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Abstract We have studied many functions to realize the distributed autonomous storage management, such as workload bal-
ancing, data amount balancing, failure recovery and online reconstruction. To make processes and strategies in these functions
simple, we assumed that a target object was stored into a storage device. Recently, the demands for stable and high-speed
accesses to storage systems have risen according to the increase of high-definition multimedia stream objects. To satisfy the
requirement, the object should be striped across multiple storage devices. However, the ordinary striping technique used in
RAIDs are not suitable for the multimedia stream objects. In this paper, we consider a workload-aware dynamic allocatable
striping strategy to provide stable and high-speed access to a distributed storage system by enhancing our previous research.
We also consider a scheduling strategy of using striped replicas to improve system throughput. We then evaluate these strate-
gies using an experimental autonomous disk system we proposed.

Key words Replica, Parallel Distributed DB, Storage System, Striping



1. 0000

000000000000000000000000000
00000000000HDDOOOOOOO0O0O00O0O00O0O
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0D0000000000000QeSO00000OO00ONOO
00000000000000000000O0O00O00O0O0
000000000000000000000000000
0000000000000000000000O0O00000
0000000000000000 (14000000000
00000000000000000000000000000
0000000000000000000000000000
0o [5-9]0
0000000000000000000 10000000
000000 10000000000000000000000
0000000000 000000000000ONoooooO
00000000000000000000000000000
0000000000000000100000000000
0 100000000000000000000000000
0000000000000000000000000000
0000000000000000
000000000000000000000000000
0000000000000000000000000000
00000000000 00000000000000000
0000000000000000000000000000
0000000000000000000000000000
000 1000000000000000000000000
0000000000000000000000000000
ooooo
000000000000000000000000000
O0ORAIDOO 306000000000000000000
000 [10-12]00 00000000 RAIDOOOOOOOO
0000000000000000000000000000
0000000000000000000000000000
0000000000000 D00000000000000O0
00000000000 000000000RAID306000
000000000 000000O0000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000 000000000 QeSOO00ODO
O0o0o0oo00O0oo
000000000000000000000000000
0000000000000000000000000000
0000000000000 000000000000000
0000000000000 000000000000000
0000000000000000000000000000
000000000000 0000000000000000
0000000000000000000000000000

ooooooooooOobobOooOoboOobooooboDbOon
goboooooooooooooboon

gooooooobooooooboboboooobobooboo
uoobooboboodooboooboboooooooooooboooa
goooooooboooooooooooooooobooboooo
oooooooocooobooboobooooooboooboooooon
goooobooooooooooboobooboobbooooboo
obooobooooobooobooboobooobOoboobobooDbo
gobodooooooooooboobooooooo

gooooobooooooboooooboooooooobooooboo
gbobooooooboboobooooooooooobooooooon
gooooboooooooobooooboobobobooooobobOobo
ugbooooboooobodooobooooboooobooooonn
ooo0oooooboooooooooooooooooooooon
ooobodobooobobooobooooboobooboooooboooDooo
goooboobooooboboboobooboobooboooboobooo
gobooooboooooobobobooboobobooobooooo
goooo

2. 04000

00000000000000000000000000
RAIDO+1 0 RAIDI+00 0000000000000 0000
000000 [13]0000000000000 (1400000
oooooo

0000000000000 00000000000
RAIDO+1 0 RAIDI+0 0000000000 O0OOO0OO
00000000000000000000000 RAIDOO
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000

000000000000000000000000000
000000000000000000000O0O000000
000000000000000000D0000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000

000000000000000000000000000
00000000000 00000000000000000
000000D000000000000000000000O0
0000000000000000000000000000
0000000000000000000000

3. bgooooooog

3.1 0000
ooooocobOooooboobooooooo
ooooodooodoono oooooooboboooobobdooao
goooooooooobobooooooooooobooonoo
boooobooooooobooboobooooboooDboo
gboo0 ooooooooobooobOoOoOooboOooDbOobOn
goboooooboooobocboboboobobobooobooba



goboobooobooooooooooooboooobooooooDo
gooboooobooboooooooooobooboooobooooboooboo
gboooooooooooboboooooooooboboobooboon
gooboooboooooooooooo1oooooboogoo
goooobo 0Ooooooboooooooooooooboo
gooooooooobooobo
goboobooobb bDoooobooboOooobooboooobooo
gboooooooooooboooog
3.2 000000
gbooooobooboooooobooobobooboooboobooo
gboooooooobooooboobooboooobobooooon
g is5joocooooooooooooobooooooonoo
uboooboooodoo1gooooooboooooboooon
goooobooooooooooboooobobooooooooDon
gobooboooboobooboooobboooooboOoobooooo
goooooooooooooboooobbooboboobooboooon
ud [e 171000000000 O00OO0OOOCOOOOOO
gobooooboooboooooooooobbOonoooo
gooao
goootd OoooobobOOobOoooboooobbooobboo
gooooooboooooooobooobobooobooooOoo
goooodoobooooooooooooonoooooood
oooooo
gobood oooobooboooobooooboobooood
goooooboooooooobooobooboooboboooOoo
goboboooobobobooooooouoooooooooog
gooooo
o0 oOoooobooooogooooobcooooooon
gobooooooobbooooooooboo
1o oooooboooooobcobooboOoooooon
gboobooooooooooooobobboooo
o220 (hoooooooooooooooooobooooo
gogooooboooobooooobooboobooooooa
oooad
U030 00ooobooooboooooobooo
goooooo poooboooboobooOoooooooooo
gooooboooboodobooooboobooooooooooo
goboooooooooobobooboboooobooboooo
goboooooooooooobbooooooooooboon
obooooooooon

4. OD0OOoOoOooooooo

gboobooboooooboooboooooboooboooboooo
goooooooooboboooboooboooboooo
gobooooooobooooooboooooobooooooo
goboooboooobobooboboooooboboooooog
goboooOobooboooobooobobOobobOOoobooooo
gobobooobooobobooooboooooboOooboooooDooOoo
gbooooooooobooboooooobobOO0obO0obo0o0o
goboooooooboooooooboobooooboooDboo

Index

I Subobject

o1 ooooooo

goooooooboobooooboboooboOobooboboooDo
gooobooooooooobooobooOoooooobooooo
gboobooooooooboooooooooboooaon
oobooooooooooooooooboon
goboooooooboobooooboooooboooooa
goooooooobooobOoobooooboboobooooo
obooooobooooboooooboooboooooooDboo
gbooooooboobooboboob

4.1 OODDODOOOOO
goooooboboooboooobooooooooooooboo
gboooobooboobooooboobooobooooboooboo
gobooooooboooboobOoboobooboooooboo
gooooooo @ nooooooobooboooooooo
gooboooooooboboooooobooobooooon
goboooooooobooooboooboooboobooooooon
gobboooooooobobooooboo @ouoooooo
ooooooOooooooooo)o
obooooooooobobobbooobooooobooda
goboooooooooooobooooooobooooboDo
gbooooooboooboooboooooboooooooooo
goboboooooooboboboooooobobbouooooo
gobooooooooboooooooboooooobooooon
goboobooooooooooobooobooooooooobo
gobooooboooooocoobooobooon

4.2 0JO00OODOODODOOOO

4. 10000000000O0O0O0O00O0O00O0OG00OO00O0DOAO
dbbobooooooooooooooooboooooooon
gobooooboboobOoooboooboooooooboooooon
gobonojpoooobooobobooboboooboooboooa
ooboobooooooobooooobobooooobooooooo
gooobooooboboooobooooooooobooooooobooo
gobooooboobooobooobooboobooDbobo
goboooooooboboboooooobooooobooooo
gbooooboooobooooboooobooOoooobobooooDoboo
gooooooobooobooobobbooooooooooooooo
goooooooooooboooboooboboobooDboboo
goooooo
goboooobooobooooooooooooooooa
gooooooboooooooooooobooboooboooonoo



goooooobooooooboobobobooooboboooon
goooboooobooooooooooooboobobooooo
obooboooobooooooooboooooboboboooD
gboooobooooocoooobboboOooooooobooooo
goooooooooobobOooooooobboobooooon
goboboboooooooboboooboooboooooooo
gobobooooooooooobobooooooobooboOoo
gbocoooooboooobooooobooooobooboOoDbon
gobooooooooobdoooooboboooooood
gobooooooo

gobobodobooooboobbooooooodooooa
goooooooooboooboobobooooboobobooooon
uboboooobooooobooboboooooooooooo
gboooooooooooOoooooOooOobDOobOOoOoooOooon
goboooooboobooooooobobooo@oooooon)
gooooo0ooooooboooooooOobOobObOoODbOO0oOoD
gbooooooboobooooboboooooooOooooo
goooooo

Ooooooooooooo

input: OO0O000O0000OOn

ooooooO00Ok

00000000 0o0ooooooooooOMGn)
goooobbobdooobbbbADIM]
O0o0O0oooooooooo0 boOoOO
fragments[k]

output:

Stepl: ADM|O0000O00O0DOOOOODOO nO
O0000000000000 Subobjectsin] 0000
Step2: i€ [0,k]0 000 j=imodnO
fragments[i] = Subobjects[j] U 0O OO
Step3: fragmentslk] O owtput 0 0 00O

gooboooooooboooboooooooooooooo
gboooobooooocooooboboooboboobobooooooo
gobooooooooooobobbboobboboobobooooo
gooobooooooobooooobooobooooooooo
gobobooooooboobooooooboboooooooooDoa
goboooobobooooobobooooboooooooo
ubobooooooooo

5. booboooobobooboo

gob4.000000D00DDOOODOOODOOODODODOO
goboooooooobooooobooooooooboooooDo
goooboooooooobooboooobooooouogoDoo
obooooboooooooooboooobOoboboooOoo
oooooooooobooobooboooooboooooboooo
gobooooboooooobooboobooooobooooooon
gobooooooboooboooooboooooooooooo
goootooboooobooooboooooooboooboooo
ooooobooooboodoobooooooooboooon

ol ..
—— \ [Transfer data
Less Access

Access| [ e,
\‘//<i7 time
- E Fast
~——

02 ODO0O0OO0OOO0OOOOO0OO0OO00O

0000000000000000000000000000
5.1 0000000000

0000000000000 00000000000000
0000000000000000000000000000
000000000000000000000000000O0
0000000000000000000000000000
0000000000000000000000000000
0000000000000 0000000000000000
000000000000 0000000000000000
0000000000000 200000000000000
ODo0O00000000O0000000O0O0O0
000000000000000000000000O0

e 0000ODDOOOOOOOOOO v,

e 00D0OODDOODOOOOOOOODO v,

e J0DDDDDDOODOOCODOD @

e 0ODOODOOOOOOS

e JO0OODODOOODOO Tp

e 00OO0OODOOOOOOT,
000000000000000000000000000
0oOo00O00000O0On

000000aS=T,-v, )
0000000 d-a)S =T, v 2)
00000000000000 T =max(T, T,)000000
00000000000000000000000000000
000

Vp

a =
Vp +Vp

DDDDDDDDDDDWD%DDDDDDDDDDDDD
goooooooooooa

5.2 000000D0O00O0O00O000O00OO0O0OO0O

go0ooo0ooooooooooooooooooooon
go000o0o0oo0oo0ooooooooooooooooo o
gooooooooooboooooooobooooo3gooo
0300000000000 00O000o0oocooooooo
O00oooooooo 30000

V= ﬁ 3
Jo0o00o0ooooooooooooooooooooooo



Thrpughput(MB/s)
- o

0 1 2 3 4 5 6 7 8 9
AccessNumber

03 000ooooooooooooooooo

0000000 (0000000000 accessnumber =10
Od000dv=k0O000000O4k00CDODOCODODOODO
0o0o0oooooooooooooooooooooooad
00000000 0ooOoooooooooooooooooDo
ooooo0doooooooooouooo

e JO0OO0O0OO0OOOODOOODOOODOOL,

e NOUIOUODODODUODOOODOUODODN L,
00000000ooooooooooooo

00000000000 v, = k/L, )
000000000000 v = k/L S
0000000000000 C000000O00OONOOOo

0@G.1)00 @O0 ()0000000000000 k000
00000000000000

0000000000R, = L (6)
Lp + Lb
LI7
O0000000O000R, = )
Lp + L,

0000000000000000000000000000
OD0o00O00O00 (OO0 (700000000000000
0000000000000
53 00000000O00000O0O0O000O0
0@3)000000000000000000000000
000000000000000000000OOOOO0On
ooooo
00000000000000000000000000
0000000000000 000000000000000
0000000000000000000000000000
0000000000000 000000000000000
0oooO0O0O0o0O0O0Ooo
00000000000000000000O00O0O0000
0000000000000 000000000000000
00000000000000000000000O00000
ooooooo

gooboodoono boooboooobooooboooon
oobooooooobboooooobooooooo
goboodoob ocooooobooooboood
ooooooooooooobobbooooooboooon

5.4 00000000

5.2000 s.300000000000000000C0O0O0
gooboooboooooboooboboooboooboooooboo
goboobobooboooooooooboooooboOooo
gooooooboooooboooboboooobooboooooo
gogooooooooobooo

00000000000000000000

input 0000000000 00O0DODOOO L,
000000D0000000000000 O L
0000000000000 0000O0 &
0000000000 IDO I,
00000000000 IDO I,
000000000 O F(L,, Ly)

output 000000 O00O0OOOOOO IDOOOO
List[k]

Stepl: 0000000 OCOOOOO0O0O0OO0O0OOO
0000 8§, =F(L,L)
00000o0oooooooooooooooooo
0O0S8,=F(L,L)000000

Step2: pos=0

Step3: i€ [pos,pos+S,10000 Listlil=1,0000

Stepd: pos = pos+ S, 000 pos > k00000
Step7 U

Step5: i€ [pos,pos+S,]0 000 Listlil]=1, 0000

Step6: pos=pos+S, 000 pos>k0 0000 Step7
O0Opos< kOO0 Step3 O
Step7: List O ourpur 0 000

gooooobooboooobobodobooobobooooooo
goooboooooooboooobooobooooobobooDo
gboooooooboooboobbooooooooboogoon
goooooooooboooboobooobooooboooooDo
gbooooooobooooooooo

6. O O

6.1 0 OODO
pCOO0O0O0COCOOOOOOOOOOOOOOOOOCOOO
goob1l1ooopcobObOCOODOODOOOUOOOOOOOO 4
gooooboooboooooobooobOoobO sbooooooo
oooobooooocoobooobooooo
gooooooboooobobooooboooboobbooooobo
gboooooooboooooobobooooooooboboobooooo
goooogooooogob ooooooboboobooobobog
gbooooooooboobooboz2pe0b000ooooboooonoo
gogoooooooo2bb2e0000d00ooobbOoboOnO
goooo
goooooooooboooboboodoboooboooooaa
goboooooooooooooooooooboooonoo
goooobobooboooooobboooooooooboooon



01 ooobooooooogod

Number of Client nodes | 4 nodes
Number of Disk nodes | 8 nodes
CPU AMD Athlon XP-M 1800+ (1.53GHz)
MEM PC2100 DDR SDRAM 1GB
Network 1000BASE-T
HDD TOSHIBA MK3019GAX
(30GBU 5400rpmU 2.5inch)
0S Linux 2.4.20
Local File System reiser FS
Java VM Sun J2SE 1.5.0-03
02 0O0OOogo
gooooo 100 0
gooood 2000
goooooo | 20000
000 a 0.02
ooodk 1
Zipf OO 0 0.9
Fragment 0 OO | 8kB
Subobject U 3
—4— NotStriping
20 —+-Random L
- AccessHistory
18
& 16
o4
\% 12 -
pree]
210 -
iy
W 8 =
3 WM‘
S 6r
<
= o4
2 |-
o b v v
100 400 700 1000 1300 1600 1900
RequestCount

04 0O0OO0O0O0ODODOODOOOOO

200 zipfOOOOOOOOODOOOODOOO kOOCDOO
goopooooDooO0zipf000O0O00O00OO0ODOeODODODOO
ooboooooooooooooobo20000000
6.2 O00OOODODO
ooboooboooooooooobooooboobooooDboo
gobooooobooobo
010 0ooooboooooon
U220 ODoooooooo
O30 0ooboboooooooobooobooooooboooon
goo3oooooobooooocoboobooboboOoboooa
goooooboooobooobooobobobooooooboo
gbobotobooobooooooboooooboooooboobooooon
goooo0s300004000000000D 400000
goooooo wobobobobooboooooobooooooo
gooooooo
6.2.1 O O
oooo3foobooooooooboooobooooooog

03 000ooobooooooooooo

Average Standard

Throughput (MB/s) | Deviation
oooooooooooo 6.96 4.10
ooooooo 16.01 5.38
gooooooooooooog (1712 6.35

gooobooooo2000oooobboobobobobobooooboo
goooocooooobooooo20b000o000o0ooooo
gob 400000000000 2000000000000
gooooooooooooobOobooooboooooboooo
400000000000O00OC0DOOCOCOODOO40000
gobooobooooooooooooboooooboooooooon
goooooosoooboobooobooboboboooobooboo
ooooo
gooboos3gooo400000000DOOOCOODOD
ob0oooooobooooooooboboooooboooobooboo
oooooobobooboooooboboooooooboooooo
gobooooooooooboooboooooooboboooDo
goobooooooocoobobooboooobooooooobo
goooobooobooboobboboooboobobouDbobo
gobooobooooooooooooooboooooooooo
gbbooooooobooboooboooobooooooooa
gooooboooooboobooooooOooobooooooon
gobobooooboooboooooooboooobobobooboo
ooboooooooobbooooooooooobooooo
gbodooooooooooooooo
goo0o0o300000000000o000000000
uooooooocoooboobooooboooooboobooo
gooboobooooooooooboboboobooooooobo
gbooooobooobooobooobooboooooobooooboooooo
gooobobooobooboooooooboooboooooboooo
gooooooobooboooboooobooooobooboboooon
gobooooooooooon
6.3 J0O0O0OOODOOOOOOODOOOOOOODOOOn
godoooobooooooooocooobooooobon
goooooooboobooooobobooo2000b00000-
booooooooooboooooobooooooooooo
oooooooooobooooooog
U010 Obobooooooooooa
g0 000000000000DOODOO0O0O 1:1
U030 00o0oooobooooooobooobooooa
040 DOOOOOOOOOODOODOOO
goobooobooooooobocoooooooooobooo
obobooooooooooooboooboboboobboooon
goooooboooobooooocoooooobo4b0000S
goobooooboostobooooooooooooooaoa
gooobo woboboobobobobobooboobobooooboDbo
gooooo



AllPrimary
——Primary:Backup 1:1
-&- ConectionNumber
=< ConectionHisotory

w
o

N
3]

Thrgughgut(h,/lB/s)
o (4] o

(3}
T

o

100 400 700 1000 1300 1600 1900
RequestCount

05 oobooobooooooooooooooo

04 ODOOOOOOOOOODOOOOOOOOOOO

Average Standard
Throughput (MB/s) | Deviation
ooooooo 17.12 6.35
oooooo 21.87 8.02
oooopooooo | 21.86 7.57
ooooooo 18.61 743
6.3.1 O O

g400000000D0DODOOODOOOOOOOD
gbboobooooooobobooobooooobooboboooon
gooooobooooooooooobobbbooooog
goboooooooobooooooboo
oobooOsobobob400000000000000000
goboooooobooooooo rocoooboboooooon
goooboobooobooooboooooobooOoobOoboooo
gooooooooooooboooboOooboooobooboooDoboo
goooodoooobobooobooooooobbooooaon
goooobooooooooboooooooboobobooooonoo
gbooocoobooboboooooooooobooooooooooboo
gooooobooooobooboooooooooobooooo
goooooboooooboooooboooooboooooobo
gooooooooboboooooooobooooobooboboooo
goboobooooboooboboooboooooboooOooboo
gobooooboooboobodoooboooooogoooad
gooboooooboon
gobooobdoooooooooooooooooooo
oo0oo0ooooboobo20000000000000O0DOAO
goboooboooooooooooobooooooooann
gboooobooobooooooooobooooobbooon
gboobooobooboobooooocooboboooOosoooo
oooooooooobobo2oo00oooboboboooooooon
goboooobooooooooobooooobooboooooobooo
goboooooboobooooobooooooboooobooooo
oooOoooboobooboboooooon

7. O U

goobodobooboooooobooobobooooooogo

Optimal
Read Rate

/2|[Not Optimal

Read Rate

+
7

|
0

—
~
N

Recompute Read Rate |

— Optimal
!% Read Rate

06 OOOOODDO

000000000000000000000000000
0000000000000 00000000000 .10
000000000 0000000000000000000
000D0D000000000000000000000000
0000000000000000000000000000
0000000000000 00000000000000
0000 60000000000000000000000
00000000000000000000000 20000
0 (MOO00000000000000000 1/20:1)00
0000000000000000000000000000
030000000 (DO0000O0 (5.H)000000000
000000000 3/50000000 2/5(3:2)00000
oooOo1/2(1:H00000000000O0O0OO00000
0000000000000000000000000000
0 1o

0000000000 00000000000000000
0000000000000000000O0

010 000000000000000000000000
00000000000

020 00000000000 O00000000000000
0000000000 000000O0O0
0000000000000 0000000000000
0000000000000 000000000000000
0000000000 000000000000O000000
0ooo0oooo

8. UOObOOooOoood

gobooobboooboooooooooboooooon



obooooboooooooooooobooboOobOonoooon

goboobooboooobooboooooooboboooo
goooooooboooooboooooobooboooooo
goboooobooobooooboobobOoOoObOboOonoao
gooooooooobOobOoooobooooooooDooo
gooodoboooooboooboooboooboboooDboOoo
goboooooobobooooboboooboooboooo
gobooooboooooooobobooooboooooo
gooooooooboobooboooooobooooooaoa
gooooooooobooobooobooboboobooono
goboodoooooboooboooooooboooooooog
goooooooooboobooooooooboboooboo
ooooobooooobobooooooooobbooooa
gooooooboobOboooooooboooboooooooooo
gboooooboboooobouoooooobo
ooboooooooooobobob0oooooooooDboo
gooboooobooboooobooooobooooboooooo
joobbobO0boo0oooobOooooooooooooo
gobooooobooboooooboo
goboooooooooooobooboooooooboo
gboooooooooooboooboooobooboooooooo
goooooboooboobooooooooocooboood
gooooooo
goooobbooobooobooooboboobooooobooo
goboooooboooobooooooooooboooooDo
oo

O 0

gobooooooooooooobooooooboooooboo
CRESTUOOOOOOOOOOOO0O (SROmOooooooo
ooooDoooobDono aeole232yd OO ODOO 21
g0 coEl0oonoooooooooooonboboonoon
gooodooooooooon

a a

[1] Gregory R. Ganger, John D. Strunk, and Andrew J. Klosterman. Self-
* storage: Brick-based storage with automated administration. Tech-
nical Report CMU-CS-03-178, Carnegie Mellon University, Aug
2003.

[2] Svend Frglund, Arif Merchant, Yasushi Saito, Susan Spence, and Al-
istair Veitch. FAB: enterprise storage systems on a shoestring. In
HOTOS 2003, Kauai, HI, May 2003.

[3] John MacCormick, Nick Murphy, Marc Najork, Chandramohan A.
Thekkath, and Lidong Zhou. Boxwood: Abstractions as the founda-
tion for storage infrastructure. In OSDI, pp. 105-120, 2004.

4] OOO0OO,0000,0000,0000,0000,00000
0. 000000000000000. 0000 CPSY2004-57
pp.55-60, 00000000, 2004.

[S] Haruo Yokota. Autonomous disks for advanced database applica-
tions. In Proc. of International Symposium on Database Applica-
tions in Non-Traditional Environments (DANTE’99), pp. 441-448,
Nov. 1999.

[6] D. Ito and H. Yokota. Automatic reconfiguration of an autonomous
disk cluster. In Proc. of 2001 Pacific Rim International Symposium
on Dependable Computing (PRDC 2001), pp. 169-172. IEEE, Dec.
2001.

[7]

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

o000 .,0000.000000oooooooooooooo
oooooooOoooo.0o0oooooooO, Vol. J85-D-,
No. 9, pp. 831-840, Sep. 2002.

Akitsugu Watanabe and Haruo Yokota. Adaptive lapped decluster-
ing: A highly available data-placement method balancing access load
and space utilization. In /CDE, pp. 828-839. IEEE Computer Soci-
ety, 2005.

Mana Nakano, Dai Kobayashi, Akitsugu Watanabe, Toshihiro Ue-
hara, Ryo Taguchi, and Haruo Yokota. The versioning system balanc-
ing data amount and access frequency on distributed storage system.
In ICDE Workshops, p. 1264, 2005.

David A. Patterson, Garth A. Gibson, and Randy H. Katz. A case
for redundant arrays of inexpensive disks (raid). In Haran Boral and
Per-Ake Larson, editors, SIGMOD Conference, pp. 109-116. ACM
Press, 1988.

Peter M. Chen, Edward L. Lee, Garth A. Gibson, Randy H. Katz,
and David A. Patterson. Raid: High-performance, reliable secondary
storage. ACM Comput. Surv., Vol. 26, No. 2, pp. 145-185, 1994.
Kenneth Salem and Hector Garcia-Molina. Disk striping. In Pro-
ceedings of the Second International Conference on Data Engineer-
ing, pp. 336-342, Washington, DC, USA, 1986. IEEE Computer So-
ciety.

Andre Brinkmann, Kay Salzwedel, and Christian Scheideler. Effi-
cient, distributed data placement strategies for storage area networks.
In ACM Symposium on Parallel Algorithms and Architectures, pp.
119-128, 2000.

Steven Berson, Shahram Ghandeharizadeh, Richard Muntz, and Xi-
angyu Ju. Staggered striping in multimedia information systems. In
SIGMOD *94: Proceedings of the 1994 ACM SIGMOD international
conference on Management of data, pp. 79-90, New York, NY, USA,
1994. ACM Press.
0oooo.,0000,0000.000000000000000O
000000000000, 00000FTS2001-20, pp. 119-126.
oooooooag, Jul. 2001.

Haruo Yokota, Yasuhiko Kanemasa, and Jun Miyazaki. Fat-btree:
An update-conscious parallel directory structure. In Proc. of the 15th
Int’l Conf. on Data Engineering, pp. 448-457, 1999,

Hiroshi Kazato and Haruo Yokota. Implementation of a fat-btree in
an autonomous-disk cluster. In IPSJ Technical Report, DBS-125-71,
pp. 45-52. Information Processing Society of Japan, Jul. 2001.

J. Gray and A. Reuter. Transaction Proceeding: Concepts and Tech-
niques. Morgan Kaufmann, San Francisco, 1992.

H. Simitci. Storage Network Performance Analysis. Wiley Technol-
ogy Publishing, 2003.



