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From Matching to
“Generalized” Matching

e Matching: a matching M in a graph G
IS a set of non-adjacent edges (no
two edges share a common vertex)

G G &3

e Generalized Matching
o Each node vis allowed to be
connected to more than 1
neighbors
o We study the bipartite graph




Bipartite Generalized
Matching in Action (BGM)

e BGM has found applications in
Internet Advertising,
Recommendation, ...

e Assume we are running an online
DVD rental website:

o Each buyer/item has a capacity

o |tems are in conflict in terms of
genre

o Each buyer is recommended at
most one item per genre (diversity)

o Maximize the buyer utilities




Problem Definition

e Conflict-aware Constrained
Recommendation (CAC-REC)

o |nput

1. Anundirected, weighted graph G = ((B,S). FE U C, W)
with E C BxS,C C Bx B and weights W : E — R™;

2. Degree constraints D : BU S — N;

3. A conflict threshold ¢.

o QObjective

The goal in CAC-REC is to compute a maximum weight
subgraph G’ of G, G' = ((B,S),E" U C',W), that satisfies
the following two constraints:

1. Forany zin BUS, dg/(2) < D(z2).

2. For any k in S, |{(z,7)|(i, k), (j,k) € E',(i,j) € C'}| <
t.




Problem Definition (Cont.)
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CAC-REC is Hard

e Maximum Weight b-Matching can be
solved in polynomial time via
maximum-flow techniques.

o For bipartite graph, the integral
optimal solution can be found in
polynomial-time

e Conflict constraints of CAC-REC,
however, significantly increase the
complexity, making it NP-hard.

o There is a polynomial-time
reduction from the NP-hard
problem Revenue Maximization in
Interval Scheduling



Algorithms: LP-based

e [nteger Linear Program (ILP)
o Directly solved by ILP solver, such
as Gurobi

e | P relaxation with rounding

1. Solve the linear program relaxation
to obtain optimal solution X (using
Gurobi without integer constraints).

2. Sort the fist mn elements of X from
largest to smallest. Then round
each non-zero value to 1 provided
doing so does not violate the
degree constraints or the conflict

constraints. Otherwise, we set it to
0



Algorithms: GREEDY

1.

2.

Sort all the edges in E by weights
from largest to smallest

To construct the maximum weight
subgraph G, consider every edge
In the sorted list. Add this edge to
G if doing so does not violate any
degree constraint of conflict
constraint.

Continue until we reach the end of
the sorted list.



Experimental Results on LP-
based Algorithms
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Experimental Results on
GREEDY

GREEDY is scalable to larger
datasets.
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Ongoing Work

e The need to cope with BIG DATA,
when:

o Gurobi fails

o Global sorting fails
e More efficient LP solvers
e Parallel and Distributed Computinc
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