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Thesis Summary (approx.800 English Words )

Data intensive large scale software systems need optimized software architectures focusing on concurrency,
and efficiency. Currently MPI, MapReduce, and stream programming models are famous for programming data
intensive tasks. However, they are less optimal in terms of programmability, maintainability, and execution
performance which are fundamental problems that need to be addressed in future systems. It is a technically
challenging problem because it is very hard to achieve a single generic solution in variety of systems,
and programming environments. The hardware environments change frequently hence the applications need
to adapt for such dynamic environments. This thesis proposes new software modularization, automatic code
transformation, and benchmarking techniques as solutions for improving productivity, and execution
performance of large scale data analysis systems. Specifically, it focuses on optimizing the current state
of the art stream/graph data processing paradigms via the aforesaid techniques. The thesis consists of

12 chapters which spans across three main sub sections.

First half of the thesis describes the contributions made for performance optimization of stream data
analytics. The thesis investigates on new methods for workload characterization, and benchmarking of large
scale data analytics. The thesis evaluates performance of stream processing system architectures using
System S, S4, and Esper stream processing software in chapter 4. It was observed that stream processing
applications having higher operator density at the beginning of the flow graph tend to produce better
performance. By considering the results obtained from the performance analysis and empirical results in
previous work, the thesis proposes techniques for automatic optimization of stream applications in chapter
6. The thesis introduces operator graph transformation, a notion for improving the concurrency of stream
analytics via automatic software tuning. The thesis introduced novel algorithms for transformation of
data stream programs called Tri—Operator, Bi—-Operator transformation which produces large sample program
space. The sample program space is pruned using profiling/performance prediction techniques to obtain
high performance versions of the stream applications. It was observed that the proposed code transformation
and automatic tuning techniques produce improved performance (E.g., 31.1, 2.7, 2.2 times performance
improvement for CDR, VWAP, and Twitter input applications). Thesis compared the proposed code
transformation techniques to fusion only technique and showed that the proposed technique outperforms
the performance of purely fusion based optimization mechanisms. The stream application code transformation

techniques were extended to the areas of multiple stream job performance optimization and performance
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maintenance of stream programs.

The second half of the thesis describes graph analytics optimization. In order to understand performance
features of graph database systems and also to create realistic benchmarking scenarios, the thesis
implemented a scalable graph database benchmark. The thesis demonstrated the ability of modeling real
world attribute graphs by comparing the benchmark data generator’ s synthetic graph model (the MAG model)
with famous R-MAT model through analyzing the cluster prominence. The thesis conducted a performance
analysis of graph database servers using the new benchmark. The thesis describes the importance of having
well defined abstractions for large graph analysis tasks. In order to achieve this objective, the thesis
described the architecture of ScaleGraph 1.0, a library for analyzing graphs in the scale of billions
of vertices, and edges in chapter 10. ScaleGraph has been designed following object-oriented concepts
targeting distributed memory and heterogeneous environments and was implemented in X10 language. In Tsubame
2.0 distributed memory computing environment it was observed that ScaleGraph 1.0 is able to calculate
in—degree distribution of 69 million edges LiveJournal social network within 998 seconds. In chapter 10
the thesis implemented a domain specific language for large graph analysis called Exerda, and showed how
such languages can support specification of optimized graph data analysis tasks efficiently by using

multiple graph analysis software such as ScaleGraph.

Thesis identifies future expansions in the areas of high productive software development, massive graph
analysis, software maintainability. Development of a distributed graph database server that operates in
a hybrid cloud environment is one such example directions for future work. Another research direction

is implementation of performance prediction in multipath DAGs
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