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I.Networktity
Graph today

directed

acapacityon each edge
sometimes we add new edges

Previously
Dijkstra's Floydwas hell

also an directed graphs

weights on edges

graphs as maps
Best way

to get from A to B

not
Graphs as flow network

material mares throughsystem
state at same place
has same destination

Capacityon each edge tells how much

material can move along that edge

edge conduit carrying material



vertex junction where we change paths

xxxx
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venus do not
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stoermer
notallowed

Problem to solve
How much material can we send

through the network without violating12pacityonstants
A optimization problem

maximize flag in a network

5

f is few

14 5

Deth.FI etgmt is a graph with capacity
oir on every cage

u V 20

Two spare vertices
saree flow state no incoming edges



g ge
sink destination no outgoing edges

Assume integer capacities

Everyedge is assigned a feat u u if I do r

Flow f we want to maximize

Ifl Er S r f
s is sane

no edge U V then Clu r 0

start with

I a simple path from sarees

to sink t

every vertex is reachablefrom S

and can reach the sink t

no cycles
to start

3

what is Ifl

ay

that is Zeta fan

sour f sink

Drawthe flow I
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Grey2 24

s B 2 At 2
BJ f 2

SA 3
S A of 3 CA t f 2

A B 5 BT 3

IA B f 1 Bet F S B of A B f 3

this is max few If f
Is Maxfor this graph

nothing else can go into t sanity
cheek

nothing else can love s



12turdtdkes.my
gone network few ith with up f I do u

with Ifl s n f f

cantref ideal max

can't violate capacity constraints

can't leave anything in vertex

Ford Fulkerson relies on

Residual networks

Augmenting paths

min cuts

I Residual network

graph be
a flaw so far f

residual network Gf edgeswith capacities

trenton we can urge the few

add backwards edges to indicate where

we can decrease fear

f so fare Gf on this graph
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84 8 44Isf to

G
leftover capacitiesan existingHF 2

edges

backedges to decrease fear

backedges not in G E

2 Augmenting Paths

augmenting path s s t in residualnetwork

of that increases flow

can I send more from s to t in leftovercnn.ly
Flw so far

is it

fantysents 2 t yes by to

L S I 2 t yes by to



IFS vertices into two sets s EV
vs

min cut cut whose edges crossing
the cot have min total capacitywealth

I 100
5 whichever is lover

FordFullarsonmethid
while augmentingpath exists in residual network

do min cut
increase flewalong pathby min 2mant

Refinement still leaves a few things open

Cf capacity in residual
3 0 E

a
network

Q E

OCE

3 7 today's simplification
we d t gointo the else



we dont gointo theelse

FF rn time

implementation details matter

But we can still band the in time

all flaws start at 0
while loop ans until Ifl f

overall name 0 f E Fs bk integer
capacities

P.FFexand
find hugpath
increase flow b min capacityedge on path

If I O

went
I fl
2nd

k on each edge

C la 3 5,4 6 1,3 5,67

21,2 4,65 7 First Augmenting Path
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