Reductions to Network Flow
Problem

* Bipartite Matchingu Network Flow
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Matching

* Let G=(V,E) beagraph.

« E' | Eisamatchingif every vertex of V is
incident to at most one edge of E'.
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Matching Example
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Bipartite Graph

e Let G=(V,E) beagraph.

» Gisbipartiteif V can be partitioned into V,
and V, such that no pair of verticesinV,
(i=1,2) have an edge.

CS14027-4

Bipartite Example
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Bipartite Matching

* Input: Bipartitegraph G
 Output: A maximum matching of G
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Bipartite Matching |4 Network Flow

Algorithm for Problem
Bipartite Matching

Input  wanstorm Algorithm for transform Output

Problem Network
Flow
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Bipartite Matching p Network Flow

e Transform Input— Step 1

e
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Bipartite Matching 1 Network Flow

e Transform Input— Step 2
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Bipartite Matching . Network Flow

Algorithm for Problem
Bipartite Matching

Input transform [ Algorithm for transform| ~ Output

Problem Network
Flow
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Bipartite Matching 1 Network Flow

* Transformoutput
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Reduction

* |sit correct?
o |sit efficient?
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Integrality theorem

* If the capacitiesin anetwork areintegral,
then the max flow can be achieved with
integral flows on each edge.

* Further the Ford-Fulkerson method yields
anintegral solution.
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Proof of correctness

Thereisal-1 correspondence between 0/1
flowsinthe network and matchingsin the
graph:

The flow into/out of anodein the network is 1 if
and only if the corresponding node in the graph
isincident to an edge of the matching.
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Reduction
* |sit correct?

* Isit efficient?
Tam(n=cn+T(n+2)
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Reductions to Network Flow
Problem

* The Geeball Problem p Network Flow
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The Gee-ball Problem

* The southwestern conference of the gee-ball
league consists of n+1 teams. Teamn+1is
from HMC.

» Wewant to know whether it is possible for
HMC to win more games this season than
any other team in the conference.
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The Gee-ball Problem

 Sofar thisyear teami haswon w; games.

* Teamsi andj will play each other g;; more
timesthis season (g;;=g;;). Thereareno
ties; each game endswith onewinner.
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Gee-ball p Network Flow

Algorithm for Gee-ball

Transform Input

W-+1=number of games HMC will win by the end of
the season if it wins all of its remaining games

Vn-l,n

CS14027-20

Input transform | Algorithm for transform Output
Network Flow
€S14027-19
Transform Input
Vl‘Z
. Create asource s and
Vis sinkt.
. Createvertex v; ; for
1<i<j<n
. Createedgefromstov;;
Viin with capacity g;;
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Transform Input

Vn-l,n

4. Createvertices
u, 1<i<n
5. Create edge
fromv; ; tou; and
u; withinfinite
capacity.
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Transform Input

Vn-l,n

6. Create edge from
u; to T with
capacity W-w;.
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Transform Input
W+1=number of games HMC will win by the end of
the season if it wins dl of its remaining games

Vn-l,n
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Gee-ball p Network Flow

Algorithm for Gee-ball

Transform output

e If max flow equalsS,;.,0;;then YES

* ElseNO
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Input transform Algorithm for transform Output
Network Flow
CS14027-%5
Reduction

* |sit correct?

o |sit efficient?
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