
Algorithms -2020

LastofMSP
Flows



Recap
HWI is graded

HW 3- half done

Midterm grades due
tomorrow

HWS - due today



foner WFS
- HW due Monday : a note

Many graph problems fall into
2 types :

④- Given random odd problem,
convert to G c-core
→and alg .& call an alg .

Caution: input is not a
graph' , t put Va E

explicitly in terms
of

② - Modify an existing algmput
Carefully) .

So - choose

pseudocode , then change
the date/ loop (whatever.
-

Get in touch if you are
struggling!



Lastly: MSSP over)

-Johnson's alg: weighting :L
one SSSPCBFI

NEED getsgpoginhue
- Dynamic programing
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can widower ?



Floyd- Warshall :-
Use a different 3rdparameter :

→ index the vertices I

( Essentially lirandom
")

Let path.ca#OO=
shortest upath
using only vertices 1.or

• . .

Gf there is a path)

note d¥vd=
dstfyv , Vp)

How does this all vertices

help ??



Make a recursion : .

path
m
I

consider path (u, v, r) :
- Use vertex r . :

÷÷i÷÷¥¥'
= path(u, v , rt

-or base case : r=0

can 't use any othervertices
= w (u→ v ) if edge
is present
or 0 if no edge u→v



In other words :
no
other

vertices

not user -←
In

7 Iuse r

-

£¥E(
memo .ae :

"

Table :

OCP)Code:
33

ONE)

fillif
o¥¥

notify 3



Runtime :
-3 nested loops , each

Ocr )

⇒007

Amazing !
Same as B -F, SSSP.

-



Chloe : flows
Motivation :

*±T9T
x

x

How to send from one

vertebrate ?

How to divide one vertex
from another?



Moneformallyig.7uFIyuos@sauGiuena.direde.dgraph withtwo designated vertices ,
s.am#t .

Each edge is given a .

.

capacity
↳ maximum amount of

Assume : can Carty g
-noez⇐s- No edges leave t

.

at
- Every CG) EE. ¥4[
T€Eo¥÷¥¥Goal .

-

>Mattos's .pt#omlhgyosttwe3without exceeding anycapacity vertices( Ming.EE#sEtomaaEIsmet }order to disconnect Srt



Note : Noot shortest paths !

o÷÷±÷
.



Flows
-

:

A flows is a function f : E-→ Rt
,where fce) is the amount of

flow going over edge e .

Must satisfy 2 things :

° Edge constraints : don't overload
O#e) Ecce) edge
• Vertexconrants : by design ,don't wantproduct shipped unless

¥¥¥¥⇐¥÷z..
←

- KA a p

#⇒t-
Value (f) = I fled

eoutofsefyfte)



Cuts!

An start is a partition
¥

.
.IE Faint?

:tI, su
The capacity of a cut

÷E:¥iE'
÷¥ →

]
.

.



Cuts : not always so obvious !
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Intuitively , these are connected .
.

Consider anyat : .

→s
.

←* . .

Any flow
from s to t

needs to use those

edges !
↳ this means

beset E this
at

biggest



Note :

we'll assume every pair
of

vertices has at most
one edge -

co

Son IIE
15

Wh
Makes calculations

easier
Howe? Simple transformation :

⇐ ⇒ ⇒F÷¥¥
notes:Ronnie :



(Ford - Fulkerson '54
,
Elias- Feinstein-

The max flow valise"""
'

⑦ men cut value

wog ! these seem
so

different. . .
:

Am¥ E anyone .

""

→
→

any
flow has to get out

of S in
order to reach GET



Scv )=
More formally : quote)

-Effect
should =

woatofs smoke

⇐
Amazingly - no questions ??
Comment otag

me

if you
have questions



keytoolinproof.RS
,dual network1¥EI!
*
-

n
. *

→

x:
T -
fon 6

Intuitively :

shows how much more
(or less) flow can be

pushed through anedge .

How can we send more? -fee)
look for paths →←*⇒Ffte)



Augmenting a path :
o

O O

OF

This is just an s-t

path in Gf
.

Then
,
find min capacity .

edge on that path .

Claim : I can build a
new flow whose value
is bigger than f's 8

.

-



Why can't we just begreedy ?

→ hepaskg
"

s . . t
flow

H*mT¥
Are there any
more flow paths?
Yes! but need to
do is not use

an edge


