duce and parallel database systems. They also presented
some techniques to improve the performance of MapReduce,
including using a binary record format, indexing, merging
the results etc. This work is also closely related to ours.
Compared to this work, our study covers more factors such
as programming model and scheduling. Furthermore, we
also provide benchmarking results to quantify the impact of
the factors that we have examined.

In [11], an extensive experiment was performed to study
how the job conflguration parameters afiect the observed
performance of Hadoop. This work is nevertheless comple-
mentary to ours. Our work focuses on the architectural
design issues and possible solutions while [11] focuses on the
system parameter tuning. The results from both work (ours
and [11]) can indeed be combined to improve the overall
performance of Hadoop.

Some issues and techniques presented in this paper have
also been studied in the literature. [23] investigated the

scheduling algorithm of Hadoop and proposed a LATE schedul-

ing algorithm which improves Hadoop response times by
a factor of two. We do not evaluate this scheduling algo-
rithm since the implementation is not available to us. Data
partition is also adopted in Hive [21]. However, Hive does
not support the partition join technique in current version.
The issue of record decoding has also been examined in the
Hadoop community recently [5]. The users are advised to
avoid using a text record format, and reuse the Writable ob-
jects for parsing. The suggestion is similar to the immutable
decoding scheme that we evaluated. However, we show that
the performance of record parsing is not very related to the
record format. It is also e—cient to decode a text record
with the mutable decoding scheme.

7. CONCLUSIONS

In this paper, we have conducted an in-depth performance
study of MapReduce in its open source implementation,
Hadoop. We have identifled flve factors that afiect the
performance of MapReduce and investigated alternative im-
plementation strategies for each factor. We have evaluated
the performance of MapReduce with representative combi-
nations of these flve factors using a benchmark consisting of
seven tasks. The results show that by carefully tuning each
factor, the performance of Hadoop can approach that of par-
allel database systems for certain analytical tasks. We hope
that the insights and experimental results presented in this
paper would be useful for the future development of Hadoop
and other MapReduce-based data processing systems.
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