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Can we get better?

Floyd-Warshall
:In stead of path length,

order vertices
1
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Vertex r

So : for r1 to V
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for all niveG
update dist (n, v , r)
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Specialcases

Best known published result for)
ohs : Ov3)

genera gra-
Conjecture : noO algorithm

Panorgraphs : O(VlogV)
C

-
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Meshes (graphs embedded
in 3d)::
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Olg Vlog V)E↑genus ⑪Many otherss ...



&10 : Flows - Cuts-
Motivation : Xrailroad

⑳
-
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Question : How much
can I ship from

u to u ?

Question : How can I separate
w from v

↑

t with "least cost?



Moreformally :

Given C directed graph with two designatedvoices , sandt

Each edge is
given a capacity ((e). t

Assume : - No edges enter s
- No edges leave t

So
- Every <(e)

->X.-T
Max flow : Find most I can send from

s to t without exceeding edge
capacities.

Min cut: find lightest set of edges
separating from t



Aside :

Not path length :

o

S
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S·Not*Noozp,
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Consider a path suct
:

length : 10 +10 +20= 40

flow : can
send 10 along it



Formalizing flow
:

A flow is a function f : E-IR+
,

where fle)

is the amount of flow going over edge e.

Must satisfy 2 things :

· Edge constraints : Off(e) <C(e)

⑤ Con't overflow Edge) flow in to
· Vertex constraints : VFSort

=Efowat

only s can ship out, a no other
verley

t can storeThan
Value (f) =

E fle)
e out of S

=Efte)
e into t



Note on notation a conventions :

P

Some

-

A flow is a function
on edges!
- -

(so are capacities
Here : fle) in figures(e)
edge constrants 50% E



·Possibleflows :
fle)=0 VetE

"Oflow"

Not: set fle)
= cles

on all edges
⑤Is ↓

vortex

- constraints
① breakn
S t
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Formalizing cuts
An Sent is a partition of the
vertices into 2 sets

,
S andT

,
so that

· seS -

· t =T
30 35T

· SuT = O
,

SD
SuT = V -

ST is a O
partition ofV

The capacity of a out is [clur)utE
-
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Min Cuts : not always so obvious !
-

There are many
st cuts.·Finding any cut ?

Sit
⑧ ⑳

cuts
T



Intuitively , these are connected : any
any +
flow-Consider amet : ~
T

s
cap
of cut : edges from Sto T

Any flow must use these edges

Amount of flow
can't exceed

cap . of edges
in at



Note : We'll assume
every pair

of

vertices has at most one edge.
10

So:e
-

15

Why? - Makes calculations easier !

Istay turned
for why ... )

How? Simple transformation : revertices
20 20

-=- o- ot
Il II 11



Thm : (Ford- Fulkerson'54
,
Elias-Fenstein- Shannon'56)

-

The max flow value
-

= min cut value

Wow ! --
-

-

Oeway is easy
:

Any flowI any cuto
-

why
can exceed edges out-
of S - into 1

-



More formally
any

flowany
cut
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Ktool in proof :

Residual network G ,:

Intuitively : Shows how much more

Cor less) flow can be pushed
through an edge.

flo
-



Augmenting a path:

This is just an set path in Gf.

Then
,
find min capacity edge on that

path
&am : I can build a new flow

whose value is bigger thant's



Why can't we just be greedy ?

S·o t
Can get "stuck" if we

choose

wrong initially :
Are there anymore

flow paths?



Next week :

an algorithm to find max

flows

↳ which will prove the
F-F theorem

along the way.


