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Checkpoint-mirroring Techniques for
Uncoordinated Checkpointing toward
Tolerating Concurrent Multiple Media Failures

MAMORU OHARA, 2 Takaniro Ugsuai, ™
MASAYUKI ArRAI'? and SATOSHI FUKUMOTO?

Most conventional distributded checkpointing techniques assume the storage
media to be stable. A system cannot recover from failures when some failures

occur in the storage media because the checkpoint data are lost. In this paper,
we propose checkpoint-mirroring techniques for uncoordinated checkpointing,
in which each process saves its checkpoint data in its own node as well as in some
of the other nodes. When a media failure occurs, the failure will be recoverable
by loading these copies of checkpoint data. In uncoordinated checkpointing,
processes usually hold a number of their checkpoints, that means, uncoordi-
nated checkpointing techniques naturally have some redundant checkpoints.
We aim to improve the media-failure-tolerance of uncoordinated checkpointing
by utilizing the redundancy with adding a little extra storage overheads. In this
paper, we show that we can improve the media-failure-tolerance by properly se-
lecting nodes holding the copies of checkpoint data. We performed simulations
to evaluate the recoverability of fixed mirroring (FM) technique and rotational
mirroring (RM) technique which changes the mirror nodes at every checkpoint-
ing. The simulation results show the RM technique can effectively reduce mean
rollback distances on concurrent multiple media failures.
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Fig.2 An example illustration for MIR behavior.
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Fig.3 An example illustration for the behavior of Skewed Checkpointing.
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ocoooooooboooobooooooooooooo pOOOOODOOODOOOO o0000oo0o0o0oooo0ooooooo0oooooomm=1000SCO0O0O0OO
0000 Co, 00000000000 RonO0={R}0000000O00O0OOR OO 000 pO000O0C00OO0OODO G 000000000000O0O00ODOO0O0OOOO
Co20 Ps00Cy3s0 AAOOOOODOODOOOOOOOODOOODOOOOOOODOO ooooooooooooboooobooouobo yoobOo0o0oOobOOCObOoOoOoDoOo
O00PR 0O Cou0 PRLOOCys0 RO000O0OOOOODOOOOOOOOOOODO gobobooooooooboooooboooooooocOoooobooboboOoooboboOoOoooo
coobOooooooooboboobooOoooooOoObObObobOOooooobOD RLOOOOoo o00o0oooOoOoscU0ooooooooo0ooo0ooooooooooooooooo
gooobooooooobobooooooobooooOoOoOoobOoboOoooDOboOooooon O0000o000o0o0o00ooOo0oo200000 PO PRO0OOOOPs0O Cy,; 0000
gooobooobooooboooooboooooooobooOobboooobboooooon 0000P, 0 Cerlj#k00000000O000O0O0ODOOOOOOOOOODOOODO
gooooooocooooobooboooooobooboooooooobooboboOobooooooon ocooooooobooOOOOOO0O0O0 JjO00 kOOOOOOOODOOOOOODOOOOO
gobooooobooooboooooooobooboooon O0000o000o0O00oo0o0oo0o0ooooooooooooscoooooooo
RMOQO SCOOOOOOOODOOOOOOOOOO0OOOOOOODOODOOOO0O0O0O 000000 n=|log, N|OOODDODODODOODOOODDOODOODODOOOODOO
gbooooooooobodooboooooooooboooooooooboooobOobOobo goboboooobooobooooooooboobooobooboooboooboooooooOobooon

000o0oooog  Vol. 49 No. 6 2081-2091 (June 2008) (© 2008 Information Processing Society of Japan



2086 UOOOOOOOOOOOOOOOCOOOOOOOOOOOCOOOOOOOODOOOO

000000000000 00000000000000000000000000000
000D 1000000000000000000000000000000000000
0000000000000 000000000000000000000000000
00000000000 000D000000D0000000000D00000000000
RMOOODOOOOODOOO0O0O0000D0O00000000000000000000
0D0DO0OD0O0O0O0ORMODOOD1000000000D00D000000000O0 10
0000000000000 00000000000000D00000000000000
0DO0000000D0000O00oOn
3.3 000000
000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000oooo™'™?oooo000000000n0 AO00000000O
00000000 PAO0000000000D00O0O0000000 AOLODOOOOOOO
0D000000000000
(1) forj=litol
(a) ODODOODOODOO R, 0000000001000 C,;00000000
ooo
(b) DODODOOOOOC,000000000000000000000
(2) C;0j€,,)000000000000D00000000O0000000000
P 000000000000 DOODODDOODODONODONONDONODON0NOO
oo”o
0Os500RMOIDOOONOONOOOOOOODODODODOOOOOOOOOODOD
00000 R0 AOOOOOOOO0DOODODOP, 00000D00000000000
0000000000000 D000P, 00000000000D000D0O00D000DO0
000000000000 PA 000000000D00000DO000 C1,0000 PO
0000000000000 00PR 0D00000DODO0ODODO0OOORP O P00
1000000000000000000000 ¢,,,00000000000000000
0C,,0pP0PI0ODAO0DDO0OO0OOC0O0NONONONONODODODODODODO
0D0000P 0000000000000 O00DO000000D0000000000
00000000 {Co2,C11,Ce1,C5,}00000000000000000000O0

000o0oooog  Vol. 49 No. 6 2081-2091 (June 2008)

Recovery line

Cos h Coz Cas

P—CO
\ C, 1 \'J/ / C 12 / Process failure
I9) X N
X "cz.l / \ Ca \ / Cos
Py @ O
Csi ° / Cs, \

Py >

Media failure

05 OD00O00O0OO00OOO0OODOOODOODOOODO
Fig.5 An example of the recovery procedure of RM method (m = 1).
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Fig.9 Average rollback distance of FM and RM methods on concurrent multiple media failures
(N = 16).
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