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Graphs have been increasingly important to represent data such as the World
Wide Web, social networks, and biological networks. With the explosion of
information, big data leads to big graphs. These big graphs are often stored
in a distributed system, leading to many difficulties in proposing
efficient algorithms for processing big graphs.

While many distributed programming models for graphs have been proposed,
MapReduce and Pregel have been shown to be scalable to deal with big data
as well as big graphs. Nonetheless, to obtain scalability, these models
offer restricted forms in which users specify their programs. Hence, it
is non—trivial for users to write their complicated programs as well as
to obtain efficient ones. On the other hand, regular expression has been
used as a powerful way to intuitively query data from graphs. Many useful
applications of queries based on regular expressions have been discovered,
such as, finding relationships in social networks, or finding chains of
reactions in biological networks. However, evaluating regular
expression—based queries on distributed graphs is non—trivial. First,
regular expressions imply a highly sequential evaluation. Second,
distributed evaluations often produce intermediate graphs whose size is
larger than the input graph, and require a large amount of communications.

The objective of this dissertation is to bridge the gap between
regular—-expression—based queries and scalable distributed programming
models. We study systematic approaches to build a general framework that
automatically translates regular—expression—based queries into efficient

distributed programs.

First, we focus on select-where regular path (SWRP) queries that return
a graph constructed from subgraphs following paths whose labels spell a
word in a regular expression. Queries can be nested and composed. We propose
a structural-recursion based approach to translating SWRP queries into
efficient programs in Pregel. SWRP queries are first translated into
structural recursive functions on graphs. Then structural recursive
functions are compiled into efficient programs in Pregel. The approach
ensures that the sizes of intermediate graphs generated during the
evaluation are minimized and close to the size of the final result. To the
best of our knowledge, this is the first time a Pregel algorithm for SWRP

queries 1s proposed.
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Second, we propose a functional-based approach to further improve the
performance of SWRP queries. We observe that there is a computation during
the evaluation of SWRP queries takes more time than the other computations.
This demands further refinement of our framework. We start with a more
fundamental query that is a regular reachability (RR) query. An RR query
is to decide whether two given vertices are connected or not by a directed
path, where the concatenation of whose edge/node labels spells a word in
a given regular expression. We propose a functional—-based approach to a
distributed evaluation of RR queries, which uses functions to encode
mappings between sets of states in the automaton of the given regular
expression. This approach exploits parallelism by processing a long path
in a distributed manner, and it also reduces the computation and
communication costs during the evaluation by encoding state transitions.
Then we show how to apply this approach to improve the performance of the
evaluation of SWRP queries.

Finally, we extend SWRP queries to support shortest—-path conditions. We
show that this extension requires us to solve an additional problem that
is a shortest regular category—path (SRCP) query. An SRCP query is a variant
of a constrained shortest path query whose constraints are expressed by
a category-based regular expression. By using a dynamic programming
formulation, we show that SRCP queries can be answered efficiently by a
series of single source shortest path searches. This is useful because we
can utilize fast single source shortest path algorithms that are optimized
for different graphs (road networks, social networks, biological networks)
and environments (shared or distributed memory).
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