using log flow analysis and benchmark are disclosed,
showing that two goals, power reduction of secondary site and quality preservation of business continuity, can be achieved.
The contribution opens the gate for significantly reducing operational cost of disaster recovery systems.
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#1 TPC-CRVFI—TIZ

BT DRENR Y 2T LKL

Rank | Vendor System tpmC Database # of disks # of disks
(data volume) | (log volume)
1 IBM System p5 595 4,033,378 IBM DB2 9 6400 360
2 IBM eServer p5 595 3,210,540 IBM DB2 IDB 8.2 6400 140
3 IBM eServer p5 595 1,601,784 Oracle Database 10g 3200 96
4 | Fujitsu PRIMEQUEST 540 16p/32c 1,238,579 Oracle Database 10g 1920 224
5 HP | Integrity Superdome Itanium2-64p/64c | 1,231,433 | Microsoft SQL Server 2005 1680 56

Quoted from Top Ten TPC-C by Performance Version 5 Results disclosed at http://www.tpc.org/, as of December 11, 2006.
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Ti2, E12 15 [s], 62.25 [J] 0.67 [s], 0.36 [J]
151, E21 26 [s], 904.8 [J] 1.6 [s], 4.4 [J]

SYNG Ezmm

- SLF
)
3 1
s
52
g °

x
g5 o5

[
23
g
>
<

0
10 100 1000 10000
RTO [s]
(a) Power reduction effect on IBM Ultrastar 36ZX

c
)
‘6'-—
52
25
By
5
23
]
>
<

100 100
RTO [s]

(b) Power reduction effect on Fujitsu MHF 20043AT
S FmaHY 2 AOREEAR (2L

=10 DHE

SLF FEiOJ#GRIC &2 T P RAXV ANY AT A, 2R
Yo MOF—HRY 2 — LMIFIERMIIZ TR X N D T 258 R
IZOAT 78 AX N5,
SLF++ SLF DE&IZIAT, 3. CRULAZT—ZRY 2—40
BEIEEZITD T4 FARY) 7N VAT A,
%9, M5 »yﬂno®§m-iéﬁ§$ﬁ®#m%777
EUTRY. B8, I TREEDEZD AR 2—AD
HEEN%E, SYNC DL % R— 174/tbtﬁﬁmk



c
i)
a-—-
52
°5
£5
2%

[
% a
[
>
<

3 10 30 100
Log application-generation ratio
(a) Power reduction effect on IBM Ultrastar 36ZX
SYNC ez

c SLF m=ememm
i)
a-—-
£z
°5
£5
2%

[
% a
[
>
<

3 10 30 100
Log application-generation ratio

(b) Power reduction effect on Fujitsu MHF 20043AT
X6 F—&KYa—LDEBIMIRE (Trro = 100 [s] DEHE

/A9, IBM Ultrastar 36ZX (2B} D Trro = 10 D&, SLF++
DEZRLUTHRND, T, T4 AZOMEBELE— RE
HRARETH D L 2B KT D, —FH, TAUHNDOGEIEE

T, HEBBHE— REIHAAEETHS.

2ODBHAT A A RIA TOMFIZBWT, SLF I2&>T
EH 50%EDEBIEAARETH D Z LMW and. ZhIlH
U, SLF++TlX, #80%5*5 90% D KigiEE 1 b % sl fe
THdIENHND. RTO GIHINKZIVEE, HTFEABIRR
FERENEDD, FBIZRTO 2 K& T2 0EMIEAL, &L
5, SLF++IZ &> TT 4 AV R A1 TOMHEE ST — R
A HETd D &G, HiH, IBM Ultrastar 36ZX Tl LE 100 FHFE
[&, Fujitsu MHF 20043AT TIZ L% 10 FFEE D RTO MFFAE X
NdGE, +BREBIEPREING ZEBPEL MR 7.

RiZ, M6z, UL — hOEEbE Wlwﬁmk
SHBEIOENE T T 7L UTRT.

SLF i N SLF++& £12, OV MA% mafbds 22 &
Y, BEAMENEE->TWEH, ZOEEIESLF TIENLZE
40% 75 55%FERE L IREMTH DO L, SLF++TIEKRIFERE
BIAEZERL, BT 90%0 5 95%DEHELZZERL TV
5. Wi, JERNZ D Z A B 5 il bk L fas b

B2tk Y, REFIENMBOTEMICKERET D Z LS

ANV

4.3 TPC-CRVFR—IVREZBELLEENELHROD
MREE

TPC-C RV F ¥ —7 [30] Z VT, 07 MDA E
ZFALZ SLF++IZ E 2 ZRY 1 bDT 4 AV AL —I 4k
DEBEBNENREERIT D, ANV =YV ATLDRERE LT
1%, £1OEM 1DV AT LESEBIZET VLEITS/Z. 2

T RTO = 100 [s] e
T_RTO = 1000 [s] =
T_RTO = 10000 [s] ez

Averate power reduction effect

2 8 32 128 512
Log window buffer [MB]

M7 TA4AZAN—YDEBEIEE (TPC-C XV FI—7)

ZU, T4 A RIA TOBIHEEET IV L U TIREIHIO IBM
Ultrastar 36ZX 2 f|H LU ~. O EHAOE#HELE UTlE, EH
55X [38] ToRUZZFiLk%pGH DBMS Td % HiRDB [41]
EHOCHESFEEL, =7 NYAB%E 10 &£ L7 TPC-C RV
FI—IAF—IZHLUT, 10 I VT v avzERL

BonzH173 AEoa 7L a—R, WIZEO@EA N —A
EHWTEREZT, BENIEZ ML /-,

M 7IZHEIAESRE UT, a7 Y RNy 77 E, A
RTO WA DK T HEE IR EEL DD, RFERT
%, 2MB OO 7Y ¥ RNy 7 7 I LT, +o5n s
HOEELZETS 2B TET, MFWICHEEE— REH
DI =Ny RWKRELBD72D, T4 ATA R —=VULKD
ﬁ% ENEMARIEIHERICE S, —f, SMBL EDOO Y

VRN T 7 EAWEGE, F130%05 85%FRE DIHE
%bémﬁﬁé:aﬁﬁ%t@ot.it,momﬁmuﬁb
Tix, 10[s] ATFD RTO KD T TIX, T+ A2 R+ Tl
TBED 72 DIZBBHHEZDEDEEMT 25 Z LN TEA
Mo 72h, 100 [s] BLED RTO HIID R TIE, 77 7ITRT@E
O, HIESERETH Y, HBBHEHIKT DI LA TE 2. §i
HiTORMEY L EBIZ, 100 [s] BAEIZHWTIX, RTO HIHIA
BEIEMBIIG R DHEBIIRENTH L W ahorz

MEXY, TPC-CRYFI—I2HVERBGEEIZE>TE, £
EFENENIHEET 2 Z LA SN

5. EEMR

ANV =TIV AT LDEBEBICET DHFEIE, FFIZ 2000
EMRRIEFRIITDOND LSBT VWD. THATRIAT
DOMBENIDELLIE, ACYRIVE—RETIVFaT—4IZ
O THBINTVWDEZEND, TAATZRSIALTNTA R
THIHRNZ, ~w RE7yO—R$T2LeHII, RSA4TD
Wiz ZEIEX T2 (AEVE T UTE) ZXiZd>T, T4 A2
RIA TOHEEBIEHIBT D FAR BN THD. —ERERH
TAAT RIATNTA RVTHIBRZAL Y Z D VT 5 TPM
(Traditional Power Management) & #5X 115 il filliL, BEIZ/A < P4
MT4 A2 RS TTEREINTEY, £/, v hy T PC
RENAINEHRZETRHINT WS,

ANV —=UY AT LOEBENICET 2RRMBHEL LT
&, BIZT 4 AT 7R AORFBATEERIEHT DTN T

Bl



& /2. MAID (Massive Array of Idle Disks) [5,6] I, T+ A2 A

M=V N OGRSy MER L O—)) REEICHEIL,
Ay MEEEZ IV REEBOF vy Y aZEfe UTHHETS.
?~&77tx@%%%%ﬂ%bf 3~»F%ﬁ®?417
RSAT2T7A RIMET R I2&Y, YRS T2EEN
kﬁﬁé:t%ﬁ%?.#?v?::xﬁy, =)V REEED
RIA4T%T7 I AMBEERBIIBITIES AV TY 7T
) BENDH D720, IARFIVT A BRKRIVN, YA
FIZ, ZREBBADT A AT A ML =YD L LT, Copan
Systems IZ & > TREHILI N B ITE > T3 [20].

PDC (Popular Dara Concentration) [4,27] i& MAID & [d#k(Z
TAAT ANV =Y R EHOEBRINENTDEDTH DA,
BAEMBEKO X vy Y2 UTHATOTIEHERL, T—4%
REETOEMERD. £/, BIZT A AZ RIA TOHiE% 2
XD ZFTRS, NMITVYRTFTALATRIATEENAIN
T4 A7 RIA4TaMlAGOEDZLICkY, kLA
VAT LR R ATREL 97 5.

— KT, BEDTA AT RIA THNET 54 EEB N
BEREDIE % HIE T £ 47N TV 5. AutoMAID [29] &
TARAI RIA THET HEHAIET 1 RIVE— R [15] 275H
TEEHTA AT VA THD. —RIZ, TAATRIA TIE
AEY RIVE—REZLIEILIEE L, HEALYTY I
572012, Z2<OBHELFME KT L TI0Y, 71 RIVERRC
SERIZAE Y RIVE—X 2EILITLZ0TIEEL, EKETHIEE
IETHLZLITEY, HBELZERT S L L6127, HlEEE
Ot = HIETHLDOTH 5.

BB, BRAFARAMHET A A RIA4 TO—ETIX, T
4 RIVE— RFFDREEREDEFHNA[FETH 2 W, MR TFE
DOHREIZEY, [BEEEE % BICEEAERT A A7 R4
7 [23,33] PEVVERIZEZTIELARONT VWD, ZhbHD
ST N ADIEM % B9t L LT, DRPM (Dynamic
RPM)[12,13] TiE, T4 AZ ARV —=YDRIREE % T 7€ A
ZRIZ G U CEIICHET 2 FEMREI N TV S.

% /=, Hibernator [36] Ti& MAID X' PDC DT YO —F &,
DRPM O 7 70 —F &AL b, HEMOREEEE— K%
BTD2T4 AV RIATEEHLT, A ML —IZEME2ERD
T4 7 (ter) IZAEL, T4 TETOT—&2 70y 7 B%EIE,
WONZT 1+ AV RT A TORELEEHIEIC &L > TEBEHLEH
859

—F, #EkD RAID HilfHIgE% & X2 5 HINDIRE, WO
F vy Y aEMICEH U ZRENMTHON TS, EERAID (Energy
Efficient RAID) [17] 1%, T+ A2 A kL —I D RAID HilfHi#%iz
BWT, TOT—XTREMEICEHEHL, vy vaBHe AHHA
roa—=)rIO7NIT) ALERETDZILILY, T1A
JARNV—=YDEEIMEBELU TS, RIMAC [34] Tl
FkICHEE L I 72 RAID BRETOEEIEEZHIEL TV 5.
E7, WX [24] T, TAAIRIATOT A RV % E#
I EDZeick O EEENZR/MEIEDL AL TIDNN—A B
EDORBENZINT WD, FRRIZ, 38X [37] T, Fyy¥a
BHT TV XL &2 EEBIRIROMEE T THNT WS,

ARV =YY AT LOEBICICET DMENERIIRY
DOHBIERZIIT, RIEDEODETFIVALHER, WOIZE
BAEARDOY I 2L —y a3 VEMIZET MR ThRTH
%. Dempsey [35] Tl&, T4 AZ R4 TOHEE &2 BET
TIUET BB R INTEY, ZOHERIKELFHINTH
52F4A7 RS54 T3 a2l —& T DiskSim [3] DILER

BEE LTEBINTVS. 72, BBENEIEHOERME 2 RGEE
T22HODML—ARY) TUAREREEY UT, Dempsey % f\ 7z
Drive-Thru [26] BMERINT V5.

LEHDAN V=YY AT LADEBEIICET WL, E
ANV =YY AT ANTORIBEARICESPROSNT N S.
HIHULT, TAAIT IR ADEERTHZ I —NEDT T
Vr—2ay®I Ry o7 EOEENERINDDHD.

X [28] Tl&, TV T O EEHWZEENLE LT, 77
Vr—ayd—RhoTA AT 22070771 )VelE
T, ANL=VYEDT—=ZDLAT I NEHZTIRENRX
NTW5., F/z, X [11] TRAKIZY TV r—yava—R
WO AHRINE =V 2T 50, ZOB, Sarsahvy

WEHLZ7O 7 7 A VFHEZREEL TS, WX [14] T
&, AV FIZBVTARION=ANMEETS T ) r—
VA VEBEEMERIN TS,

AT, PO VR ARCE I T FAZY B8
VAT LERREUT, 2RV A MIB T 0 T AR
PIZfFbND mIZEB LT, 7—&KRY a—45% 71 KIUEL,
ZTOWEBENEHIRT D AAEZREL TS, BEINBEE
TlEH DN, WHRFHELERRY, ANV—IYTYATLL LN
DT —BARN—AV AT LA EHEIRDEZLI2LY, BOEEN
(LRI ZERAREL U TV 2 SICRHER S 5.

6. ¥ & ®

TFTAPRAZYAN) VAT AT DR bOEHA I A
NG HZEEHME LT, AT, D7E%EARIC
&2EFEAC—2FMALEZT A FAZV ANV VAT LEHR
12, BRI K ) Yo METT — & — BRI N5 I
HRHULBENMEARNZIREV 2, 72, OTHEMRTE RV
F— 2 & AV FHIIER %2 47, TPC-C XV F~—2 % FH
U 72 3l EERIZ BV T, 100 [s] FEE O RTO HIWO T T, =
RYA MZBITFDTA AT AR L —ID 85%FEEDEE LA
ERIND Z L ERLU .

BEFHEIE, TAAZAMN—VDEENEFERLLTIE
— RO TIREINZEEEZTRL TS LD ITRZI 6N5.
UL, ARL—YUYATADE S BHNEIZTIEERZ2E LT

Y, —EOEVAAENRKRDSNTHDI2EENLE, T4
AZYNNY Y AT ARGRIESAAING ZLI3HETH 5.
b, SBEMINEARNL—YUVYATLADD b—EDEEM
ZRYA NTHHIND Z L 2 WA, RIFZEIHEZ3HE
IFMBOHTRENVESZ XD,

AWML TIE, TAAZANLV—YDHEERLE LT, TED
VIR—=AV NTHBT AT RTA TR HFW, 74171
N—V% KT 2B, 77>, HESBCETIHEEN



AU 2. K#MXTIE, BV 2— L840, B BRI R S 2k
ETEROELIHEZTO O, INLOMBIKNIYR—2V
NEFIBRICHIBITRETH Y, BUZ, AWFZEOFMIZS 1 5L
DOFEBIIREMNTHZ LEZTVDD, LVFMETT L2
EETD, WREZITOZO. E72, KRXTIREFREDOKS
ETNEMCZY, EBEO NS V7Y a VY 25 AT,
EER R ERRBTEL R E T S WTREE S D Y, HREBILICN T2
VAT ANEEOZEEICELUTE, 5%, YIal—Yav®p
FHELBCTIELZTO FETHS.

El 23

RO —HIE, CHHFEE) —T 1770V he-
Society J:#&Y 7 b U = 7 OIMAFFE THhRENZA N — I
rl DBIRIZ & VTN, HEETH DHRARMH L 8E
&) Z2<OFMEIAY NETHELZ., B#dT22RETHD.

X L)

[1] British Standards Institution. PAS56: Guide to Business Continuity
Managemenet, 2003.

[2] British Standards Institution. BS25999: Business Continuity Man-
agemenet, 2006.

[3] J. S. Bucy and G. R. Ganger.
ment: Version 3.0 reference manual. Online manual available at
http://www.pdl.cmu.edu/DiskSim/,2003.

[4] E. V. Carrera, E. Pinheiro, and R. Bianchini. Conserving Disk En-
ergy in Network Servers. In Proc. Int’l Conf. on Supercomputing, pp.
86-97, 2003.

[S] D. Colarelli and D. Grunwald. Massive Arrays of Idle Disks for Stor-
age Archive. In Proc. Int’l Conf. on Supercomputing, pp. 1-11, 2002.

[6] D. Colarelli, D. Grunwald, and M. Neufeld. The Case for Massic
Arrays of Idle Disks (MAID). In Proc. USENIX Conf. on File and
Storage Tech., 2002.

[7]1 IBM Corp. DFSMS/MVS Version 1 Remote Copy Administrator’s
Guide and Reference, 1997.

[8] Eagle Rock Alliance. Contingency Planning Research, 1996.

[91 EMC Corp. Symmetrix Remote Data Facility product description
guide, 2000.

[10] EMC Corp. EMC Enterprise SRDF consistency group: description
and usage validation. Engineering White Paper, 2002.

[11] C. Gniady, Y. C. Hu, and Y-H. Lu. Program Counter-Based Pre-
diction Techniques for Dynamic Power Management. [EEE Trans.
Comput., Vol. 55, No. 6, pp. 641-658, 2006.

[12] S. Gurumurthi, A. Sivasubramaniam, M. Kandemir, and H. Franke.
DRPM: Dynamic Speed Control for Power Management in Server
Class Disks. In Proc. Int’l Symp. on Comput. Arch., 2003.

[13] S. Gurumurthi, A. Sivasubramaniam, M. Kandemir, and H. Franke.
Reducing Disk Power Consumption in Servers with DRPM. [EEE
Computer, Vol. 36, No. 12, pp. 59-66, 2003.

[14] T. Heath, E. Pinheiro, J. Hom, U. Kremer, and R. Bianchini. Applica-
tion Transformations for Energy and Power-Aware Device Manage-

The disksim simulation environ-

ment. In Proc. Int’l Conf. on Parallel Arch. and Compilation Tech.,
pp. 121-130, 2002.

[15] HGST Inc. Quietly cool. White Paper, HGST, 2004.

[16] M.Ji, A. Veitch, and J. Wikes. Seneca: remote mirroring done write.
In Proc. USENIX Conf. on File and Storage Tech., pp. 253-268,
2003.

[17] D.Liand J. Wang. EERAID: Energy Efficient Redundant and Inex-
pensive Disk Array. In Proc. ACM SIGOPS Euro. Workshop, 2002.

[18] Dave McAuley. Planning for IBM Remote Copy. IBM Redbooks,
1995.

[19] Claus Mikkelsen and Tom Attanse. Addressing Federal Govern-
ment Disaster Recovery Requirements with Hitachi Freedom Stor-
age. White Paper, Hitachi Ltd., 2002.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

F. Moore and A. Guha. Introducing COPAN Systems MAID Archi-
tecture (Massive Array of Idle Disks). White Paper, Copan Systems,
2004.

National Climate Data Center, U.S. DOC. Climate of 2005 At-
lamtic Hurricane Season. Online Report available athttp: //www.
ncdc.noaa.gov/oa/climate/research/2005/hurricanes05.
html, 2005.

National Fire Protection Association. NFPA1600: Standard on Dis-
aster/Emergency Management and Business Continuity Programs
(2004 Edition), 2004.

K. Okada, N. Kojima, and K. Yamashita. A Novel Drive Architec-
ture of HDD: Multimode Hard Disc Drive. In Proc. Int’l Conf. on
Consumer Electronics, pp. 2213-2215, 2000.

A. E. Papathanasiou and M. L. Scott. Energy Efficient Prefetching
and Caching. In Proc. USENIX Tech. Conf., 2004.

H. Patterson, S. Manley, M. Federwisch, D. Hitz, S. Kleiman, and

S. Owara. SnapMirror: File-System-Based Asynchronous Mirroring

for Disaster Recovery. In Proc. USENIX Conf. on File and Storage
Tech., pp. 117-130, 2002.

D. Peek and J. Flinn. Drive-Thru: Fast, Accurate Evaluation of Stor-

age Power Management. In Proc. USENIX Tech. Conf., pp. 251-264,
2004.

E. Pinheiro and R. Bianchini. Energy Conservation Techniques for
Disk Array-Based Servers. In Proc. Int’l Conf. on Supercomputing,

pp. 68-78, 2004.

S. W. Son, G. Chen, and M. Mandemir. Disk Layout Optimization

for Reducing Energy Consumption. In Proc. Int’l Conf. on Super-
computing, pp. 274-283, 2005.

Nexsan Technologies. Disk Based Storage Solutions: The Next Gen-
eration Now. Presentation Material, 2005.
Transaction Processing Performance Council.
transaction processing benchmark.

TPC-C, an online
http://www.tpc.org/
tpcc/.

U.S. SEC. General Rules and Regulations promulgated under the
Securities Exchange Act of 1934, 2005.

Veritas Corp. VERITAS Volume Replicator 3.5: Administrator’s
Guide, 2002.

H. Yada, H. Ishioka, T. Yamakoshi, Y. Onuki, Y. Shimano,
M. Uchida, H. Kanno, and N. Hayashi. Head positioning servo and
data channel for HDDs with multiple spindle speeds. IEEE Trans.
Magnetics, Vol. 36, No. 5, pp. 2213-2215, 2000.

X. Yao and J. Wang. RIMAC: A Novel Redundancy-based Hierar-
chical Cache Architecture for Energy Efficient, High Performance
Storage System. In Proc. EuroSys, pp. 249-262, 2006.

J. Zedlewski, S. Sobti, N. Garg, and F. Zheng. Modeling hard-Disk
Power Consumption. In Proc. USENIX Conf. on File and Storage
Tech., pp. 217-230, 2003.

Q. Zhu, Z. Chen, L. Tan, Y. Zhou, K. Keeton, and J. Wikes. Hiber-
nator: Helping Disk Arrays Sleep through the Winter. In Proc. ACM
Symp. on Operating Syst. Principles, pp. 177-190, 2004.

Q. Zhu and Y. Zhou. Power Aware Storage Cache Management.
IEEE Trans. Comput., Vol. 54, No. 5, pp. 587-602, 2005.

A A, SHEI g T AR — AR AT AN —
VYAT b GRS SCE  T— 2 X — 2, Vol. 46, No. SIG
8(TOD 26), pp. 130-147, 2005.

VDR, AT &, KEHEZ, BRE . T4 P AR AN) TR
TLIZET B0 EANED 10 FEENRFEOHRSE & 3.
HALTR 2 A8 S LB AL HRE > > AR Y U A, pp. 15-20,
2005.

WIEIRT. M A R T A V- P EREDRSE L KF
RGO LD 72812~ 2005.

H 378 fEf. Hitachi HIRDB Version 7. http://www.hitachi.
co.jp/Prod/comp/softl/hirdb/.

FSZBERT. SANRISE ##5THEl§ % HIRDB 7« ¥ 2%V 7
I\ R DOVERBRRGERS R, A7 A b _—/%—,2004.

8RR, 17 DAFMEZERE TEE IR b2 HEY % @5
T4 AR KN Hifli. 12725 <, Vol. 8, pp. 15-16, 2005.



