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Big data processing brings us many challenges attributed to not only its volume but also to the emergence

of a new paradigm; that is, analyzing the data to discover knowledge, to understand behaviors, and to
mine for patterns accompanied with complex memory access patterns on large volume of data. At the same
time, demands for large-scale graph analytics has risen as an important kernel for high—-performance
computing (HPC) applications in various domains, such as WWW and social network analysis, network security,
artificial intelligence and genomic analysis. Meanwhile, the interest in non-volatile random—access memory
(NVRAM) such as NAND flash, phase change memory (PCM) and resistive RAM (ReRAM) has risen due to the cost
and high power consumption of DRAM. However, large—scale graph analytics often presents challenging data-—
intensive workloads because of unstructured and random memory access patterns. Therefore, designing
locality—aware data stores for graph analytics is an extremely important key factor to enable high-
performance graph analytics.

To address the issues above, we explore techniques and designs of large—scale graph data stores from the
perspective of static and dynamic graph analytics.

First, we explore important techniques for out-of-core static graph stores by developing a high
performance out—-of-core breadth-first search (BFS) implementation. Specifically, we propose NETALX, an
extremely high performance BFS implementation using NVRAM for Hybrid BFS algorithm which devises the
arrangement of graph data on DRAM and NVRAM to improve data locality (reduce the number of accesses to
NVRAM) and sequential locality in NVRAM. Experimental results compliant to the Graph500 benchmark on a
single compute node with arrays of NAND flash-based SSDs show that NETALX can achieve 4.14 Giga TEPS
(Traversed Edges Per Second) for a graph with 2% vertices and 2% edges, whose size is 4 times larger than
the size of graphs that the machine can accommodate only using DRAM, with only 14.99% performance
degradation. We also demonstrate that NETALX can achieve a power efficiency of 11.8 Mega TEPS/W (Traversed
Edges Per Second / Watt).

Second, for large-scale dynamic graph analytics, we propose DegAwareRHH, a high performance dynamic graph
data store, which leverages a linear probing open addressing compact hash table that exhibits high spatial
and sequential locality to increase graph update performance keeping graph analytics performance. To
extend DegAwareRHH to distributed-memory platforms, we adopt an asynchronous communication framework
aiming for localizing remote communication into the area where need to be updated. We demonstrate that
DegAwareRHH is 212.2 times faster than a state—of-the-art shared-memory streaming graph processing
framework on a single compute node to update a graph with 1 billion edge insertion requests and 54 million
edge deletion requests. DegAwareRHH achieves a processing rate of over 1.8 billion edge insertion requests
per second at 192 compute nodes on a massive-scale real graph that has 128 billion edges. We also show
that DegAwareRHH can accelerate the performance of a large—scale dynamic graph colouring algorithm and
achieve high performance on out-of-core graph update workloads including future NVRAM devices.

This thesis presents several contributions towards high performance data stores for large-scale graph
analytics, in terms of locality awareness, on HPC platforms, including next generation supercomputers
which will have locally—attached NVRAM.
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