













































































Network Flow
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Iterative greedy
while there is a path p sat

Take p and remove all its edges from the graph
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Howto compute
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Howto compute

max of edgedisjoint sitpat
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Max flow liquid version of path packing
Input G V E directed capacities C E IR
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linear program a capacity constraints
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How does Max Flow
unitcapacities

relate to max path packings min cut
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max kings us i t i i us in iii
let x Ps R o encode a pathpacking
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Next strongly polynomial times
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Residual graphs whit flows
exactly what you would expect
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tow to compute
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while there is a path p sat

Take p and removeallitsm route as much

edgesfromthemgraph flow as possible

add the reverse of all of p's

edgesinthegraphrt
uncross p w previously selected update residual

graphpattern
C reasonable but not quite polynomial time



O while there is a path p sat

Take p and route as much flow as possible

update residual graph
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cleaned up Edmonds Karp
tow to compute
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while there is a path p sat

Take shortest path p and route as much flow as possible

update residual graph



Analysis
while there is a path p sat

Take shortest path p and

route as much flow as possible

update residual graph

Key t VEV distance from s to v in residual
Lemma

graph never decreases



whilethere is a path pint

Yj

route as muchflow as possibl

fix e Usv EE update residual graph

consider distances from s to u v ankeny trev distance from stor
residual graph never decreas
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whilethere is a path p satlet us first assume lemma is true Take shortestpathp and

route as muchflow as possibl
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whilethere is a path p satlet us first assume lemma is true Take shortestpathp and

route as muchflow as possibl

fix e Usv EE update residual graph

consider distances from s to u u key trev distance from s to v
Lemma residual graph never decreas

residualgraph

e roved from RG e in shortest sat path

s u v t level v level a tl
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whilethere is a path p s t
let us first assume lemma is true take shortestpathp and

route as muchflow as possibl

fix e u V EE update residual graph

consider distances from s to a v key vev distance from s to v
Lemma residual graph never decreas

oe removed from 89 e in shortest sot path e u v addedback in to RG

S u V t levelv level a
u was in shortest so path

levella levela S u t level a levelcut
levela levela

each event 1 2 level a level u have switched order

evels non decreasing by key lemma

max finite level is n t

e gets deleted added at most n times



whilethere is a path p s t
let us first assume lemma is true take shortestpathp and

route as muchflow as possibl

fix e u V EE update residual graph

consider distances from s to a v key vev distance from s to v
Lemma residual graph never decreas

oe removed from 4169 e in shortest sot path e u v addedback in to RG
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e gets deleted added at most n times

Last observation each iteration removes at least

one edge from residual graph why
b c we route as much as possible

O mn iterations



while there is a path p sat

Take shortest path p and

route as much flow as possible

update residual graph

Running time
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Key VEV distance from s to e u
whilethere is a path p sat

Lemma in residual graph never decreases
take shortestpathp and

route as muchflow as possibl

update residual graphTroof

suppose we augment along pisot
need to show no levels decrease

proof by induction on level after updating residual graph

Base case level 0 s

s is the only vertex at level 0 which never changes



General case level β 0 whilethere is a path p sat
take shortestpathp and

route as muchflow as possibllet Clv α before updating update residual graph
l v 170 after updating key vev distance from s to v

Lemma residualgraph never decreas
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α β 1 β

U 2nd to last vertex on shortest s v path after

level a β 1 after augmenting
level a β 2 before augmenting



v74 Iot on augmenting path
whilethere is a path pint
take shortestpathp and

route as muchflow as possibl
u v in residual graph update residual graph

before augmenting key vev distance from s to v
Lemma residual graph never decreas

level r level a B 1
before augmenting



Edmonds Karp

while there is a path p sat

Take shortest path p and

route as much flow as possible

update residual graph

computes max s t flow min si cut in 0 min time

Key t VEV distance from s to v in residual
Lemma

graph never decreases



whilethere is a path p sat
Take shortestpathp and

route as muchflow as possibl

update residual graph

Key t VEYdistance from s to v
Lemma residual graph never decreas
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Take shortestpathp and
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Lemma residual graph never decreas


