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Large scale data/compute intensive applications found in many domains such as particle physics, biology,
chemistry, and information retrieval are composed from multiple “filters”. The deluge of data and the highly
compute intensive nature of these filters mandate the use of large computing infrastructures and parallel processing
to achieve considerable performance gains. Cloud technologies such as Google MapReduce, Hadoop, and Dryad
can be used to parallelize filters that perform “pleasingly parallel” operations such as calculating Smith Waterman or
converting a collection of documents to a different format. Some filters, such as those performing principal
component analyses require specialized frameworks such as R, while filters that perform operations such as
clustering or multi dimensional scaling require MPI style functionalities to parallelize.

Cloud technologies have added new dimensions to parallel computing. Their support for handling large data
sets, the concept of moving computation to data, and the better quality of services provided, simplify the
implementation of some problems over the traditional systems. However, applicability of these technologies to the
diverse field of parallel computing was not studied well. What filters are best handled by cloud technologies? How
can we extend their explicabilities to more classes of filters? How would they operate on Cloud? These are some of
the questions that lead to the formulation of the following problem statement for my Ph.D.

“Try to identify MapReduce enhancements that can be applied to large classes of filter pipelines in data/compute
intensive applications, and derive a performance model for the enhanced programming model by comparing it with
other cloud technologies on both virtualized and non virtualized hardware platforms.”

In pursuing the above goal, | have designed and developed CGL-MapReduce - a light-weight MapReduce
runtime that incorporates several improvements to the MapReduce programming model wiz; (i) faster intermediate
data transfer via pub/sub broker network, (ii) support for long running map/reduce tasks, (iii) efficient support for
iterative MapReduce computations. Figure 1 shows the architecture and the programming flow of CGL-MapReduce,
and a comparison with other runtimes. To derive a performance model, | have selected a series of data analysis
applications with various filters and identified their mapping to parallel architectures of different types and looked at
the performances. During the course of the research, | have implemented these applications using Hadoop, Dryad,
and CGL-MapReduce and compared their performances.

oeoee | T1T TTTT

[ Content Dissamination Network ]
{ { [ iknize ]

I Worker Nodes

Variable Data Disk HTTP Pipes Sub Bus
®-®)| (@6 i) [ ‘
Driver Program
®- ® ® ® Iterative [ DiskHTTP | [ Pipes | [ Pub-SubBus ]
ﬁ map-reduce r I O I A A 4 4
[l Data Spit_| | - | | FileSystem ] [ piskHTTP ] [ Pipes ] [ Pub-SubBus ]
A 4 Y
(M) Map Worker I Data Read/Write
® Reduce Worker t Communication [ Disk HTTP } [ Pipes } [ Pub-Sub Bus J
Yahoo Hadoop Microsoft DRYAD CGL-MapReduce
i i i uses short running uses short running is long running
Figure 1.(left) Architecture of CGL-MapReduce, (middle) | processes processes processing with
i i i i i i communicating communicating via asynchronous
Programml_ng flow and its support_ for iterative computations, (right) Via disk e ipes, disk o aictributod
Long running map/reduce tasks in CGL-MapReduce compared t0 | tracking shared memory Rendezvous
short running tasks in Hadoop and Dryad. processes between cores synchronization

The results revealed that the enhanced MapReduce runtime is applicable to more classes of filters including the

iterative MapReduce computations, and how it outperforms other runtimes for most of the applications. My current
research involves applying cloud technologies to different data/compute intensive applications, evaluating them on
cloud infrastructures, and using the findings to understand how best we can integrate these technologies.

More information: http://www.cs.indiana.edu/~jekanaya/
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