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Graph

AgraphGis a painV, B
AVis a set of/ertices

A Eis a set obdgesthat represent a binary
relation onV.

I Nonbipartite/ Bipartite

I Weighted/ Unweighted ]g“




Matching

Given a graph, enatchingM is asubsetof edges
such thatno two edges inM areincidenton
the samevertex.

=
Types:

A MaximumCardinality Matching (no weights)
A Maximum WeighMatching(sum of weights)



Applications of Matchings

A Sparse matrixomputations
I Matrix preconditioning
I Block Triangular Form
A Multilevel GraphAlgorithms
I Graph partitioners
I Graph clustering
A Scheduling Problem
I High speed network switching
I Facility scheduling problem
A Bioinformatics

I Homology detection
I Structural alignment

11111

G A O B

o
—

h 2 &L B

1

2 3 4 5




Outline

1. Introduction

} 2. Brief Survey of Parallel Matching Algorithgf\s

3. A Ysapprox Parallel Matching Algorithm
4. Computational Results
5. Conclusions and Future work



A Brief Survey of Parallel Matching Algorithms

A Bipartite Graphs:
I Auctionbased algorithms
I Augmentationbased algorithms

A Nonbipartite Graphs:
I Augmentationbased algorithms

Note: Nonrexhaustive survey



Auctionbased Algorithms

A Primary work:
I Dimitri P.BertsekasMIT

A Basic idea:
I Buyers bid for objects
I Iterative process

I Two basic approaches:
A GaussSeidel: one buyer at a time
A Jacobi: all buyers bid concurrently

I Reverse auctions for asymmetric problems

I Combined forward/reverse (hybrid) approaches for
performance




Auctionbased Algorithms

A Parallel work:

1979:Bertsekas

' 1989:Bertsekasand Castanon

- 1989:KempkaKenningtonand Zaki(Alliant FX/8)

" 1990:WeinandZenios. (Connection Machine, CM2)

- 1992: GoldbergRlotkin Shmoysand Tardos(interior point

methods)

2003:Reidyand Demmel(In the context of sparse direct
solversg SuperLy



Augmentation

. An alternating path:

. An augmenting path:

. Augmentation by Symmetric Differené
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Augmentationbased algorithms

A Book: 1998Fast Parallel Algorithms for Graph

Matching ProblemdaMarek
Rytter Oxford Science Pu

Karpinskeand Wojciech
olications.

A 1993: GoldbergPlotkinano

Vaidya

A 1997:Story and Sorevik (MasPaiMP1 and MP2)

A 1998:Haglin
A 1999: Gupta and Ying (ve

rtex separators)

A 2006:Hougardyand Vinkemeier(path growing, %

approx)

A 2008: ChanDehne Bose] atzel(coarse grained

Theoretical

algorithms for convex bipartite graphs and trees)

IN nature.
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A Serial Yapprox AlgorithmGlobal

A Sortbased (Avis): O(|E|log | E|)

Algorithm 6 Input: A graph . Output: a matching M. Effect: computes a %—appm}: matching
M in G.
1: procedure GLOBAL-HEAVY (G = (V.E),w: E — R*, M)

2: M — o¢;

3 repeat

4: Pick a globally heaviest edge e,, € E;

5 M — M Ue,,:

G Delete all edges incident on « and v from E;
T until £ = ¢;

8: end procedure
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A Serial Yapprox AlgorithmGlobal

A Sample execution of sebased algorithm:

Sequential in nature.
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A Serial ¥Yapprox Algorithmiocal

A Robertt NI BA& @lgorithmO(| B)

Algorithm 7 Input: A graph . Output: a matching M. Effect: computes a %—appro:{ matching
M in G.
1: procedure LAM(G = (V,E), w: E — R*™, M)

2: M — o¢;

3 repeat

4 Pick a locally-heaviest edge e,, € E;

5 M — M U ey

G: Delete all edges incident on u and v from E;
T until £ = ¢;

8: end procedure

15



A Serial ¥Yapprox Algorithmiocal

A Sample execution of LAM:

Sequential in nature.
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Assumptions for Parallelization

A Vertexorienteddata structures for graph
representation

A Graph distributed among processafisa vertex
partitioning

A Ownercomputes Model: each processor owns
a set of vertices that it Is responsible for



Towards Parallelization

Pointerbasedalgorithm:

1. For each vertex, set@ointer to the heaviest
adjacent vertex.

2. If two vertices point to each other, then add
these (ocally dominating)edges to the
matching.

3. Remove all edges incident on the matched
edgesjesetthe pointers, andepeat



Towards Parallelization

A Sample execution of the pointdrased approach:

Parallel in nature.



