





Table 1. Functionalities enabled by checkpointing



Table 2. Examples of transparent checkpointer s

Fault-tolerance (rollback recovery)

Migration

Job swapping



Table 3. Examples of non-transparent checkpointer s

Post-mortemand replay debugging

Elimination of boundary condition errors

Virtual time



Periodic checkpoints
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Figure 1. Checkpointing for fault-tolerance . Periodic checkpoints are saved on stable storage
to limit the amount of recomputation that must be performed upon recovery.
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Figure 2. Checkpointing a typical unipr ocessor transparentl y. The portion of the user's address
space that may be modi®ed by the program is saved on stable storage .
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Figure 3. A sample distrib uted system with three cuts. Cuts and  are consistent. Message
makes cut inconsistent.
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Figure 4. The domino effect. A scenario like this one will force the program to restart from the
beginning in the event of a failure, rendering all checkpoints useless.

Coordinated checkpointing
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Figure 5. Overhead of sync-and-stop vs
and-stop is more primitive and freezes all the processor s, its does not degrade performance

signi®cantl y in most applications.
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. Chandy-Lampor t on the Intel iPSC/860. Although sync-
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Figure 6. Overhead of checkpoint buffering on the Intel iPSC/860. Buffering can greatly impr ove
the overhead of checkpointing by allowing the application to continue while the checkpoint is
written to disk.

Checkpoint buffering
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Figure 7. Overhead of copy-on-write buffering on a network of Sun 3/60 workstations. Copy-
on-write buffering improves performance in a manner similar to checkpoint buffering, but with

less demands on physical memory.

Copy-on-write buffering
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Figure 8. Overhead of forked checkpointing on a Sun Sparc-2 workstation. Forked checkpoint-
ing takes advantage of the Unix system call, which is implemented using copy-on-write
in the operating system.

Memory exclusion
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Figure 9. Overhead of incremental checkpointing on a Sun Sparc-2 workstation. When an appli-
cation modi®es afraction of its address space between checkpoints, incremental checkpointing
can improve checkpointing performance .
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Figure 10. Overhead of checkpointing with programmer -directed memory exclusion on a Sun
Sparc-2 workstation. With a few hints from the programmer, memory exclusion can improve
the performance of checkpointing signi®cantl y.

Checkpoint compression
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Figure 11. Overhead of checkpointing with compression on the Intel iPSC/860. In order for

compression to improve checkpointing performance, the CPU overhead of compressing the
checkpoints must be lesser than the savings gained by writing smaller checkpoint ®les. On
the iPSC/860, the stable storage bottlenec k combined with the fact the processor s compress

in parallel allowed compression to be bene®cial












