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Control of Replica and Update Operations on
High-availability Parallel Storage Systems with

Service-awareness over Concept Drifting Workload

2054

Da1 KoBavasar'b2 and Haruo YokoTa'!

Network parallel storage systems have attracted attention over the years for
constructing large scale dependable storage systems. In such systems, it be-
comes difficult to maintain required service level because of enlargement and
complexity. Dynamic data replacement with data migration is useful to de-

crease management costs by avoiding serious performance degradation caused
by load concentration when access patterns change. However, it also causes
temporary violation of service quality, referred as the longer latency. We have
considered a solution for the problems by simultaneous use of replica data for
failure recovery, while it still has required capability of effective handling of
write operations. In this paper, we achieves the simultaneous pursuit of data
migration and service quality under the workload containing both read and
write operations. The described approach includes a replica write-back cache.
It also includes the adaptive control of data migration assisted by data replica-
tion to reduce and distribute the load caused by migration. This paper demon-
strates the ability of the method to keep system service quality by doing storage
simulation experimentation with both synthetic and file server workloads.
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Fig.1 Relica usage in RM method (1). Migration source node selection.
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Fig.2 Relica usage in RM method (2). Access forwarding.

bobooboooodboooodoooobooooobooooboboooboobOooooDo
goooboobooobooooooooobobooooooboboooooooooDObooOoooooo
goboooboooboooooooboOoobo 2000000 yObOO00O0 pg3000O
UnO0000oo0obo0oo0o jO0000000ooobObocbooooooooboobooooobo
Op4a000000000C0C EKODOOODODOOO wpy40000000OODOOOOO
pjbbbboooooboooooooooooooocoboooooooboobooooDboOoon
oooooooon
ggobooooooooooooooooobooooobooOoooooobooooooon

(© 2008 Information Processing Society of Japan



2058 ODOO0OOO0OOOOOOOOOOOOOOOOOOCOOO0O0OOOOOOOCOOOOOOOOOObOO

goooooooooooobooooooboooooooboooobo«:0boooDoOo
gobodoobooobo n0b0C000bO000bOO0oboo0 yoboOOoOoOobOOoOoooOo
gobooobooooooboooooobooboooooooboooooooboOoo <0000
00000000000 »00000000000Y 000000000 00000
goboodooobooooooooboooooo 000000

4.2 OJOO0OO0O0OOO

RMOOOOO300000 coordinator DOOO0O0OOOOO0O0OOOOOODOOOO
obooooboooboooo

goboboooooooooboobooooobooOooooooboboOoooboobooboOoooooDooo
goooobooooooooooobooboooooooboobooooooboobooooooDooboo
gboooboboooodoo 1oo0oooooooooobooobooooooOoobooDo
gooooooon

goooRrRMOOOOOOOOOOOOOOCOOOOOOOOOOOOOODOOOOO
goboooooooooooooooooooboboooooobooobboboboooDoboo
gbooobooboooooboooooboooobooobooobooooobobooboboooDo
gooooooooooooooboooooobooboboooooooobooooDboo
goooooboooooooooooboooooboooobobooooboobboooooDoboOo
goboboob 00000000 n+1000000000000D00O0DOODOOEOOn
gooooooooogoooooboobogooooobbooobo nOODODOODODOODOODO
n+1000000000000n+100000000000D0000O00O00DO0O0OODO
n+10000000000C0C00000O0O0n+20000000000 nOn+100
oM, 00M,yOOOODOODOODOOOOOOOooOOoooooooooooooooao
oooooOoooooooOooooo M, : My dOooOooooooooooooo
goboooooooooooooooobooooooobooboobooooooo mOoOoDO

5. DO0ObOoooobOobooogn

gooooorMOOOOOOOOOOOOOOOOOOCOODOOOOOOOOODOOO
goboooooboooooooo

5.1 ODO00OO0OOoO0ooocooooooon
RMOOOOOO100000000CC0C000000OOOCOO0O000O0OOOCODO
goooooooooooooobooobooboboooooboobooboooooobooboooooDooboo

0000o0oo0oog  Vol. 49 No. 6 2054-2069 (June 2008)

00000000000000000000000000000000000000000
00000000D00000000000000000000000000000
0000000000000000 100000000000000000000000
0000000D0000000000000000000000000000000000
0000000000000D0000000000000000000000000000
0000000D000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
OORMOOOOODOOO0O0O0OO000O0D0O0000O0000000000000000
00000000000000000000000000000000000000000
000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000
NODOO100000D00000 n, 0000000000 300000000000
0000001 000000000000000000000000000000000
0000000Ps0000000000P,000000000000P,0 UPSOOD
000000000000t 000000000000¢ 00000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000 00000000000 t, 000000000000 A100
000000POP,0P, 000000000000D000 200 O(P?)000 O(P) O
000UPSOO0OO0D0O0D0O0ODOO0OO00O00D0O00O000000000

(© 2008 Information Processing Society of Japan



2059 OO0OO0OOO0OO0OOOOOOOOOOOOOOOOOCOOOO0O0OOOOOOOOOOOOOOOOObOO

total N nodes

enclosure
03 ODooooooooooooooooooo
Fig.3 System model.

UpPs | __

Power

Power Supply

nenodes in a enclosure

01 00ooooooooon
Table 1 Probability to data lost.

Pri. | Rep. | 000OOOOO

WT | WT | NPs?tr

WT | WB | NPg?tgr + 2NPgPpt,.

WB | WB | NPs?tg +3NPsPpt. + NP,%t./n. + Py
0 WT O Write Through, WB O Write Back 000

5.2 OD0O0O0O0OO0OOOOO

gooooooobooooobooboobo rRMOObOOOoDOOoOoboOoDbDOobOOoODO
goooboooooooooooooooooooooooobooooboboooDoo
oooboooooooooobooOoOoboooooobooOoOobOOobOoOoOoboooOoDbDOoOobOoORrRMOO
gooobobooodooooooobooooooboobooooooooooobOoOooooooo
goboodoobobooobooooooooa

410000000000000000C0CCOOOOOOOOOOOOOOOOOOO0
goooobooboodooobooooooobooooooboboobooooooboobOooooooboo
goooooooooooobcoobooooooboooboboooooooobooooooDooboo
goboooooboooooooo

gobooboobooooooobobcoooobooobOoboOoooooboOoboOoooooDoboo
gbooobooodoooobooooobooooboooboooobboUooOoboobooDo
gooooooooooooooobooooooobooooooobooooooooDoboo
goboooooooooooooooobooooonoo

0000o0oo0oog  Vol. 49 No. 6 2054-2069 (June 2008)

short-term load
----- estimated load value

node j

node k

L W W] o | W]
selected migration source node

04 ODOOOO0OOOOOOOOODOOOOODOO
Fig.4 Concept of Adaptive control of migration source node selection.
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Fig.5 Structure of a system on the simulation.

0000000000000 000DO00000000D000oooooDOoooooooO
0o0oooooooooodoooooooooobooooooooooooo

Ooo0Do0oodoooooboooboodooooooobbobobooooooooooDoo
000000000000 0oo0o0odoooooo0oDooooooDo0ZpftodnDoO
goodooobooooooboooooobooooboooooobooooobooooo
gdo0odbodbooooooobOooboOooDobo2000b000000b0O00DO00nDO
ooooooooodoooooooooooooUUoooooodUooooooooo
ooooOoOoOooOoOoOoODOUO0OoOO0ODO0U0O0O0COOODOOODOoDUOUOOooooDooDoOg
oooooogoooooo

6.1 OOOOOO

00o0oooO0odoodobDU0ooU0oo0ooooUoUoooo0oooooooooooog
0000000000 000000000 50000100000000000OcachedOO
00 FIFOODiskHeadBehaviorDOO OO O OO FIFOOOOOOOOOOOOOOOOOO
O000OOoOoooooOoooO0oO0O0O00d DiskHeadBehavior 00 O O OHGST Deskstar
T7k500” 00ODO0O0O0 2 00000000000000000000O0OO0O0O0O
0000000000000 000D0O000O 8ooMbps OODODOODO FIFOOODOO
ONetworkFIFOLO OO O OODODOOODODO buffersize 0000000000 OCOO0OODO

0000o0oo0oog  Vol. 49 No. 6 2054-2069 (June 2008)

02 000D000000Oo0O0O
Table 2 Configuration of storage simulation.
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Fig.6 Average response time (read :write = 1:1). The migration started 60 seconds after the
workload trend was changed.
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Fig.8 The ratio of the number of access requests expiring within 0.2sec. (read:write = 1:1).
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Fig.10 The relationship among migration duration and migration start timing (read : write = 1:1).
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Fig.11 Average response time (read:write = 3:1).
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