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More formally :

-
Given a

dazed

graph with
two designated vertices ,

s and t
.

Each edge is given a
.

.

capacity
de )

.

Assume
-

:

- No edges leave t
.

-

Every Ck ) EE
.

t integer

Goat :
capacity

Max flow : find the most we

can ship from s to t
without exceeding any

capacity
Min cut : find smallest set

of edges to delete in

order to disconnect sat



Flows
-

:

A flows is a function f : EMR ;
where He ) is the amount of
Flow going over edge e

.

Must
satisfy 2 things :

• Edge constraints :

Of fee ) Ecce )
a Vertex constraints :

fvtsgrt
: enfeoffed =e¥*fte)

to :[
Value (f) = E He ) - Eff )

e out of s e into s

w



Why can't we just be

greedy ?

s . . .

* . %
Are there any

more flow paths?
Yes - but need to

"

Unf low "
to find it

.



Cuts :

An start is a partition
of the vertices into 2 sets

,

5.ansedst, so that :

. t ET
. SnT= to

,
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The

capacity
of a out

is E cut ) = 1/5,171
WHIFFET

nedgesoatofsse E
.
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Cuts : not always so obvious !

If T

S large at !



( Ford - Fulkerson '

54
,

Elias - Feinstein -THI "

The max flowvalise " " n

'

%)

=
men
cut value

:

Anyflow E
any cut .

PI : Pick a flow f :

Let Sftu ) -
- flow out of

- vertex u

= § flu → v ) - § flu  → w )

Sho ← Usto It ? -

- Ov

IH = Is 2K )



Next :

If I =

§⇒[zfCu→v

) - WE

fwy
WD

-

FAT=§§fCu→D

- Ees Eff - si
,

Then
,

can remove any SS edges ,
so only S→T edges left :

=

.EE#eIEII*?E" '

⇐

t.GE#Hv-wIa-.w
)

±

§s⇐fA→w )
= HETH



Next : Show that can get
them equal :

Keytoolmproo
Residual capacity : Given 6 a F :

Cf Cu → v ) : =

{ Icu- " 7¥:#Ecu→ v ) if v -7 u EE

O otherwise

E :

s
v

,
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Is

→
t



We can Visualize this
as a new graph , Gf :

→

⇐
O

In tutors :

A path in GI if

a way
to send

more flow !



Anotherexamp.ly :

s . . .

4*1%0
ai

's .



Augmenting a path :

Suppose there is a

path in Gf from
s .

q
,

F- min capacity
edge in

panth

Gf

*

if Usv not on* { ,
f 'Cu→v)= flu - su )tF

otherwise ( h→v is hot in G )
ffv→u)=fCv→u ) - F



Claim : f '
is also a

feasible flow !

Why ?
• For

any u→v not on

augmenting path ,

same flow value

. Tor u→v on augmentingpath ,

f- ' ( u→D=fCu→v ) tf

Z flu → v ) 20

Still feasible !

funpush
→

more



Soy: f wasn't a may flow
,

Since f '
is larger.

On other hand :

if Gf has no s → t path,

And ISI = set of
vertices that s can

reach
.

Claim : C SV - D is a out
.

G f uses everyS → VS edge to

its max capacity )


