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The ever-increasing size of graph data todaK creates a critical need for
programming models that can deal with large graph efficiently. In this research, we proposed a novel
solution to efficient Iarge-?raph querying, by combining the expressive power of structural
recursion with Pregel, a popular system based on Bulk Synchronous Parallelism for large scale graph
processing. We showed that any decomposible structural recursion can be efficiently mapped to
Pregel, based on which, we succeeded in parallelization of UnQL, a declarative graph query language.
Moreover, we designed and implemented a new domain specific language, called Palgel, which can
support both remote reads and writes, allow programmers to use a more declarative syntax called
chain access to directly read data on remote vertices, and be efficiently implemented over Pregel.



Graph structure can scale naturally to
large datasets, as it does not require
expensive join operations. A complex query
on a large graph is often very expensive
in computation. Parallelism is the main
technique to increase  computation
performance.

The Bulk-Synchronous Parallel (BSP) model
introduced by Leslie Valiant simplifies
significantly  design of  parallel
algorithm by using synchronization
barriers. Based on BSP, Alexander Tiskin
proposed several graph algorithms for the
fundamental problems like algebraic paths
in acyclic graphs, algebraic paths in
acyclic graphs, algebraic paths in acyclic
graphs and minimum spanning tree
computation. BSP has also been implemented
in functional language and been extended
to hierarchical environment. Inspired by
BSP, Google introduced Pregel that
provides the possibility to implement
efficient algorithms to solve more complex
large-scale graph problems, even the
optimal algorithms still need to be
studied case by case.

However, it is known to be difficult to
program directly on Pregel-like framework,
and there is no effective solution to this
problem.

This research aims to propose a novel
solution to efficient large-graph
querying, by combining the expressive
power of structural recursion with Pregel,
a popular system based on Bulk Synchronous
Parallelism for large scale graph
processing. It will make graph querying be
declaratively specified, systematically
optimized, and efficiently computed with
Pregel. We expect that success of this work
would contribute to the future goal of a
structural methodology for large-graph
parallel programming.

The project aims to develop a method and
a novel software framework for efficient
large-graph querying under a distributed
system. It is split in the following four
steps.

(1) Prototyping and validation a poof of
concept of evaluation of bulk semantics
over bulk synchronous parallelism.

(2) Improvement and implementation of
the poof of concept on large-scale graph
processing system GPS, build a parallel
query engine.

(3) Improvement of the engine to support
very large graph.

(4) Extension of the engine to support
variants of structural recursion query.
Each step includes theoretical study,
coding and experimentation in order to
validate the concept. Therefore each
milestone can be checked to avoid big
error.

Our main results consist of three parts.

First, by focusing on analysis of
structural recursion to find a class of
structural recursions that can bridge
between high-level graph queries and
low-level Pregel implementation, we show
that any  decomposable structural
recursion can be efficiently mapped to
Pregel. As a result, we designed and
implemented a graph transformation
framework on top of Pregel. Our framework
accepts graph transformations written in
a domain-specific language for describing
decomposable structural recursions as its
input and automatically compiles these
transformations into an efficient Pregel
implementation.

Second, we extended the above solution to
a framework that can take high-level graph
queries in UnQL as input for relaxing
complexity of designing structural
recursive functions. The gap between large
graph processing platform and high-level
declarative querying language is thus
filled by our solution. A high-level graph
query written by an end-user is
transformed systematically into our
internal algebra with a set of structural
recursive functions in UnCAL, then a
Pregel program will be generated by using
our parameterized Pregel algorithms to
guarantee the efficiency of the querying
evaluation. More specifically, our
results are as follows.

(1) We identified monadic queries, a
useful subclass of UnQL queries that can
be translated into parallel-efficient
structural recursive functions.

(2) We proposed an approach, using
pattern trees to describe the
relationship between graph variables of
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Third, we extended our system further with
a more powerful domain specific language
that supports remote data access for the
vertex-centric graph processing. More
concretely, our results are as follows.
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(1) We proposed a new high-level model
for vertex-centric computation, where
the concept of algorithmic supersteps is
introduced as the basic computation unit
for constructing vertex-centric
computation in such a way that remote
reads and writes are ordered in a safe
way.

(2) Based on the new model, we designed
and implemented Palgol, a more
declarative and powerful DSL, which
supports both remote reads and writes,
and allows programmers to use a more
declarative syntax called chain access
to directly read data on remote vertices,
with a new logic system to compile chain
access to efficient message passing
where the number of supersteps 1is
reduced whenever possible.

(3) We demonstrated the power of Palgol
by working on a set of representative
examples, including the
Shiloach-Vishkin connected component
algorithm and the list ranking algorithm,
which use communication over dynamic
data structures to achieve fast
convergence.
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