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Ng =3)

gooooooooobooobbooobooboooobooooooo
goboooooooboocooooooooooon

3.2.1 O0O00OO0O0O0OO0OOO0OOOOOO0O0O00O00O0

o40000000000000O0O0O0O0O0CCOO0OODOO
gbobooobooooobooobbooooboboooobooooooo
0000000000000 0O0000000D00000 4(a)
goboooboooooooooobooooboooboooog
gooooooooobooobbooobooooobooooooo
gobooooooooooobbooobooOooobooOooooo
goooooooooooboooboooobooooDooo
gbboobooooooooobooboobooobouoooboo
gobooooooooopR,,sO000 P, P,O0000000
goooooboooooooobobooobooooooooooo
gooooobooooooooooboooooooon

gboooooooooboooooooboooobooooooo
goooooboobobodoooo «bOob0b0ooooooog
goooooooooooboooboobooboooooboo
ooooooooouo4b)oooooCcM, 0 r=0,100
0o0oCM,00000r=1,2,30000000000000
gbobooooboooooobooobboouoobooOooobooooooo
goooooooooooboboooooboooobooo
gobooooboooobooooobooooobooo

02 00000O00ooooooo

Table 2 Configuration of eache storage systems

ood Normal RAPoSDA
0oooOoo0oo0o - 24GB(8GB x 3)
oooooooooo - 6 9
gobooooboono 60| 90 | 60 90
goooooono - 0.2

ooo 3 3

03 0D000OO0oOooooooo HDDOODOOOO
Table 3 Prameters of Hard Disk Drive Used in Simulation

parameter value
0o00TBO 2
oooooo 5
Oo0o0oooooRPMO 7200
oooooooooooooMBO 32
00O0o00O0oOoMB/sO 134
Active 00000 0O WattO 11.1
Idle 0000 0O 0O WattO 7.5
Standby 00 00 O 0O WattO 0.8
Spin-down 0 000000000 JouleD 35.0
Spin-up 000000000 JouleO 450.0
Spin-down O O O secO 0.7
Spin-up 0O 0O O secO 15.0

4. U g

goboobO0oobooboooooboboooboobOoo
000000000000 0D00O0000 RAPoSDAO DO
gooooooooooooooobooboobobobobo
ooo

0000000000o0ooO0ooDOooooooO g o
gooboooooooooooboobooboobobobobo
gooooooooooooobobbooboooooooo
goooooboobboboooooobooboobbbooooo
oo00o0oo0oDO00O0O0DOoO00O0ODOOob0bOO0OdDread or
writeUO OO OOOOOODOODOODOODOODOODOOOOO
goobooooooooooobooboobobobobobo
goobooooooooooobooboobobobobobo
000000000 0O0oooOooooOg RAPOSDAODODOO
000000000000 00000 Normal OOOODODOO
O0O0ONormal 0OOOOOO0OOO RAPoSDAOOOOOODO
pgogoobobooobooobboobbbooobbooobbo
gooooo 22000000000

4.1 0O0OOOOOO

J0000oDOO00O000OCOOUOObOo0Ob0DoOOnon Hitachi
Global Storage Technologies O Hitachi Deskstar 7K2000 [13]
gooooooooooooooboo 30boobobobo

goboooooooobooobooobbooo 4000
goooooooooooboboboboboboboooboog



04 0OO0O0O0OOOOOOOO
Table 4 Parameters of Synthetic Workload

workload parameter value

ood o500

read 00O 30%

0oooooo 10,000,000 (32KB/file)
00o0ooooog 960GB (3replicas)
gooooo Ax 3600 x 0O
googooo Zipf OO
gooooooo Poisson 0 0

Zipf OO s 1.2

0o000ooad 30 (request/sec)

g %
i
£
c 57.5%
2 .
B | CS({Fix)
3 55.0%
E W CS{var)
; 53.5% | 1 DGA(Fix)
3 m DGA(Var)
B 500% -
60 90
Number of data disks
05 00000
Fig.5 Power reduction ratio
1.2

wio
w
Eo8 = CS{Fix)
el
906 - m CS{var}
o

4 DGA(Fi
§ 0.4 L] (Fix}
oo m DGA(Var)
) = Normal
= 00 -
<

60 90
Number of data disks

06 0O0O0OO0OO

Fig.6 Average response time

4.2 0 O0O0OO

Os50008000000000DOOOODOOODODOOO
o000 CcSsobGADOOOODOOO0OoOoOoooooooo
00000000 Cache Striping 00 0O 0O Disk Group Ag-
gregation 1 00000000000 O0O0O0DOOCO Fix0O Var
oooO0o0o000boO0O00000o0o0O00000o0boo0OO0
0000000oooOoO00On0000O00OD0OO0OOO0OODOO
goo0ooooooooooooooooo

O50 Normal 0000000000 RAPoSDADODOODO
0o000o00oo00oooocsO bGAOODODOoOooOooo
goooe0oO00O0OO0O0ODOOOOOOODOOOODOODO
ooooooooOoooooosoboboOoOObOOObOOOOn
00000oooooooooocooooOooooo csoon

-
N

-
=]
|

B CS{Fix}
m CS(var)
= DGA(Fix)
H DGA(Var)

(oI
I

Buffer overflow count
IS

60 90
Number of data disks

07 00000O0OO0OO0OO0O0OOOOO0OO0OOO000O0

A number of buffer overflows of cache memory

-
v

[
a

-
W

B CS{Fix}
| C5{Var)
» DGA(Fix)
m DGA(Var)

-
[

—
=]
|

Spinup count [thousand]
I v

60 90
Number of data disks

08 ODOoUoOoooO
Fig.8 A number of spinups

DGAUOOUOD0ODOOOOOO 1% O0O00ooUoUoOO
goboboooooobooooooobooobooooon

0600000000000 0000O0ORAPoSDAODOO
ooooopooooboooooOoOoOoOoeonOOO CcsOoOO
DGAUOOOOODODOOOODOOODYOO0O0ODODOOOOD
gboobooocobdooooboooboobeonboOoOoOO
oo csooo0OVvard FixOOOOOOOOOOOOOOD
good

07080 RAPoSDA OO DODOOODOOOOOOOODO
gobooooooooooboooooooooooooo
obooooobooooroboobooOooooooOboboOosnn
oooOo CcSO bGAODODODODOOOODOOOoOOoOOoooO
00000000600 0000DGAOODOOOOOOOODO
gbobooooooooooooooon

o000 8ODOO0OOoOoU0OoOOO 60000 CSO DGA
gobooooooooooooooboooooooooonono 9o
00o000000oo0000FixO VaaOOOOOOOOO
goooooooooOoO0O VarOOOOOOOOOODOOODO
gooooo

goboooooboooboooooobooooboooobooooo
O00o0o0ooooD csOo bGAODOODOOOoOOOOoOoooO
o0e0000000000000000OOO0DO DGADODO
goooooooooooooooooooooboosonooad
oooO0oo csoooooooooooooOoooooooon
gobooooooooooobooooooooobooooonooo



gboooooooboooobooobooooooobooobooon
goboooooooooooboooobooooooooog
0000000000 O00oCcSOoooooonn writeOO
gobooooboooooboooboboooboooobooooooo
ooo0ooO0o0ooooOoO0ooooOoOoooogooocsoon
goboooobooooobooooooooooooDon

5. 0D ODODO

gooooo0oooooobobobobOobobDooDoon
0000000000000 000oOooOooOoooO Shifted
declustering(SD) [15] D 00 000 O Chained declustering 0
goooooooooooboobobobobobobobo
gooboooooooooboobobobobobobobo
gooo0ooOoO00oDooOoOooooobooo sbooooog
gooooobooboboboboboobooo

Willis O [11] O Chained declustering 0 0 0000000
000000000oooooooooooooooO Chained
declustering 0 000000000000 O0DOO0OOOOODO
goooooooooooboobobobobobobobo
0 0 O Chained declustering 0 000000000 C0OCOO0O
goooooooobobooboobon

MAID [3] 0 PDC[12]00000000000000000
gooooooooooobooboboobobobobobo
poobobooobooobboobbboobbooobo
00oooooooooooMAIDOODOOOOOOOOOO
gooobobobooooobobooooboboobooo
gooooobooboboboooooooboobbboooo
odooooooooouooopbCcOUOUdOoOoOoUOoOoOO
goooooooooooboobobobobobobobo
goooooooooooboobobobobobobobo
gooooooooooooobobobobobobobo
goooooooooooboobobobobobobobo
gooo00oooooooooobobooboobobobobo
gooooooobooboobobobobooboon

GreenHDFS Q|0 O00O0DO0O0OO0OO0OO0DOOOOOOOODO
gooobooboboboboboooooooobobobo
odo0od0oo0oUooooOooOo HbFSOOODOOODOO
gooooooog

Rabbit [2]0 Sierra [14]0 FREP [9] O Power proportinality
goooooooooooboobobobobobobobo
gooooooooooobooboboboobobobobo
gooooooooooobooboboboobobobobo
gooooooooobooboobobobobobobobo
goboooOo0obo0obobobDOoobobobUooboobobo
gooboobooboobobobooobooooboobobooooo
pooobobooooboboobbooobboobooobbo
gooooobobobbobooooooooboobobbbobooo
poobobooobbooobbooobboobobooo

6. J0DOOO0DOOO0ODOOO

gobooooooobooooboooooooboooooboo
O RAPoSDAODODOOOOOOOOOOODOOODOOOOODO
gobooooooooooobooooooboooobooooooo
0000000000000 0000000000 RAPoSDA
gooooooooboooooooboooooobooooboooo
oobooooooooooo

goboooooboooboooooobooboooboooobooooo
gobooooooooooobooooooooobooooooo
goboooooooooobbooobooboooboooooo
gobooooooooooobooooooobooooooo
goboooooooooobooooooooooooog
gobooooooooooobooooooooobooooooo
gobooooooboooooon

gobooooooooboooooboobooooboooooboo
gobooooooooooboooooOooobooooooa
goboooooooooooobooooobooooooobooo

g g

000000000000000000000000000
(A)(#22240005) 00000000000

g a

[1] Apache Hadoop Project. http://hadoop.apache.org/.

[2] Hrishikesh Amur, James Cipar, Varun Gupta, Gregory R.
Ganger, Michael A. Kozuch, and Karsten Schwan. Robust
and flexible power-proportional storage. In Proceedings of
the 1st ACM symposium on Cloud computing, SoCC ’10,
pp- 217-228, New York, NY, USA, 2010. ACM.

[3] Dennis Colarelli and Dirk Grunwald. Massive arrays of idle
disks for storage archives. In Supercomputing 02: Proceed-
ings of the 2002 ACM/IEEE Conference on Supercomput-
ing, pp. 1-11, Los Alamitos, CA, USA, 2002. IEEE Com-
puter Society Press.

[4] Sanjay Ghemawat, Howard Gobioff, and Shun-Tak Leung.
The Google file system. SIGOPS Oper. Syst. Rev., Vol. 37,
No. 5, pp. 29-43, 2003.

[5] Satoshi Hikida, Hieu Hanh Le, and Haruo Yokota. A
power saving storage method that considers individual
disk rotation. In The 17th International Conference on
Database Systems for Advanced Applications (DASFAA),
Vol. 7239/2010, pp. 138-149, April 2012.

[6] Hui-I Hsiao and David J. DeWitt. Chained declustering:
A new availability strategy for multiprocessor database ma-
chines. In Proceedings of the Sizth International Conference
on Data Engineering, pp. 456-465, Washington, DC, USA,
1990. IEEE Computer Society.

[7] IDC. Extracting value from chaos, 2011.  http://
idcdocserv.com/1142.

[8] Rini T. Kaushik and Milind Bhandarkar. GreenHDFS:
towards an energy-conserving, storage-efficient, hybrid

Hadoop compute cluster. In Proceedings of the 2010 in-
ternational conference on Power aware computing and sys-
tems, HotPower’10, pp. 1-9. USENIX Association, 2010.

[9] Jinoh Kim and Doron Rotem. Energy proportionality for
disk storage using replication. In Proceedings of the 14th In-
ternational Conference on Extending Database Technology,
EDBT/ICDT ’11, pp. 81-92, New York, NY, USA, 2011.
ACM.



(10]

(11]

(12]

(13]

14]

(15]

(16]

(17]

(18]

Jonathan Koomey. Growth in data center electricity use
2005 to 2010, 2011. http://www.analyticspress.com/
datacenters.html.

Willis Lang, Jignesh M. Patel, and Jeffrey F. Naughton. On
energy management, load balancing and replication. SIG-
MOD Rec., Vol. 38, No. 4, pp. 35—42, June 2010.

Eduardo Pinheiro and Ricardo Bianchini. Energy conser-
vation techniques for disk array-based servers. In Proceed-
ings of the 18th annual international conference on Super-
computing, ICS ’04, pp. 68-78, New York, NY, USA, 2004.
ACM.

Hitachi Global Storage Technologies. Hard disk drive spec-
ification, hitachi deskstar 7k2000. http://www.hgst.com/
tech/techlib.nsf/products/Ultrastar_7K4000.

Eno Thereska, Austin Donnelly, and Dushyanth Narayanan.
Sierra: practical power-proportionality for data center stor-
age. In Proceedings of the sizth conference on Computer
systems, EuroSys 11, pp. 169-182. ACM, 2011.

Huijun Zhu, Peng Gu, and Jun Wang. Shifted declustering:
a placement-ideal layout scheme for multi-way replication
storage architecture. In Proceedings of the 22nd annual
international conference on Supercomputing, 1CS ’08, pp.
134-144, New York, NY, USA, 2008. ACM.
o000, Hieu Hanh LE, 0000. O000OOOOCCDOOOO
0000000000000 0o0o00. In DEIM Forum 2012
D6-2, 2012.

gooo,b000. Doboobooooboooboboooboo
g00o0o0oDooU0oooooU0ooooooooogoo. In
DEIM Forum 2011 D10-1, 2011.

0000, LE Hieu Hanh, Koh Kai Hung, 0O00O0O. O0O0O0O
gooobooboobooobooboooboooboobooboo. o
go0ooo0o0o0o0o.0ooo000ooooooooooog, Vol
2010, No. 19, pp. 1-8, 2010-07-28.



