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Large—scale graph data analysis has been necessary for real-world analytics. Discrete simulations using
graph structures are also essential to investigate and validate more detailed analytic results. Moreover,
the scale of data has become much larger, and HPC systems with ample memory space and multiple processors
and computation nodes are indispensable to conduct such analytics and simulations.

However, many performance issues happen, such as load imbalances and communication overheads. These
problems usually occur while running an application handling dynamic graph data. In an agent—based traffic
application, for example, even the simulation runtime divides road network equally the number of agents
for each partition becomes imbalanced, and the overall application will not scale

To address the problem, we proposed performance optimization methods for dynamic graph data management
based on the structures. We set several goals of the performance optimizations: to gain scalability of
parallel processing by the reduction of costs such as load imbalance and synchronization overhead and
to reduce computation costs with effective graph analytics for dynamic graph analytics with incremental
processing and adaptive parameter optimizations.

First, we proposed the performance optimization method to adjust synchronization intervals among all
threads and processes in a parallel and distributed agent-based traffic simulation. It skips
synchronization phases and allows all the distributed simulation processes to run individually for most
simulation steps. We also proposed an adaptive migration method for an agent-based simulation framework
to re—assign agent objects to threads and remote processes. From the previous execution logs, it partitions
the road networks, and then it automatically re—assigns computation processes and threads to cross points
and vehicle agents while running simulations. We evaluated these proposed methods in parallel and
distributed computation nodes of TSUBAME 2.5 supercomputer with real road network and commutation trip
data in the Dublin city. The synchronization interval adjustment method achieves up to 35% speed-up in
more than four nodes, and dynamic agent object assignment method across computation nodes achieves 25%
speed—up on average.

Second, in order to minimize the computation time of graph analysis for time—evolving graphs, we proposed
incremental graph analytics algorithms.

We proposed an incremental community detection algorithm named IncrementalDEMON for time—evolving graphs
more efficiently as an extended algorithm of the existing community detection algorithms to support
incremental processing with vertex and edge additions or deletions. The IncrementalDEMON consists of three
core functions to construct overlapping communities, and we added an incremental feature each of them.
In the evaluation, we used time—evolving social networks with millions of edges with timestamps, and our
incremental community detection algorithm processed each iteration of community detections in 1/101
execution time compared to the original non—incremental algorithm named DEMON.

We also proposed an incremental graph pattern matching (IGPM) algorithm as an extension of an existing
approximate subgraph isomorphism algorithm, and parameter adjustment framework named Partial Execution
Manager (PEM) with reinforcement learning to determine the vertex sets for re—computations. Similar to
the IncrementalDEMON, IGPM algorithm consists of three core functions which are incrementally extended
to find the most likely matching vertices and edges in the best effort. The PEM consists of graph clustering
and reinforcement learning components. The graph clustering component detects the vertex sets around the
updated vertices and edges for re—computations. The reinforcement learning component adjusts the
granularity of the result of graph clustering with the size and density of data graph as input and the
throughput of IGPM as the reward for finding more matched patterns

Our incremental graph pattern matching processed each iteration in 1/10.1 execution time compared to the
baseline non—incremental subgraph isomorphism algorithm named G-Ray, and our adaptive optimization




framework processed graph pattern matching processed each iteration in 1/14.8 execution time compared
to G-Ray.

Finally, we made qualitative evaluations and discussions for our proposed methods about adaptive parameter
adjustment from environments and incremental graph algorithms such as the applicability and limitations
for other types of real-world graphs, other graph algorithms, and agent-based simulations. We validated
how these methods can apply to other real-world applications and graph datasets with several representative
cases, and how each optimization method affects the precision of outputs such as the travel time of each
vehicle in the traffic simulation and subgraph size distributions in the community detections and pattern
matchings.

This thesis presents some contributions to discover the movement of real-world with a graph structure.
Our series of researches can apply to various fields of social data analytics applications with other
graph algorithms and social simulations with more extensive and time—evolving graph data.
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