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1 Introduction 2 Estimation of Recovery Time

Numerous analytical approa(?he§ have been prpp_osed © Inour approach, checkpointing is triggered by a maxi-
determine the optimal checkpoint interval for minimizing ., \m recovery time instead of by a fixed checkpoint inter-

the total execution time of an application in the presence ., - The difference between execution time and recovery
of failures. These mathematical solutions are often not ap- time is an important aspect of bounding the recovery in

plicable due to the lack of accurate data on the proitgh  eqsage-passing systems. During normal execution, pro-
distribution function of failures [1]. Current checkpointli-  osqeg exchange computation results by sending and re-
braries typically require application users to define a fixed ceiving messages. Processes can be forced to stop further
time interval for checkpointing [2]. Since the checkpoint computation because the needed results from other pro-
interval implies the approximate maximum recovery time  coqqeq have not arrived. During recovery, the messages do
for single process applications, users who do not have ac-p,.: have to be reproduced because they have hegget
curate information on the mean time to failure (MTTF) de- gjther 4t the receiver or sender process. The failed pro-
termine the; fixed checkpoi.nt interval based on their pre- .oq5 accesses messages from logs directly so the comple-
ferred maximum recovery time. tion time of the program is reduced. Therefore, the main
The maximum recovery time can be much smaller than gifference between the execution time and recovery time
the checkpoint interval when message logging is used [3]. for message logging is due to the timecessary to obtain
Due to the faster recovery time, the checkpoint interval the messages for further execution. The fixed maximum
may be set smaller than needed and unnecessary executiofecovery time can be maintained as long as the execution
overhead introduced. In this abstract, a new checkpoint- delay and the message access time can be measured. The
ing mechanism for message logging is developed to boundtime to access messages can be obtained before actual ex-

the user-defined recovery time. This mechanism aVOidStheE(:ution but the execution de|ay must be measured during
ambiguity of the fixed checkpoint interval for message 10g- execution.

ging. In addition, users can control the upper bound on
the recovery time more precisely using the checkpointing
mechanism.

The checkpointing mechanism has been implemented
and evaluated with a receiver-based messaggihg on a
wireless mobile network. With 0.2% average overhead, the
checkpointing mechanism precisely maintained the user-
defined fixed maximum recovery times for several traces o 1hoint timer expires, it checks the value of the mes-
with varying computation patterns. The checkpqmtmg sage timer. If the value is larger than zero, the checkpoint
mechanism not only incurs low oyerhead and avo.|ds YN timer is adjusted to the value of the message timer and the
necessary checkpointing, but also improves execution t'memessage timer is reset to zero. Eventually, the checkpoint
performance. timer will detect that the message timer is zero. A check-

- - ted in oart by the Defense Ad iR point is created at this moment. After the checkpoint is
e e e e cqts,” Complete, the checkpoint tmr is set (0 the user-defined

and in part by the Office of Naval Research under contract N00014-97-1- F€Covery time again. A Sim”_ar implementation can also be
1013. used for sender-based logging.

Instead of using a periodical polling technique, our
checkpointing mechanism utilizes a two-timer implemen-
tation to reduce performance overhead mi&ssage timer
measures the total time for sending requests and waiting
for replies. The message timer excludes the time to ob-
tain the messages from logs. oheckpoint timeis set to
the maximum recovery time defined by users. When the




Table 1: Timer Overhead Table 2: Maximum Recovery Time

Trace Normal Normal with Timers Trace || Fixed Interval || Our Checkpoint Mechanism
Program Exec Time || Exec Time| Overhead Program|| Recovery Time Recovery Time
(sec) (sec) (%) (sec) (sec)
Tl 4963.3 4969.7 0.12% T1 119.3 306.0
T2 4227.0 4228.7 0.04% T2 73.3 303.7
T3 3854.0 3863.3 0.24% T3 487 297.3
3 Experimental Results Table 3: Comparison of Execution Time
The performance of our approach was measured in a[ Trace| Normal Fixed Interval Our Mechanism
wireless mobile environment. Two Pentium Il 300MHz Exec Exec | No. of Exec | No. of
PCs equipped with 2Mbps Lucent WavelLAN wireless in- Time(s) || Time(s) | Ckps || Time(s) | Ckps
terface served as mobile hosts. The PCs eacl?B&¥B T1 4963.3 | 5174.7 16 5035.7 5
memory and ran Windows NT 4.0. A Sun Sparc 20 work- | T2 4227.0 | 4446.3 14 4268.7 3
station with 320MB memory running Solaris 2.6 served as | T3 3854.0 || 4055.0 13 3891.0 1

the mobile support station. The workstation used Lucent ) ]
WavePOINT-Il to communicate with the PCs. The work- Table 3 shows the simulated number of checkpoints and
station was connected to a file server, a dual-processor Surthe execution times for the three traces using both a five-
Ultra Sparc 2 with 512MB RAM running Solaris 2.6, by a minute fixed checkpoint interval and our mechanism for
155Mbps ATM network. maximum recovery time. The checkpoint size for alies
based pessimistic logging was used for our experi- during execution and achieved better performance.

ments [4]. There were two processes simulating web 4 Conclusion

browsing behavior using pre-generated traces each The checkpointing mechanism for message logging de-
mobile host. The processes sent requests and replies tQyipaq in this abstract inserts checkpoints dynamically to
each other. Each message was sent to the mollpast  qide an approximate upper bound on recovery time de-
station through the wireless channel and then forwarded tog, o q by users. This mechanism provides enhanced control

the destination. The mobile support station was also re- ot the recovery time compared to fixed checkpoint inter-
sponsible for storing message logs and checkpoints as rey 415

quested by the processes on mobile hosts. _ The mechanism has been implemented and evaluated
The experimental results show that measuring the time .+ 4 receiver-based messageding protocol on a wire-

for sending requests and waiting for replies did not cause |ggg network. The results demonstrated that the mecha-

significant overhead (see Table 1). The average overhead,igy, preserved accurate fixed maximum recovery times

for the timers was less than 0.2%. In our implementation, ¢, 5 yariety of traces and incurred low overhead. The ap-

five lines of Java code were inserted for eaelite-read proach prevented unnecessary creation of checkpoints and

pair. _ _ _ improved the total execution time.
The procedures for measuring recovery time are briefly
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