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1 Introduction

As a classical graph problem prevalent across a variety
of fields, matching, or the linear assignment problem,
seeks to map one set of discrete entities to another. This
mapping is generated within a wide range of contexts,
whether that be instances of residents to hospitals, com-
puter vision pattern recognition, or numerical linear al-
gebra applications, among countless others. Specifically,
we consider maximum weighted matching (MWM) in-
stances.

In modern applications as input graph sizes become
increasingly large, demands for efficient, HPC-enabled
approximate matching solutions are high. These so-
lutions often face inefficiencies through irregularity in
real-world graph data, high data movement costs and
memory restrictions on device, among others. Despite
this, there has been significant work using CPU parallel
platforms, GPU hardware, or some combination of the
two [11, 21 3].

Analyzing these, we take notice of an approaching
“performance wall” in traditional %—approximate MWM
approaches. Thus, we aim to further advancements
through alternative platforms and methods for applica-
tion. Our goals here are two-fold: (1) improve communi-
cation costs through a block-partition-based 2D sparse-
communication grid; (2) explore parallel implementa-
tions of higher quality-yielding matching methods. This
work discusses each contribution towards these goals.

2 Prior Works

Background: While numerous approximation meth-
ods have been explored in the past decades, a ma-
jority of parallel MWM methods are based on the %—
approximate locally-dominant framework [4]. Modern
parallel methods take advantage of the vertex-centric
nature of this computation, or the similar proposal-
based system known as the Suitor method [5]. Both
systems have seen work in distributed and shared mem-
ory parallel domains with similar efficiencies.
Performance Wall: Detailing implementation
progression, we provide a timeline of performance im-
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Figure 1: Implementation timeline from the sequential LEMON
optimal implementation [6] to the OpenMP Suitor (SR-OMP) [2],
GPU Suitor (SR-GPU) [1] and multi-GPU locally-dominant (LD-
GPU) [3] implementations and their average runtime improve-
ments upon the previous. OOM denotes out-of-memory con-
straints due to hardware/input size.

provements in Figure [l The decreasing trends of per-
formance gains from SR-OMP to the GPU instances
of SR-GPU and LD-GPU, respectively, highlight the
performance wall present in parallel implementations
of traditional %—approximate MWM solutions. This is
largely due to the tradeoffs of communication costs with
parallel performance and the requirements of synchro-
nization within computation rounds. These complexi-
ties are furthered by limited device memory, imposing
data movement overheads that offset the performance
gains yielded by GPUs. These concepts are discussed in
detail in [3].

Higher Quality Applications: Towards match-
ing solutions of higher quality, we first discuss applica-
bility as demonstrated in prior works. There have been
recent works detailing the usage of % — e-approximate
methods [7] within algebraic multigrid (AMG) [§] and
in the security domain towards data privacy on gen-
eral graphs [9]. In the AMG instance, the authors
show improvements to convergence and runtimes by
augmenting the coarsening procedure with a method
based on the % — e-approximate algorithm. Similarly,
in the data privacy instance, the authors develop the
first secure protocol for matching on general graphs, re-
quiring O(N log N) rounds with N vertices. Consid-
ering this growing usage of higher quality-yielding ap-
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proximate methods in modern work, we target efficient
implementations for direct application.

3 Results

2D Communications: To address growing dependen-
cies on efficient communication, we experiment with a
2D graph distribution. Such a distribution creates a 2D
block partitioning of the adjacency matrix [10], with
each ranking ‘owning’ the edges and relevant vertices
within a given block. 2D distributions and associated
communication patterns have been widely used to en-
able scalability in benchmark problems such as triangle
counting and breadth-first search, but have not yet been
widely adopted for algorithms as complex as MWM.

2D MWM Performance
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Figure 2: Scaling performance of large-scale graphs using the
2D MWM implementation.

As a test instance for MWM scalability, we imple-

ment a locally-dominant method using our 2D frame-
work. We show preliminary results in Figure 2] From
these results, we see high initial runtimes that scale
to 256 GPUs, with the most significant improvements
in the instances up to 64 ranks. We specifically note
that the two instances small enough to fit on a single
GPU (twitter-2010 and com-Frienster) strong scale all
the way to 256 GPUs. These results are promising, and
suggest an optimized implementation might be able to
break the performance wall discussed above.
Higher Quality Matching: Towards higher quality
matching solutions, we consider the work in [7], propos-
ing two % — e-approximate methods. We draw from
both, implementing the random order method for our
sequential version and the deterministic method for an
OpenMP implementation. For each, we devise opti-
mizations to improve runtime performance relative to
the greedy algorithm. Optimizations include early stop-
page conditions to preemptively determine if an aug-
mentation is viable within gain calculations and limit-
ing neighborhood scans among two-hops by using the
lesser degree vertex, to name a few. For the parallel im-
plementation, we are experimenting with modifications
to the greedy choice of 2-augmentations, using a variety
of locally-dominant and maximal independent set-based
methods to improve weight gains per iteration.

From experimental tests of the % — e-approximate
method, we seek to characterize a baseline relative to
standard %—approximate methods. For this, we refer
to the greedy method, which simply sorts all edges and
chooses the highest weight, non-overlapping edge to add
into the matching until this is no longer possible. Rela-
tive to the greedy method on a set of small, real-world
graph instances (<500K edges), we observe an average
3% improvement on total matching weight with com-
parable runtimes. Extending this to larger instances
(<50M edges), we note that initial tests on dense cases
that are typically problematic for %-approximate meth-
ods [3] yield near optimal weights with runtimes 4x-5x
higher than the greedy method under a sequential im-
plementation. Through our OpenMP implementation,
we seek to improve this gap to yield higher weights with
comparable runtimes to a %—approximate case.

4 Future Works

Towards each goal, we note the continual development

and optimization of our 2D %—approximate and % —€

implementations. Our intent is to extend parallel im-
plementations towards direct applications, with current
experiments testing usability in more general AMG set-
tings as well as within graph partitioning. Our prelim-
inary results among modern works in the field demon-
strate high potential for mass usage of %fe—approximate
matching methods within respective applications given
efficient parallel implementations, and we are currently
working towards such a goal.
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