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Graph data, which are used to model relationships be-
tween objects of interest, arise in many important applica-
tions today. For example, they are used to model human
relationships in social networks, links among Web pages on
the Internet, transactions in financial networks, interactions
among proteins, genes, and molecules in biological/chemical
networks, meshes in scientific simulations, particle inter-
actions in physical/quantum systems, relationships among
galaxies in astronomical studies, communication in cyber
networks, and links in geospatial data. Analyzing the struc-
ture and properties of these graphs is an important compo-
nent of many data analytics pipelines.

With the explosion in the volume of data, graphs have
become very large and can contain hundreds of billions of
vertices and trillions of edges. It is therefore crucial to de-
sign scalable solutions to enable graph analysis to be done
e�ciently. With the ubiquity of parallel machines today,
using parallelism to speed up graph processing has become
standard. Over the past several decades, parallel graph al-
gorithms have been proposed for di↵erent classes of hard-
ware platforms (CPUs, GPUs, distributed clusters, domain-
specific accelerators, etc.). However, due to the complexity
of parallel programming, developing e�cient algorithms is
time-consuming and is only accessible to a small subset of
programmers who are experts in parallelism.

To make parallel graph processing accessible to non-experts,
high-level programming frameworks have been proposed. These
solutions provide high-level APIs that users can use to write
parallel graph algorithms without having to deal with most
of the complexities of parallel programming. Numerous graph
processing frameworks have been proposed over the past
two decades, targeting di↵erent types of hardware platforms,
graph workloads, and graph data.

One kind of graph workload involves running multiple in-
stances of a graph algorithm (e.g., with di↵erent source ver-
tices). For example, one may be interested in computing
shortest paths or local clusters from a collection of source
vertices. A simple approach for tackling such workloads is
to run an algorithm for each source vertex independently.
However, it is often the case that the di↵erent algorithm
instances involve some redundant computation, which can
be avoided by interleaving the runs together. To this end,
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several multi-instance graph algorithms have been proposed
in the literature, and they show promising speedups over
the simple baseline of running the instances independently.
However, existing solutions require significant expertise to
develop and understand, even when they are part of pro-
gramming frameworks.

To address this challenge, the following paper [2] presents
AutoMI, a framework that simplifies the task of developing
distributed multi-instance graph algorithms. AutoMI auto-
matically transforms vertex-centric graph algorithms writ-
ten in the GAS (Gather-Apply-Scatter) programming model [1]
into multi-instance algorithms with SIMD vectorization.

The paper first shows that a naive conversion of a single-
instance graph algorithm into a multi-instance graph algo-
rithm with SIMD vectorization can lead to programs that
produce incorrect results. Then, it presents the AutoMI
framework that ensures correct program generation. Au-
toMI creates an abstract syntax tree (AST) from the in-
put program and then generates a vectorized multi-instance
program according to the AST. The approach, by default,
generates code for tracking the visited states of vertices.
However, the authors observe that if a program satisfies
a certain kind of idempotence, then the tracking informa-
tion is not required for correctness. This leads to simpler
and faster code. The notion of idempotence that is required
for bypassing the tracking code is formalized via an alge-
braic characterization of GAS programs. The authors use
AutoMI to generate multi-instance graph algorithms for in-
teger breadth-first search (BFS), boolean BFS, single-source
shortest paths, graph coloring, sparse matrix-vector multi-
plication, personalized PageRank, and collaborative filter-
ing.

Multi-instance graph algorithms have many important ap-
plications, and the AutoMI framework is one of the latest
additions to the collection of tools available for program-
ming such algorithms. It would be interesting to see how
this paper’s ideas can be extended to other kinds of graph
programs and hardware platforms.
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