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1. what is the general approach to solving a max-flow problem?
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2. when FF finishes, how do we know the answer is correct?
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Max flow



FORD-FULKERSON

INITIALIZE f(u,v) «— 0Vu,v

~—

WHILE EXISTS AN AUGMENTING PATH p IN G f

AUGMENT fWITH C = min c¢(U,0
f(p) = min cs(uw0

—




wHY DOES FF wWORK? (HIGH LEVEL)



EDMONDS-KARP

INITIALIZE f(u,v) «— 0Vu,v

WHILE EXISTS AN AUGMENTING PATH p IN G f (use BFS to find it)

—_ o

AUGMENT fWITH Cf(p) = (m%n cr(u,v)
u,0)Ep
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FOR EVERY AUGMENTING PATH, SOME EDGE IS CRITICAL.



CRITICAL EDGES ARE REMOVED IN NEXT RESIDUAL GRAPH.



KEY IDEA: HOW MANY TIMES CAN AN EDGE BE CRITICAL?
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Outline of the argument
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first time (u,v) is critical:



1 1+1 B

time i+1: (u,v) is critical: 5 1 + 1 (S ] U)
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1

time i+1: (u,v) is critical:

1+1 ] k
0ir1(s,v) > d;(s,u) + 1
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i i+1 J K
time j: Edge (u,v) STRIKES BACK
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1 i+1 ] Kk
time k: RETURN OF THE (u,v) critical
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QUESTION: How many times can (u,v) be critical?
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edge critical only i times.
there are only = edges.

ergo, total # of augmenting paths:

time to find an augmenting path:

total running time of E-K algorithm:

5( t*v)
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APPLICATIONS OF MAX FLOW



Bipartite
Matchings




MAXIMUM BIPARTITE MATCHING
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MAXIMUM BIPARTITE MATCHING
L




BIPARTITE MATCHING

PROBLEM: Q\‘\\K“\ A J(«f\/\ (:L)ﬁ/7 E) W‘()\ J(\m \V\f v §(7{)’
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ALGORITHM




ALGORITHM

1. MAKE NEW (&
FROM INPUT G.

2.RUN FFON G’

3. OUTPUT ALL MIDDLE EDGES O

OO

WITH FLOW F(E)=1.

O






CORRECTN ESS

M =
IF G HAS A MATCHING OF SIZE K, THEN { ( ) d i
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B CORRECTNESS

v ~
IF G’ HAS AFLOW OF K, THEN G ey o mc?ro\ﬂhf\}/ af size K
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INTEGRALITY THEOREM
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CORRECTNESS

IF G’ HAS A FLOW OF K, THEN G HAS K-MATCHING.
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RUNNING TIME
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EDGE-DISJOINT PATHS
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ALGORITHM
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ANALYSIS

IF G HAS K DISJOINT PATHS, THEN ) ey« 35(0\4 i Vel W
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ANALYSIS

IF G’ HAS AFLOW OF K, THEN
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VERTEX-DISJOINT PATHS
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BASEBALL ELIMINATION

W
ATL 83
PHL 80
NY 78

MONT 77

L
/71

79
/8
82

Left

Against



BASEBALL ELIMINATION

Against
W L Left | N B Bo T D
NY 757 59 28 3 8Y 7 37
BAL #1763 28 3 2 7 4
BOS 6970 66 27 i
TOR 630 72 27 2o F 7 b
DET 49 86 27 3 4
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BASEBALL ELIMINATION

Against
W L Left N B B T |p
NY  [75] 59 28 3 8 7 3
BAL 71 63 28 3 2 7 4
BOS 69| 66 27 8 2
TOR (ej 72 27 7 7 \
“DET 49 86 27 3 4
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NY-BA

NY-BO

NY-TO
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