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Graph

A graphG is a pair (V, E)

ÅV is a set of vertices

ÅEis a set of edgesthat represent a binary 
relation on V.

ïNonbipartite/ Bipartite

ïWeighted/ Unweighted
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Matching

Given a graph, a matchingM is a subsetof edges 
such that no twoedges in M are incidenton 
the same vertex.

Types:

ÅMaximumCardinality Matching (no weights)

ÅMaximum WeightMatching(sum of weights)
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Applications of Matchings

ÅSparse matrix computations
ïMatrix preconditioning

ïBlock Triangular Form

ÅMultilevel Graph Algorithms
ïGraph partitioners

ïGraph clustering

ÅScheduling Problem
ïHigh speed network switching

ïFacility scheduling problem

ÅBioinformatics
ïHomology detection

ïStructural alignment
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A Brief Survey of Parallel Matching Algorithms

ÅBipartite Graphs:

ïAuction-based algorithms

ïAugmentation-based algorithms

ÅNonbipartite Graphs:

ïAugmentation-based algorithms

Note: Non-exhaustive survey
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Auction-based Algorithms

ÅPrimary work: 
ïDimitri P. Bertsekas, MIT

ÅBasic idea:
ïBuyers bid for objects

ïIterative process

ïTwo basic approaches:
ÅGauss-Seidel: one buyer at a time

ÅJacobi: all buyers bid concurrently

ïReverse auctions for asymmetric problems

ïCombined forward/reverse (hybrid) approaches for 
performance
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Auction-based Algorithms

ÅParallel work:
ï1979: Bertsekas

ï1989: Bertsekasand Castanon

ï1989: Kempka, Kenningtonand Zaki(Alliant FX/8)

ï1990: Weinand Zenios: (Connection Machine, CM2)

ï1992: Goldberg, Plotkin, Shmoysand Tardos(interior point 
methods)

ï2003: Reidyand Demmel(In the context of sparse direct 
solvers ςSuperLU)
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Augmentation
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¸ An alternating path:

¸ An augmenting path:

¸ Augmentation by Symmetric Difference :
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Augmentation-based algorithms

ÅBook: 1998: Fast Parallel Algorithms for Graph 
Matching Problems. MarekKarpinskiand Wojciech
Rytter. Oxford Science Publications.
Å1993: Goldberg, Plotkinand Vaidya
Å1997: Stor y and S revik(MasParMP1 and MP2)
Å1998: Haglin
Å1999: Gupta and Ying (vertex separators)
Å2006: Hougardyand Vinkemeier(path growing, ½-

approx)
Å2008: Chan, Dehne, Bose, Latzel(coarse grained 

algorithms for convex bipartite graphs and trees)

Theoretical in nature.
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A Serial ½-approx Algorithm: Global

ÅSort-based (Avis): |)|log|(| EEO
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A Serial ½-approx Algorithm: Global

ÅSample execution of sort-based algorithm:

Sequential in nature.
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A Serial ½-approx Algorithm: Local

ÅRobert tǊŜƛǎΩǎLAM algorithm: O(| E|)
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A Serial ½-approx Algorithm: Local

ÅSample execution of LAM:

Sequential in nature.
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Assumptions for Parallelization

ÅVertex-orienteddata structures for graph 
representation

ÅGraph distributed among processorsvia vertex 
partitioning

ÅOwner-computes Model: each processor owns 
a set of vertices that it is responsible for
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Towards Parallelization

Pointer-basedalgorithm:

1. For each vertex, set a pointer to the heaviest 
adjacent vertex.

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

3. Remove all edges incident on the matched 
edges, resetthe pointers, and repeat.
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Towards Parallelization

ÅSample execution of the pointer-based approach:

Parallel in nature.
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