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There is a fundamental shift underway now in various industry sectors to transport their big data
to the clouds, thus increasing their efficiency and improving cash flow. In addition to traditional
web service sector, this also includes sectors such as telecommunication (e.g., software defined
network applications), and healthcare (e.g., GE Cloud Health and Cloud PACS ). Cloud servers
to process big data are now aggregating multiple disparate workloads with heterogeneously
structured and unstructured data (image, text, video, graph) with varying performance goals
(batch, streaming, real-time, and near-real-time). Emerging analytics applications in these
domains rely heavily on specific deep machine learning and mining algorithms, and are running
complex database software stack with significant interaction with I/O and OS and sharing many
inherent characteristics that are fundamentally different from traditional CPU and parallel
applications. Emerging big data applications require computing resources that can efficiently
scale to manage massive amounts of diverse data. However, the rapid growth in the data yields
challenges to process them efficiently using current cloud server architectures such as high
performance Xeon. Furthermore, physical design constraints, such as power and density, have
become the dominant limiting factor for scaling out servers. To respond to these challenges,
heterogeneous architectures which integrates big and little cores with FPGA accelerators has
emerged as a promising solution. In this talk, through methodical investigation of power and
performance measurements, and comprehensive system level and micro-architectural analysis, I
first show the characterization results of emerging big data applications on big Xeon and little
Atom-based servers. The characterization results across a wide range of real-world big data
applications and various software stacks demonstrate how the choice of big vs little core-based
server for energy-efficiency is significantly influenced by the size of data, performance
constraints, and presence of accelerator. Furthermore, the microarchitecture-level analysis
highlights where improvement is needed in big and little core servers.
Second, I will show how in a heterogeneous architecture effective mapping of Hadoop and Spark
MapReduce based applications to FPGA accelerator can significantly increase the energyefficiency and performance. The real-system results show promising kernel speedup of more
than 100X and significant energy-efficiency gains.
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