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Implementation and Evaluation of a Storage System
by Policy Hierarchy Method

MASAHIRO KOYANAGI,t KAZUYA TAGO," SATOSHI ICHIMURA'®
and YUTAKA MATSUSHITA'

It is hard to optimize a system that has wide-ranging roles from the beginning of setup. And
it is a pressing need to establish the method of performance optimization by observing the
operation situation and improving the resource allocation method adaptively. As a method
which meets this demand, we propose the Policy Hierarchy Method. This method enables
a complex scheduler to combine two or more scheduling algorithms, and to be constructed sys-
tematically. The Policy Hierarchy Framework was developed based on the proposal method,
and was applied to the construction of a storage system. The effectiveness of the Policy
Hierarchy Method was confirmed by evaluating this system. Moreover, the big performance
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improvement was observed compared with a system by EXT2.
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Fig.1 Pattern diagram of a scheduling mechanism.
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Fig.2 An example of a scheduling strategy table.
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Table 1 OSD commands.
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Fig.3 Structure of OSD storage system.
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Table 2 Classes which constitute the framework.
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Fig.6 Performance characteristic in a static load pattern.

OO0 RAMOOOOOOODOOOODOODOODOO
gooobooooooobooooooocoonoooon
gooobooooooooooboobobooooobo
goooooooooooooooboooooooo
goboooooboooood

goboboooooboooooboobooooooon
gooobooooooboooooooobooooon
gooooboooooooooooooboooooooo
ooboooobooooo

4.2 0O0O0O0OO

4.2.1 O0O0O0OO0OO0OOOOO

oooooooooooobobooobooooooon
gooobobooooooobooboooooboooo
goooooooooboooooobobobbbbuUogo
gooooooooooobooooooooooon
goooboooodobooooooobooooooa
goooobobooooooooooocooooooobo
gooobooodooooooooobooooooo
gooobooooocooooooboooooooooo
OoO0ooDO00oDO00DO00DO00DO000O00 8KB
OO0 Read OO OOODOODOOODODDODOOOOO
gooooobooooooooobobooboobobbooooo
gob1o000000000000000000O0
gooooooo

debooooobobooooooooooooon
oooooooooboboooboOobiMBOO 100MB
goboobOOboOoobooobobooooooboobooon
goooobooooooooobooocoocoooooo
goooobobooooooobooboooooooooo
gobooooooooooooooboooboooooo
goooobooooooooooooooooooo
0000000000 76%000000000000
000000000 491MB/s0 00000000

©w
o

0 4 8 12 16 20 24 28 32
B/ 2B (s)
07 0000OO0OO0OO0OO0OOODOOOOOOOOOOO
Fig.7 Performance characteristic by the difference in
a load pattern change interval.

gbobooOoooooooooobooooooboooo
gooood
gooobooooooooooooooooboobo
gobooooooooobooobo0ooooobooDoboo
gobooooooooboooooooooobood
000000000000 0oooooon 13.8%0000
000000000 D4r6eMB/s0 00000000
gobooooooooooocooooobooOboOoobo
gobooooooooooocoOooooobobooooo
gbobooOoooooooooocooooooboooo
000o0o0o 9% b0ouoooooouoon
4.2.2 OO000O0OO0OOOOOOOO
goooobooooooooooboooooobooboooDo
goooooooooobooobo0ooooobooDoboo
goboooooooooboooooooooobood
goood
O7000000000COO0OOOOO200000
000 AOBOOOOOOOOOOOOOOOOO
goboooboooooobooooobooooOooobooo
00000000 AOBOOOOOOOOOOOO
goobooooooboo 10000000000
0OAO0500BOOSO0000O0ODOODOOOOO
000000 AQ BOOOOOOOOOOOOOO
goobooooooboooobooobooooDo
gdboboooooooooooooooo 42100
goboodoo200000000000000000
00ooUooooO0oooOoooOoo AO 36.5MB/sOB
055.1MB/sO00000000O0O0OOOOOODO
gboooboooboooobooboooooboooooobooo
45.8MB/s0000000000O00OODO 160000
000oow%iooo00ooooo0oooooo4o
00 84%01000 78%00000
gooooobooooooooboobobOoobooon



Vol. 48 No. SIG 8(ACS 18)

ooooooooooooobooocooooooobo
gooobooooooooocoooooooobooo
goooobooooooooooooooooooo
goooboooooooooooocoooooboooon
gooobooooooooboooobooboooooo
gooobobooooooooooboooooooo
gooooooooboooooooooboooDoooDo
goooooooooooooooboooooooon
goooobooooooooooooooooooon
gobooobooooooobooooo

4.2.3 0OO0O0OOOCO

ooooooooooOobbOoboOo0o0ooooooo
goooooooooobooooobooooooon
goooooooooooooobooooooooo
gooobobooooooooooooooooooo
Oo00oooooooooooooooooosbod
goooobooooooooooooooooooo
goooooboooooogo

0000000000000 0D0OApache HTTP
Server 0000000000000 O00OOOOOO
goooboooooooooooboooooooooo
O0o0oo0ooooooooooooSbooOooon
gobobooooooooooooooooo21100
goooboooooooboooobocoooooooon
OO0D0OD0O00000O0000025MbpsOODOOOO
ooooosblyo0ooooooooooooon
goooooboobobooooobooooooon
goooobooooooooooobocooooooon
gooooooboooooooooooooooooon
gooooboooooooboobooocoooooooo
goooboooooooboooooboooooooo
gooobooooooooooobocoooooooo
gooooboobooooooooooooooooooo
gooobooooooooooooooboooooon
gooooooooooooobooooliboboooon
gooobooobooooooooboooooooo
goboooobooooboooooboooon

ooo0oOoOoopoooooSbUOoooooOoOod
OOEXT20000000000000000000
oSboOO0OOOoO0o0OOoO0 EXT20000000000
O0oooShbOO0OO0ODoOoO0OOEXT200000
gooobooooooobooooooooooooo
goooooooooooooboobooboooooon
OO0000000EXT2000000000 EXT2
oobooo

000000 EeExT200000000000000O

ooooooooooboooooooooooboooooo 187

35

w
o
|

N
o

N
o

O @HhR
O EXT2HR

3

BEZIL—T Yk (MB/s)
>

(3}

|

0 3 6 9 12
HEDORET IR
08 000000O0O0O00DO0OO0O00O0O0

Fig.8 Performance characteristic by the difference in the

o

number of streaming threads.

goboooooooobooobooooooooboooo
gobooooooooooooboooooooooo
gobooooogo

oboboob 8soboooobooooooooon
goboooooooooooooobooobooooobod
goboooooooooobooooooooooaa
obooooooooooo ExXT200000000
goboooOoooooooboooooooboooooo
gobooooooooooocobooouooooooo
gbOooooooooooboobooooboobooboilod
gboooooooooboo

00000000000 o0O03000000EXT2
goooooobooooooooooooooboo
000000000000000 EXT200096.9%0
98.7%000000000

ooooooobOOoO0o0oeOOCOODOOOOEXT2
00ooOo155MB/sO00000000OOODOOO
goboooodoooooooobooo9bboOoOoOa
00 30MB/sO000000000O0OO0OOOOY90O
0000000000 D EXT200 194%00000
ooogd

oooooooooboebbO0ObDOOUOOO EXT2
goboooooooooobooooooboobobobooo
gobooooooooobooobo0ooooobooDoboo
gobooooooooooooooooooood
goboooooooooooboobooooooooa
goboooooooooobooOoocOoooooOooboobooo
gooooobooboobooooobooocbooboooo
ooooooroo0ooooooooooooo
gobooooobooooooooooooobooboooo
00b00000oooooooooooooooooo
EXT2000000900000000000000
goboooooboobooooooo200000000



188 gooooooooooooooooboooooo

gooooboooooooooooooboooooooo
33.1MB/s00000000O0O0O00OOUOOOOO
gboooooobooboooooooboooooo
EXT2000000002000000000000
oooooooo
gooboooooooooooooooooooo
gooobooobooooooooboooooooo
goooobooooooooooooooooooon
gooooooooooooooooooooooaa
goooooooooooooobooooooooon
goooobobooooooooooboooooooo
goboog

4.3 CpUOOOOOODOODO

4.3.1 0000 EXT200000 cpPUDOO

gooooo

goooboooooooboooboobobooooooo
gooooooooooooobooooooboobo
gooobobooooooooooooooooooon
goooboboooooobooooooooooooon
ocooooooooboooooboooboO0oobo4200
O00000000000o0O EXT200 CpUODO
000000000 1GBOOO0OOOoOooOooo
ocooooOcpUOOOOOOOOOOOOOOOO
O0000000000000 3o0o0on ADedO
OO0 BODoOODOOO cCODOOO 3000000
ooooOO0o0o0o0o0oO0O00ooooooo RPCOOO
OcpuUDODOOOOOOOCOOOOO30OOO0O
o0ooOoooooOoooooooocpuOoOoog
o00o0o0oooooooooooo cooooog
1GBOO000OO00OO0OO0OOOO0OODOO EXT20O
01700000 627000 CPUOOOOOODO
gooooooooooooooooooooooo
ocoooooocpUubDOOOOODOOOOOOOO
ooo0oooceuOOOOOOOODOOODOOCPU
goooboboooooooooooboobooooooo
oobooo

4.3.2 0JO0OO0OOOOOOocpubOOOOOO
gooboobooooooooooooooooobon
dodooooooooooooooooooooa
gooobobooooooboooobooooooooo
goooobooooooooocoooooooboooo
gooobooooooobooobooobooooooo
goooboooooooooooooooooooon
OoO0ooOoooOooD 00000000 cpUuOO
0oooo0oo0oooooo1g0ogoooo cpu
gobooooooobooooobobbooooooo

May 2007

03 Joooooo ceuod
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