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Abstract The BSP-based distributed frameworks, such as Pregel, are becoming a powerful tool for
handling large-scale graphs, especially for applications with iterative computing frequently.
Distributed systems can guarantee a flexible processing capacity by adding computing nodes, however,
they also increase the probability of failures. Therefore, an efficient fault-tolerance mechanism is
essential. Existing work mainly focuses on the checkpoint policy, including backup and recovery. The
former usually backups all graph data, which leads to the cost of writing redundant data since some
data are static during iterations. The latter always loads backup data from remote machines to
recovery iterations, ignoring the usage of data in the local disk in special scenarios, which incurs
network costs. It proposes a multi-level fault tolerant mechanism, which distinguishes failures into
computing task failures and node failures, and then designs different strategies for backup and
recovery. For the latter, considering that the volume of data involved in computation varies with
iterations, a complete backup policy and an adaptive log-based policy are presented to reduce the cost
of writing redundant data. After that, at the stages of recovery, we utilize the local graph data and
the remote message data to handle the recovery for task failures, but the remote data are used for node

failures. Finally, extensive experiments on real datasets validate the efficiency of our solutions.
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Fig. 1

The system structure of BC-BSP.
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Fig. 3 The decision of enabling log mechanism.
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Fie B LR 5 YR R A 0T e 4 AR UL K AR T e 0
PR A, A N 2 1) 52 R Bl 2SR . 2 R g e B A I
Bk 3 PR,

&% 3. readLogCheckPoint(s,ck).

B LA 1A log SCHERY D HL s K 4 11
WA chs

U BEXT % graphData.

@ [ KA IF log KMESR «/

@ For each log file [fr in Nr [ * Nr: X5

log XIS = |
®  For each T & vin [fr
@ o A ¢ [ * e K HE A2 A 1Y TS 2R

&l
®  End For
©® End For

@ [ * BEWE A I log UL «/
® For each log file Lfm in Nm | * Nm: B, & 3F
log SCHFEES * |
©® Foreach Wi vinlfm
() I RNEFAE v
@ LK vs
@ End If
@ End For
@ End For
® [ * &I log Hid A 2KIME B A 5 =/
@ TIf s=2Xck | x A Ic s34 5 Ay A5 4 x /
For each Tl & v £ 1E# B K7 p
If NTEAE v
LK s
End If
graphData. add(v); [ * ¥ T 58 m 2
graphData * |
End For
Else
For each Th s o fEHS 1 G A
I RNEFTE v
LK vs
End If
graphData. add(v); [ * ¥ T AL 32|
graphData * |
2 End For
@) End If
@D Return graphData.
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Table 1 Description of Real-World Graphs
x1 HEIHREEHE

. Dataset
Dataset  Vertex Num Edge Num Avg Out-degree

Size/GB
USA-Road 23947132 58332307 2.436 1.01
Wiki 5716808 135877199 23.768 1.56
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Fig. 4 The recovery time of task failure.

B4 AT 45 ek 5 IR

B Inc-Checkpoint (Wiki)

O Multi-Level (Wiki)

O Inc-Checkpoint(USA-Road)
B Multi-Level (USA-Road)

_ =
S N

Running Time/s

(=R e )

SSSP CE
Application

Fig. 5 The checkpoint time of task failure recovery.
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Fig. 6 Running time of job against the checkpoint
frequency.
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Fig. 7 T/O cost of backup against the checkpoint

frequency.
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Fig. 8 Recovery time of job against the checkpoint

frequency.
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Fig. 9 Recovery time of job against the checkpoint

frequency.
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Fig. 10 Running time of job against the threshold of

starting the log mechanism.
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starting the log mechanism.
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