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Figure 11. Performance impact of log
record size skew.

counts requiring a somewhat larger array. The optimal slot number
corresponds closely with the number of threads required to saturate
the baseline log which the consolidation array protects. Based on
these results we fix the consolidation array size at four dots to
favor high thread counts; at low thread counts the log is not on the
critical path of the system and its peak performance therefore mat-
ters much less than at high thread counts.

A.5A Case Against Distributed L ogging

This subsection presents qualitative and quantitative analysis
showing that our improved log buffer design is likely to outper-
form distributed logging as a contention-reducing approach, both
from a performance and implementation perspective.

A distributed log has the potential to ease bottlenecks by
spreading load over N logsinstead of just one. ARIES-style recov-
ery only requires a partial order between the transactions accessing
the same data. Intuitively, it should be possible to parallelize the
log, given that most transactions execute in parallel without con-
flicts. However, a distributed log must track transaction dependen-
cies and make sure that |ogs become durable in a coherent order, as
discussed by DeWitt et al. [4].

Write-ahead logging alows transactions to release page
latches immediately after use, minimizing data contention and
allowing database pages to accumulate many changesin the buffer
pool before being written back to disk. Further, seria logging
allows transactions to not track physical dependencies, especialy
those that arise with physiological logging,* as a transactions
commit never reaches disk before its dependencies. A distributed
implementation must instead track or eliminate these physica
dependencies without requiring multiple log flushes per transac-
tion. Otherwise, the serial implementation will actually be faster.

Unfortunately, this challenge is difficult to address efficiently
because physical dependencies can be very tight, especialy due to
hot database pages. For example, Figure 13 shows the dependen-
cies which would arise in an 8-way distributed log for a system
running the TPC-C benchmark [A6]. Each node in the graph repre-
sents a log record, with horizontal edges connecting records from
the same log. Diagonal edges mark physical dependencies which
arise when a page moves between logs. Dark edges mark tight
dependencies where the older record is one of the five most

4. For example, if transaction A inserts arecord in slot 13 of a page, and
then B inserts arecord in slot 14, Aslog record must become durable
first or recovery could encounter an inconsistent page and fail.
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Figure 12. Sensitivity to the number of dots Figure 13. Inter-log dependencies for 1ms
in the consolidation array

of TPC-C (8 logs, ~100kB, ~30 commits).

recently inserted records for its log at the time. The entire graph
covers roughly 100kB of log records, which corresponds to less
than Imswall time and dozens of transaction commits.

Because dependencies are so widespread and frequent, it is
amost infeasible to track them, and even if tracked efficiently the
dependencies would still require most transactions to flush multi-
ple logs at commit time. In Figure 13 there is no obvious way of
assigning log records to different partitions so that the dependency
lines between partitions would be significantly reduced. The
authors are unaware of any DBM S which distributes the log within
a single node, and even distributed DBMS often opt for a shared
log (including Rdb/VMS [A4]). Distributed DBMS which utilize
distributed logging either force transactions to span multiple nodes
(with  well-known consequences for performance and
scalability [A1]) or else migrate dirty pages between nodes
through a shared storage or network interconnect rather than
accepting the high overhead of having a distributed transaction that
needs to flush multiple logs in a specific sequence[A2)].

Using physical-only logging and having an amost-perfectly
partitionable workload makes the implementation of a distributed
log feasible [A3]. However, if physiological logging is used and as
Figure 13 shows, distributed logs are both highly complex and
potentially very slow under many workloads. We conclude that
adding a distributed log manager within a database instance is nei-
ther attractive nor feasible for reducing log buffer contention.

APPENDIX REFERENCES

[A1] P. Helland. Life Beyond Distributed Transactions: an Apos-
tate’s Opinion. In Proc. CIDR, 2007.

[A2] T. Lahiri, V. Srihari, W. Chan, and N. MacNaughton. Cache
Fusion: Extending shared-disk clusters with shared caches.
In Proc. VLDB, 2001.

[A3] D. Lomet. Recovery for Shared Disk Systems Using Multi-
ple Redo Logs. CRL 90/4, 1990.

[A4]D. Lomet, R. Anderson, T. K. Rengarajan, and P. Spiro.
How the Rdb/VMS Data Sharing System Became Fast.
CRL 92/4, 1992.

[A5]Y. Oyama, K. Taura, and A. Yonezawa. Executing Parallel
Programs with Synchronization Bottlenecks Efficiently. In
Proc. PDSIA, 1999, pp. 182--204.

[A6] Transaction Processing Performance Council. TPC - Cv5.5:
On-Line Transaction Processing (OLTP) Benchmark.





